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Abstract

Bicyclams have recently been identified as potent and selective inhibitors of human immunodeficiency virus type 1
(HIV-1) and type 2 (HIV-2) replication. The prototype of this series, JM3100 exhibits anti-HIV potency at
concentrations ranging from 0.001 to 0.01 gg/ml. IM3100 proved to be active when tested against HIV strains
resistant to the reverse transcriptase (RT) inhibitors 3'-azido-3'-deoxythymidine (AZT), 2',3'-dideoxyinosine (DDI),
3TC, «APA and TIBO, at roughly the same concentrations as for the wild-type strain. The virus was passaged in
vitro in the presence of increasing concentrations of either TIBO or « APA alone or in combination with JM3100. The
combination between TIBO, or « APA, and JM3100 delayed the development of TIBO- and « APA-resistant strains,
without emergence of resistance to JM3100. In separate experiments, it took more than 60 passages (300 days) in
MT-4 cells and 20 passages (140 days) in peripheral blood lymphocyte (PBL) cells for the virus to become resistant
to JM3100. The JM3100-resistant virus showed cross-resistance to sulfated polysaccharides such as dextran sulfate
(DS), pentosan sulfate (PS), heparin and cyclodextrin sulfate (CDS), suggesting that these compounds may share a
common mechanism of action. Furthermore, the inhibitory effect of IM3100 on virus-induced syncytium formation
was enhanced in the presence of heparin. The results presented here provide further support for the bicyclams as
attractive candidate drugs for the chemotherapy of HIV infections.
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1. Introduction

The significant toxicity associated with the ad-

ministration of approved antiviral drugs against

* Corresponding author. Tel.: + 32 16 332168; fax: + 32 16 human immunodeficiency virus (HIV) and the
337340. emergence of drug-resistant strains of HIV,

0166-3542/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved
SSDI 0166-3542(95)00936-G



298 J.A. Esté et al. | Antiviral Research 29 (1996) 297-307

severely diminish their therapeutic usefulness. The
critical need to circumvent virus drug resistance
has led to the development of a number of agents
with similar or greater potency than the ones
currently in use. These new drugs, when used in
combination therapies, may help to prevent the
emergence of drug-resistant HIV mutants and
may also allow the use of individual drugs below
their toxic concentrations (Tisdale et al., 1993).

Bicyclams derivatives which contain two mono-
cyclam  (1,4,8,11-tetracyclotetradecane)  units,
linked by either an aliphatic or aromatic linker,
are potent inhibitors of HIV-1 and HIV-2 in vitro
(De Clercq, 1992; De Clercq et al.,, 1994). The
prototype of this series, compound JM3100, ex-
hibits anti-HIV-1 potency at concentrations rang-
ing from 0.001 to 0.01 ug/ml, while not being
toxic at concentrations up to 250 ug/ml, thus
achieving a selectivity index of 100000 or higher
(De Clercq et al., 1994). Bicyclams are targeted at
an early step (fusion/uncoating) of virus replica-
tion (De Clercq, 1992). De Vreese et al. (1996a,
1996b) provided further evidence for a direct in-
teraction of the bicyclams with the viral glyco-
protein gpl20.

When JM3100 was assayed in combination
with either AZT or DDI for activity against HIV-
1, additive effects were noted (De Clercq et al.,
1994). Drug combinations that target different
sites (i.e. reverse transcription and virus entry) in
the HIV replicative cycle may not only exhibit
additive or synergistic effects without accrued tox-
icity (Schols et al., 1991), but most important,
these combinations may prevent or delay selection
of resistant strains.

Rapid emergence of HIV resistance to non-nu-
cleoside reverse transcriptase (RT) inhibitors
(NNRTTI) is the major drawback of these series of
compounds. Virus strains resistant to compounds
such as « APA R89439 (Pauwels et al., 1993) or
TIBO R82913 (Pauwels et al., 1990) are rapidly
selected in culture and in vivo (Vandamme et al.,
1994). Should JM3100 be active against those
HIV strains that are resistant to other anti-HIV
agents (i.e. RT inhibitors) and furthermore, pre-
vent or delay the emergence of resistant strains to
these drugs, this should substantially increase the
potential usefulness of JM3100 in the treatment of

HIV infections. The aim of this paper is to evalu-
ate these possibilities.

