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ABSTRACT 

Exposure of HIV-1 to DC-SIGN-expressing B-lymphoblast Raji cells (Raji/DC-SIGN) but not to 

wild-type Raji/0 cells results in the capture of HIV-1 particles to the cells as measured by the 

quantification of cell-associated p24 antigen. Co-cultivation of HIV-1-captured Raji/DC-SIGN cells 

with uninfected CD4+ T-lymphocyte C8166 cells results in abundant formation of syncytia within 36 

hrs post co-cultivation. Short pre-exposure of HIV-1 to carbohydrate-binding agents (CBA) dose-

dependently prevents the Raji/DC-SIGN cells to efficiently bind the virus particles and no syncytia 

formation occurs upon subsequent co-cultivation with C8166 cells. Thus, the mannose-specific (i.e. 

the plant lectins HHA, GNA, NPA and CA, the procaryotic cyanovirin-N (CV-N) and the 

monoclonal antibody 2G12)- and GlcNAc-specific (i.e. the plant lectin UDA) CBAs efficiently 

abrogate the DC-SIGN-directed HIV-1 capture and subsequent transmission to T-lymphocytes. In 

this assay, the CD4-down regulating CADA derivative, the CXCR4 and CCR5 co-receptor 

antagonists AMD3100 and Maraviroc, the gp41-binding enfuvirtide and the polyanionic substances 

DS-5000, PVAS and PRO-2000 were markedly less efficient or even ineffective at all. Similar 

observations were made in primary monocyte-derived dendritic cell cultures that were infected with 

HIV-1 particles that had been shortly pre-exposed to the CBAs CV-N, CA, HHA and GNA, and the 

polyanions DS-5000 and PRO-2000. The potential of CBAs, but not polyanions and other 

structural/functional classes of entry inhibitors to impair DC-SIGN-expressing cells in their capacity 

of transmitting HIV to T-lymphocytes might be an important property to be taken into consideration 

in the eventual choice to move microbicide candidate drugs to the clinical setting. 
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Introduction 

 Dendritic cells (DC) function as antigen-presenting cells that capture microorganisms that 

enter the peripheral mucosal tissues. After antigen uptake, the immature DC migrate to the T cell 

areas of secondary lymphoid organs. During this migration, DC mature and tend to form clusters 

with T cells initiating adaptive immune responses (Banchereau and Steinman, 1998). It is thought 

that the β2 integrins LFA-1 and αDβ2 present at DC bind to ICAM-3 which is expressed at high 

levels on resting T cells. However, this is clearly not the sole interaction between DC and T cell 

populations. It has indeed been shown that the ICAM-3 binding C-type lectin (designated DC-SIGN 

or dendritic cell-specific ICAM-3 grabbing non-integrin), exclusively expressed by DC, mediates a 

strong adhesion between DC and resting T cells and would be essential for DC-induced T cell 

proliferation (Geijtenbeek et al., 2000a). 

 DC-SIGN is a 44 kDa C-type (Ca++-dependent) lectin that binds to the mannose and fucose 

moieties present on the HIV gp120 envelope (Curtis et al., 1992). It does not function as a receptor 

for viral entry into DC but rather promotes efficient infection in trans of cells that express CD4 and 

chemokine co-receptors CXCR4/CCR5 (Geijtenbeek et al., 2000b). Given the important role of DC-

SIGN-expressing DC in the initial infection of an individual by HIV, the design and development of 

candidate microbicide drugs have to take into account this mechanism of dissemination of the 

incoming virus and would preferably have the capacity to interrupt or abrogate this process. 

 Since HIV infection studies and cultivation of immature DC are tedious and labor-intensive, 

other approaches have been introduced to study the role of DC-SIGN in HIV transmission, including 

Raji cells stably transfected with DC-SIGN (Geijtenbeek et al., 2000b). These cells have previously 

been misidentified as THP-1 cells (Wu et al., 2004). It has been shown that such Raji/DC-SIGN 

transfected cells bind to HIV-1 gp120 bound to beads (Geijtenbeek et al., 2000b). It was also 

demonstrated that such Raji/DC-SIGN cells capture and transmit HIV at efficiencies comparable to 

those of monocyte-derived dendritic cells (Baribaud et al., 2002; Trumpfheller et al., 2003; 

Geijtenbeek et al., 2000b). Therefore, we used this cell model to investigate a number of different 

structural and functional classes of HIV entry inhibitors for their ability to prevent DC-SIGN-

directed capture of HIV. If active, such compounds should have the potential to impair the ability of 
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monocyte-derived dendritic cells to capture HIV and to transmit HIV to T-lymphocytes. The 

outcome of this type of studies would be very helpful to guide the choice of potential candidate 

microbicide drugs. We found that carbohydrate-binding agents (CBA) targetting HIV gp120 such as 

plant lectins, cyanovirin and the mAb 2G12, but not other entry inhibitors such as gp41- and 

