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SUMMARY The glycosylation inhibitors 2-deoxy-D-glucose (2-dGlc) and, to a les-
ser extent, f-hydroxynorvaline blocked the formation of syncytia in HIV (LAV/
HTLV-III)-infected cells. Using monospecific polyclonal antibodies against re-
combinant envelope proteins gpll0 and gp4l or momoclonal antibodies against
env gpll0, we could demonstrate a marked reduction in the immunoreactivity of
‘these antigens in HIV-infected cells exposed to the glycosylation inhibitors.
There was concomitant accumulation of core proteins pl5 and p24, as shown by a
s0lid phase radio-immuncassay, and a decreased oligosaccharide synthesis of
env proteins, as monitored by the incorporation of [6-°H]GlcNAc. The reverse
E;Enscriptase was not affected by the compounds. Glycosylation inhibitors may
be considered for the chemotherapy of AIDS or AIDS-related complex, or chemo-
prophylaxis of HIV-positive individuals. © 1986 Academic Press, Imc.

Human immunodeficient virus (HIV) was first isolated from a male homose-
xual with AIDS-related complex lymphadenopathy syndrome (l). It has been refer-
red to as LAV or HTLV-III (2,3). This retrovirus possesses two env proteins
which are glycosylated (4) and interact with the OKT4A antigen of T4+ T lym-
phocytes; the latter molecule appears to be a glycosylated polypeptide of
58,000 daltons (5). Both the viral attachment protein and fusion factor(s) as
well as the virus-cell receptor(s) may play a key role in virus adsorption and
penetration, and spread of the virus to adjacent cells. It has been shown that
glycosylation inhibitors, viz. 2-deoxy-D-glucose and B-hydroxynorvaline, are
capable of blocking cell surface-mediated phenomena, viz. fusion (6,7), attach-
ment (8,9), penetration (10,11), and probably release of the virions. The re—

verse transcriptase has been considered as the most attractive target in the
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design of anti-~HIV agents (12) and both nucleoside analogues (13,14) and anio-
nic dyes (15,16) appear to be targeted at this enzyme. In an attempt to ex-—
plore other possible target sites for antiviral chemotherapy against HIV in-
fection, we evaluated the effect of glycosylation inhibitors on the expression

of viral env gpll0 and gp4l antigens.

MATERIALS AND METHODS

Virus strains. HTLV~IIIp was obtained from Dr. R.C. Gallo; LAV, from
Prof. L. Montagnier and ARV-4 from Dr. J.A. Levy; they were propagated as pre-
viously described (2,17,18).

Cell types. The H9, CEM, HUT-78, and MT-4 (HTLV-I transformed) cell 1i-
nes were maintained and infected with HIV as described previously (19).

Compounds. 2-Deoxy-D-glucose (2-dGlec) was obtained under contract from
Pfanstiehl Chemical Laboratories, Waukegan, Illinois (USA); 8-hydroxynorvaline
(Hnv) was purchased from Sigma Chemical Co., Milwaukee, Wisconsin (USA).

Syncytium formation. Quantification of polykaryocytes was done as pre-—
viously described (6); H9 polykaryocytes were monitored by Coulter counting or
phase contrast microscopy.

Monoclonal and polyclonal antibodies to env antigens. Monoclonal antibo-
dies (MCA) against gpll0 of HIV were prepared in mice by cloned hybridoma tech-
nology and were a generous gift of Dr. K. Shriver (Genetics Systems, Seattle,
Washington, USA).

Recombinant proteins representing different portions of the Env reading
frame(s) were produced in Escherichia coli expression vectors (18) by taking
advantage of the Bgl-II site; antibodies to gpll0 and gp4l were prepared in
goats and kindly supplied by Dr. W. Kenealy,

Virus markers in cell culture. 5 x 106 Cells (H9, CEM, MT-4) were lysed,
with ultrasound, in the presence of protease inhibitors and assayed for LAV/
HTLV-II1 antigens using a solid phase radio-immuncassay (RIA). LAV/HTLV-IIIL
antigens were detected with five monoclomal antibodies, two of which were ob-
tained from Dr. R.C. Gallo and were directed against HTLV-III p24, while the
others (H311 and 8A5) were prepared by Dr. J. Cogniaux and were directed
against LAV pl5; monoclonal antibody against gpll0 was provided by Dr. K.
Shriver; the polyclonal antibodies pEnv 9 and pEnv 14 were gifts of Dr. W.
Kenealy. Bound antibodies were evaluated by addition of [12Z51]-F(ab')2 frag-
ments of anti-mouse IgG or [!251]-anti-goat IgG (rabbits) (du Pont de Nemours
& Co., Wilmington, Delaware, USA). Uninfected cultures were run in parallel in
order to determine amounts of non-specific antibody binding. Indexes of anti-
body binding were determined by dividing cpm in virus-infected cultures by cpm
in control cultures (20).

