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Circular Antisense Molecules

Jong-Gu Park*?'

'Department of Medical Genetic Engineering, Keimyung University School of Medicine,
Dongsan Medical Center, 194 Dongsandong, Joonggu, Daegu 700-712, Korea
“WelGENE Inc., 71B-4L, Hightech Sector 2, Sungseo Industrial Park 3,
Dalseogu, Daegu 704-230, Korea

I report that single-stranded antisense as a part of large circular (LC-) genomic DNA of recombinant M13 phage
exhibits enhanced stability, sequence specific antisense activity, and no need for target site search. A cDNA fragment
(708 bp) of rat TNF-a was inserted into a phagemid vector, and TNF-o antisense molecules (TNFa-LCAS) were
produced as single-stranded circular DNA. When introduced into a rat monocyte/macrophage cell line, WRT7/P2,
TNFa-LCAS was able to ablate LPS-induced TNF-a mRNA to completion. The antisense effect of TNFoa-LCAS was
shown to be sequence-specific because expressions of three control genes (B-actin, GAPDH and IL-1B) were not
significantly altered by the antisense treatment. Further, TNFa-LCAS was found to be highly efficacious as only 0.1 pg
(0.24 nM) of TNFo-LCAS was sufficient to block TNF-a expression in 1>10° WRT7/P2 cells. I have also observed
specific antisense activity in reduction of NF-kB gene expression. The results suggest that an antisense sequence as a
part of single-stranded circular genomic DNA has a specific antisense activity.
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Aol EAsl= A vhelE] 27| ©]A] (recombinant bacterio-
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AR frEfe] el AES e & A ARSE
At} o]#]gk LC-antisensei= ¥ 4 735 7k 3k
W] ok H& S T & aL, AlxdEd
HoAMEE o] &3t 3 WA Rt | fFAAER T
e otEJAl2 glo]H 2l E] (antisense library)E | -5
T AS Ao At

2 ATl A= INF-o 2 NF-«B fr7d#ke] Al A
< 7}Z LC-antisense wAFES Ul Al&kek &, o529 4t
el il gk P R 1A fHAlel gigk A E FolA
2~

A2 e ARSI

_1

1. M= HfQE

THP-1 (acute monocytic leukemia) A|3EE Sh=iA| L 5-2-3)
o T HE B wokor, WRT7/P2 (mouse monocytic cell line)
Axs 4 Fok ko] o]} Y=Y AlE ket
HEZFES 10% FBS, 100 U/ml penicillin, 100 pg/ml strepto-
mycing 33 RPMI 1640 =3 EMEM ®]# (JBL Korea)
2 37C, 5% CO, Z71olA vjdsialct. A7 (transfec-
tion) 37 A NEES AAe mjA =2 whs] Fomn,
FATES A AL METS 542 trypan blue (0.4%) &