(co)receptor-targetting drugs, nor polyanionic compounds, are endowed with a dual mechanism of 

antiviral action: (i) preventing transmission of HIV from DC-SIGN-expressing (i.e. dendritic) cells 

to T-lymphocytes, and (ii) directly inhibiting HIV infection of CD4+ T-lymphocytes by preventing 

virus entry. 
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Materials and Methods 

Test compounds. The mannose-specific plant lectins from Galanthus nivalis (GNA), 

Hippeastrum hybrid (HHA), Narcissus pseudonarcissus (NPA) and Cymbidium hybrid (CA) and the 

GlcNAc-specific plant lectin from Urtica dioica (UDA) were derived and purified from these plants, 

as described before (Van Damme et al., 1987, 1988, 1991). UC-781 was obtained from Crompton 

Ltd. (Middlebury, CT). Tenofovir was from Gilead Sciences (Foster City, CA), nevirapine from 

Boehringer, lamivudine (3TC) from GlaxoSmithKline and zidovudine (AZT) from Sigma (St. Louis, 

MO), the CXCR4 antagonist AMD3100 from AnorMed (Langley, BC, Canada) and dextran sulfate-

5000 from Sigma (St. Louis, MO). Maraviroc was synthesized as described (Dorr et al., 2005). T20 

(pentafuside, enfuvirtide) was kindly provided by AIDS Research Alliance (Los Angeles, CA) and 

cyanovirin (CV-N) by Dr. J.B. McMahon (National Institutes of Health, Bethesda, MD) and Dr. A. 

Bolmstedt (Göteborg, Sweden). The monoclonal antibody 2G12 was purchased from Polymun 

Scientific (Vienna, Austria). The mAb F105 (Pozner et al., 1991, 1993; Wilkinson et al., 2005) was 

kindly provided by Tibotec (Mechelen, Belgium) and the mAb 9206 (Burkly et al., 1995) was 

obtained from DuPont NEN Research Products (Boston, MA). PRO-2000 was a kind gift from Dr. 

G. Vanham (Institute of Tropical Medicine, Antwerp, Belgium) and PVAS (sulfated 

polyvinylalcohol) was synthesized by Dr. S. Görög (Budapest, Hungary). CADA was a kind gift of 

Dr. T. Bell (University of Nevada, Reno). 

Cells. Human T-lymphocytic C8166 cells were obtained from the American Type Culture 

Collection (Manassas, VA). The Raji/DC-SIGN cells were constructed by Geijtenbeek et al. (2000). 

Wild-type Raji/0 and DC-SIGN-expressing Raji/DC-SIGN cells were kindly provided by Dr. L. 

Burleigh (Institut Pasteur, Paris, France)). All cell lines mentioned were cultivated in RPMI-1640 

medium supplemented with 10% fetal bovine serum (FBS) (BioWittaker Europe, Verviers, 

Belgium), 2 mM L-glutamine and 0.075 M NaHCO3. 

Viruses. HIV-1(IIIB) was provided by Dr. R.C. Gallo & Dr. M. Popovic (Institute of Human 

Virology, University of Maryland, Baltimore, MD). 

Antiretrovirus assays. C8166 cells (5 x 105 cells per ml) were suspended in fresh culture 

medium and infected with HIV-1 at 100 CCID50 per ml of cell suspension. Then, 100 µl of the 
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infected cell suspension were transferred to microplate wells, mixed with 100 µl of the appropriate 

dilutions of the test compounds, and further incubated at 37°C. After 3 to 4 days, giant cell 

formation was recorded microscopically in the C8166 cell cultures and the number of giant cells was 

estimated as percent of the number of giant cells present in the non-treated virus-infected cell 

cultures (~ 50 to 100 giant cells in one microscopic field when examined at a microscopic magnitude 

of X 100). The 50% effective concentration (EC50) corresponds to the compound concentrations 

required to prevent syncytium formation by 50% in the virus-infected C8166 cell cultures. 

 Exposure of Raji cells to HIV-1 and subsequent co-cultivation with C8166 cells. 

