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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-o. was inserted into a phagemid vector, and TNF-a antisense molecules (TNFa-LCAS) were
produced as single-stranded circular DNA. When introduced into a rat monocyte/macrophage cell line, WRT7/P2,
TNFo-LCAS was able to ablate LPS-induced TNF-o. mRNA to completion. The antisense effect of TNFa-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 TNFa-LCAS was sufficient to block TNF-o, expression in 1< 10° WRT7/P2 cells. I have also observed
specific antisense activity in reduction of NF-xB 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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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 JacZ 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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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 colurnn 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-Hindlll DNA size
marker; lane 1, phagemid DNA containing TNF-a cDNA (TNFo-phagemid); lane 2, TNFa-LCAS; lane 3, TNFo-phagemid/X#ol; lane 4,
TNFa-LCAS/Xhol; lane S, TNFo-phagemid/S1 nuclease; lane 6, TNFo-LCAS/S1 nuclease; lane 7, TNFa-phagemid/Xhol/exonuclease
IIT; lane 8, TNFa-LCAS/Xhol/exonuclease IT1. 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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Fig. 3. Antisense activity of TNFa-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 f-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-1§ 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 TNFo-LCAS on TNF-o. mRNA expre-
ssion: Lane M, 100 bp DNA ladder; lane 1, liposome alone; lanes 2~5, TNFa-LLCAS (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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Fig. 4. Effects of NFB-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, NFxB-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.
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Fig. 5. Effect of TNFo-LCAS on the level of TNF-a protein.
ELISA of TNF-o 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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