Ao sk,

2. MzEg HO[XA=Q F=

EF ol wel TNFa % NFB FARHE FHshe
Az Aol =S AR, A, a8~ Fefo] =

1X10°702] WRT7/P2 AES HF3812, thS & BE TNF-u
frate] HAS fr=aly] il FEF5%E 30 pg/mlo lipo-
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3k MEZHEE A=) TRIzol A 2F (GibcoBRL, USA)
< A3 total RNAS wE|313ITE ©]o] & 42| PCR =
gtoln (forward: 5-GATCGTCGACGATGAGCACAGAAAGC-
ATGATCC-3', reverse: 5-GATCGAATTCGTCACAGAGCAAT-
GACTCCAAAG-3)E AH&3te] TNF-a 37k M4 2=
QS 3= cDNA T3 (708 bp)S ZTZ3IAL). B53
cDNA Y-S Sall/EcoRI A&z Eaf3k 5 pBS KS (-)
phagemid (Stratagene, USA)ell E=d3}3it). 53t o
2, THP-1 MNX25E 3 49| PCR 2Z2}o]H (forward: 5-
GATCGTCGACGCGCCACCCGGCTTCAGAATGGC-3', reve-
rse: 5-GATCGAATTCGGTGAAGCTGCCAGTGCTATCCG-3")
S AFE-3lo] NF-kB f-44H] cDNA THH (700 bp)S FZ3
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g o)A AF) EAEE 75T v, AZRT HelHu=
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chloride 2.2 283190t} cDNA ©HE9] 29 %
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Ask7] flsto] A ojx 2] A mebE 129 (gel filtration
column chromatography)E ©]-8-3}31t}. °A 2+ Superfine
Sephacryl S-1000 (Amersham Biosciences, Sweden)S %13}
QL 02 M NaCl& -3+ 50 mM Tris-HCI (pH 8.3) 958
oz FYstelitt AAl Al Ful= A #8599 5%
2 ZA3% I, DNA €% (7% % 0.3 ml/min)& 4
BRgol Agade FEgoloz aoln) olu, ABEL
260/280 nm IO = UV scandtdA] wff 5~10% (HA 0=
TR s AE F8 [~VIES ice-cold ethanol =
%A%k &, PBS (phosphate buffered saline) &40 2 23|35}
it} AA S LC-antisense +AFES] & 2 & €157
Aall 1% optm2 A A7]gES shlth @7 LC-anti-
sense WwAFES] AE FAEE ER1817] 23] universal primer
E A3 DNA 1714 24 At LI Rlew
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~

4. LC—antisense =Xt OFdA ZEA}

LC-antisense -AH8] QF8/43E glst7] sl 1 pgl LC-
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U/ug DNA) 2 SI nuclease (10 U/ug DNA)Z 37°CollA] 3A17F
&< 72 Asiele). 3, d3 Sl 9] LC-antisense
Ape] FgA-E BRIsk] 913, 1 pug®l DNAE 1:3 (ww)©]
&R gy 59AlE At of7ld dA2E sk
S 30% AHlotE S H7IRE § 37°ColA Hu 4841317}
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5. LC—antisensel E&ZH L RT-PCR

Eﬂ FAZ2] mRNAE A Al o] LC-antisense
ZAFs7] 913l LC-antisense wAHe M3z &
Azt g & RTPCRE 33tk o5 fl8te], WA Alxs
S 200 po] wiFEiA R 48-49 ZHHo|Ee) 3L, LC-
antisense TAFS} ol 2]EF] UEQ Lipofectamine (In-
vitrogen, USA) AloFS F4 M EF2] FF7ol whe} thedst 1]
& (ww)E E3519t E]4+—DNA LAl £33 Opti-
MEM (Invitrogen) HjAIZ 3+ F A|ZALe] X|3]o whe} H3E
o Attt 37°CellA 6AZT 5F FAZFAT &, vijA]ol
2X FBS 3 FAAES H7Iskar 18217 ¢ wljsiolch
3, PE TNF-o F8742] 2 tﬂ% 55517 9)8te] TNF-
o -2 LC-antisense ¥AFS FA4Y 3l &2 THP-1 AXE9
lippopolysaccharide (LPS, 30 pg/ml)E * 2|3} t}. LC-anti-
sense wAFS] &S Blualy] )k, BlEFE ZHA E con-
trol DNA—E]i% ET@’iﬂE Aol AEste] EA Ik
RNA ZA= A]¢F (Molecular Research Center, USA)S-
ARE-3te] Al "}«] Aol wet siivk 7 A= FE 34t
MEES 1 ml9 Tri Aoz #43}s}aL chloroform F+5
2 isopropanol 37 S 2 RNAE At ©]o] Access

