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Abstract-The delivery of the anti-HIV agent 3’-azido-3’-deoxythymidine (AZT), in its 5’- 
mononhosphate form, (in)to human T-lymphocyte MT-4 cells in vitro through covalent coupling to 
neoglycoproteins was investigated, In “>ud application of this drug targeting concept may-lead to 
increased efficacv and/or diminished side effects caused bv AZT during the treatment of AIDS and 
ARC patients. The rationale for the design of the neoglycoprotein carriers is based on the existence 
of sugar recognizing lectins on .~-lymphocytes. Using a phenyI-linkage between sugar and Human 
Serum Albumin (HSA), various mannose-, fucose-, g&lactose- and glucose-containing neoglycoproteins 
were synthesized. The intrinsic anti-HIV activity of these neoglycoproteins was tested in uirro in HIV- 
1 infected MT-4 cells. Only the derivative having 4Omoles mannose per mole protein (Man?“HSA) 
shows pronounced anti-HIV-l activity itself. This effect may be caused by interference of the Man,,,HSA 
with the gpl20-CD4 mediated virus/MT-4 cell interaction. After conjugation with AZTMP, the 
mannose- as well as the fucose- and galactose-containing conjugates exhibited a pronounced activity. 
Conjugates of glucose-HSA and I-ISA displayed much less activity in spite of the fact that drug loading 
was considerably higher, compared with the galactose, mannose and fucose derivatives. In the series 
of mannose-neoglycoproteins, the Man**HSA-AZTMP conjugate was shown to be more than 30 times 
as active against HIV-1 compared to HSA-AZTMP. Selectivity indices of Man,- and ManlZHSA- 
AZTMP were exceeding the AZ?’ and AZTMP indices, indicating that these conjugates possess a more 
selective action, Stability experiments indicate that the potent action of the galactose-, mannose- and 
fucose-HSA-AZTMP conjugates is not due to a complete extracellular hydrolysis of the covalent drug- 
protein bond, Since Man,,HSA has no intrinsic activity in the concentration range used, the antiviral 
effect is unlikely to be explained by synergism of extracellular released AZTMP/AZT and the carrier. 
Possibly, delivery of AZTMP through recognition of the neoglycoprote~n by a component of the cell 
membrane and subsequent internalization and release of the drug from the conjugate may play a rote. 

Nucleoside analogues are potent but relative toxic 
antiviral agents, that are good candidates for specific 
delivery to various cell types in the liver [l--3] as 
well as blood cells [4]. 

Human Immunodeficiency Virus (HIV) is the 
causative agent of the acquired immune deficiency 
syndrome (AIDS) and a spectrum of related disorders 
[5,6]. The supposed target of HIV is the CD4- 
molecule present on the helper/inducer subset of 
lymphocytes 17-91. This CD4-molecule seems to be 
an essential component of the receptor for the AIDS 
retrovirus 171. Some Epstein-Barr Virus transformed 
lymphocytes [lo], epidermal Langerhans cells [l l] 
and cells in brain tissue [12] may also express this 
cell surface molecule. Recent studies have shown 
that HIV can also be detected in monocytes/ 
macrophages of AIDS patients 113-161. 

Essentiaf for the interaction between the virus and 
the CD4-molecule appear to be the carbohydrate 
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chains of the virus envelope glycoprotein gp120 
[17,18]. Structure analysis of the oligosaccharide 
substituents of gp120 from HIV-1 revealed that this 
glycoprotein carries predominantly oligomannosidic 
glycans [19,20]. The results of Lifson et al. [21] 
suggest that the mannose-containing carbohydrate 
moieties on the viral envelope glycoprotein are 
involved in interaction with the CD4-molecule. 

In &ru inhibition of infectivity and cytopathic 
effects of HIV caused by the thymidine analogue 
AZT (3’-azido-3’-deoxythymidine) was reported by 
Mitsuya ef al. [22]. After permeation of the cell 
membrane by non-facilitated diffusion [23], AZT 
needs to be phosphorylated to its triphosphate form 
(AZTTP) to be antivirally active [24]. AZTTP 
inhibits HIV-l reverse transcriptase competitively 
with respect to the natural substrate dTTP [25]. It 
may also serve as an alternative substrate for the 
reverse transcriptase, thus preventing further DNA 
chain elongation [25]. So far, more than 20,000 
individuals with severe AIDS and AIDS Related 
Complex (ARC) have been treated with AZT [26]. 
Usually, this resulted in clinical and immunological 
improvement [25,26]. However, severe side effects, 
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particularly bone marrow suppression, have been 
reported following the administration [27,28]. These 
side effects strongly limit its therapeutic use and may 
even give rise to cessation of therapy [27]. 