Exponentially growing B-lymphocyte wild-type Raji/0 and DC-SIGN-expressing Raji/DC-SIGN 

cells were suspended in cell culture medium at 6 x 106 cells/400 µl. Then, 0.4 ml-cell suspensions 

were exposed to 600 µl wild-type HIV-1(IIIB) (2.2 x 106 pg/ml p24) for 60 min, after which 39 ml 

culture medium was added to the virus-infected cell culture. The cells were centrifuged at 1,250 rpm 

for 10 min, 39.9 ml supernatant carefully removed and the virus-exposed cells were resuspended in 

40 ml medium. After a second centrifugation step, 39.9 ml supernatant was again removed, and the 

remaining 0.1 ml cell suspension was 10-fold diluted in cell culture medium to 1 ml. Under these 

experimental (washing) conditions, a maximum of 8 pg HIV-1 p24 could have remained in the 1 ml-

supernatant (or 0.4 pg in 50 µl). A fifty µl cell suspension was withdrawn for p24 determination by a 

HIV-1 p24 ELISA, and 50 µl of the Raji/DC-SIGN cell suspension was added to 96-well 

microplates in which 100 µl compound dilutions were present. Then, 50 µl C8166 cells (107/ml) 

were added to each well. The co-cultures were incubated at 37°C in a CO2-controlled humidified 

incubator, and microscopically scored for syncytia formation at ~ 36 to 48 hr post virus-exposure/co-

cultivation. It should be mentioned that the maximum amount of virus that could have remained in 

the culture medium (< 1 pg HIV-1 p24) is unable to result in HIV-1-induced giant cell formation in 

the C8166 cell cultures within the time period of analysis (36-48 hrs). 

 Effect of continuous presence of test compounds on syncytia formation in co-cultures 

of virus-exposed Raji/DC-SIGN cells and uninfected C8166 cells. Raji/DC-SIGN cell cultures 

were exposed to HIV-1 for 30 min and subsequently thoroughly washed with culture medium as 

described above. Then, 2 x 105 Raji/DC-SIGN cells (50 µl) were seeded in 96-well microtiter plates 
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in the presence of serial (5-fold) dilutions of the test compounds (50 µl). Immediately after seeding, 

2 x 105 C8166 cells (100 µl) were added to each well. After 36 to 48 hrs, syncytia formation was 

recorded microscopically, and the 50% effective concentration (EC50) of each test compound was 

determined as the compound concentration required to inhibit giant cell formation by 50%. 

 Effect of short exposure of HIV-1 to test compounds on HIV-1-capture by Raji/DC-

SIGN cells. High amounts of HIV-1 particles (100 µl; 2.2 x 106 pg/ml) were exposed to serial 

dilutions of the test compounds (400 µl) for 30 min. Then, the drug-exposed virus suspensions (500 

µl) were mixed with Raji/DC-SIGN cell suspensions (500 µl; 106 cells) for 60 min at 37°C after 

which the cells were thoroughly washed twice with 40 ml culture medium as described above. This 

procedure resulted in a final dilution of the initial compound concentrations by at least 160,000-fold. 

The Raji/DC-SIGN cell cultures were then analysed for p24 content, 200 µl mixed with 2 x 105 

C8166 cells (800 µl) (resulting in a further 5-fold dilution of the original amount of exposed test 

compound) and further incubated in 48-well plates for 36-48 hrs at 37°C. Then, the syncytia 

formation in the cell cultures was recorded microscopically. 

Flow cytometry analysis. Cells were stained with anti-DC-SIGN (DCN46-FITC; BD 

Biosciences) and anti-CD4 (SK3-FITC; BD Biosciences) and were processed for flow cytometry as 

described previously (Vermeire et al., 2003). 

Antiviral activity of test compounds in MO-DC co-cultured with T-lymphocytes. The 

preparation of monocyte-derived dendritic cells (MO-DC) and the methodology for the evaluation of 

the antiviral activity of test compounds has been described (Van Herrewege et al., 2002, 2004). 

Briefly, HIV-1(BaL) was pre-exposed to several dilutions of the test compounds for 30 min prior to 

infection of primary monocyte-derived dendritic cell (MO-DC) cultures during 2 hours (in the 

presence of the test compounds). The cells were then carefully washed and co-cultured with 

autologous CD4+ T cells during 24 hrs. Then, the cell cultures were washed again and further 

incubated with fresh culture medium for 14 days in the absence of any compound. The EC50 value of 

the test compounds was defined as the compound concentration required to inhibit p24 Ag 

production in the MO-DC/T-lymphocyte co-cultures by 50%. 
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RESULTS 

 

 Choice of the test compounds. Following functionally and structurally different classes of 

anti-HIV drugs that are targeting virus entry have been chosen to be subject of the present study: (i) 

HIV gp120-interacting compounds, including the carbohydrate-binding agents (CBA) (i.e. mannose- 

and GlcNAc-specific plant lectins (HHA, GNA, NPA, CA, UDA), the procaryotic mannose-specific 

cyanovirin N (CV-N), (ii) the monoclonal antibodies (mAb) 2G12 recognizing high-mannose glycan 

on the silent face of gp120, the mAb F105 recognizing the CD4 binding site on HIV-1 gp120 and 

the mAb 9205 recognizing the V3 loop in HIV-1 gp120, (iii) the polyanionic molecules DS-5000, 

PVAS and PRO-2000; (iv) the gp41-targetting enfuvirtide (T-20); (v) the CXCR4 co-receptor 

antagonist AMD3100, (vi) the CCR5 co-receptor antagonist Maraviroc, and (vii) the CD4-

downregulating CADA molecule. 

