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A sulfate (GE-3-S) prepared by chlorosulfonic acid treatment of GE-3, a partially acetylated p(1—6) glucan of the
lichen Umbilicaria esculenta, inhibited the cytopathic effect of human immunodeficiency virus (HIV) and suppressed the
HIV-antigen expression in Molt-4 (clone 8) cells. GE-3-S also suppressed the giant cell formation of HIV-infected Molt-
4 cells, and inhibited HIV-induced plaque formation by 50 9 at the dose of 19.5 ug/ml and completely at 250 ug/ml in
MT4 cells. GE-3-S had no direct effect on the reverse transcriptase of HIV.
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Human immunodeficiency virus (HIV) is now considered
to be the etiological agent of acquired immune deficiency
syndrome (AIDS).!?) The HIV infection of T4 cells in-
volves the recognition and binding process between the
HIV gp 120 envelope glycoprotein and the cellular receptor
CD4.:27%

HIV-infected lymphocyte cultures show the formation of
syncytia, multinucleated giant cells, which is caused by the
fusion of T4 cells.>” According to the foregoing researches,
cell surface expression of infected T4 cells induces fusion
with uninfected T4 cells.®) The syncytia formation is fol-
lowed by cytolysis and cell death, and this process has
generally been recognized as the principal mechanism of T4
depletion in vivo.”

Several anti-HIV compounds are known, e.g. riba-
virin,'® phosphonoformic acid,'" recombinant interferon-
1,'? 3’-azido-2’,3’-dideoxythymidine (AZT)'* and 2',3'-
dideoxynucleosides.!* Glycyrrhizin, a saponin of licorice
root, has been found by Ito et al.'® to inhibit HIV
replication in vitro, while it has been demonstrated in
clinical trials that the CD4/CD8 ratio recovers in HIV
carriers upon the administration of glycyrrhizin to ap-
proach that of the normal population.'®

Recently, Ito er al.'” reported that dextran sulfate and
heparin effectively inhibited HIV infection and replication
at concentrations which did not show any cytotoxicity to
the host T4 cells. In connection with this, we have tested the
anti-HIV activity of lichen polysaccharides and their sul-
fates in vitro, since various homo- and hetero-glycans are
readily available from lichens, GE-3,'® partially acetylated
pustulan,'” which is widely distributed in the lichens of
Umbilicaria (=Gyrophora, Lasallia) spp., is a p(1—6)glu-
can showing a host-mediated antitumor activity against
Sarcoma 180 and Erlich’s carcinoma in mice.'®:2"

In this paper we report the inhibitory activity of sulfated
GE-3 (GE-3-S) against HIV replication in vitro.

Experimental

Preparation of GE-3-S GE-3 was sulfated with chlorosulfonic acid in
dimethylformamide (DMF) at room temperature under continuous stir-
ring for 4h in an N, atmosphere. The reaction mixture was poured into
water, and the pH was adjusted to 10 with 1 N NaOH. After dialysis the
crude sulfate (sodium salt) was purified by column chromatography and
lyophilization. GE-3-S is readily soluble in water: [alp —25.0° (¢=2.0,
H,0); molecular weight 200000, as determined by high performance liquid

chromatography (HPLC) using pulullan as a standard. S: 13.69; IR v
(cm™"): 1240 (S=0), 910 (B-linkage), 820 (e); the SO, Na group is located
on the 2- and/or 3-position of the D-glucosyl unit.

Cells and Virus The HTLV-I-transformed cell line, MT4, and the
human leukemic T-cell line, Molt-4 (clone 8),>" were used. The cells were
cultured and maintained in RPMI-1640 medium supplemented with 1074
fetal calf serum (FCS), 100 1U of penicillin G and 100 ug/ml streptomycin.
The HIV was obtained from the culture supernatant of the Molt-4/HTLV-
11 cell line.??

