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Abstract

A 15-mer C-5 propyne modified phosphorothioate oligodeoxynucleotide antisense to rev was
approximately 5-fold more effective in providing viral inhibition compared to a 28-mer unmodi-
fied phosphorothioate oligodeoxynucleotide targeted to the same sequence and previously shown
to inhibit HIV-1 in a sequence-dependent manner. The antiviral effect was obtained by lipofection
or simple addition of 0.2—-1 uM modified oligodeoxynucleotide to the culture medium of H9 cells
chronically infected with the HIV-1,,, isolate of human immunodeficiency virus type 1. We
conclude that C-5 propyne oligodeoxynucleotides in accordance with previous findings by others
are superior to unmodified phosphorothioates in providing inhibition of HIV-1 in a sequence-de-
pendent manner and that this inhibition can be conferred by oligodeoxynucleotides in free
solution.

Keywords: Human immunodeficiency virus (HIV); Phosphorothioate; C-5 propyne; Antisense; rev; Chronic
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1. Introduction

Several DNA analogues have been developed in order to obtain gene-specific
inhibition mediated by oligodeoxynucleotides (ODNs) (Milligan et al., 1993). Among
these, phosphorothioate has so far gained the most widespread attention. Although
phosphorothioate DNA is resistant to nuclease attack (Stein et al., 1988; Morvan et al.,
1993) and to some extent crosses cellular membranes (Iversen et al., 1992), it appears as
a serious drawback that the affinity between phosphorothioate and target RNA is rather
low (Vickers et al.,, 1991; Morvan et al., 1993). In order to improve the antisense
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potential, a modified phosphorothioate, C-5 propyne, has been introduced (Froehler et
al.,, 1992). In this modification of phosphorothioate, thymine groups are replaced by
uracil, and propynyl groups have been added to pyrimidines at position C-5. These
modifications strongly increase the affinity to RNA and C-5 propyne oligodeoxynu-
cleotides elicit significant sequence-specific inhibition of reporter genes when intro-
duced in cultured cells by microinjection or lipofection (Wagner et al., 1993). Wagner et
al. reported that C-5 propyne ODNSs injected into cells were several orders of magnitude
more efficient in providing antisense inhibition of transfected reporter genes than
unmodified phosphorothioate ODNs.

The aim of the present study was to test C-5 propyne ODNs in another biological
system, which previously has been described as sensitive to sequence-dependent inhibi-
tion by phosphorothioate ODNs: the human H9 T-lymphocyte cell line chronically
infected with HIV-1,,, (Matsukura et al., 1989).

With respect to antisense inhibition of HIV by phosphorothioate ODNs, chronic
infection is a more reliable system than acute infection, since phosphorothioate ODNs
are multipotent inhibitors of the process of infection independent of sequence (CD4
interaction and reverse transcription) (Stein et al., 1991).

However, in chronically infected cells, several investigators have found sequence-de-
pendent and -specific inhibition of HIV antigen production using a 27- to 28-mer
phosphorothioate antisense oligo targeted to the 5'-terminal of the open reading frame of
the rev gene. The term, ‘sequence dependent’ means: dependent on the oligonucleotide
sequence, without necessarily being due to an antisense mechanism. The term, ‘specific’
means antiviral without being cytotoxic. Results ranging from 20 to 70% sequence-de-
pendent and -specific viral inhibition have been reported targeting this particular
sequence with 10 uM phosphorothioate in free solution (Matsukura et al., 1989; Vickers
et al., 1991; Kinchington et al., 1992; Zelphati et al., 1994). A concentration of 10 uM
phosphorothioate oligodeoxynucleotide exceeds by more than one order of magnitude
the IC,, of HIV acute infection in vitro (0.2-0.8 uM) (Morvan et al., 1993; Zelphati et
al., 1994). For this reason, an increase of potency with respect to gene-specific inhibition
seems to be necessary if this mechanism should contribute significantly to the overall
inhibition of acute viral replication. In addition, 10 wM phosphorothioate ODN corre-
sponds to approximately 100 mg/kg and since infusion of 10 mg/kg can induce
hemodynamic changes and complement activation in monkeys (Galbraith et al., 1994),
an increment of the antisense potential of oligodeoxynucleotides seems also, for this
reason, to be needed if a gene-specific mechanism should be relevant in vivo.