2. Materials and methods
2.1. Compounds

The bicyclam derivatives JM3100 and JM2763
were synthesized at Johnson/Matthey, West
Chester, PA, as described elsewhere (Bridger et
al.,, 1995). The «APA derivative R89439
(loviride), 3TC (R97362), 8-chloro-TIBO R86183
(Pauwels et al., 1990), yp-cyclodextrin sulfate
(yCDS) and f-cyclodextrin sulfate (fCDS) were
provided by the Janssen Research Foundation.
3’-azido-3'-deoxythymidine (AZT) was obtained
from Wellcome, UK. Polyvinylalcohol sulfate
(PVAS) was provided by Dr. S. Gorog (Chemical
Works of Gedeon Richter Ltd., Hungary). Dex-
tran sulfate (DS), heparin, aurintricarboxylic acid
(ATA), 2',3'-dideoxyinosine (DDI) and pentosan
sulfate (PS) were obtained from Sigma.

2.2. Viruses, cells, antiviral activity assays and
cytotoxicity assays

Anti-HIV activity and cytotoxicity measure-
ments in MT-4 cells (Harada et al., 1985) were
based on the wiability of cells that had been
infected or not infected with HIV and then ex-
posed to various concentrations of the test com-
pound. After the MT-4 cells were allowed to
proliferate for 5 days, the number of viable cells
was quantified by a tetrazolium-based colorimet-
ric method (MTT method), as described by
Pauwels et al. (1988). The HIV-1 NL43 strain is a
molecular clone obtained from the National Insti-
tute of Health (Bethesda, MD). The HIV-1 mu-
tant strains ADP141 (D67N, K70R, T215F,
K219Q) and ADP144 (1.74V) were developed by
Drs. B. Larder and S. Kemp and provided
through the Medical Research Council AIDS
Reagent Project. The strains 13MB1 (L100I),
39MNT1 (Y181C) and 3TC-HIV-1 (M184V) were
isolated in our laboratory after serial passage of
the IIIB strain in MT-4 cells (13MB1, 39MNI1)
and CEM cells (3TC-HIV-1) in the presence of
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TIBO R82913, xAPA R89439 and 3TC, respec-
tively.

2.3. Drug combinations

Experiments were carried out on MT-4 cells
infected with HIV-1 (IIIB) under the conditions
described above. Checkerboard 1:5 drug dilu-
tions were prepared in three individual 96-well
trays. Cell viability was determined by the MTT
procedure. The drug combination effect was ana-
lyzed by the isobologram method as previously
described (Baba et al., 1987). The 50% effective
concentration (ECy,) was used for calculating the
fractional inhibitory concentration (FIC). When
the minimum FIC index, which corresponds to
the FIC of compounds combined, is equal to 1,
the combination is assumed to act in an additive
fashion; when it is between 1.0 and 0.5, the com-
bination acts subsynergistically, and when it is
< 0.5 it acts synergistically (Schols et al., 1991).

2.4. Syncytium formation assay

MT-4 (clone 8) cells (1.8 x 10° cells/ml) were
cultivated with persistently HIV-1-infected HUT-
78 cells (2 x 10° cells/ml) in microtiter tray wells
containing various concentrations of the test com-
pound alone or in combination with JM3100.
After a 24-h cocultivation period, the number of
giant cells (syncytia) was recorded microscopically
as described previously (Witvrouw et al., 1994a).

2.5. Resistance development

MT-4 cells were infected with HIV-1 (NL43)
(Adachi et al., 1986) in medium containing the
test compounds at 2—4 times their ECs, values.
Cultures were incubated at 37°C until an exten-
sive cytopathic effect was present (3—5 days). The
culture supernatants were used for further passage
in MT-4 cells in the presence of increasing (2- to
5-fold) concentrations of the test compounds. In
combination studies, the concentration of JM3100
was maintained at a concentration between 0.01
and 0.02 xg/ml throughout.