 Exposure of B-lymphocyte Raji/0 and Raji/DC-SIGN cell cultures to HIV-1(IIIB). Flow 

cytometry analysis revealed that the DC-SIGN-transfected Raji/DC-SIGN cells abundantly 

expressed DC-SIGN on their membrane, whereas the wild-type Raji/0 cells did not. Also, CD4 and 

CCR5 were absent in both cell lines whereas CXCR4 was equally present on both cell lines (Fig. 1). 

Wild-type Raji and stably DC-SIGN-expressing Raji cells were exposed to HIV-1(IIIB) particles (2.2 

x 105 pg p24) for 60 min, after which the unadsorbed virus was carefully removed by several 

washing steps. It was calculated that after the serial washing steps, less than 1 pg HIV-1 p24 (below 

detection limit) remained present in the supernatant of the Raji cell cultures. Whereas no p24 Ag (< 

10 pg p24 Ag/ml) (detection limit) associated with the Raji/0 cells could be recorded, consistent p24 

Ag associated to Raji/DC-SIGN cells could be reliably measured and calculated to be 824 to 1450 

pg p24 Ag/ml (average: 1063 pg p24 Ag/ml). Further incubation of the virus-exposed Raji/DC-

SIGN cell cultures did not result in a productive infection since no signs of increased p24 Ag 

amounts in the cell cultures could be observed after 3 and 4 days of culture. Also, no syncytia were 

microscopically observed to appear in the HIV-1-exposed Raji/DC-SIGN cell cultures. 

 Inhibitory effect of test compounds on the ability of Raji/DC-SIGN to capture HIV-1 

particles. A broad variety of virus entry inhibitors have been included in the study (Table 1). There 
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were striking differences in the potential of the different classes of HIV entry inhibitors to prevent 

capture of HIV-1 particles by Raji/DC-SIGN cells. The carbohydrate-binding agents dose-

dependently inhibited capture of HIV-1 by the Raji/DC-SIGN cells. The most inhibitory CBA was 

CV-N that inhibited HIV capture at an IC50 of 0.035 µg/ml. NPA and CA were inhibitory at 0.7 to 

2.4 µg/ml, whereas UDA, GNA and HHA had IC50 values ranging between 8.5 and 18 µg/ml. Also 

the mAb 2G12 showed profound inhibition (IC50: 0.80 µg/ml) (Table 1). Interestingly, whereas the 

mAb F105 recognizing the CD4-binding site on gp120 was not effective at al at 2 µg/ml, the mAb 

9205 recognizing the V3 loop of gp120 was highly efficient in preventing HIV capture to Raji/DC-

SIGN cells (EC50 ≤ 0.05 µg/ml). In contrast, none of the other classes of HIV entry inhibitors, 

including the gp41-, CXCR4-, CCR5- and CD4-targetting drugs were inhibitory at the 

concentrations tested. Interestingly, the polyanions DS-5000, PVAS and PRO-2000 did not inhibit 

HIV capture by the Raji cells. Instead, these three compounds even stimulated HIV capture by ~ 2-

fold at the highest concentrations tested, a phenomenon not observed with any of the other entry 

inhibitors (Fig. 2). 

 Co-cultivation of T-lymphocyte C8166 cells and HIV-exposed Raji/DC-SIGN cells. 

Since we have shown that DC-SIGN-expressing Raji cell cultures can capture HIV-1 particles (as 

dendritic cells do), it would be important to reveal whether co-cultivation of such HIV-1-exposed 

Raji/DC-SIGN cells with T-lymphocyte cells enable transmission of the virus particles to the T-

lymphocyte cells (as dendritic cells do). Indeed, we observed that in co-cultures of uninfected C8166 

cells and HIV-1-exposed Raji/DC-SIGN cells (from which unadsorbed virus particles were carefully 

removed in the Raji/DC-SIGN cell cultures prior to co-cultivation with the C8166 cells) cell clusters 

appear in which the first microscopically visible syncytia [less than ~ 10 in one microscopic field 

(augmentation 100 X)] became apparent already after ~ 10-12 hours. After 24 hrs the number of 

giant cells considerably increased in the cell clusters, and at 36 hrs post co-cultivation an abundant 

amount of pronounced syncytia were present (~ 50 to 100 in one microscopic field). The 

microscopic view of the different Raji/DC-SIGN and C8166 (co)-cultures are depicted in Fig. 3, 

panels A-F. Interestingly, Raji/DC-SIGN cells exposed to HIV-1 for 30 min and carefully washed 

afterwards, could also efficiently form syncytia when C8166 cells were added to the Raji/DC-SIGN 
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cell cultures at 24, 48, 72 and 96 h post exposure to the virus. This means that the captured virus can 

stay infectious for at least 96 hours post exposure to the Raji/DC-SIGN cells. When an HIV-1 

reverse transcriptase inhibitor was added at the time of mixing the uninfected C8166 cells with the 

virus-exposed Raji/DC-SIGN cells (after careful removal of unadsorbed virus particles), no syncytia 

were observed in the cell co-cultures. The lack of giant cell formation in such co-cultures were 

observed when five different RT inhibitors, including the NRTIs zidovudine and lamivudine, the 

NtRTI tenofovir and the NNRTIs nevirapine and UC781 were added at the time of co-cultivation. 

