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Summary 

Cell-to-cell contact is usually essential for syncytium formation by HTLV-I- 
infected cell lines. The present study was undertaken to determine the 
inhibitory effect of polyanionic compounds, dextran sulfate and heparin, on 
HTLV-I-induced syncytium formation, as demonstrated by the fusion of 
HTLV-l-infected cells with target cells. These two compounds almost 
completely blocked syncytium formation in the early phase of the reaction at 
a concentration of 125 /~g/ml, but dextran, as a control, did not inhibit it at 
concentrations up to 625 /~g/ml. 50% inhibition of syncytium formation was 
detected at a concentration of 2 pg/ml of dextran sulfate 5000, 3 ~ug/ml of 
dextran sulfate 8000 and 8 /lg/ml of heparin. The binding of radiolabeled 
HTLV-l-infected cells (HCT-1) to the target cells was inhibited by addition of 
dextran sulfate and heparin, and the inhibitory effects were concentration- 
dependent. No marked changes were detected in the expression of adhesion 
molecules on the virus-infected cells and target cells, and in the expression of 
envelope proteins on the virus-infected cells after exposing them to the 
polyanionic compounds. These results suggest that the blocking of cell-to-cell 
contact by polyanionic compounds, probably independent of surface adhesion 
molecules, is important for their inhibitory effect on HTLV-I-induced 
syncytium formation. 

r(q~o~rre~ponding author. Fax: • 81 958 43 0255. 



144 

Human T-cell lymphotropic virus type 1 (HTLV-I): Syncytium formation; Dextran 
sulfate: Heparin; Cell fusion; Adhesion 

Introduction 

It has recently been reported that the sulfated polysaccharides dextran 
sulfate and heparin are efficient inhibitors of  human immunodeficiency virus 
type 1 (HIV-1) replication in vitro (Ueno and Kuno, 1987; lto et al., 1987; Baba 
et al., 1988a, 1988b; Mitsuya et al., 1988). These polyanionic compounds are 
thought to inhibit HIV-1 replication mainly by preventing the attachment of 
the virion to the receptor molecule (CD4) (Baba et al., 1988a; Mitsuya et al., 
1988; Schols et al., 1989). 

HTLV-1 is also one of the human C-type retroviruses like HIV-I, and is 
causally related to two different kinds of diseases, adult T-cell leukemia/ 
lymphoma (ATLL) (Poiesz et al., 1980; Yoshida et al., 1982) and chronic 
myelopathy in south western Japan (HTLV-I-associated myelopathy:HAM) 
(Osame et al., 1986) and in the tropics (Tropical spastic paraparesis:TSP) 
(Gessain et al., 1985; Rodgers-Johnson et al., 1985). Recently, several clinical 
syndromes associated with HTLV-I infection involving the joints, respiratory 
tract, and muscles were reported as chronic inflammatory arthropathy 
associated with HTLV-I (Nishioka et al., 1989; lwakura et al., 1991; Sakai et 
al., 1993), HTLV-l-associated bronchopneumonopathy (Maruyama et al., 
1988), and HTLV-I polymyositis (Wiley et al., 1989). The manner of 
transmission of this virus is not fully clarified, but clearly different from 
HIV-1. HTLV-I transmission has proved successful when co-cultivation of 
target cells with HTLV-I-producing cells is employed (Miyoshi e ta[ . ,  1981; 
Yamamoto et al., 1982; Popovic et al., 1983), while the transmission of HIV-1 
can occur by cell-free infection. Co-cultiv'.ation also induces syncytium 
formation of some target cell lines, such as human osteosarcoma cell line 
(HOS), rat sarcoma cell line (XC) (Nagy et al., 1983; Weiss et al., 1985). Viral 
envelope proteins on the HTLV-l-infected cell surface were shown to play a 
critical role in HTLV-l-induced syncytitlm formation - anti-HTLV-I envelope 
antibodies from HTLV-I-infected individuals block the HTLV-I-induced 
syncytium formation - (Nagy et al., 1983; Hoshino et al., 1983; Kiyokawa et 
a[., 1984). 