Peripheral blood lymphocyte (PBL) cells were
infected with HIV-1 (NL43) or with two clinical

HIV-1 isolates in the presence of the test com-
pound. HIV replication was measured (every 7-8
days) by a p24 antigen detection method (du-
Pont). The p24 antigen-positive supernatant was
further passaged in fresh PBL, thereby increasing
by 2- to 5-fold the concentration of the test
compound.

2.6. Sequence analysis of RT

RNA extraction of frozen culture supernatant
was performed with RNAzol B (Biotecx Labora-
tories, USA). Isolated RNA was used for cDNA
synthesis with the GeneAmp RNA polymerase
chain reaction (PCR) kit (Perkin-Elmer, Brussels,
Belgium). A 777-nucleotide base pair fragment
(codons 1-259) of the RT gene was amplified in a
nested PCR using the primers RT01/RT02 (Gu et
al., 1992), followed by primers M13-USP-A35-bi-
otinyl-M13-RSP-NE1 (modified from Larder et
al., 1991). After DNA purification, the sequencing
reactions were carried out with T7 DNA poly-
merase (AutoRead T7 Sequencing Kit, Pharma-
cia, Sweden) and sequencing products were
analysed on an ALF sequencer (ALF manager,
Pharmacia, Sweden). The sequences were ex-
ported to the software program GENEWORKS
2.4 (Intelligenetics Inc., UK) and aligned with the
published RT sequence of the virus strain N1.43.

3. Results

3.1. Activity of JM3100 against HIV-1 strains
that are resistant to RI inhibitors

The comparative effects of six compounds
against wild-type and HIV-1 strains resistant to
AZT, DDI, 3TC, aAPA R89439 and TIBO
R86183 are presented in Table 1. All the strains
tested proved sensitive to the bicyclam JM3100
(ECs, values ranging from 0.004 to 0.035 zg/ml).
JM3100 was not toxic to the host cells at a
concentration of 250 ug/ml (Table 1). Strain
ADPI141 showed 100-fold resistance to AZT,
strain 3TC-HIV-1 > 3000-fold resistance to 3TC,
13MB1 > 500-fold resistance to TIBO R86183
and 39MNI! > 3000-fold resistance to «APA
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Activity of JM3100 and RT inhibitors against ditferent HIV-1 strains

HIV-1 strain ¢ Compounds (ECyy = ug/ml)*

IM3100 AZT DDI 3TC TIBO 2APA
ADP141 0.035 0.02 1.6 - 0.001 0.02
ADP144 0.006 0.0001 0.6 0.04 0.0004 0.002
3TC-HIV-1 0.026 0.0002 3.6 >250 132 0.0006
13MBI 0.013 0.0001 0.4 0.04 0.4 0.007
39MNI 0.004 0.0002 0.4 0.04 0.06 28
1B 0.005 0.0002 0.7 0.08 0.0007 0.0009
CCs (ug/ml) ® >250 32 >125 >250 20 >125

* ECyy = 50% effective concentration, based on the inhibition of HIV-induced cytopathicity in MT-4 cells, as determined by the

MTT method.

Y CCyq = 50% cytotoxic concentration, based on the viability of MT-4 cells by the MTT method.

¢ Strains were as follows: The HIV-1 mutant strains ADP141 (D67N, K70R, T215F, K219Q), ADP144 (L74V) provided through the
Medical Research Council AIDS Reagent Project. The strains 13MBI1 (L1001), 39MN1 (Y1i81C) and 3TC-HIV-1(M184V) were
isolated in our laboratory after serial passage of the IIB strain in MT-4 cells (13MB1, 39MN1) and CEM cells (3TC-HIV-1) in the
presence of TIBO R82913, z-APA R89439 and 3TC, respectively.

R89439. Strain 3TC-HIV-1 showed a 5-fold re-
sistance to DDI. The M184V mutation, which
confers resistance to 3TC, has been previously
reported to confer cross-resistance to DDI up
to 5-fold the EC,, necessary for the parental
virus (Gu et al., 1992). PCR analysis showed
that the ADP144 strain contains a mutation in
the RT coding region at codon 74 (L-V); how-
ever, in our assay, this strain failed to demon-
strate any resistance to DDI, which contrasts
with what has been previously reported
(St.Clair et al., 1991).