Our experimental approach in this study addressed two issues concerning the C-5
propyne analogue applied in cell culture: (1) the ability of 15-mer C-5 propyne to confer
sequence-dependent and -specific inhibition of established HIV-1 infection either by
simple addition to the culture medium or by transfection mediated by lipofectin (a
membrane permeabilizing agent used by Wagner et al. (1993) and Fenster et al. (1994));
and (2) the efficiency of inhibition conferred by 15-mer C5-propyne compared to the
28-mer phosphorothioate anti-rev ODN previously shown to confer sequence-dependent
and -specific inhibition of viral antigen production.

The reason for choosing a 28-mer phosphorothioate for comparison in this study is
that only oligonucleotides of this length (27-28 nt) have been published to be inhibitory
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in chronically infected cells. The paper presenting the C-5 propyne oligonucleotides as
mediators of antisense inhibition (Wagner et al., 1993) states the increase in affinity to
complementary RNA as the reason for improvement of antisense inhibition relative to
unmodified phosphorothioates. The T, of 28-mer anti-rev,y; (unmodified phosphoro-
thioate) against complementary RNA has been published to be 66.2°C (Zelphati et al.,
1994). In comparison, T, of 15-mer C-5 propyne oligodeoxynucleotides of similar
composition as the one tested in this study has been published to be 70-72°C (Wagner
et al., 1993). Thus, if the affinity to complementary RNA according to Wagner et al.
(1993) is the explanation of C-5 propyne antisense improvement, the inhibition con-
ferred by 15-mer C-5 anti-rev propyne could be expected to be comparable or even
greater than inhibition conferred by the 28-mer unmodified phosphorothioate.

2. Materials and methods
2.1. Synthesis and preparation of oligodeoxynucleotides

ODNs were obtained from the Department of General and Organic Chemistry,
University of Copenhagen, where they were synthesized by the standard phosphor-
amidite method at 1-umol scale using a Biosearch 8750 DNA synthesizer. Monomers of
C-5 propyne nucleotides were obtained from Glenn Research, USA. C-5 propyne ODNs
contained modified pyrimidines (5-(1-propynyl)-dC and 5-(1-propynyl)-dU, respec-
tively) at internal and 5'- positions. ODN stock solutions of 200 uM were prepared by
ethanol precipitation, solution in PBS buffer and dialysis at 4°C for 2 X 24 h against
> 1000 vols. of PBS buffer in a Spectra/POR dialysis membrane (molecular weight
cut-off = 3500 Da) obtained from Spectrum, USA. Concentrations of ODNs were
spectrophotometrically quantified at 260 nm using extinction coefficients for S-dT = 8.8;
S-dC =17.3; S-dG = 11.8; S-dA = 15.2; propyne S-dU = 3.2 and propyne S-dC = 5.0
(Brian C. Froehler, Gilead Sciences, USA, personal communication, 1994). Before
dilution in RPMI 1640, stock solutions of ODNs were heated to 70°C for 10 min. Four
different ODNs were tested: two 28-mer phosphorothioates and two 15-mer C-5 propyne
ODN . Antisense sequences were targeted to the rev gene (at 55525579, HIVBRUCG,
GenBank, Wain-hobson et al., 1985) as shown in Fig. 1. Control ODNs of C-5 propyne
and unmodified phosphorothioate were additionally tested. The phosphorothioate control
ODN was a 28-mer degenerate sequence synthesized by random incorporation of all 4
nucleotides simultaneously. The C-5 propyne control was a 15-mer ODN representing a
non-homologous sequence containing the same number of pyrimidines and purines as
the antisense sequence. The reason for not using a degenerate C-5 propyne control ODN
was that no experience of C-5 propyne monomer coupling efficiency was available.

An additional 15-mer C-5 control oligonucleotide, anti-gal, was synthesized as
described above. The sequence of anti-gal, 3-CGCCCUUCUACUCCG, is complemen-
tary to the region at the AUG-codon of the human gene encoding p-1,4-galacto-
syltransferase (Masri et al., 1988).
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2.2. Cell culture

Human T-lymphoid CD4-positive H9 cells infected with the HIV-1,,, isolate
(Popovic et al., 1984) were maintained in RPMI 1640 (GIBCO BRL, 72400) containing
2 mM L-alanyl-L-glutamine, 25 mM HEPES and supplemented with gentamicin 20
mg /1, penicillin 100 1U / ml and streptamycin 100 mg /1. Unless specifically stated, all
culture media were supplemented with 10% v /v of fetal bovine serum. Cell cultures
were kept in a humidified CO,-atmosphere at 37°C.