Single Strand Rescue by Helper Phage

EcoRl

M13
Helper Phage

RT-PCR Kit (Promega, USA)—O— ALgEke] A A ] X el u}
2} RT-PCRS 3T} % 50 pule] PCR WHE-<Mo] total RNA
(1 pg), g & iﬂ-"]ﬂi (TNF-a: forward, 5'-CATCTCCCT-
CCGGAAAGGACAC-3, reverse, 5-CGGATGAACACGCCAG-
TCGC-3', NF-kB: forward, 5-CCTGGCCGGAGCCACTAGAC-
-3', reverse, 5S'-CTATACTCAGATCCATCACC-3"), AMV reverse
transcriptase (5 U/ul), Tfl DNA polymerase (5 U/ul), dNTP (10
mM, 1 pl) © MgSO, 25 mM, 2.5 u)E E3ate] 2A)8191t)
A & PCR WHE-2 thermal cycler (MJ Research, USA)=
S}FAT}. First strand cDNA2] $HA1-2 48 CollA] 458 52, 9]
0]X]:= DNAZ] FZ2 O]E“]J 94°C/30%, 59C/13%-, 68 TR
NS5 303] whEeto v 8sigitt. 8158k PCR Ahe
= 1% optes A 1°§%i 21813131, 5% DNA9
S 9138l Alphalmager 1220 (Alpha Innotech, USA) 71715
Ag3ein,
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rzi “9‘4 Fl

LC-antisense —rZ]--J 5127k ol] 2] 3} TNF-g ©Hia o] ut
& WstE ELISAY S48l o5 fAsto], Al Hl
Nt N
E (R&D System, USA)°ll #7131t} Biotin ¥4 22} &+
& 7} ol Tl Ak F AheolA] 90wtk e as,

|EE 33] A3 T streptavidin-peroxidaseS 3 7}5}o]
4537 HHSIGI) olojx] EHO|EE 43] AAste] Ags
(e}

32 streptavidin-peroxidase s A A 3taL, LS 93] ch-

Rat TNFo-LCAS

Antisense Sequence

Fig. 1. A schematic diagram of construction of the phage genomic LC-antisense molecule for rat TNF-a (TNFa-LCAS). Rat TNF-a
was cloned into the multiple cloning site of the phagemid vector, pBS KS (-). Whereas single-stranded sense molecules were obtained by
placing the sense strand of TNF-a ¢cDNA in the reverse orientation as that of the lacZ gene, LC-antisense molecules were obtained by
placing the sense strand in the same orientation to the lacZ gene. These constructs allow the rescue of either single stranded LC-antisense
or sense control molecules of TNF-a when transformed into competent bacterial cells that were already superinfected with helper phage,

MI13KO7.
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. ) (replication origin)= &-&3}3tt FHo|A AFe] YF-EA
antisense2| 7%
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LC-antisense A= ZA|3}7] 915le] PE TNF-a cDNAZS
& 3 STE] Al pBS KS () #HolA|u|=ol S 23R (Fig. 1). 543 1)
TAE B8 ke WS Aslgtel] lof, =2 A WO 2 NF«B cDNAE Z233tk Jupin 52 HH»e
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Fig. 2. Chromatographic purification and biochemical properties of TNFa-LCAS. A. Elution profiles for large circular antisense mole-
cules from gel filtration column chromatography. B. Electrophoretic patterns of fractions obtained from gel filtration column chromato-
graphy. Lane 1, crude DNA; and lanes 2~8, fractions I-VII (correspond to retention time from panel A). C. Characterization of TNFa-
LCAS molecules. DNA was either double-stranded (ds) phagemid or single-stranded (ss) LC-antisense: Lane M, A-HindIIl DNA size
marker; lane 1, phagemid DNA containing TNF-a cDNA (TNFo-phagemid); lane 2, TNFa-LCAS; lane 3, TNFa-phagemid/Xhol; lane 4,
TNFo-LCAS/Xhol; lane 5, TNFa-phagemid/S1 nuclease; lane 6, TNFa-LCAS/S1 nuclease; lane 7, TNFa-phagemid/Xhol/exonuclease
IIT; lane 8, TNFa-LCAS/Xhol/exonuclease II1. D. Stability test of LC-antisense molecules. Antisense molecules treated with sera were run
on a 1% agarose gel and visualized with ethidium bromide staining. Lanes 1~8, treated with 30% fetal bovine serum for different periods
of time as indicated; and lane 9, sham treated control.
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wel A Ao A vl G FE HIE SFA L
AZG A A EES FAABT T F3Isc,