3.2. Drug combinations

JM3100 was assayed in combination with ei-
ther t APA R89439 or TIBO R86183 for activ-
ity against HIV-1 (IIIB) in MT-4 cells (Fig. 1)
and the inhibitory action of the combined
drugs was evaluated by the isobologram
method. The minimum FIC value fell below the
0.5 level (0.3 for both the combination of
TIBO with JM3100 and of «APA with
JM3100), indicating a moderate synergistic ac-
tion for these combinations. No reduction in
the viability of MT-4 cells was observed with
any of the combinations used.

3.3. Resistance development to JM 3100

HIV-1 strains resistant to the bicyclam JM3100
were raised in MT-4 cells and in PBL. In MT-4
cells the HIV-1 strain NL43 remained sensitive to
the drug for at least 120 days (30 passages) and
became only resistant (300-fold) after 240 days (60
passages). The NL43 strain became 170-fold resis-
tant to the prototype bicyclam JM2763 after 100
days (25 passages) and 380-fold resistant to TIBO
R86183 after 40 days (10 passages) (Fig. 2) (De
Vreese et al., 1996b).

In PBL, 100-fold resistance was obtained after
140 days (20 passages) of HIV-1 NL43 in the
presence of JM3100. The virus remained sensitive
to the drug for at least 56-63 days (810 pas-
sages). Resistance of the clinical HIV-1 isolates
CI1 (260-fold) and CI2 (360-fold) was obtained
after 74 days (10 passages) (Table 2).

3.4. Resistance development in combinations with
JM3100

Passage of HIV-1 NL43 in the presence of the
non-nucleoside RT inhibitors « APA R89439 and
TIBO R86183 resulted in rapid development of
drug resistant virus. However, when selection of
HIV-1 variants resistant to « APA and TIBO was
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carried out in the presence of JM3100 a delay in
the emergence of resistance was observed (Fig. 3),
without loss of sensitivity to JM3100 (Table 3).
We also noted that full cytopathic effect (CPE) in
the drug combination cultures took about 3-4
days longer to reach that for the wild-type virus.
These experiments were carried out at a constant
JM3100 concentration of 0.02 pg/ml, only 4-fold
higher than the EC,, required in the anti-HIV
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Fig. 1. Isobologram representation of the combined inhibitory
effects of JM3100 and «APA R89439 (panel A) and TIBO
R86183 (panel B) on the cytopathicity of HIV-1 for MT-4
cells. Broken lines represent the unity lines for FIC equal to 1
and 0.5, respectively.
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Fig. 2. Resistance development of HIV-1 NL43 to the bi-
cyclams JM2763(4) and JM3100(®), and to TIBO R86183
(W). At different passages ECy, values were determined and
compared to the wild-type ECs,.

assay.

To confirm the delay in the emergence of resis-
tant virus, we performed DNA sequence analysis
within the RT region obtained by PCR amplifica-
tion of cDNA from virus recovered after nine
passages in the presence of either xAPA, or
o« APA with JM3100 and after 10 passages in the
presence of either TIBO alone, or TIBO with
JM3100. These passages resulted in the loss of
sensitivity to the NNRTIs of the virus passaged in
the presence of the NNRTI alone. However, the
combination of «APA or TIBO with JM3100
delayed the appearance of the mutations associ-
ated with resistance to NNRTTI (Table 4).

3.5. Cross-resistance of JM3100 resistant virus to
polyanions

JM3100-resistant virus (HIV-1 NL43) raised in
MT-4 cells, was fully resistant to heparin, dextran
sulfate (DS, MW 1500), pentosan sulfate(PS), -
cyclodextrin sulfate (§CDS) and y-cyclodextrin
sulfate (yCDS), and partially cross-resistant to
aurintricarboxylic acid (ATA) (36-fold) and
PVAS (14-fold) (Table 5).