Using a carrier molecule to specifically target AZT 
to HIV-infected cells, the problem of systemic 
toxicity of the drug could be substantially diminished. 
Moreover, efficient targeting of AZT may lead to 
smaller doses of the drug required for therapeutic 
success. 

Taking the helper/inducer T lymphocyte subset 
as the primary target for antiviral therapy, we 
designed neoglycoproteins with various sugar 
molecules based on the existence of different lectins 
on lymphocytes. Lectins with demonstrated sugar 
specificity for galactose [29-331, mannose [30,33,34] 
and fucose [35] were reported to be present on 
lymphocytes. A lectin with two combining sites for 
both mannose and galactose, acting synergistically, 
was also proposed [33]. 

Various p-aminophenylsugar derivatives were co- 
valently coupled to Human Serum Albumin (HSA) 
by thiophosgene activation of the sugar [36,37]. 
Conjugation of the obtained neoglycoproteins with 
the 5’-monophosphate derivative of AZT was 
performed using a (water soluble) carbod~imide 
mediated reaction [38], leading to neoglycoprotein- 
drug conjugates (Fig. 1). The advantage of using a 
phosphorylated derivative may be that conversion 
to the active triphosphate form occurs more 
readily. Also, conjugation of the 5’-monophosphate 
nucleoside derivative was shown to result in a more 
efficient degree of substitution compared with the 
parent compound [39]. At the same time. resistance 
problems based on deficient phosphorylation may 
be circumvented. 

In the present study, the anti-HIV-l activity of 
the neoglycoprotein carriers as well as the AZTMP- 
carrier conjugates were tested in vitro in HIV-1 
infected MT-4 cells as described by Pauwels et al. 

1401. 

MATERIALS ANDMETHODS 

Chemicak Human Serum Albumin (HSA, fraction 
V), ~-aminophenyisugar derivatives and ECDI (l- 
ethyl-3(3-dimethylaminopropyl)carbodiimide) were 
obtained from the SigmaChemical CO (St Louis, MO, 
U.S.A.). Thiophosgene was obtained from Janssen 
Chimica (Beerse, Belgium). AZT (3’-azido-3’-de- 
oxythymidine) and AZTMP (the 5’-monophosphate 
derivative of AZT) were obtained from the Rega 
Institute, Leuven, Belgium. All other chemicals were 
of analytical grade or the best grade available. 

Synthesis of neoglycoproteins. Neoglycoproteins 
were prepared by coupling thiophosgene activated 
p-aminophenylsugars to HSA [36,37]. A detailed 
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description of synthesis, purification and analysis of 
the obtained products will be published elsewhere.*? 

Conjugation of AZTMP to neoglycoproteins. 
Using ECDI as coupling agent 1381, AZTMP was 
conjugated to various neoglycoproteins. Analysis of 
the products with regard to the molar ratio drug to 
protein was performed using a combined acid 
hydrolysis/HPLC assay (as described by Molema et 
al. i). 

Cell cultures. All experiments concerning the 
antiviral activity of the preparations were performed 
at the Rega Institute, Leuven, Belgium. 

The Trcell line which was used in this study is 
the HTLV-I transformed T,-cell line, MT-4, and 
was kindly provided by Dr N. Yamamoto, Yamaguchi 
University, Yamaguchi, Japan. The MT-4 cells were 
grown in RPM1 1640 DM (“Dutch Modification”) 
medium (Flow Laboratories, Irvine, U.K.), sup- 
plemented with 10% (v/v) heat-inactivated fetal calf 
serum (FCS) and 20 pg/mL gentamycin (E. Merck, 
Darmstadt, F.R.G.). The cells were maintained at 
37” in a humidified atmosphere of 5% CO2 in air. 
Every 3-4 days, cells were spun down and seeded 
at 2 X 10’ cells/mL in new cell culture flasks. At 
regular time intervals, the MT-4 cells were analysed 
for the presence of mycoplasma and consistently 
found to be mycoplasma free. 

Virus. HIV-l (strain HTLV-IIIB) which was kindly 
provided by Dr R. C. Gallo (National Cancer Insti- 
tute, Bethesda, MD, U.S.A.) was obtained from the 
culture supernatant of a persistently HIV-infected 
HUT-78 cell line (HUT-78/HTLV-IIIa). The virus 
titer of the supernatant was determined in MT-4 
cells. The virus stock was stored at -70” until used. 