2.3. Experimental regimen

2.3.1. Lipofection experiments

Cells were seeded out in a single culture flask at 0.15 X 10° cells/ ml. Twenty-four
hours postseeding, cells were resuspended in fresh medium and seeded out in triplicate
aliquots of 180 wl on a 96-well microplate. Before addition to the cells, lipofectin
(GIBCO BRL, Life Technologies) and ODNs were mixed in 10 times final concentra-
tion and allowed to complex for 15 min in RPMI 1640 (according to the manufacturer’s
manual). After addition of the lipofection mix, cells were incubated for 48 hours before
analysis of HIV antigen.

2.3.2. Time-course experiments

Cells were seeded in duplicate at 0.1 X 10° cells/ml on a 96-well microplate
containing 180 ul per well. A volume of 20 ul of culture medium containing ODN at
10 times final concentration (0, 0.04, 0.2, 1 and 5 uM) was added directly to the culture
medium. Cells were harvested and analyzed after 48 and 96 h of incubation.

Phosphorothioate ODNs

rev mRNA A UG
Anti-Rev : 3" ACCGTCCTTCTTCGCCTCTGTCGCTGCT 5°

Control : Ny

C-5 propyne ODNs

rev mRNA A UG
Anti-rev : 3° ACCGUCCUUCUUCGC 5°

Control : 3 TCUACCGUGCUUCUU 5’

Oligodeoxynucleotide sequences

Fig. 1. Nucleotides in the target sequence of rev mRNA downstream of the AUG-codon are indicated by a
dashed line.
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2.4. HIV antigen ELISA and cell viability assays (MTT)

The HIV antigen concentration in supernatants of cultured cells was quantitated by an
in-house ELISA based on polyclonal antibodies obtained from HIV-1-infected patients
(Hansen et al., 1990). Frozen stock dilutions of supernatants from H9 cells chronically
infected with HIV-1; ,, were used as internal standards.

Viability of cells was quantified by the MTT method which measures cellular
dehydrogenase activity (Hansen et al., 1989). Dehydrogenase activity is quantified by
the addition of a diffusible tetrazolium salt to cells, which take up the salt and convert it
into a formazan dye by the action of dehydrogenases.

MTT assays were performed on aliquots of 50 ul cell suspension in a total volume of
100-u1 culture medium according to MB Hansen et al (1989). Cells were incubated for
3 h at 37°C before the addition of extraction buffer. Following 24 h of extraction,
absorbance at 570 nm of 100 ul lysate was measured on an ImmunoReader NJ-2000
(InterMed).

3. Results
3.1. Lipofection experiments

Three experiments were performed initially in order to establish the experimental
conditions of C-5 propyne sequence dependent inhibition of HIV-1 antigen production
(antisense compared to control sequence). In one experiment (Table 1, Expt. A) a range
of different concentrations of control and antisense C-5 propyne ODNs was tested by
lipofection (lipofectin: 6 pg/ ml) in RPMI containing 5% serum. After 1 day of culture,
ODNs and lipofectin were added to the cells and 48 h later HIV antigen concentration
was determined in supernatants.

From this experiment a clear dose—response of sequence dependent inhibition by the
anti-rev C-5 ODN was evident. However, it also appeared that mock treatment with

Table 1
Lipofection experiments

(A) Variable C-5 propyne concentration (serum = 5% v / v; lipofectin=6 u.g / ml)

C-5 propyne concentration { uM) 0.04 0.2 1 5
Specific inhibition (%) 9 31 43 61
(B) Variable lipofectin concentration (serum = 5% v / v; C-5 propyne =1 uM)

Lipofectin concentration ( ug/ml) 0 2/3 2 6
Specific inhibition (%) 31 38 33 42
(C) Variable serum concentration (C-5 propyne = 1 uM; lipofectin=6 ug / mi)

Serum concentation (v /v%) 0 2 5

Specific inhibtion (%) 53 55 44

Lipofection experiments using different concentrations of C-S5 propyne, lipofectin and serum. Values of
specific inhibition are means of triplicate determinations (inhibition of HIV antigen production in cells treated
with C-5 anti-rev ODN compared to cells treated with C-5 control ODN).
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lipofectin alone significantly reduced the level of antigen production (results not shown)
and in order to reduce non-specific toxicity due to lipofectin two additional experiments
were performed. In these experiments, different concentrations of fetal bovine serum and
lipofectin were tested (transfection of DNA by lipofectin is according to the manufac-
turer inhibited by the presence of serum). These experiments used a constant concentra-
tion of the C-5 propyne ODN of 1 uM. It turned out that the efficiency of viral
inhibition was not significantly affected by application of lipofectin (Table 1, Expt. B).
Reduction of serum (Expt. C) only slightly increased the observed inhibition (56%
compared to 44%). We therefore decided not to use lipofectin and to use standard
culture medium with 10% fetal bovine serum for further experiments.