These findings clearly indicate that the giant cell formation in the co-cultures is due to transmission 

of the Raji/DC-SIGN-captured virus particles to the C8166 cells and requires active virus replication 

(that can be inhibited by the RT inhibitors) in the T-lymphocyte cells. Such a phenomenon is also 

thought to occur in the in vivo (HIV-infected individual) situation. 

 Inhibitory effect of entry inhibitors on syncytia formation in co-cultures of C8166 cells 

and virus-exposed Raji/DC-SIGN cells. In a first set of experiments, the entry inhibitors were 

administered to HIV-1-infected C8166 cells at the time of infection (Table 2, first column). 

Cyanovirin was exquisitely inhibitory (EC50: 0.007 µg/ml) among the CBAs. Also, NPA and CA 

inhibited HIV-induced giant cell formation at an EC50 of 0.85-0.90 µg/ml. HHA, GNA and UDA 

were less inhibitory (EC50: 13-25 µg/ml). The gp41 inhibitor enfuvirtide, the CXCR4 antagonist 

AMD3100 and the CD4 down-regulator CADA were very inhibitory whereas the CCR5 antagonist 

Maraviroc was obviously devoid of antiviral activity. The polyanions DS-5000, PVAS and PRO-

2000 inhibited syncytia formation at EC50 values that ranged between 0.3 and 1.4 µg/ml (Table 1).  

 In a second set of experiments, the test compounds were added to the co-cultures of 

uninfected C8166 cells and Raji/DC-SIGN cells that were pre-exposed to HIV (followed by a 

careful removal of unadsorbed virus) and were kept present throughout the further cell culture 

incubation period (Table 2, second column). Most compounds had higher EC50 values for giant cell 

formation in these C8166 + HIV-1-exposed Raji/DC-SIGN co-cultures than in HIV-1-infected 

C8166 cell cultures. In particular, CV-N showed a 50-fold decreased antiviral activity under these 

experimental conditions. Only CADA and PVAS kept their antiviral potential. DS-5000 and PRO-

2000 were 6-fold and 20-fold less inhibitory than in the HIV-infected C8166 cell assays. 
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 In a third set of experiments, the entry inhibitors were only exposed to HIV-1 for a short 

time period (30 min) after which the drug-exposed virus was administered to the Raji/DC-SIGN 

cells for 60 min. Unadsorbed virus particles and the test compounds were then carefully removed 

from the HIV-exposed Raji/DC-SIGN cell cultures before addition of the uninfected C8166 cells. 

These experimental conditions mimic most closely the natural situation of virus transmission from 

dendritic cells to T-lymphocytes (Table 2, third column). Interestingly, most CBAs including the 

mAb 2G12 showed a pronounced dose-dependent inhibitory potential in this assay. The EC50 values 

rank between 0.04 µg/ml (for CV-N) and 42 µg/ml (for GNA). Since NPA represents the most 

inhibitory agent among the plant lectins, a microscopic view of the NPA-pretreated HIV-1-exposed 

Raji/DC-SIGN + uninfected C8166 cell co-cultures is depicted in Fig. 4. Strikingly, none of the 

other entry inhibitors except for the gp120 V3-recognizing mAb 9205 showed a pronounced 

protection of the cell cultures at compound concentrations that were markedly higher than their 

concentrations required to inhibit syncytia formation in the HIV-1-infected C8166 cell cultures. The 

differences in the potential of the various test compounds to prevent HIV transmission became 

evident if the ratios of EC50s (third column, condition C) to the EC50s (first column, condition A) in 

Table 2 were compared. Indeed, whereas the CBAs were endowed with EC50 ratios that were close 

to 1 (0.45 to 5.7), all other entry inhibitors, i.e. the gp41 inhibitor and (co)-receptor antagonists, but 

also the polyanions showed high ratio numbers (> 24 to > 1428) (Table 2, fourth column). 