Anti-HIV-l assay. The procedure to determine 
the anti-HIV-l activity in MT-4 cells was carried 
out as described previously 140,411. Briefly, 
exponentiallygrowingMT-4 cellswereeitllerinfected 
with HIV-l or mock-infected. After resuspension at 
4 x lO”cells/mL in complete medium, 100~,uL 
volumes were added in 96-well microtiter trays to 
serial five-fold dilutions of the compounds to be 
assayed. The cell cultures were incubated at 37” in 
a humidified atmosphere of 5% COz in air. Five 
days after infection the viability of mock- and HIV- 
infected cells was examined by a calorimetric 
assay (the MTT method). The 50% inhibitory 
concentration (ICKY,) was defined as the concentration 
of the compound that protected HIV infected cells 
by SO%, whereas the 50% cytotoxic concentration 
(ccsO) was defined as the concentration of the 
compound that reduced the viability of mock- 
infected cells by 50%. The selectivity index (SI) is 
defined as the ratio CC~~~:IC~~~. 

Stability of the conjugates in cell culture media. In 
order to establish the percentage of covalently bound 
AZTMP to be released from the conjugate during 
the period of antiviral assay, the conjugates were 
incubated in cell culture medium under the same 
conditions as the antiviral assays were performed 
[40,41]. The neoglycoprotein carriers, AZT and 
AZTMP were incubated under the same conditions, 
as a control experiment. Because of the probability 
of cell lysis during the anti-HIV assay and the 
resulting release of various intracellular enzymes, 
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Pig. I. Schematic representation of a neoglycoprotein-AZTMP conjugate: p-aminophenyl-mannose is 
coupled to lysine groups of HSA, AZTMP is bound to lysine and histidine. Circles represent amino 

acids. 

the same stability experiments were perfarmed in 
cell culture medium with contents of lysed MT-4 
cells. 

RESULTS 

Table 1 shows the results of the neoglycoprotein 
syntheses. By varying the molar ratio p-amino- 
p~enyl-mannopyranoside to protein during the syn- 
thesis, it was possible to produce a series of neo- 
glycoproteins with molar ratios mannose to protein 
ranging from 7: 1 to 40: 1. Using a constant excess 
of the various sugars during synthesis (420: 1 sugar 
to protein on molar basis), the resulting neo- 
glycoproteins differed in the number of bound sugar 

molecules, being 10 for fucose, 32 for galactose, 26 
for glucose and 40 for mannose. 

As can be seen from the mannose-neog~ycoprotein 
series, the more sugar molecules were coupled, the 
less AZTMP could be attached to the neoglyco- 
protein (Table 2). The covalent coupling of the 
sugar derivatives to the protein involves the lysine E- 
NH2 groups of the protein [36]. However, con- 
jugation of AZTMP also takes place using these E- 
NH,! groups, along with one of the imidazole nitro- 
gens of histidine 138,421. So, in general, the more 
sugar molecules are bound to the protein, the less 
c-NH2 groups are available for AZTMP conjugation, 
although small deviations are observed. 

After synthesis, the products were extensively 
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Table 1. InRuence of the molar ratio sugar to protein in the reaction mixture during 
the synthesis of neoglycoproteins using thiophosgene activated ~-aminophenyl- 

sugars 

Sugar 

Molar ratio sugar: 
protein in reaction 

mixture 

Molar ratio bound sugar: 
protein in the neoglycoprotein 

product 

Mannose 

Galactose 
Fucose 
Glucose 

1O:l 7:l 
25:l 22:i 

420: 1 4O:l 
420: 1 32:l 
420: 1 IO:1 
420: 1 26:l 

washed with distilled water using the Amicon Stirred 
Cell equipped with a PM10 membrane (Amicon 
B.V., the Netherlands). Very small amounts of non- 
covalently bound AZTMP were recovered after 
lyophilization. 

hydrolysis in RPM1 1640 DM comes to completion 
within 18 hr, whereas in RPMI 1640 DM + MT-4 
cell contents it only takes less than 6 hr. AZT is 
stable in both media (data not shown). 

The results of the anti-HIV-l assays show that 
the Man40HSA* neoglycoprotein itself exhibits some 
protective action against viral infectivity, whereas 
the other mannosylated, galactosylated, fucosylated 
and glucosylated neoglycoproteins do not (Table 3). 