Assay for HIV-Induced Cytopathic Effect Molt-4 (clone 8) cells were
infected with HIV at a multiplicity of infection (moi) of 0.002, and
incubated for 1h at 37°C. After virus adsorption, the infected cells were
washed and resuspended in culture medium. The number of Molt-4 (clone
8) cells was adjusted to 1 x 10° cells/ml, and they were placed in wells of flat
bottomed 96-well plastic microtiter trays containing various concen-
trations of the test compounds (GE-3-S and other polysaccharides). After
incubation for 4d at 37°C in a CO,-incubator, half of the culture medium
was exchanged with the fresh medium. After incubation for another 2d at
37°C, the number of viable cells was counted microscopically in a
hematocytometer by the trypan blue exclusion method.'®

Assay for HIV-Specific Antigen Expression Virus-specific antigen ex-
pression in the HIV-infected Molt-4 (clone 8) cells was determined by
immunofiuorescence (IF) using a polyclonal antibody from a sero-positive
anti-HIV human serum and fluorescein isothiocyanate (FITC)-conjugated
rabbit anti-human immunoglobulin G (IgG) (Dakopatts A/S, Co-
penhagen, Denmark). More than 500 cells were counted under a fluo-
rescence microscope, and the percentage of fluorescent cells was calcu-
lated on day 3 after infection.

Reverse Transcriptase (RT) Assay RT activity was assayed by the
method of Harada et al.2? Supernatants of the Molt-4/HTLV-III were
concentrated 100 times by sucrose gradient ultracentrifugation. The viral
pellets were disrupted by addition of 5mMm Tris—-HCI (pH 8.1) containing
0.5M KCI, 0.1 mM dithiothreitol (DTT) and 0.1%; Triton X-100. The assay
for RT activity was performed at 37°C for 1 h with 10 ul of disrupted HIV
in a final volume of 50 ul of S0mm Tris-HCI (pH 8.4) containing 2mM
DTT., 100mm KCl, 10mm MgCl,, 0.01% Triton X-100, 1uCi [*H-
methyl]thymidine triphosphate (57 uCi/mmol: Amersham, Buckingham-
shire, UK) and 50 ug/ml poly (rA): poly (dT) (P-L Biochemicals
Inc., Milwaukee, Wis., U.S.A.). The reaction was stopped with 5% tri-
chloroacetic acid (TCA), and precipitates were collected on glass fiber
filters and counted in a liquid scintillation counter. The assays were
carried out in triplicate.

Plaque Assay of HIV To evaluate the inhibitory effect of GE-3-S on
HIV infection in MT-4 cells, a plaque assay using an agarose overlay with
various concentrations of GE-3-S was performed as previously de-
scribed.2® To fix MT4 cells onto culture vessels, 35 mm polystyrene tissue
culture dishes were coated with poly-L-lysine (PLL (MW 120000): Sigma
Chemical Co., St Louis, Mo., U.S.A.). A suspension of 2.25x 10° MT4
cells in 1.5 ml was put on to each PLL-coated dish and incubated for 1 h at
room temperature. The dishes were gently washed with phosphate buff-
ered saline (PBS) to remove nonadherent cells. An appropriate dilution
(100 ) of the virus stock was slowly added and incubated with the cells
for 1 h at room temperature. After the adsorption period, 1 ml of agarose
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overlay consisting of RPMI 1640 medium with 109, FCS, antibiotics and The anti-HIV activity of GE-3-S was also demonstrated
0.60/0 agarose (Sea Plaque Agarose, Marine Colloid Corp., Rockland, Me., by the lnhlbltlon of Syncytia formation Of Hlv_lnfected
U.S.A.) was poured into each dish. The dishes were incubated at 37 °C for Molt-4 cells (Fi g. 2)

3d, and 1 ml of agarose overlay containing neutral red was added. The .
dishes were incubated for another 3d and the number of visible plaques GE-3-S brought about a ca. 45%; reduction of the plaque

was counted. All experiments were carried out in triplicate. formation in HIV-infected MT4 cells at 15.6 ug/ml and a
complete inhibition at 250 ug/ml. The inhibitory effect was
Results and Discussion dosedependent, with ID, 19.5 ug/ml (Fig. 3).

Anti-HIV activity of GE-3-S was determined by counting GE-3-S had no effect on the cell-free HIV reverse
the viable cells using trypan blue exclusion as described by transcriptase (RT) activity even at 250 ug/ml (Table II),
Yamamoto et al.'® When Molt-4 (clone 8) cells were
infected with HIV, the viability of the cells was gradually
reduced by the viral cytopathic effect (CPE). On day 3 after
infection, the number of viable cells was only 3x 10°
cells/ml as compared with 10 x 10° cells/ml in the unin-
fected controls, whereas in the presence of 31 ug/ml of
GE-3-S the host cells were completely protected against
viral CPE. Unifected Molt-4 (clone 8) cells were unaffected
by GE-3-§ at this concentration (Fig. 1).