2. AZ0tEJ2HI|E 0|26t LC—antisense &XtQ| CHEf

S
Az dHeeHo]A] Alxgoz APiHek LC-antisense
AR 2] M3 #o]#] B Ay HolA] fref A% DNA

o Ao} Fed & vk w3 FARY 55S AN
FN1AY A3EF=2] Aol S F+= LPS AHE v s
A vk meba, PFAHSA ] v A Ao ZAE LC-
antisense WAFE OIF AAEL7] skl A Oiﬂr %Eé A
ETOHHE o]8-31% . Major peaki=
Zroell A -2 ST} (Fig. 2A). PeaksS AE= 770

(fractions I~VIN)2] ¥3 o7 o] £2]3F 3 LC-antisense
Ak A g ERIsH] fldl 1% obtRs A W7
&= ST} (Fig. 2B). M13 #|°] %] 9] wild-type |35 DNA
= 58 1 (755 0ol A, LC-antisense A= 3 IV~VII
80~110&tholl A EElHAt. B8 v~VvIIES B F
ethanol 7S 381t} LC-antisense TAME 60%2] 3482
AAE 5

(e} >~ =]
RS, ODagy/2800m 8 HE €% T% 4

B Rat TNF-a (752 bp)

LB R B B B-actin (318 bp)

1 2 3 4

- -

A3} 1.8 o] 4] A4S 7S & 4 A LAL endotoxin
Al3E E38to], LPSE U AASNS &Rk 3
AAS g7l Ho]x] AE DNAZF AAR T2 442
SHEJ Al ME S SHEHS T3 ZEtelHE ARSSE V1A 4E
o= Rl & IS S AgAgE TNF-o 2 NF-

A} 2l LC-antisense wAH5S 727} TNFa-LCAS 2

'?I‘
NFkB-LCASE ®w a9l

&

3. LC—antisense &XAt2| X 4 oFdY

LC-antisense A= ~1 AZLZA vrleke] #HH4 $9
TZE 7FA P& exonucleaseol] 3F eHHAlS 71A Zlow

Z1dEkt) o1 BR1El7] $15ke] TNFo-LCASE thset &
A EE AHolEA (fetal bovine serum)d} WHS-F] Rt}
(Fig. 2C). TNFa-LCAS2] 739, A$+& 2 Xhol} exonuclease
ME 343 o Aelsto=m Falls#] @2 ¥, TNF-a
cDNAE §Hrshes 7 71ee] AlxF #Ho] AW == Xhol <]
AgzA s FaE AT w3 AxF HolA v ==
XhoI#} exonuclease IS EA0] A2]3}R S W= 43 &
= ATt TNFo-LCAS 27} ©71ee] DNAZhE AR,
71 DNAWE Eo|& o7 ¢141&}= SI nuclease”} & <SHE]

IL-1B (550 bp)
GAPDH (330 bp)