Cell labelling. Cells (with and without inhibitors) were labelled with
D—[6-3H GlcNAc at 5 pCi/ml for either 6 hours post-infection (MT-4 cells) or
for 72-96 hours (persistently infected H9 or CEM cells). At the end of this
time period, cells were lysed with Nonidet P-40 in the presence of protease
inhibitors N-tosyl-L-lysine chloromethyl ketone (TLCK) and phenylmethylsulfo-
nyl fluoride (PMSF) (2 mM) and the virus-specific glycoproteins were immuno-
precipitated with monospecific, polyclonal antibodles (see above) and biloti-
nylated rabbit anti~goat antiserum (Vector Labs, Burlingame, Ca, USA) followed
by avidin cross-~linked to sepharose beads. After extensive washing, viral gly-
coproteins were quantified by scintillation spectroscopy. Concurrent controls,
derived from cells not treated with the glycosylation inhibitors were run in
the same fashion.

Reverse transcriptase assay. The reverse transcriptase (RT) activity was
determined as described elsewhere (21,22), Briefly, the culture fluids from
H9/HTLV-III1p producing cell lines (both control + 72 h-treated) were centri-
fuged for 10 min. at 300 x g. Virus particles were sedimented from the cell-
free supernatant by centrifugation at 100,000 x g for 20 min. The viral pellet
was treated with 0.1 Z Triton-X 100 (150 ul) for 30 min. at 1°C. To test the
direct effect of inhibitors on RT, viral suspensions were incubated with 5-10
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mM 2-dGlc or Hnv for 60 min. The virus suspensions (10 pl) (with or without
inhibitors) were incubated at 37°C for 60 min. in the presence of 50 mM Tris-
HC1 (pH 7.8), 5 mM DTT, 5 mM MgCl;, 150 mM KC1l, 30 pM poly(A), 8 pM oligo(dT)
and 5 pCi [methzl— H]TPP. TCA-insoluble radioactivity was assessed by liquid
scintillation spectroscopy. Control radicactivity (in the absence of inhibi-
tor) ranged from 104 to 2 x 104 cpm,

RESULTS

Concentrations of 10 mM 2-dGlc and 0.75 mM Hnv blocked the formation of
syncytia in HY9 and MT-4 cells. However, in contrast to previous studies using
BHK-21 cells or green monkey kidney cells infected with herpes simplex virus
(7), Hnv proved toxic at concentrations > 0.75 mM for all cells used in the
present study. Treatment of infected cells with MCA or polyclonal antibodies
directed against gpll0 and/or gp4l (pEnv 9 recognizes both gpll0 and gp4l,
whereas pEnv 14 recognizes only gpllO) revealed a marked reduction in the ex-
tent of binding of these antibodies to the envelope proteins from cells which
had been treated with 5 mM 2-dGle for 72 hours (Table 1). These studies were
[6->H] -
GlcNAc and quantifying the extent of glycosylation of the env proteins follo-

confirmed by comparing uninfected and infected cells labelled with

wing immunoprecipitation of gpllO and gp4l with either monospecific polyclonal
or monoclonal antibody. The sensitivity of this assay was increased at least
10-20 fold by using biotinylated rabbit anti-goat antibody and avidin cross-
linked to sepharose. When assayed by liquid scintillation spectroscopy, there
was a 50 7 reduction in the amount of viral glycoproteins synthesized in the
presence of 5 mM 2-dGlc (Table 2). In contrast, non-glycosylated core polypep-
tide, p24 and pl5, accumulated in the presence of Hnv (0.5 mM) (Table 3).