DISCUSSION 

A considerable increase in antivirat activity of the 
neoglycoprotein was observed after conjugation with 
AZTMP (Table 2 and 3). While the u& for the 
neoglycoprotein Man&ISA was >3.3 ,uM. after 
conjugation with AZTMP the K& value is 
reduced 5000-fold to 0.60 x 10-j PM. Moreover, this 
conjugate is more than 30 times as potent as HSA 
conjugated with AZTMP. A similar result, although 
to a lesser extent, is encountered in the case of the 
other two AZTMP-mannosyl albumins and also for 
the galactose and fucose conjugates. On the other 
hand, the Gluc,,HSA-AZTMP conjugate is not 
significantly more antivirally active than the HSA 
conjugate. 

In order to investigate whether AZT can be tar- 

geted to MT-4 cells, we conjugated the drug, in its 5’- 
monophosphate form, to various neoglycoproteins. 

All compounds, neoglycoproteins as well as their 
AZTMP conjugates, do not show signi~cant toxicity 
in the assay. The ccst, values range from >1.21 FM 
to >6.55 PM: the precise determination of these 
values was limited by the solubility of the various 
compounds. Together with the low lcso values, this 
lack of toxicity leads to selectivity indices of more 
than 5000 for the mannose- and galactose-containing 
conjugates. The ManzzHSA-AZTMP conjugate 
even possesses an SI of more than 10,000, therefore 
being at least about two-fold more selective than 
AZTMP (SI 7038) and four-fold more selective than 
AZT (SI 2600). p-Aminophenyl-mannopyranoside 
and HSA do not have any antiviral activity or toxic 
effects themselves. 

The study presented here shows the results of in 
vitro testing of various neoglycoproteins and their 
AZTMP conjugates regarding their anti-HIV-I 
activity. 

When evaluated for their inhibitory effects on 
HIV-l induced cytopathogenicity in MT-4 cells in 
vitro, the neoglycoprotein containing 40 mannose 
molecules per HSA molecule was effective itself, in 
contrast with the other carriers. This may be 
explained by the fact that the interaction between 
HIV-l gp120 envelope proteins and the CD4 
molecules of T,-lymphocytes is mandatory for 
infection totakeplace [7,18,43,44]. gp120isaheavily 
glycosylated glycoprotein carrying predominantly 
ollgomannosidic glycans [19]. Possibly, the 
Man~“HSA neoglycoprotein interferes with the 
binding of gp120 to the CD4 molecule. This 
interference may be accomplished by interaction 
with the CD4 molecule or by binding to a particular 
membrane component in the near vicinity of the 
CD4 molecule. 

During incubation of the conjugates in the two 
types of cell culture media, the phosphoamide bond 
is slowly hydrolysed, leading to the release of AZT. 
After the first 24 hr 18% and 22% of the covaiently 
bound drug is released in RPM1 1640 DM and RPM1 
1640 DM + lysed MT-4 cell contents, respectively 
(Fig. 2). AZTMP itself is rapidly hydrolysed to AZT: 

The mannose containing neoglycoproteins show 
marked increase in antiviral activity when conjugated 
with AZTMP. The same holds for Gal,,HSA- 
AZTMP and Fuc,,,HSA-AZTMP, although to a 
lesser extent. The ManzzHSA-AZTMP conjugate 
was shown to be the most potent preparation, with 
an antiviral activity, based on the units AZTMP 
present in the conjugates, exceeding that of HSA- 
AZTMP for more than 30 times. These compounds 
are not only more antivirally active, but also show 
less toxicity than the antiviral drug itself, resulting 
in higher selectivity indices. 

* Abbreviations: Fuc, fucose; Gal, galactose; Glut, glu- 
cose; Man, mannose. The number denotes the number of 
wear molecules oer orotein molecule. 

The stability experiments indicate that hydrolysis 
of the phosphoamide bond between AZTMP and 
the protein leads to release of AZT. Whether 
AZTMP or AZT is released depends on the pH at 
which hydrolysis takes place: at pH 4 the nitrogen . 
mvolved in the phosphoamrde bond is protonsted. 
This makes the N-P bond more hydrolysis sensitive, 
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Table 3. Anti-HIV-l activity of neoglycoproteins and 
control compounds 

HSA >3.62 
Gluc,,HSA >3.29 
Man,HSA >3.62 
ManzzHSA >3.33 
Man,,HSA 0.54 
Gal,2HSA >6.44 
Fuc ,,,HSA >3.50 
p-a.p.mannoset >922.51 

All data represent average values for at least two 
separate experiments. 