Fig. 3. Antisense activity of TNFo-LCAS on TNF-o. mRNA levels in WRT7/P2 cells. A. RT-PCR was performed with 2 sets of pri-
mers, either TNF-a primers or B-actin primers: Lane M, A-HindIIl DNA size marker; lane 1, liposome alone; lane 2, TNFa-LCAS (1.4 nM);
lane 3, TNFo-LCSE (1.4 nM); lane 4, LCSS (1.4 nM). B. Both IL-1p and GAPDH genes were amplified by RT-PCR to examine non-
specific antisense effects. The amounts of total RNA and single stranded circular molecules, including the antisense compounds were the
same as those in panel A; Lane M, 100 bp DNA ladder; lane 1, liposome alone; lane 2, TNFa-LCAS (1.4 nM); lane 3, TNFo-LCSE (1.4
nM); lane 4, LCSS (1.4 nM). C. Southern hybridization of panel A. D. Dose dependent effects of TNFa-LCAS on TNF-a mRNA expre-
ssion: Lane M, 100 bp DNA ladder; lane 1, liposome alone; lanes 2~5, TNFa-LCAS (0.03 nM, 0.14 nM, 0.28 nM and 0.56 nM, orderly);

lane 6, TNFa-LCSE (0.28 nM); lane 7, LCSS (0.28 nM).
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Az~ BAE 8] ek ERigtoma Tk g
H, TNFa-LCAS A5 ol ZxFT 5

T 30% FBSS} 244]3F o wkg-atol e g2 o] A&
FE A &t} (Fig. 2D). o]2]3 AHEL, ¥

219 LC-antisense A7} ©@71ee] 25
Aol EAek= Ealassed et 2 S 7

= 9 T

4. TNFa—LCASOl 2gt HE TNF—a mRNASl £0[H
M

A719] AFES F 1 A4S &RIgh LC-antisense
GIEIE o TNFa-LCAS (0.5 pg, 1.4
nM)E ol FExE %%Liﬂ% A5kl WRT7/P2 A|3E
of AE|gk &, TNF-a A0 W& f=317] el LPSE
2|81tk 71 A}, TNFo-LCASE #1238k Al ol A= TNF
o mRNA®] T o] AA8] A4S & 5 AT wF
e, TNFo-LCSE ¥+= LCSS #4Fe] A 2]i= TNF-o mRNA
o] ol o] T WskE do7A 5’%9;}‘:} (Fig. 3A). &3,
53 2O F TNFa-LCASE * 23t & B-actin, GAPDH
(glyceraldehyde 3-phosphate dehydrogenase) % IL-1p 1A}
59 mRNA % Rl o, oj2fst fdxEe]
o= & JFS FA ¥UT} (Fig. 3A 2 3B). 3HH, g5
PCR 2HZ9] TNF-a - AARNA Fall$t A4S Southern blot-
ting= &5F] SE3ISITH (Fig. 3C). ]| probeZ= SEE

r°*‘

M1 2 3 4 5 6 7 8 9

NF-«B (611 bp)
B-actin (318 bp)

o

1 2 3 4 5 6 7 8 9
ﬁ* e B

Fig. 4. Effects of NFkB-LCAS on mRNA levels of NF-xB
gene in THP-1 cells. Amplified PCR fragments were run on a 1%
agarose gel and visualized with ethidium bromide staining. A. RT-
PCR results. Lane M, 100 bp ladder marker; lane 1, sham treated
control; lanes 2~4, NFkB-LCAS (0.14 nM, 0.28 nM and 0.56
nM, orderly); lanes 5~6, NFkB-LCSE (0.28 nM and 0.56 nM);
lanes 7~8, LCSS (0.28 nM and 0.56 nM); lane 9, liposome alone.
B. Southern blotting of panel A.

DNA ©hHae] 4 o3 dxal= A E (5-GATGAGAGG-
GAGCCCATTTGGG-3)% 717l A& AME3IAit) o2,
WRT7/P2 AEol T3l %ko] TNFa-LCASE A E|sle] A2
ko] Z7lol| w2 B4 WIS AR KTl TNF-a S22
o] WL 0.05 pg (0.03 nM)2] TNFa-LCASE #2313 vl
22 253, 0.1 pg (0.14 nM)2] 2EA] #AS] 74457
AlAFEe] 0.5 pg (0.28 nM)o] A= 9H3] A= ATt (Fig.
3D). °]2]3F ZIE-LS TNFo-LCAS H-AP7F A8 Eoldo g,
aglar 71E9] e BAbsd vlE)] AFeRRE B &
ARpe] M-S g8% 0% FAATE HojFrh

