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Growth Inhibition of Leukemic Cells by C-myb Antisense Oligos:
Use of Simulational Target Site Search and Enhanced Delivery of
Antisense Oligos by Cationic Liposomes

lk-Jae Moon Ph.D. and Jong-Gu Park Ph.D.

Institute for Medical Science, Dongsan Medical Center.
Keimveung University, Taegu, Korea

Background : Aberrant expression of c-myb gene is often detected in transformed leukemic
cells. Inhibition of c-myb expression by antisense oligos was shown to inhibit growth of normal as
well as leukemic cells. C-myb antisense oligo for inhibition of tumor cell growth was, however, nol
decisive enough to be an effective anti-cancer agent. Thus, we set out to devise a systematic
approach to find effective target sites for c-myb antisense oligos and to compare cellular uptake
of antisense oligos complexed with different liposomes.

Methods : A computer simulation program for RNA secondary structures was employed to
choose 8 potential target sites free of secondary structures along the entire c-myb mMRNA se-
quence. Linear phosphorothioate-capped antisense oligos complementary to the selected target
sites were synthesized and delivered into HL-60 and K362 cancer cell lines as liposomes
complexes.

Results : Three of the 8 target sites were found to be relatively effective for reducing ¢-myb
message. The three oliogs, MlJ-4, -17 and -18 were able to reduce c-myb message by more
than 70% and suppressed tumor cell growth by about 70%. When three different cationic lipo-
somes were used to facililale the cellular uptake of antisense c-myb oligos. distinct liposome
formulations were found to be comparably effective for reduction of c-myb message and inhibition
of tumor cell growth.

Conclusion : These results show that simulation of RNA secondary struclure ¢an be used to
search effective target sites for antisense oligos and oligo uptake can be significantly enhanced by
liposomes. However, cellular uptake of antisense oligos by liposomes needs further improvement.
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Fig. 1. Selection of a target sequence for the AS-oligos. The cDNA sequence of c-
myb mRNA is represented by the rectangle(Majello et al, 1986). The entire c:—n?yb
mRBNA sequence was scanned three times with an RNA secondary-structure prediction

program to find sequences with minimu

m secondary structure. Each scanning was

performed 30 bases apart in a 100-nucleotide frame(denoted as frames A, B and C;
top panel) sequentially. Putative secondary structures in the area of c-myb mRBNA con-
taining the target MIJ-2 sequence are shown in the three frames of 100 nucleotides

each(frames A, B and C; bottom panel).

Thus, the given sequence was scanned for

putative secondary structure three times in three different frames. The most open
sequence 5. CAAAGAAGAAGATCA-3'(401~415, denoted In circle) in three scannings
was chosen as a target MIJ-2 sequence. The other target sites(Table 1) are shown

below the c-myb mRNA sequence line as short lines.
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A 7CE jekigick 6417 Wkt 5| 10% FBS
(Gibco BRL, USA)7} E3+s] OPTI-MEM-Z 150 ;L
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program(Gel Doc. 1000, Bio-Rad, USA)S o]&3}c]
3E3) DNAZ A%Ho 2 ulm, BAskslc
Southern hybridization= ELC 3" oligo-labelling and

detection system(Amersham Life Science, England)-g&-

Table 1.
on c-myb expression

Inhibition of Leukemic Cells by Antisense C-myb Qligos

A0l Aashe Wz oest Pol s
RT-PCR 4= 1% agarose gel2 H 7447
% 0.4M NaOH -§-°}-4oi| A nitrocellulose membraneo]
o]Zs}oic)k Oligonucleotide probe labelling2 30mer
9] oligonucleotide(5’-TGTAACGCTACAGGGTATGGA
ACATGACTG-3") 100pmolel] fluorescein-11-dUTP, ca.
codylate buffer, terminal transferaseS % 4]& & 37
CollA] 7027 W2 A)7 labelled probed #|z5}g)
t}. Hybridization<- nitrocellulose membraneoi] hybridi.
zation $F=(5X SSC, 0.02% SDS, liquid block) 6
mLZ 60TColA 4087+ A28t )2 oligonucleotide
probeZ 625ngmLY T 62CE 1A17F wkSA|Zc).
Membrane2] A|ZL 0.1% SDS7} Z&k=l 5X SSCz
S ¥l 1X SSC(0.1% SDS)Z. S8Toll4] 1587+ & u
Asisl3cl. Membrane blocking®} A& AX X ang-
fluorescein  HRP conjugateE 187} ¥l-SA]7] c}L

