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Antisense oligonucleotide represents an interesting tool for selective inhibition of gene ex-
pression. However, their low efficiency of introduction within intact cells remains to be ov-
ercome. Antisense-TGF3 (25 mer) and antisense-TNFa (18 mer) were used to study the cellular
transport and biological function of antisense oligonucleotide in vitro. Since TGF and TNF play
on important role in regulating the nitric oxide production from macrophages, the action of the
above antisense oligonucleotides was easily monitored by the determination of nitrite. Poly-L-
lysine, benzalkonium chloride and tetraphenylphosphonium chloride were used as polycations,
which neutralize the negative charge of antisense oligonucleotide. The production of nitric ox-
ide mediated by y-IFN in mouse peritoneal macrophage was increased by antisense-TGFf in a
dose-dependent manner. Antisense-TNFa reduced the nitric oxide release from activated RAW
264.7 cells. Significant enhancement in the nitric oxide production was investigated by the co-
treatment of poly-L-lysine with antisense-TGFB. On the meanwhile, inhibition effect of antisense-
TNFa is not changed by the addition of poly-L-lysine. These results demonstrate that control of
expression of TGFB and TNF gene is achieved using antisense technology and the cellular up-

take of antisense oligonucleotide could be enhanced by ion-pairing.
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INTRODUCTION

Antisense oligonucleotide has a sequence comple-
mentary to a specific gene or messenger RNA in ord-
er to block translation by forming hybrid complex
with the target nucleotide sequence (Uhlman and Pey-
man, 1990). It represents an interesting tool for selec-
tive inhibition of gene expression in many areas of
medical research (Agrawal et al, 1988; Matsukura et
al., 1988; Leiter et al, 1990; Simon et a/, 1992). How-
ever, the application of antisense oligonucleotide is
considerably limited by the low efficiency of their
penetration into intact cells and instability in a biologi-
cal environment (Smith et al, 1986; Gao et al., 1990).
The ineffective delivery of antisense oligonucleotide to
a target site may be due to the relatively large size
and polyanionic character of the molecules. In order
to overcome these problems, some chemically modifi-
ed oligonucleotide have been designed. Phosphotries-
ter, phosphorothicates, and methylphosphonates have
shown a much higher resistance toward exonucleases
(Miller and McParland, 1981; Eckstein, 1985; Reed et
al., 1990; Agrawal et al, 1991). Chemical conjugation
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with other chemicals is an interesting alternative as
enhanced cellular uptake and stability (Aselline and
Toulme, 1984; Stein et al, 1988; Akhtar and Shoji,
1991). Another strategy recently developed consist of
encapsulating oligonucleotides in liposome (Thierry
et al, 1990), use of biodegradable carriers such as
nanoparticles (Chavany et al., 1992).

Nitric oxide (NO) which is implicated as a antiviral
and/or antinecrotic factor, is synthesized by the ac-
tion of nitric oxide synthase (NOS). Inducible form of
NOS is exited in macrophages, and activated by the
various external stimuli (Stamler et a/, 1992). Some
cytokine such as y-IFN and LPS showed the increase
mRNA level of inducible form of NOS in macropha-
ge (Lyons et al, 1992; Melkova and Esteban 1994).
TNFa, cytokine which was induced by LPS-activated
cells, also activated nitric oxide production. Since
TNFo is a mediator of the LPS from LPS-activated
cells, antisense-TNFa could inhibit the production of
nitric oxide from activated cells. On the other hand,
TGFB can block the ability of y-IFN to induce nitrite
release in macrophage and expression of TGF3 mRNA
is increased remarkably when macrophages are acti-
vated (Junquero et a/., 1992; Karupiah et a/,, 1993; Vo-
dovotz et al, 1993). Therefore, it is expected that an-
tisense-TGFB, which consists of the sequence comple-
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mentary sequences against TGFB mRNA, will block the
effect of TGFB on the production of nitric oxide medi-
ated v-IFN in macrophages.

In this paper we establish the method by which bio-
logical function of antisense-TGFB and antisense-TNFa.
is measured based on nitric oxide release from activat-
ed macrophages. In order to develop a method to im-
prove the cellular uptake of antisense, it is investigat-
ed how much the cations influenced on cellular up-
take of antisense oligonucleotides by use of nitric ox-
ide release. Here we present data that it is possible to
inhibit selectively the expression of target gene with a
antisense oligonucleotide, and to increase the effect
of antisense oligonucleotide by addition of cations.

MATERIALS AND METHODS

Materials

The sequence of antisense-TGFf (25 mer, phospho-
rothioate) is as follows;

* 3* %k * * *

5'-CAGCCCGGAGGGCGGCATGGGGGAG-3Y)
Asterisk represents the position of sulfur-substituted base
of 6S. The bases of 255 were fully substituted with sul-
fur. The sequence of antisense-TNFao. (18 mer, phospho-
rothioate) is 5'-CTGTGCTCATGGTGTCTT'3'. Dulbecco's
modified eagle medium (DMEM), thioglycolate medi-
um and fetal bovine serum were purchased from Gib-
co BRL Life Technologies, Inc. (Grand Island NY, USA).
Lipopolysaccharide from £. coli (LPS), tetraphenylphos-
phonium chloride (TPP), cetyltrimethyl ammonium bro-
mide (CATB), poly-L-lysine (PLL), penicillin/Streptomy-
cin, sulfanilamide, N-(1-naphthyl)ethylenediamine dihy-
drochloride (NEDD), sodium nitrite, Trypan Blue were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). ¥-IFN and T4 polynucleotide kinase was purchas-
ed from Genzyme Co. and Amersham Inc., respective-
fy. Other chemicals were reagent grade and used with-
out further purification.