 Inhibitory effect of CBAs and polyanions on HIV-1 transmission from primary 

monocyte-derived dendritic cells to T-lymphocytes. In order to validate our findings obtained in 

the Raji/DC-SIGN + C8166 co-cultivation model, primary monocyte-derived dendritic cells (MO-

DC) were infected with HIV-1 particles that had been pre-incubated (30 min) with test compound 

prior to MO-DC infection (2 hrs). Since primary monocyte-derived dendritic cells cannot be infected 

with the X4 strain HIV-1(IIIB), the R5 HIV-1(BaL) strain had been used. After careful removal of 

unadsorbed virus from the infected cell cultures, resting autologous CD4 T-cells were added to the 

dendritic cells together with compound (for 24 hrs). Then, the cultures were washed to remove the 

test compounds, and further incubated for 14 days in fresh culture medium in the absence of the test 

compounds. Interestingly, among the CBAs, CV-N showed an EC50 of 0.37 µg/ml and CA, GNA 
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and HHA had EC50 values of 4.2, 3.7 and 4.6 µg/ml, respectively. As also observed in the Raji/DC-

SIGN + C8166 co-cultures, the polyanions PRO-2000 and DS-5000 showed poor, if any, inhibitory 

activity (EC50: 32 and > 100 µg/ml, respectively). 
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DISCUSSION 

 

 The Raji/DC-SIGN cells that can capture and transmit HIV-1 particles to T-lymphocytes are 

thought to be a reliable and relevant model system to mimic the HIV capture and transmission to T-

lymphocytes by primary monocyte-derived dendritic cells (Barbibaud et al., 2002; Trumpfheller et 

al., 2003; Geijtenbeek et al., 2000b). Under our experimental conditions, Raji/DC-SIGN but not 

wild-type Raji/0 cells could indeed specifically capture HIV-1 particles. These HIV-1 particles could 

not productively infect the Raji/DC-SIGN cells. Instead, they could be efficiently transmitted to 

uninfected C8166 T-lymphocytes (but also CEM, MT-4 and Sup T1 cells, although at a much lesser 

efficacy (data not shown)). Interestingly, concomitant administration of RT inhibitors to the C8166 

+ HIV-1-exposed Raji/DC-SIGN co-cultures could efficiently block the giant cell formation, 

pointing to an active virus replication in the C8166 cells which proved obligatory to afford the 

appearance of giant cells. Also, HIV-1 particles that were captured by the Raji/DC-SIGN cells for at 

least 72 hrs prior to addition of C8166 cells were shown to be still fully infectious. Thus, this co-

cultivation cell model might be very useful and highly relevant for studying the effect of drugs on 

HIV transmission from DC-SIGN expressing (i.e. dendritic) cells to T-lymphocytes. 

 Among all different types of entry inhibitors, acting against HIV gp120 and gp41, or against 

the (co)receptors CD4, CXCR4 and CCR5, only the carbohydrate-binding agents such as the 

procaryotic cyanovirin, the plant-derived CA and NPA, or the mAb 2G12 that binds to a glycans-

containing epitope on gp120 (Scanlan et al., 2002) were able to efficiently prevent virus 

transmission from virus-captured Raji/DC-SIGN cells to uninfected C8166 cells. In contrast, none of 

the other entry inhibitors directed against other targets in the entry process, including the polyanions, 

proved effective in interrupting the HIV transmission process. Strikingly, it was even observed that 

the polyanions reliably stimulated HIV-1 capture by Raji/DC-SIGN cells (Fig. 2), an observation 

that cannot be properly explained. 

 We believe that our findings have high relevance to be taken into account for the choice and 

development of (novel) candidate microbicide drugs. Indeed, during sexual intercourse, the very first 

site of interaction of HIV in the infected individual are predominantly immature dendritic cells that 
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are present in the vaginal mucosa. Such DC are thought to capture cell-free virus particles through 

the C-type mannose-specific lectin DC-SIGN, that is abundantly present on the membrane of these 

dendritic cells. If, however, CBAs are present in the environment of the incoming virus, the gp120 

of HIV will interact and bind with the CBAs, making it difficult for the DCs to capture the virus 

through its envelope gp120. Thus, based on our observations, CBAs, in particular tight-binding 

CBAs such as CV-N and 2G12, but also several plant-derived CBAs such as CA and NPA, would be 

expected to efficiently prevent capture of HIV particles by DC-SIGN-expressing DCs. This 

phenomenon was indeed also observed in our studies using an experimental model in which primary 

monocyte-derived DCs were exposed to HIV-1(BaL) that was pre-exposed with the test compounds, 

after which T-lymphocytes were added to the DC cultures. Also, Turville and coworkers (2005) 

have demonstrated that CV-N and plant lectins efficiently inhibited infection transfer of HIV-1(BaL) 

to CD4+ lymphocytes in trans by immature MO-DCs. These data validate the relevance of the HIV-

exposed Raji/DC-SIGN + C8166 co-culture model. Surprisingly, none of the other classes of entry 

inhibitors, including the polyanions for which one of its members, PRO-2000, is currently subject of 

clinical microbicide trials (Scordi-Bello et al., 2005), were able to efficiently interact with the HIV 

captive/transmission process. This is in sharp contrast with the potent inhibitory activity of 

polyanions in general, and DS-5000 and PRO-2000 in particular, against infection of laboratory 

adapted (X4 and R5) HIV-1 strains in CD4+ T-lymphocytes and macrophages (Baba et al., 1990a,b; 

Scordi-Bello et al., 2005) Instead, the polyanions rather seemed to potentiate the binding of HIV-1 to 

the DC-SIGN-expressing cells, a property that one would not like to occur in the presence of a 

potential microbicide candidate drug. The molecular mechanism behind this observation as well as 

the physiological relevance of this phenomenon is currently yet unclear. 