3.2. Time-course experiments

It has previously been shown (Matsukura et al., 1989) that the inhibitory effect
conferred by unmodified phosphorothioate antisense to rev in chronically infected cells
increases when ODNs are present for more than 2 days. In order to test the C-5 propyne
ODN in this respect we performed a time-course experiment in which HIV antigen in
supernatants was analyzed at 48 and 96 h after seeding and addition of ODNs.
Phosphorothioate and C-5 propyne ODNs were tested in the same experiment in order to
compare their antiviral efficiency. The time-course experiment was carried out twice
using duplicate cell cultures in each experiment.

In order to test whether the observed reduction in HIV antigen production was due to
gene-specific inhibition or cytotoxic effects, a viability assay, MTT, was carried out in
parallel with HIV antigen determination.

Mean viability (MTT colorimetric determination) is shown in Fig. 2 and it can be
seen that a significant difference existed between the anti-rev C-5 propyne and the

OD570, % Day 2 Day 4
100 o
50
P C P C P C P C P C P C P C P C
wmol/l
0.04 02 1 5 0.04 0.2 1 5 ODN

Fig. 2. MTT viability assay. Values are given as percentage relative to untreated control (mean values of two
independent experiments each performed in duplicate). Dark columns, control ODN; light columns, anti-rev
ODN; P, phosphorothioate; C, C-5 propyne.
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control C-5 ODN at 5-uM concentration on day 4. In contrast, no significant difference
in toxicity was observed between the phosphorothioate ODNs. Due to the observed
toxicity of the C-5 propyne anti-rev ODN at 5 uM, we confined the following
investigation of antiviral effects to concentrations which displayed either no detectable
or equal toxicity between anti-rev and control ODN, i.e., C-5 <1 uM and phospho-

OD570, % Day 2 Day 4
o 8
100 ] r 8
(-] x
(-]
x
50 1
0
5x 5x Sx 5x
0.04 02 0.2 1 umolll
ODN
HIV antigen, % Day 2 Day 4
1009 °
-]
x - »
x
N
50 4 N o
§ ;
0 \
5x 5x 5x 5x
0.04 0.2 0.2 1 umol/l
ODN
HIV antigen, % Day 2 Day 4
x
100 A ° 2 ° ™ G
x x 2
2. 8
3 -]
50 1
0
Ex 5x 5x 5x 5x 5x
0.04 02 1 0.04 0.2 1 umolA
ODN

Fig. 3. Comparison of anti-rev ODNs. In these figures, unmodified phosphorothioate anti-rev is compared to
C-5 propyne anti-rev at a concentration ratio of 5 : 1. Concentrations of C-5 propyne anti-rev are indicated.
Dark columns, C-5 propyne anti-rev; light columns, unmodified phosphorothioate at 5 times the concentration
indicated. All values are mean values of two independent experiments each performed in duplicate. Individual
measurements of the two experiments are indicated by crosses and circles, respectively. A: absolute viability.
MTT values are given as percentage relative to untreated control. B: absolute inhibition of HIV antigen.
Values are given as percentage relative to untreated control. C: specific inhibition of HIV antigen. Values are
given as percentage relative to cells treated with control ODNs.



88 O.S. Lund et al. / Antiviral Research 28 (1995) 81-91

rothioate <5 uM. In an additional experiment, we tested the cytotoxicity of the C-5
propyne anti-rev ODN in uninfected cells to see if the toxic effect was dependent on the
presence of HIV RNA. However, we found a similar toxicity in uninfected H9 cells,
suggesting that cytotoxicity was independent of HIV infection. With respect to inhibition
of HIV antigen production, our results show that a similar overall inhibition was
obtained with one-fifth the concentration of C-5 propyne compared to unmodified
phosphorothioate. In order to show this clearly, Fig. 3 A-C compare the data of
1 X concentration of anti-rev C-5 propyne to 5 X concentration of anti-rev unmodified
phosphorothioate.