TABLE 1. Effect of 2-dGlc on the expression of gpll0 *and gp4l in cells
persistently infected with LAV/HTLV-III

Binding of [1251]-labelled monoclonal or polyclonal
antibody (cpm)

Period of treatment

24 hours 72 hours
Control 2-dGlc Control 2-dGle
5 mM 5 mM
Igé (110.1), McA
HUT-78 cells 1107 + 200 904 + 106 1306 + 190 740 + 208
H9 cells 1206 + 206 810 + 158
Rabbit polyclonal
pEnv 14 1262 + 184 806 + 153
pEnv 9 1306 + 105 896 + 196

x
As assessed by solid phase radio-immunoassay (RIA) using gamma spectroscopy
(20). Media changed daily with fresh inhibitor. Mean results of 3 experiments
done 1in triplicate; mean deviation between experiments : + 10 Z.
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TABLE 2. Effects of glycosylation inhibitors on the synthesis of [6—3H]GlcNAc—
labelled gpll0 and gp4l in MT-4 and H9 cells infected with LAV/HTLV-III

Viral glycoproteins Exp. 1 Exp. 2
Control 2-dGlc Control Hnv
MT-4 cells 5 mM H9 cells 0.75 mM
gpll0 (pEnv 14) 5650 2530 5650 5050
gpal + gpll0 (pEnv 9) 4370 2603 4706 3910

+
All assays done on immunoprecipitated viral glycoproteins; cells propagated
in the presence of inhibitors as described in the text.

Their expression was slightly diminished in cells exposed to 2~dGlc. Hnv did
not affect the expression of reverse transcriptase as based on the enzyme ac-
tivities measured in purified HIV or in the supermatant fluids of HIV-infected
cells (Table 3). The addition of 2-dGlc or Hnv (at 10 mM), to the reaction
mixture, did not affect the in vitro activity of the HIV-assoclated reverse

transcriptase (data not shown).
DISCUSSION

2-Deoxy-D-glucose and B-hydroxynorvaline are potent glycosylation inhibi-
tors which block the synthesis of N-linked oligosaccharides of both DNA and
RNA viruses. 2-Deoxy-D-glucose is incorporated into viral glycoproteins (l1),
polyisoprenoids and nucleotides (as a nucleotide sugar), and is also a compe-
titive inhibitor of glycosphingolipid biosynthesis (23). p-Hydroxynorvaline, a
threonine analogue, inhibits N-linked oligosaccharide synthesis subsequently

-

to its incorporation into the polypeptide chain. Functionally, both 2-dGlc and

TABLE 3. Effect of glycosylation inhibitors on core proteins ;nd RT in per-
sistently infected LAV/HTLV-III H9 or HUT-78 cells

Control Hnv Control 2-dGlc
H9 cells 0.5 mM HUT-78 cells 5 mM
Core proteins ]
p24 680 908 860 650
pl5 1080 1560 1010 850
Reverse transcriptase
(A)n. (dT) 5 11522 + 485 13404 + 3208
(dA)n.(dT)l15 4113 + 218 2777 + 786

tUpon exposure time of 72-96 hours. Values expressed in cpm. Expression of
core proteins assessed by solid phase RIA using gamma spectroscopy (20). HIV
purification, after clarification was sedimented at 40,000 x g for 1 hour.
The viral pellet was gently resuspended in PBS and layered on a preformed me-
trizamide gradient (5 to 40 %, w/v). Virus was purified after equilibrium
centrifugation at 40,000 x g for 16 hours. LAV/HTLV-III banded at a density
of 1.12 g per cc. RT assay was done as described in the text.
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Hov block fusion (6,7), virus attachment: by altering the tertiary or quarter-
nary structure of viral attachment proteins as well as by decreasing the re-
ceptor density of glycosylated receptor molecules (8), and virus penetration.
2-deoxy-D-glucose has been used successfully in the treatment of human genital
herpes infections (24). It can be used repetitively or for extended perilods of
time apparently without untoward side effects (8). The present study suggests
that glycosylation inhibitors, because of thelr inhibitory effects on the ex-
pression of the HIV env glycoproteins, should be further explored as chemothe-
rapeutic and chemoprophylactic modalities in patients with AIDS [or AIDS-rela-
ted complex (ARC)] and HIV-seropositive individuals, respectively.
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