3.6. Giant cell formation
Anti-HIV-1 (ITIB) activity of checkerboard di-

lutions of heparin and JM3100 was tested in the
HIV cytopathicity assay, and analyzed by the
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Table 2

Sensitivity of clinical HIV-1 isolates to JM3100 after serial passage in PBL in the presence of the drug

HIV-1 strains ® ECs (1g/ml)

Fold resistance °

Number of passages in PBL (days)

wtNL43 0.004 -
JM3100" NLA43 0.41 103
wtCl1 0.01 -
JM3100° CI1 2.6 260
wtCI2 0.01 -
IM3100" CI2 3.6 360

20 (140)
10 (74)

10 (74)

2 Resistant strains (r) were obtained after passage of wild-type (wt) HIV strains (NL43) or isolates 1 (CI1) and 2 (CI2) in PBL, in
the presence of JM3100. Virus growth (breakthrough) was monitored by p24 antigen expression in the supernatant of cultured PBL.
® Fold resistance: ratio ECs, for the resistant strain to ECs, for the wild-type strain.

MCSYNERGY program (Prichard et al., 1990).
No significant synergistic effect between these two
drugs was noted (data not shown). However,
when analyzed in the giant cell assay, checker-
board dilutions of heparin and JM3100 revealed a
potentiating effect of heparin on the inhibitory
action of JM3100 against syncytium formation.
Heparin alone did not inhibit syncytium forma-
tion at a concentration of 200 xg/ml; however, in
combination with JM3100 the concentration of
the latter compound required to inhibit syncytium
formation by 50% was reduced 100-fold in a
concentration-dependent manner (Fig. 4). AZT
did not have any effect on the action of JM3100
against syncytium formation (data not shown).

4. Discussion

Much progress has been made in recent years in
the field of anti-HIV therapy. A number of valu-
able agents (i.e. AZT, DDI, DDC, DA4T) are
currently available for the treatment of HIV infec-
tion. Unfortunately, these agents are only par-
tially effective when used in monotherapy. This
has been attributed, at least in part, to the devel-
opment of virus drug resistance by HIV. New and
more effective candidate drugs are required that
alone, or more likely, in combination with drugs
currently used, will help to overcome resistance
development.

The bicyclam JM3100 is a potent inhibitor of
HIV-1 and HIV-2 in vitro, with a selectivity index
greater than 100 000. The mode of action of bi-

cyclams has not been totally elucidated yet. How-
ever, it has been shown that bicyclams interfere
with an early event in the viral replicative cycle
that occurs after virus binding to the CD4 recep-
tor but precedes the RT process. Fusion/uncoat-
ing seems to be the most likely target (De Clercq
et al., 1992, 1994).

Our results ascertained that JM3100 is able to
inhibit the replication of HIV-1 strains that are
resistant to HIV RT inhibitors currently in thera-
peutic use (AZT and DDI), as well as drugs which
have already entered clinical trials (3TC, « APA
(loviride) and 8-chloro-TIBO) (Goldthorpe et al.,
1995). Therefore, JM3100 may be a good candi-
date drug in patients who require alternative ther-
apy due to the emergence of drug-resistant virus.

De Clercq et al. (1994) have shown that combi-
nations of JM3100 with AZT or of IM3100 with
DDI primarily act in an additive manner. We
have observed modest synergism when JM3100 is
used in combination with ¢ APA R89439 or TIBO
R86183, two NNRTIs to which resistance devel-
ops after a few passages in cell culture. Such rapid
resistance development severely limits the thera-
peutic value of these inhibitors except possibly
when they are used in combination with other
HIV-1 inhibitors. We studied the effects of combi-
nations of x APA with JM3100 and of TIBO with
JM3100 on the emergence of resistant virus dur-
ing in vitro passage. JM3100 was able to delay the
development of a«APA-resistant and TIBO-resis-
tant virus (Fig. 3) without the emergence of resis-
tance to JM3100. The slower growth of the virus
in the drug combination of NNRTI and SID791
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could mean that these combinations may cause a
reduced overall yield from a single-cycle replica-
tion or that the time to complete a single cycle of
replication is longer than with the wild-type virus.
We envision that combinations with higher con-
centrations of JM3100 (which are easily obtain-
able in rabbit serum after subcutaneous
administration (Witvrouw et al., 1996)) and
NNRTIs not only could slow down viral growth
but totally suppress (‘knock-out’) (Balzarini et al.,
1993) virus replication and prevent emergence of
NNRTI-resistant strains.