No difference in toxicity was detected between the anti-rev ODNs by this comparison
(Fig. 3A). ICs, on both day 2 and 4 was approximately 1 uM for C-5 and 5 uM for
phosphorothioate (Fig. 3B). However, from Fig. 3C it is seen that the sequence
dependent inhibition, i.e., the inhibitory effect of anti-rev ODNs relative to the control
ODN:s, on both day 2 and 4 was more evident with the C-5 anti-rev than observed for
unmodified phosphorothioate anti-rev at 5-fold higher concentrations. Sequence-depend-
ent inhibition conferred by the C-5 anti-rev was maximal on day 4 at 1 uM reaching an
approximate value of 45% inhibition (Fig. 3C). Regarding the unmodified phosphoro-
thioate, sequence-dependent inhibition was only significant on day 2 at 5 wM reaching a
sequence-dependent inhibition of 35%. This indicates that in chronically infected cells, a
similar overall inhibition of HIV antigen production and an increased sequence-depend-
ent inhibition can be obtained with one-fifth the concentration of a 15-mer C-5 propyne
phosphorothioate compared to a 28-mer unmodified phosphorothioate.

Using the same data as presented in Fig. 3B, C, a comparison of C-5 propyne and
unmodified phosphorothioate applied in the same concentrations (0.2 and 1 M) can be
summarized in the following way: at 0.2-1 uM the overall inhibitory effect of
unmodified phosphorothioate anti-rev was weak (15-30%, Fig. 3B) and no sequence
dependence of this inhibition was evident (< 10%, Fig. 3C). In contrast, 0.2-1 uM C-5
propyne anti-rev gave rise to a more significant overall inhibition (25-50%, Fig. 3B)
and the major part of this inhibition seemed to be sequence dependent (20-45%, Fig.
30).

In order to further investigate our finding of sequence-dependent effects conferred by
the C-5 propyne anti-rev ODN, we performed an additional experiment testing the C-5
propyne anti-rev ODN against another 15-mer C-5 propyne ODN: anti-gal. This ODN is
targeted towards the gene encoding the Golgi enzyme: B-1,4-galactosyltransferase. The
experiment was carried out according to the time-course experiment describe above
except that only two concentrations (1 and 5 uM) were tested and only 96 h of
incubation was used. Our results from this experiment showed that the anti-ga/ ODN
was cytotoxic to at least the same extent as the anti-rev ODN but only at 5-uM
concentration (anti-gal 88% reduction in cell viability; anti-rev 72% reduction of cell
viability, MTT assay). Despite the cytotoxicity of both ODNs at 5 xM concentration,
only the anti-rev ODN showed significant inhibition of HIV antigen production at 1 uM
concentration (anti-rev 59% inhibition; anti-gal 5% inhibition). These results clearly
indicate that the observed cytotoxicity is not restricted to the anti-rev ODN and is
probably not dependent on sequence. On the other hand, the observed antiviral effect of
the C-5 propyne anti-rev at low concentrations (0.2—-1 pM) does not seem to be linked
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to the observed cytotoxicity at 5-uM concentration, since the anti-gal ODN did not
inhibit HIV antigen production at 1-uM concentration. The observed antiviral effect of
C-5 anti-rev thus seem to be truly dependent on sequence and specific with respect to
HIV.