5. NFkB—LCASOIl 2et NF—xB mRNA2| £0|% X7

LC-antisense t=4He] W85 &latr] flste], & <t

Al 1}7} TNF-o ©]¢] th& 34 FaAe] e A
T A=A E ZAIITL ol & 918k, thdet 4] NFkB-
LCAS Tx}w g xEa 5AE P43 U2 THP-1 AlX
o] A23F3AtE. 0.05 pg (0.14 nM)&] NFkB-LCASS #2313
S o], NF-kB mRNAS] 72 70% A% 743893, 0.1 pg
(028 nM) H=3= 0.2 pg (0.56 nM)S A 2]810S ul 90% o]
72310} (Fig. 4A). WA, NFkB-LCSE T+ LCSS 4}
E A% AFESLS NFB mRNAS] 230 glo] & Wsl=
YERA] 9k9kth &8 PCR 4HEo] NFkB &bl A f
et A U= Southern blotting ©. = 2213} T} (Fig. 4B). ©|
o} probe=+= THE DNA tHA9] dF- A3} UXsh= A
4 (5-CTTCCAGTGCCCCCTCCTCCACCGC-3)S 717l
AREsSIT) o]# st A5 LC-antisense =AM} U
o FA FAkl M 2 dES AT 5 U=

o ofN M
oo Jm tlo

|
2 oosl
N .

rTNFo-LCAS  rTNFo-LCSE LCSS

Fig. 5. Effect of TNFa-LCAS on the level of TNF-a protein.
ELISA of TNF-a protein in media: WRT7/P2 cells transfected
with TNFo-LCAS, TNFo-LCSE or LCSS. Each bar value repre-
sents the mean + S.D. of triplicate experiments. Statistical signi-
ficance was calculated with students t-test. A value of P<0.05 was

considered to be statistically significant.
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e Rtk S Fe)

6. TNFa—LCASOI| 2|3t TNF—o S A sZo Za

o

LC-antisense AP} 34 F412] mRNAE A|AT ¥
ofvel, gFA R gulde FFEE AATIEAE 9
3 Hofth o]& $18te], WRT7/P2 Aol TNFa-LCASE |
gt thg, Y AP A o2 FHE TNF-o @] 55
ELISA o 2 ZA3F A3} MEZ] mRNAL] F-5=0] 7438t

nfe} o], ghile] = 90% o TATE o AN

T} (Fig. 5). WAl TNFa-LCSE %= LCSS Tx} o] iz
# A2 TNF-o TA 9] 5230 2 Wals 32 Q¥ok

o]e}gt A<= LC-antisense —I—X]-Oﬂ 93t mRNA §-32 ‘_3_
o4 it AT BH wue] 53 FARE ool

R = S
=
S =

=
oA

N

O
2

2 AFelME AxF e HolA 7} A= ot
A3 DNAS] dH-=2A A~ A ES E3te LC-anti-
sense AR HFF GAlsiom, 7 Mg B S 24}
SlGlth & AT Sk A 4 O}E] %“3
A= A 338 AS-oligo TAES
olli= RIAS #A}ol| tjste] 11:5}93‘:}2]). c-myb 3 }oﬂ
Sl RiAS (ribbon antisense) ¥AFS %3} aL © X

o AEgrezMn, 5 e Bt B4 SHbe] W
AAB ozt AlaEe] e AEghE: <
ol 4] A|&l3F LC-antisense A} GA] 3438
Mg P8l 2 @S Ho FYrk

TNF-o 3321 cytokine®] AFo|H FrlE]s #d 9, &
d=27], 281 #3835 5o 7|e AgASEd e ¥
AL ZHAT . Wb, TNF-a f3Ake] G874 ad
Ao EX HAAZ S A4 X 5HO ZA FEo]
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