Using the HIV-1 strain NL43, we have found
that resistant variants arose only after prolonged
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Fig. 3. Development of resistance to « APA R89439 (panel A)
or TIBO R86183 (panel B) in the absence (H) or presence (¢)
of 0.02 ug/ml JM3100. MT-4 cells were infected with HIV-1
NL43 and incubated in the presence of the compounds. Virus
recovered from culture supernatants was serially passaged in
the presence increasing concentrations of the compound until
full CPE was detected.

passaging in the presence of gradually increasing
concentrations of the bicyclam JM3100. Similar
results were obtained when clinical isolates were
passaged in the presence of increasing concentra-
tions of the compound. After 74 days (10 pas-
sages) resistant virus was recovered. DNA
sequence analysis of the NL43-derived strains that
are resistant to JM3100 has revealed that loss of
sensitivity to the drug is based exclusively on
mutations in the HIV gp120 protein and that up
to 11 mutations may be required to achieve
marked resistance of HIV-NL43 virus to the bi-
cyclams (De Vreese et al., 1996a). The HIV gpl120
region is highly variable among HIV strains
(Ghiara et al., 1994); therefore, it is possible that
HIV quasispecies containing some, but not all, of
these mutations may be present in the culture and
may be more readily selected by the treatment
with the drug. Also the possibility remains that
mutations other than those described by De
Vreese et al. (1996a), are responsible for the loss
of sensitivity to JM3100.

The rate by which drug-resistant variants may
arise in HIV-1 populations may depend on a
number of factors such as the mutation frequency,
viral load, and the number of mutations needed to
confer the resistant phenotype (Domingo and
Holland, 1994). Quasispecies of HIV with muta-
tions associated with AZT and 3TC resistance
from patients undergoing no drug therapy have
been identified (Najera et al., 1995); these natural
resistant quasispecies contain single amino acid
substitutions that confer the resistant phenotype.
In the case of JM3100, many mutations are re-
quired to obtain highly resistant virus. It is im-
probable then that such high-level resistant virus
is a natural dominant quasispecies if so many
mutations are required.

It was shown that HIV-1 NL43-derived strains
that are resistant to JM 3100 are cross-resistant to
different polyanions (Table 5). The JM3100-resis-
tant strain is fully cross-resistant to the bicyclam
JM2763, to the polyanions DS, heparin, PS,
BCDS and yCDS, and partially cross-resistant to
ATA and PVAS. This cross-resistance phe-
nomenon further supports the notion that gp120
acts as the target molecule of JM3100 since it has
been shown that polysulfates inhibit gp120-depen-
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Table 3

Sensitivity of HIV-1 NL43 to different inhibitors after serial passage of the virus in the presence of TIBO R86183 or xAPA R89439

alone or in the presence of JM3100.

HIV-1 strain Compound ECs, (ug/mi) Fold resistance

wtNL43 2APA 0.0005 -
TIBO 0.0003
IM3100 0.003 -
AZT 0.0002 -

xAPA'NLA43 (after 9 passages) aAPA 24 > 4000
IM3100 0.004 -
AZT 0.0003 -

xAPA" NL43+4SID791 (after 9 passages) aAPA 0.0048 9
JM3100 0.008 3
AZT 0.0004 2

TIBO" NL43 (after 10 passages) TIBO 0.07 230
JM3100 0.003 -
AZT 0.0001 -

TIBO'NL43 +SID791 (after 10 passages) TIBO 0.003 10
IM3100 0.002 -
AZT 0.0001

MT-4 cells were infected with HIV-1 NL43 and incubated in the presence of TIBO or xAPA alone or in combination with 0.02
ug/ml JIM3100. Virus recovered from the culture supernatants was serially passaged in the presence of increasing concentrations of
the compound until full CPE was detected. After 10 passages (xAPA) or 13 passages (TIBO), virus was titered and ECy, were

determined by the MTT method in MT-4 cells.