autoradiography 2] =-Z 47|21 &Aks}9]ch

5. MTT 2A1} Soft agar colony assay

AEFA Al AR FHE MTT[3-(4,5-Dime:
thylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide](Sigma,
USA) Alefg ARgslol o232} 3ro] Asls}gict HL-
60E WHol SololAl e OPTLMEMoZ % df
AIZgE & 96-well plateol] 6% 10°cellsymLZ A|E =
5 =Asl] S0 L4 BF3519)3, Lipofectine 0.6
pg/ls p L2 ZA|sto] 4057 AF2ol|A] ®¥F2A]7{ch
Oligost= 02 ug/l5 L2 FEE zAs)1 ov|eg] =4
%l Lipofectin &g F2K15 xL)&3}tslod 1587} T
RESAlZAck Oligo-liposome E3FAIE 5417+ A z2ldt

Phosphorothioate-capped linear c-myb antisense oligos used for the antisense effect

Name Complimentary site Type Size (mer) Sequence

MIJ- 1 253~ 267 antisense 15 T*CAGTTTTTCATC C"T

MIJ- 2 401~ 415 antisense 15 TYGATCTTCTTCTT TG

MIJ- 3 613~ 627 antisense 15 G CTTTGCGATTTC TG

MIJ- 4 1545~ 1559 antisense 15 AYCCGTATTTAATT T C

MIJ- 6 253~ 267 scrambled 15 T ATTCTTCTGCTC T A
MIJ-16 585~ 602 antisense 18 C*”CCCAGTCTCTTGTGT G"C
MIJ-17 %1~ 978 antisense 18 GYGTCTTCATCATTATA®G™T
MIJ-18 1902~1919 antisense 18 C”TGCAAGGGGCTCGCC A™G
MIJ-19 97~ 114 sense 18 T"GGCGCGGCGGGCGGC G G

" Phosphorothioate modified

Nuclotide numbering is in accordance with the published numbering of Majello, B. et a/(1986).



© 10% FBS(HyClone, USA)9} stz =Ests
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o]AFe] c-myb mRNA Z+4AS Subgich wluod uw|Eo)
Q1 SC(scrambled)-oligo oe} thzt®} B3-S
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somesQl Lipofectamine®} DOSPER(Z}ZF 1.2 pg)E A
Z89] AS-oligos(MIJ-1, 29} 3, Z+zF 1 ug)e} Ets}
o] transfectiong¥-S- ul] Lipofectin®} H|==gt HE 2
c-myb mRNA 744 7435 H.Qch(Fig. 2B). Lipofec-
tamine?} DOSPERZ AS-oligos®} 23t3lS 7% 4
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25 FE AS-oligooll4] antisense X35 tZET- ol
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7] s A8t

K562 A|EE o 2 Lipofectin(l.2 2 g)-g o] &3}
transfectionol| = AR8-%  AS-oligos(l g) E-Foll4]
c-myb mRNA & 7}47} QledtKFig. 3). 13 MIJ-
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Fig. 2. C-myb and B -actin mRNA expression
in HL-60 cells treated with cationic liposomes
and AS-oligos complexes. mRNA expression
determined by RT-PCR analysis 48hrs after
treatment with oligos and cationic liposomes
complexes. A) Lipofectin, B) Lipofectamine,
lane 1~3, and DOSPER, lane 6~8. Cells
were ftreated twice with 1 g of oligos and 1.2
pg of cationic liposomes for 48hrs. Upper
band(583 bp) denotes the amplified level of
c-myb message and the lower band (318 bp)
shows g -actin expression level (negative con.
trol). (AS), antisense oligo; (SC), Scrambled
control.
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¥sl3ict. RT-PCRol] ARl primer seto]] F2g)x]
oFe 27+ doe wstod AR 30mere] hybridiza
tion primer®2. southern blottingS 43i3t 71} AS-
oligosq! MI-1, -2, -32} -4 5] 4 c-myb mRNAZ]
L A4Tt 0% ol ANL-Z AE W 4 9y
vl 2} tfZz-9) sense(S-oligo) & scrambled ol
gos(SC-oligo)s A2|3E ul= mRNAQ] koA
< ZA47F YelR] ekshckFig. 4).
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Fig. 3. C-myb and g -actin mRNA expression
in K562 cells treated with Lipofectin and
AS-oligos complexes. Cells were treated with
a mixture of AS-oligos and Lipofectin (1 pg
and 1.2 pg, respectively) for 2 days before
RNA extraction. Extracted RNA was subjected
to RT-PCR for 20 cycles. Upper band (583
bp) denotes the amplified level of c-myb
message and the lower band (318 bp) shows
B -actin expression level (negative control).