 Among the mAbs, the glycan-recognizing 2G12 could efficiently prevent HIV-1 capture by 

Raji/DC-SIGN cells. In contrast, the mAb F105 that recognizes the CD4-binding site on gp120 was 

unable to efficiently prevent HIV-1 capture by Raji/DC-SIGN cells at a concentration as high as 5 

µg/ml. The mAb 9205 partially (~ 30-60%) blocked HIV-1 capture at concentrations that ranked 

between 0.01 and 0.25 µg/ml. This means that mAb 9205 is at least 20-fold less efficient in 

preventing DC-SIGN-directed HIV transmission than inhibiting HIV entry in T-lymphocytes. These 
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data also indicate that not all mAbs directed against gp120 may have the potential to prevent 

efficiently HIV-1 transmission from DC-SIGN-expressing (i.e. dendritic) cells to T-lymphocytes. In 

fact, it is known that no glycans on gp120 are involved in the primary interaction of CD4 with HIV-

1 gp120. This may explain the virtual inactivity of a mAb such as F105 that specifically interacts 

with the CD4-binding site on gp120. It is, however , known that the gp120 V3 loop is of critical 

importance for efficient interaction of HIV with its co-receptor (Pastore et al., 2006; Clevestig et al., 

2006; Ghaffari et al., 2005). Therefore, the mAb 9205 that bind to the V3 region of gp120 may 

sterically hinder the interaction of HIV-1 gp120 with the co-receptor (either CXCR4 or CCR5), and 

therefore efficiently prevent entry of HIV-1 into the C8166 cells but only partially prevent HIV-1 

capture. Thus, mAbs should be carefully evaluated in HIV-1 transmission models such as the 

Raji/DC-SIGN + C8166 co-culture assay if envisioned for potential microbicide use. 

 In conclusion, we have established an in vitro assay making use of DC-SIGN-expressing 

(Raji) cell cultures that can selectively capture HIV-1 particles. The cells can efficiently transmit 

these virus particles to T-lymphocyte (C8166) cells, resulting in a productive infection and 

subsequent syncytia formation. We found in this model that CBAs, but not other type of HIV entry 

inhibitors can efficiently interrupt and prevent HIV particle capture by the DC-SIGN-expressing 

cells. Although a variety of different (viral and non-viral) properties are important to be taken into 

account in the eventual choice to proceed with new microbicide drugs (Balzarini and Van Damme, 

2006), the potential to interrupt the HIV transmission pathway by such drugs in the described assay 

model should not be neglected, but, instead, seriously be taken into account, when making a choice 

on potential candidate microbicide drugs. 
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Legends to the Figures 

Fig. 1. Cell surface expression of the receptors DC-SIGN, CD4, CXCR4 and CCR5 on the Raji/0 

(left panels) and Raji/DC-SIGN (right panels) cell line. The expression of the receptors is shown as a 

black histogram; an isotypic mAb was used as negative control (dotted lines). As can be seen in the 

figure, only the Raji/DC-SIGN cell line expresses DC-SIGN. The CD4 and the CCR5 receptor are 

not expressed on either of the two cell lines, whereas the expression of CXCR4 on both cell lines is 

comparable. 

 

Fig. 2. Effect of test compounds on the capture of HIV-1 particles by Raji/DC-SIGN cells. 

HIV-1(IIIB) particles were exposed to various dilutions of the test compounds (30 min) prior to 

administration to Raji/DC-SIGN cells for 60 min. After removal of unbound virus by several 

washing (centrifugation) steps, cell-associated virus was qualified by p24 ELISA. Data are the mean 

± S.D. of at least 2 independent experiments. The S.D. was calculated according to the formula 

         Σ (x - x)2 

            (n -1) 
 

Fig. 3. Microscopic view of following cell cultures. 