* Fifty per cent inhibitory concentration. 
t p-Aminophenyl-mannopyranoside. 

leading to release of AZTMP. At pH 7.4, the phos- 
phate oxygens are deprotonated causing high elec- 
tron delocalization over the phosphate part of the 
bond. In this case AZT is released. After 24 hr of 
incubation, being the period of time in which the 
AZTMP is supposed to exhibit its antiviral activity, 
18% and 22% of the covalently bound drug is 
released in fresh medium and medium with lysed 
cell contents, respectively. The fact that HSA- 
AZTMP and Gluc2,HSA-AZTMP show some 
antiviral activity, may be explained by such a release. 
One should consider the possibility of an accelerated 
release after recognition of the neoglycoprotein by 
a specific lectin on the cell surface. The microclimate 
of the plasma membrane of the cells may provide 
the required hydrolytic conditions (e.g. lower pH, 
excreted or membrane bound enzymes) for a more 
rapid degradation of the phosphoamide bond 
between drug and neoglycoprotein. If this would be 
a major mechanism, it is clear that the HSA- 
AZTMP and Gluc,,HSA-AZTMP should exhibit a 
potency similar to the amount of AZTMP present 
in the conjugate. However, this is clearly not the 
case (Table 2). In conclusion, extracellular drug 
release cannot solely account for the antiviral activity 
observed. 

In the case of Man,,HSA-AZTMP, one could 
think of a synergistic effect of the neoglycoprotein 
carrier itself (interference with gp120-CD4 inter- 
action) and AZTMP/AZT. A synergistic effect of 
dextransulfate with AZT has been observed by Ueno 
and Kuno [45]. Dextransulfate is thought to act on 
HIV-l adsorption by interference with the gp120- 
CD4 interaction as well as to inhibit reverse tran- 
scriptase [25,46-48]. In our study, however, the ICY,, 
of Man,eHSA is 0.54pM and that of the conjugate 
1.14 x 10m3 PM, corresponding with a 480-fold lower 
concentration of the carrier. It is highly questionable 
whether this concentration of the neoglycoprotein 
could induce a synergistic effect. 

Another explanation for the observed results could 
be the involvement of an endocytotic process taking 
place after recognition by a cell bound lectin. Endo- 
cytosis is a general term for various uptake mech- 
anisms [49, SO], performed by different cell types 
for a wide variety of functions, e.g. nutrition, host 
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Fig. 2. Stability of Man,,HSA-AZTMP in cell culture media during 120 hr under conditions described. 

defence and transport [51]. Considering the fact that 
the Gluc2,HSA-AZTMP and HSA-AZTMP con- 
jugates are considerably less potent in inhibiting 
HIV-l infection compared to the other compounds, 
adsorptive- and/or receptor-mediated endocytosis 
are possibly involved. The lectins thought to be 
present on lymphocyte membranes recognize gal- 
actose, mannose and fucose [29-351. These receptors 
could interact with the sugar moieties of the neo- 
glycoproteins, inducing a pinocytotic mechanism or 
receptor-ligand internalization. This internalization 
could lead to sequestration in acidic compartments 
such as endosomes and lysosomes [3]. Both the acidic 
environment as well as the presence of proteases and 
phosphorylases could then lead to release of AZTMP 
or AZT. The question remains, whether this release 
is followed by passive diffusion of the drug through 
the lysosomal membrane and transfer to the cyto- 
plasmic compartment. Lanzavecchia et al. [52] 
showed that T4 cells are fully capable of capturing 
soluble (mannose-containing) gp120. Also, they can 
process the gp120 and display processed parts on 
their outer surface [52]. 

Experiments to unravel the mechanism(s) respon- 
sible for the antiviral activity exhibited by the various 
neoglycoprotein-AZTMP conjugates are in 
progress. They include in vitro uptake experiments 
in MT-4 cells with ‘251-labeled neoglycoproteins and 
their AZTMP-conjugates and studies with regard 
to the influences on the intracellular transport and 
degradation by substances such as cytochalasin B, 
colchicine and chloroquine [53]. In uiuo distribution 
studies in rats of the neoglycoproteins and their 
AZTMP-conjugates may lead to the development 
of preparations that only slowly leave the blood- 
stream due to capture by the RES and hepatic cells 
and provide an optimal exposure time for the various 
blood cell types. 
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