4. Discussion

In this study, HIV-infected cells were exposed to a maximum of 5 ©M ODN for 48
and 96 h. In accordance with previous studies, we found a sequence-dependent, specific
but low-grade inhibition of HIV antigen production conferred by the phosphorothioate
anti-rev ODN (range 10-35%). Sequence-dependent and -specific inhibition of HIV
antigen in chronically infected cells by anti-rev,;; phosphorothioate has been addressed
by several studies. A 28-mer anti-rev,;;; phosphorothioate ODN identical to the one
used in this study has been shown to confer approximately 70% sequence-dependent,
specific inhibition of HIV antigen production after 5 days of incubation at 10 uM
concentration (Matsukura et al., 1989). Another study, also in chronically infected H9
cells, reported 20% sequence-dependent and -specific inhibition of HIV antigen produc-
tion at 10 uM ODN concentration (27 nt anti-rev,;; was compared to poly dC,g;
results concerning specificity were stated but not shown) (Kinchington et al., 1992).
Two studies in chronically infected CEM cells reported 30—-60% sequence-dependent
inhibition by 27- and 28-mer anti-rev,;; phosphorothioates respectively (Vickers et al.,
1991; Zelphati et al., 1994). IC,, (antisense relative to untreated control) of the 28-mer
anti-rev,, unmodified phosphorothioate used in our study has previously been deter-
mined in chronically infected cells to be 5-7.5 uM (Matsukura et al., 1989; Zelphati et
al., 1994). Our findings are also consistent with this, but in contrast to Matsukura et al.
using the same cell line, we found some of this inhibition to be independent of sequence.
Wagner et al. (1993) and Fenster et al. (1994) did not see any significant inhibition by
injection of unmodified phosphorothioate into cells even at 30-uM concentration. We
suggest the reason for this to be their use of short ODNs (15-20 mer) in contrast to
other researchers demonstrating sequence-dependent effects using longer phosphoro-
thioate ODNs (27-28 mer). This is indicated by another study using an experimental
system similar to the one used by Fenster et al. (1994) (rev-dependent reporter plasmids)
(Li et al,, 1993). In this study, 60% sequence-dependent inhibition using a 27-mer
anti-rev,;; unmodified phosphorothioate was reported.

Regarding C-5 propyne ODNs, the IC, of the 15-mer C-5 anti-rev was obtained in
our study at an approximately 5-fold lower concentration compared to 28-mer unmodi-
fied phosphorothioate. The antiviral effect obtained with C-5 propyne was clearly
dose-dependent and in contrast to phosphorothioate, the inhibitory effect appeared both
on day 2 and day 4 to be mainly dependent on sequence. Gene-specific inhibition of
20-45% observed at 0.2—-1 uM concentration of 15-mer C-5 propyne in free solution
approximates the non-sequence-dependent inhibition of phosphorothioate ODNs during
acute HIV infection (IC, 0.2-0.8 uM; Morvan et al., 1993, Zelphati et al., 1994). By
this comparison, gene-specific inhibition by C-5 propynes could be therapeutically
relevant compared to other antiviral effects conferred by phosphorothioates (Stein et al.,



90 O.S. Lund et al. / Antiviral Research 28 (1995) 81-91

1991). We suggest the reason for this apparent improvement of sequence-dependent
inhibition to be due to the increase of target affinity as explained in the introduction.

At the highest concentration tested, 5 uM, two out of three C-5 propyne ODNs
displayed significant cytotoxicity after 96 h of incubation. However, among these, only
the anti-rev ODN conferred antiviral effect at 1 uM concentration, indicating that the
observed cytotoxicity was not linked to the observed antiviral effect. The antiviral effect
of the C-5 propyne anti-rev thus seems to be dependent on sequence. We have not been
able to identify the cause of the cytotoxicity of C-5 propyne anti-rev and anti-gal, but
since two out of three ODNs showed significant toxicity, we do not consider this
phenomenon to be dependent either on sequence or the propyne modification per se.

Antisense effects targeting HIV-1 sequences on reporter plasmids (RRE /env) with
C-5 oligodeoxyribonucleotides at the 0.1-uM scale have been demonstrated using
microinjection and lipofection of ODNs (Fenster et al., 1994). In contrast to our
findings, Fenster et al. did not see any inhibitory effect with simple addition of
oligonucleotides to the culture medium. In the experimental system used in our study,
specific inhibition was obtained by simple addition of ODNs to the culture medium, and
the specific inhibitory effect observed by lipofection was only slightly higher in our
hands. A recent study showing significant inhibition on Dengue virus replication by
injection of 15-mer antisense C-5 propyne failed to inhibit viral replication by lipofec-
tion of C-5 propyne ODNs with lipofectin (Raviprakash et al., 1995). Thus, some
disunity seems to exist concerning transfection of ODNs by lipofectin versus application
in free solution. Together with our own findings, we suggest further work on this issue
before drawing definitive conclusions.

In conclusion, the overall antiviral effect caused by a 28-mer phosphorothioate ODN
antisense to rev applied in free solution as described by Matsukura et al. (1989) can be
obtained by a 5-fold lower concentration of a 15-mer anti-rev C-5 propyne ODN. The
inhibition appears to be specific and mainly dependent on sequence, but the involvement
of an antisense mechanism cannot be inferred from this study.
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