When Molt-4 (clone 8) cells were infected with HIV and
examined by immunofluorescence (IF), 52.4% of the cells
showed positive for viral antigen on day 3 after infection. A
dose-dependent inhibition of IF was observed in the HIV-
infected Molt-4 (clone 8) cells which had been incubated in
the presence of various concentrations of GE-3-S. At a
concentration of 31 ug/ml of GE-3-S, viral antigen ex-
pression was almost completely suppressed (Table I). At the
same concentration, the Molt-4 (clone 8) cells were pro-
tected against HIV cytopathogenicity (Fig. 1).
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E Infection with HIV and Incubation for 7d at 37°Cin a CO,-Incubator in
g the Absence (B) and Presence (A) of GE-3-S (62.5 pug/ml) (x 100)
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Fig. 1. Inhibition of the Cytopathogenicity of HIV for Molt-4 (Clone 8)
Cells by GE-3-S

The HIV-infected cells are indicated by solid columns () and control uninfected
cells by open columns ([7).
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TaBLE 1. Inhibitory Effects of GE-3-S on the Expression of HIV-Specific
Antigens in Molt-4 (Clone 8) Cells

Plaque number (percent of control)

GE-3-S concentration Percentage of indirect immuno- 404
(ug/ml) fluorescence (IF)-positive cells
0 52.4 20
1.9 27.2
7.8 16.2
15.6 13.2 LT
31.0 79 510 195 50 100 250
62.0 79 .
250.0 51 GE-3-S concentration («g/ml)
1000.0 2.7 Fig. 3. Inhibitory Effect of GE-3-S on HIV-Induced Plaque Formation

in MT4 Cells
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TaBie II. Effect of GE-3-S on the Cell-Free Reverse Transcriptase (RT)
Activity of HIV

GE-3-S concentration (ug/ml) RT activity ( x 10~3cpm)

0 102
7.8 127
15.6 108
31.0 100
62.0 88
250.0 84

TaBLE 1II.  Anti-HIV Activities of Polysaccharides
Compound Source Anti_— HIV
activity
GE-3 Partially acetylated -
pustulan (B(1—-6)-
glucan) Umbilicaria esculenta"®
UGE-3 Urea-treated GE-32% —
GE-3-S GE-3 sulfate +
PC-3 a(1—-3)(1—>4)glucan -
a:1 Parmelia caperata®
PC-3-S PC-3 sulfate -
Pachyman (1 —3)glucan with -

some branched chain  p . .00 25
U-Pachyman Urea-treated pachyman —
Pachyman-S Pachyman sulfate -

Lichenan B(1—3)(1 »4)glucan . . 26)
Lichenan-S Lichenan sulfate Cetraria islandicum —

which almost completely prevented HIV replication in the
Molt-4 (clone 8) cells.

The anti-HIV activities of other lichen and fungal poly-
saccharides and their sulfates were examined in com-
parison with that of GE-3-S. Of those tested, GE-3-S
was the only compound that exhibited anti-HIV activity
(Table III).

The presence of the sulfate group in the molecule of GE-
3.S is essential for the anti-HIV activity, since GE-3, the
parent compound, is not effective, while a structural speci-
ficity is also present in GE-3-S, since some other sulfated
polysaccharides, PC-3-S, pachyman-S and lichenan-S, are
not effective. It is noteworthy that dextran sulfate is
effective against HIV proliferation whereas dextran is
ineffective.

The mechanism of anti-HIV activity of GE-3-S has not
yet been elucidated, but it seems probable that GE-3-S,
having no anti-RT activity, could be effective against HIV
infection by a similar way to heparin and dextran sulfate®
preventing adsorption of HIV particles on the surface of T4
lymphocytes by interference at the site of either viral
envelope glycoprotein pg 120 or lymphocyte receptor CD4.

These polysaccharide sulfates show weak toxicity to
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animals. GE-3-S showed no acute toxicity in ddY mice at
400—1000 mg/kg (i.v. or i.p.).
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