Table 4

DNA sequence analysis of the RT coding region of drug-resistant virus derived by passage of HIV-1 NL43 in the presence of either

xAPA or TIBO alone or in combination with JM3100

Virus Inhibitor(s) Amino acid at position: Expected phenotype
100 181

Consensus — L K Y Wild type

Passage 9 2APA L K C Resistant

Passage 9 xAPA +IM3100 L K Y wild type

Passage 10 TIBO L/I mix K Y/C mix Resistant

Passage 10 TIBO+JM3100 L K Y/C mix Partially resistant
Passage 19 TIBO L K/Nmix C Resistant

Passage 19 TIBO+JIM3100 L N C Resistant

dent binding of virions to the CD4 receptor
(Witvrouw et al., 1994b). DS, ATA, heparin and
CDS may share a common mechanism of action
in inhibiting virus binding; however, a second
mechanism is suggested by the fact that heparin
and CDS, unlike DS and ATA, do not inhibit
syncytium formation at concentrations up to 200
pg/ml. Furthermore, JM3100 does not inhibit
virus binding to CD4 at 100 pg/ml, and inhibits

syncytium formation with an EC,, 100-fold higher
than the EC,, for CPE inhibition. However, this
ECs, was reduced up to 100-fold when JM3100
was used in combination with heparin, pointing to
complementary activities between both com-
pounds. Javaherian et al. (1995) have proposed a
putative binding site for heparin at the amino acid
sequence RKSIR present in the V3 loop of HIV-1
isolates IIIB, MN and SF2. This amino acid



J.A. Esté er al. | Antiviral Research 29 (1996) 297307 305

Table 5

Anti-HIV activity of bicyclams and polyanions against HIV-1 wild type and SID791-resistant virus

Compound ECsy (ug/ml)® CCso (ug/mb©
Wild type NL43 JM3100" NL43 Syncytium ® formation

JM3100 0.009 0.9 3 > 250
JM2763 04 96 > 50 >250
DS5000 0.3 >125 2.2 >250
DS1500 04 >125 200 >250
Heparin 0.4 97 >125 >250
ATA 0.3 10.9 33 >250
PS 0.20 >125 14 >250
pCDS 0.3 105 > 500 >250
yCDS 1.7 > 125 > 500 > 250
PVAS 24 34 2 >250
AZT 0.0002 0.0016 >2 >2

# ECs, = 50% effective concentration based, on the inhibition of HIV-induced cytopathicity in MT-4 cells, as determined by the

MTT method.

> Based on the inhibition of giant cell (syncytium) formation between HUT-78/I1IB cells and MT-4 clone 8§ cells.
¢ CCsy = 50% cytotoxic concentration, based on the viability of MT-4 cells by the MTT method.

sequence is also present in the V3 loop of strain
NL43 and two of thie mutations associated with
JM3100 resistance are located in this small pep-
tide stretch. The cross-resistance of JM3100-resis-
tant virus to heparin, the synergism between these
two compounds in the syncytium formation assay,
and the mutations at the flanking region of the V3
loop in the JM3100-resistant strains suggest that

45
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Fig. 4. Inhibitory effect of JM3100 on HIV-1-induced syn-
cytium formation in the presence of heparin. The ECs, is
based on inhibition of giant cell formation between persis-
tently HIV-1 (strain [1IB) infected HUT-78 cells and unin-
fected MT-4 (clone 8) cells. Heparin alone did not inhibit
syncytium formation at concentrations up to 200 ug/ml.
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JM3100 and heparin interact with similar or over-
lapping amino acid motifs. This possibility is the
subject of further research. Unravelling the mech-
anism of action of JIM3100 will shed some light on
the way by which sulfated polysaccharides inter-
fere with the interaction between the viral gp120
and its cell receptor.

The results presented here further support the
potential usefulness of JM3100 for the therapy of
HIV-1, as an alternative treatment modality or in
combination with other HIV inhibitors.
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