Cells and Cultures

Peritoneal macrophage were elicited in male ICR
mice (6~8 weeks). After introduction of peritoneal ma-
crophage with 4% thioglycolate medium, peritoneal
macrophage were taken out with hank's balanced salt
solution. RAW 264.7 cells and mouse peritoneal ma-
crophage were incubated in DMEM containing 10%
FBS, penicillin (50 U/ml) and streptomycin (50 ug/mi).

Effect of antisense-TGFB on production of nitrite me-
diated by y-IFN

Peritoneal macrophage and RAW 264.7 cells were
seeded in 96 well plates at a density of 2x 10’ cells/
well. After 2~3 hr, the medium was replaced with
fresh medium (DMEM without serum) and the cells
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were treated with the different concentrations of an-
tisense-TGFP (25 mer, phosphorothioate) in the pres-
ence of 5 units/mi of y-IFN. After 42 hr of incubation,
the supernatant (100 pl) was taken out for determina-
tion of nitrite.

In order to investigate the influences of cations on
the effect of antisense-TGFf3, poly-L-lysine (PLL, 100 ug/
ml), benzalkonium chloride (BZ, 500 nM), and tetra-
phenylphosphonium chloride (TPP, 500 nM) was co-
administrated with the antisense-TGFf3.

Effect of antisense-TNFa on production of nitrite me-
diated by y-IFN and LPS

Antisense-TNFa (18 mer, phosphorothicate) was used
to study relations between TNFa and production of ni-
tric oxide. RAW 264.7 cells were treated with the di-
verse doses (0, 50, 100, 200, 250 pg/ml) of antisense-
TNFa in the presence of LPS (10 ng/ml) and y-IFN (5
units/ml). After 42 hr, supernatant was removed for de-
termination of nitrite.

Determination of nitrite concentration

Nitrite concentration was measured by Griess meth-
od as described. Briefly, 100 ul of conditioned medi-
um was removed and incubated with an equal volume
of Griess reagent (1% sulfanilamide/0.1% N-(1-naph-
thyl)-ethylenediamine dihydrochloride/2.5% H;PO,) at
room temperature for 10 min. The absorbance at 540
nm was determined by ELISA reader. Sodium nitrite
was used as standard.

RESULTS AND DISCUSSION

Effect of antisense-TGFB on production of nitrite me-
diated by y-IFN

Antisense-TGFp increased the production of nitric
oxide in a dose-dependent manner in the rage of O~
50 ug/mi from peritoneal macrophage treated with y-
IFN (Fig. 1). At 25 pg/ml of antisense-TGFp, the con-
tent of nitric oxide produced was about 5 times as
much as the control, which was content of nitric ox-
ide produced from peritoneal macrophage incubated
with y-IFN (5 units/ml) alone. After addition of 50 pg/
ml of antisense-TGFB with 5 units/ml of y-IFN, the
amount of nitric oxide was increased about 7 times.
It is suggested that increase in nitrite production is
resulted from antisense-TGF mRNA in a dose depen-
dent manner within a given concentration range. On
the other hand, addition of 100 pg/ml antisense-TGF3
reduced somewhat of the production of nitric oxide
as compared with that of 50 pg/ml antisense-TGFp. It
might be due to influence involved in desensitization.
It is known that TGFP suppressed the synthesis of ni-
tric oxide mediated by y-IFN not by inhibition of tran-
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Fig. 1. Effect of antisense-TGFB on the production of nitrite
from mouse peritoneal macrophage mediated by y-IFN. Per-
itoneal macrophages from mouse (2x 10° cells/well) were in-
cubated with 5 units/ml of y-IFN in the presence of various
amount of antisense-TGFP. After 42 hr, the supernatant were
collected and nitrite content was determined by Griess
method. The nitrite content of blank control which was not
treated with anything, was 0.160+0.001. Results are present-
ed as the mean+=SEM (n=3). Means are significantly different
by one-way ANOVA (p<0.0001). *Significantly different from
0, 2.5, 5 ug/ml (p<0.001).

scription but by decreasing iNOS mRNA stability (Vo-
dovotz et al., 1993). Therefore, these results demons-
trated that highly expressed TGFB mRNA by y-IFN-
stimulated state, has been efficiently inhibited by an-
tisense-TGFB. As a result of that, the nitric oxide pro-
duction by y-IFN was markedly increased.