Panel A: Raji/DC-SIGN cells; Panel B: HIV-1-exposed Raji/DC-SIGN cells; Panel C: C8166 cells; 

Panel D: HIV-infected C8166 cells (3 days post infection with 100 CCID50 HIV-1(IIIB)); Panel E: 

Co-cultures of uninfected C8166 cells + Raji/DC-SIGN cells; Panel F: Co-cultures of uninfected 

C8166 cells + HIV-1-exposed Raji/DC-SIGN cells (the unadsorbed virus to the Raji/DC-SIGN cells 

was carefully removed after a 30-min incubation time prior to co-cultivation of the Raji/DC-SIGN 

cells with the uninfected C8166 cells). 

 

Fig. 4. Co-cultures of HIV-1-exposed human B-lymphocyte Raji/DC-SIGN cells and human T-

lymphocyte C8166 cells in the presence of varying concentrations of the mannose-specific plant 

lectin NPA. Panel A: 50 µg/ml; Panel B: 10 µg/ml; Panel C: 2 µg/ml; Panel D: 0.4 µg/ml; Panel E: 

0.08 µg/ml; Panel F: 0 µg/ml (control). Microscopic views taken at 48 hrs post initiation of the co-

cultivations.
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Table 1. Effect of test compounds on the ability of Raji/DC-SIGN cells to capture HIV-1(IIIB) 

particles 

Test compound IC50
a (µg/ml)   

HHA 8.5   

GNA 18   

NPA 0.7   

CA 2.4   

CV-N 0.035   

UDA 10   

mAb 2G12 0.80   

mAb F105 > 5.0   

mAb 9205 0.20   

T-20 > 25   

AMD3100 > 50   

Maraviroc > 1.0   

CADA > 50   

DS-5000 > 250   

PVAS > 250   

PRO-2000 > 25   
a50% inhibitory concentration or compound concentration required to prevent HIV-1 capture 

(adsorption) by Raji/DC-SIGN cells as measured by HIV-1 p24 ELISA determination in the virus-

exposed Raji/DC-SIGN cell cultures after prior and careful removal of unadsorbed virus. 
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Table 2. Inhibitory activity of test compounds against HIV-1-infected C8166 cultures or HIV-1-exposed Raji/DC-SIGN cells cocultivated 

with uninfected C8166 cells 

Test compound Condition [A] 
EC50

a(µg/ml) 
(HIV-1-infected C8166 cells) 

Condition [B] 
EC50 

b (µg/ml) 
(continuous presence of test 

compound in the Raji/DC-SIGN 
+ C8166 co-culture after virus 

exposure to Raji/DC-SIGN cells) 

Condition [C] 
EC50

c (µg/ml) 
(virus pre-incubated with test 
compound prior to exposure 

to Raji/DC-SIGN)) 

 
Ratio EC50 

Condition C/A 

HHA 13 ± 6.5 > 20 32 ± 7.5 2.4 

GNA 20 ± 0.0 > 20 42 ± 2.5 2.1 

NPA 0.90 ± 0.1 3.1 ± 0.9 0.9 ± 0.3 1.0 

CA 0.85 ± 0.05 7.0 ± 3.0 1.5 ± 0.5 1.7 

CV-N 0.007 ± 0.003 0.35 ± 0.15 0.04 ± 0.0 5.7 

UDA 25 ± 15 45 ± 5.0 30 ± 10 1.2 

mAb 2G12 2.0 ± 0.0 22 ± 2.5 0.9 ± 0.1 0.45 

mAb F105 1.1 ± 0.1 >> 1 5 ± 0.0 4.5 

mAb 9205 0.01 ± 0.0 0.045 ± 0.005 0.005 ± 0.001 0.60 

T-20 0.75 ± 0.05 2.7 ± 1.2 > 25 > 33 

AMD3100 0.035 ± 0.015 0.85 ± 0.65 > 50 > 1,428 

Maraviroc > 1.0 > 1.0 > 1 - 

CADA 2.1 ± 0.1 1.1 ± 0.35 > 50 > 24 

DS-5000 0.8 ± 0.0 4.8 ± 3.2 > 250 > 312 

PVAS 1.4 ± 0.6 2.2 ± 0.25 ≥ 250 ≥ 178 

PRO-2000 0.3 ± 0.1 6.0 ± 4.0 ≥  25 ≥ 83 

 
Data (± S.D.) are the mean of 2 to 3 independent experiments. Following formula has been used for the calculation of the S.D.: 
 
         Σ (x - x)2 

            (n -1) 
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a50% effective concentration, required to prevent syncytia formation in HIV-1(IIIB)-infected C8166 cell cultures at day 3 post infection. 
b50% effective concentration, required to prevent syncytia formation in HIV-1(IIIB)-exposed Raji/DC-SIGN cell cultures that were cocultivated with 
uninfected C8166 cells in the continuing presence of different concentrations of the test compounds. 
c50% effective concentration, required to prevent syncytia formation in test compound-pre-exposed HIV-1(IIIB)-infected Raji/DC-SIGN cell cultures, co-
cultivated with uninfected C8166 cells in the absence of the test compounds. T
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