Fig. 4. Detection of different oligos on c-myb
mRNA levels in HL-60. RT-PCR was perform-
ed with total RNA and two c-myb primers
(described in Material and Methods). PCR pro-
ducts were analyzed by Southern hybridization,
and hybridized bands were visualized with
anti-fluorescein detection system. The bands
show the hybridized RT-PCR band of c-myb
mRNA. HL-60 cells (6x10%ells/mL) were
treated twice for 24hrs with complexes con-
taining 1.2 z g of Lipofectin™ and 1 g of anti
sense (AS), sense (S) or Scrambled (SC)
phosphorothioate oligos (15-mer linear oligos).

£ Azaboll Jofstm 2 c-mybol]l il AS-oligosE
HL-60 Aol He2l3t 5 AE 44 dAE =4l
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¢ wrar]eke] OD. HH o2 AT Z4AE =3
Elovi=¢
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HL-60 Al|Xol| transfectiongl 3 5Uslel] MTT A|<E
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AE H2lela kL =F3 8324 55~70% 7}HA]
AE A2 AA1S HlcKFig. 5). £3] AS-oligoQl
MU-182 70% 7t A 44 AAE 2Edct g
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Fig. 5. Effect of AS-oligos on proliferation of
HL-60. HL-60 cells were treated with complex-
es containing 0.2 g of oligos and 0.6 xg of
Lipofectin for 5 days. Solid bars are shown for
growth inhibition of HL-60 cells treated with
AS-oligos. Cells were assayed with a MTT re-

agent. Experiments were repeated in two
times and similar results were obtained.
AS-oligosel] 2|3t &} ME Az S 2 uly

o2 zZAsE7] fJell soft agaroseol|A] A g )
= ZA3Frh Soft agaroseol]A] QA|E FZ AL
SAY Ful A% FAEE ALY 7S LolslA
o] FoiZlck AA| K562 AlEoll4 LGHE T3 A
o] folslo] E Agol|A= K562 A|Fel] AS-oligos
£ Helg ¥ FA9 PAS dolEgirh AS-oligos
of] transfection®l K562 A|E5E 04% LMP(low mel-
ting point) agarose®} 4jo] plateol] =28} 15U7F
ikt 5| 948 24 4% 2ath AS-oligos
MI-13} -3E X 2|9 of K562 £ u)He) =
o W8] 247 55%%}F 65%2 A HA ZA4AE JE
ek ¥ =39 sense oligos W SC-oligosy= 2}
2+ 10%2} 35% -3 5 7+AEA)Zick(Table 2). o]
¢l 743} PS-capped c-myb AS-oligos7} K562 A|E

o] A °§"‘J A Alol] A glo] zHx} FH =]k

il al

C-myb GAA}oll 28 Ho|x]= thujzal MYBES
Q7 A FElgt 7)5 F-S9l(functional regions)E ZHe
22 Amino el Holof| ©lAbs)o]EA
rylation- dependent) DNA A3 F2& 7HAH, =7+
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Table 2. Effects of

c-myb oligos on colony formation of K562 cells

JJ

Oligos

Number of colony %
Structure Size(mer) Type
Linear 15 AS-MIJ-1 55 44 4
Linear 15 AS-MIJ-3 45 36.3
Linear 15 SC-MIJ-1 84 67.7
Linear 15 S-MIJ-3 110 88.7
Lipofectin™ alone 108 880
Untreated contral 124 100

number of coloniesl(oligo treated)

: X 100
number of colonies(untreated contol)

K562 cells were exposed to different oligos for 15 days on 0.4% LMP agarose. Transfection was performed with
double treatments of cells with complexes containing 0.8 g of Lipolectin and 0.3 xg linear phosphorothioate
oligos for 24 hrs. Colonies arising in 6-well plates containing cells exposed to sense (S), antisense (AS) and
scrambled (SC) oligos were enumerated. Colonies in control (Lipofectin alone or untreated) were shown in the
bottom two lines. Experiments were repeated twice and similar results were obtained.
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