Effect of antisense-TNFa on production of nitrite me-
diated by y-IFN and LPS

In the range from 0 ug/ml to 250 ug/ml, antisense-
TNFa reduced the release of nitric oxide from RAW
cells incubated with LPS (10 ng/ml) and y-IFN (5 units/
ml). At doses of 50, 100, 200, 250 ug/ml of antisense-
TNFq, the rate of decrement was about 6, 12, 21, 41
percent, respectively. In the same way, when the pro-
duction of nitric oxide was induced by LPS (10 ng/ml)
alone, nitric oxide released from RAW cells was de-
creased in a concentration dependent manner. By the
addition of 50 pg/ml of antisense-TNFa, the produc-
tion of nitric oxide was inhibited by 66%, while the
production of nitric oxide was reduced to 40% when
the doses of antisense-TNF were increased to 200 pg/
ml (Fig. 2). The mean values of percent nitrite content
from LPS-activated cells were lower than that from
cells costimulated with LPS and y-IFN at given amount
of antisense-TNFa, but difference turn out to be sta-
tistically insignificant.
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Fig. 2. Inhibition of the nitrite production by antisense-
TNFa in activated RAW264.7 cells. RAW264.7 cells (2x 10°
cells/well) were treated with 10 ng/ml of LPS with (&) and
without (@) coadministration of 5 units/ml of yIFN in the
presence of various amount of antisense-TNFa. After 42 hr,
the supernatant were collected and nitrite content was det-
ermined by Griess method. Results are presented as the
mean=+SEM (n=3). Two groups are not significantly differ-
ent from each other by student t-test.
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In this study, it is observed that nitric oxide pro-
duction from activated RAW cells was decreased by
addition of antisense-TNFa. It measns that TNFc, a
mediator of the LPS-activated nitric oxide production,
can be efficienty inhibited by antisense-TNFo, which
resulted in a reduced production of nitric oxide from
activated macrophage cell line.

Influences of various cations

In the presence of 25 pg/ml antisense-TGFJ, perito-
neal macrophages were treated with various cations
and then 5 units/ml of y-IFN. After incubation for 42
hr nitrite concentration was determined as shown in
Table [. Poly-L-lysine (PLL), benzalkonium chloride (BZ)
and tetraphenylphosphonium chloride (TPP) were used
as a counter cation. The effect of antisense-TGFp on

Table 1. Effect of the various cations on the production of ni-
trite by antisense TGFPB from activated mouse peritoneal ma-
crophages

Cations Concentration Nitrite (mM)

- 27.109+0.306

PLL 100 pg/ml 40.0424+2.273*
BZ 500 nM 24.3644+1.242

TPP 500 nM 26.128+4.165

Mouse peritoneal macrophages (2x10° cells/well) were in-
cubated with 5 units/ml of v-IFN and 25 pg/ml of antisense
TGFB. Results are presented as the mean=+SEM (n=3). Means
are significantly different by one-way ANOVA (p<0.0001).
*Significantly different from control group and TPP-treated
group (p<0.001) and BZ-treated group (p<0.01).
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Fig. 3. Effect of poly-L-lysine on the production of nitrite
mediated by v-IFN and antisense-TGFf in mouse peritoneal
macrophage cells. Mouse peritoneal macrophages (2x10°
cells/well) were incubated with 5 units/ml of y-IFN and 25
pug/mi of antisense-TGFB in the presence of various amount
of poly-L-lysine. After 42 hr, the supernatant were collected
and nitrite content was determined by Griess method.
Results are presented as the mean + SEM (n=3). Means are
significantly different by one-way ANOVA (p=0.0113). *Sig-
nificantly different from 0 ug/mi (p<0.05).
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the production of nitric oxide mediated by y-IFN, was
increased about one half times by the addition of 100
ug/ml of PLL. No increment of production of nitric ox-
ide was observed with cells treated with BZ and TPP,
quaternary ammonium salts. In order to study the in-
fluences of PLL in detail, PLL was added in different
doses. As shown in Fig. 3, poly-L-lysine (0~100 ug/ml)
increased the release of nitrite from cultured perito-
neal macrophages after 48 hr exposure in a concen-
tration dependent manner. The effect of PLL may be
the result of reduced polarity by neutralization of ne-
gative charge of oligomer with polycationic PLL, which
resulted in enhanced stability to nucleases and follow-
ed by increment of permeation into cells. On the oth-
er hand, BZ and TPP did not affect on the effect of
antisense-TGFPB. Since the positive charge contained
of BZ and TPP was less than that of PLL, these were
incapable of adequate neutralization of negative charge.
BZ and TPP were surfactants, which can destruct the
cells, so that these cannot be used above concentra-
tion of 500 nM. When the cell viability was measur-
ed by trypan blue extrusion method followed by ex-
posure to these compounds, PLL did not affect on the
cells in concentration treated in this experiments.

In conclusion, the biological effect of antisense-
TGFB and -TNFo was easily monitored by the nitric
oxide production from activated macrophages. By us-
ing this system, effect of ion pairing on cellular up-
take of antisense oligonucleotide was investigated.
PLL increased the effect of antisense-TGFB, showed
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its potential for being a counter cation for enhance-
ment of the cellular uptake of antisense oligonucleo-
tide. More experiments will be carried out in order to
certify to the effect of PLL.
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