In this study, we show that the fusion of HTLV-I-infected cells and target 
cells contribute to syncytium formation, and that a syncytium formation assay 
could be a model of HTLV-1 transmission in vitro. Furthermore, we tested the 
effects of  dextran sulfate and heparin on HTLV-l-induced syncytium 
formation in vitro and found that they are inhibitory, especially in the early 
phase of  the phenomenon. 
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Materials and Methods 

Cell lines. HCT-I, an interleukin 2-dependent, OKT4-positive T cell line 
established from the cerebrospinal fluid obtained from a patient with HTLV-I- 
associated myelopathy (Nakamura et al., 1989), was grown in RPMI 1640 
medium supplemented with 20% heat-inactivated fetal bovine serum (FBS, 
GIBCO, Grand Island, NY), antibiotics (100 units of penicillin per ml and 100 
pg of streptomycin per ml), glutamic acid (GIBCO) and 100 units/ml IL-2 
(Shionogi, Osaka, Japan). XC, rat sarcoma cell line with the Rous sarcoma 
virus was obtained from the American Type Culture Collection. The XC cell 
line was cultured in plastic plates (Falcon 3003, Becton Dickinson, CA) in 
RPMI 1640 medium containing 10% FBS and antibiotics. 

Sera. Sera were obtained from two patients with HAM and one healthy 
subject. Sera from two patients with ATLL were provided by Dr. Amenomori 
(Atomic Disease Institute, Nagasaki University, Nagasaki, Japan). These sera 
were tested for the presence of anti-HTLV-I antibodies by an enzyme-linked 
immunosorbent assay (ELISA; Eitest-ATL kit, Eisai, Tokyo, Japan), a particle 
agglutination assay (Serodia-ATL kit, Fujirebio, Tokyo, Japan), and by 
Western blot analysis using HTLV-I antigens derived from the MT-2 cell line. 

Compounds. Dextran (molecular weight, MW, approximately 10200), 
dextran sulfate (MW approximately 5000 or 8000), sodium heparin (refined 
from porcine intestinal mucosa) and polybrene were purchased from Sigma 
Chemical Company (St. Louis, USA). 

Monoclonal antibodies. Monoclonal antibodies reactive with human very 
late antigen 4, VLA-4 (8F2), VLA-5 (2H6), and CD29 (4B4) were kindly 
provided by Dr. Morimoto (Dana-Faber Cancer Institute, Boston, MA). 
Monoclonal antibodies to lymphocyte function-associated antigen 1~, LFA-1 
(CD1 la), LFA-1/~ (CD18), and intercellular adhesion molecule 1, ICAM-I 
(CD54), were purchased from Cosmo Bio Company (Tokyo, Japan), Leu-44 
(CD44) from Becton Dickinson lmmunocytometry Systems (San Jose, CA), 
and TI1 (CD2) from Coulter Immunology (Hialeah, FL), and HTLV-I env 
(reactive with HTLV-I envelope protein, gp46 and envelope precursor, gp63) 
from EP1TOPE (Beavenon, OR). Affinity isolated goat Fab'2 anti-mouse 
immunoglobulins, gamma and light chains, human lg adsorbed fluorescein 
conjugate was purchased from TAGO (Burlingame, CA). Mouse anti-rat 
monocional antibodies: anti-ICAM-I (IA29), anti-LFA-l~ (WT.I), and anti- 
LFA-I[] (WT.3) were purchased from Seikagaku Corporation (Tokyo, Japan). 

Immunostaining. Immunohistochemical staining was done by the avidin- 
biotin-immunoperoxidase method and the indirect immunofluorescent method. 
The cells were cultured in chamber slides (Nunc, North Aurovo Road, 
Naperville,  IL). After incubation,  the cells were fixed with 4% 
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paraformaldehyde (Wako, Osaka, Japan) solution for 10 rain at 4'C. The cells 
were stained by the labeled-streptavidin biotin method using HISTOFINE 
staining kit (Nichirei, Tokyo, Japan), After blocking with non-immune goat 
IgG, the cells were stained with the following: mouse anti-human monoclonal 
antibodies; anti-human H L A - D R  (Becton Dickinson, San Jose, CA), GIN 14 
(reactive with HTLV-I core protein p l9 and p28, Fujirebio), or mouse anti-rat 
monoclonal antibody; anti-lCAM-1 (IA29) for 1 h in room temperature, 
followed by biotinylated goat anti-mouse IgG, and then horseradish peroxidase 
(HRP)-labeled streptavidin. The HRP  sites were visualized by using 3,3'- 
diamino-benzidine as the hydrogen donor. These cells were counterstained with 
hematoxylin. For control staining, mouse anti-human insulin antibody 
(Nichirei) was used. 

Syncytium formation assay. XC cells were harvested by trypsin EDTA, 
washed three times by phosphate-buffered saline (PBS) and resuspended in 
RPMI 1640 with 10% FBS and antibiotics at a concentration of  1 x l05 cells/ 
ml. XC cells were incubated in 24-well flat-bottomed plates at a final volume of 
1 ml/well. After 24 h, the medium was removed and I x 105 cells/ml HCT-1 
cells in RPMI 1640 with 10% FBS and antibiotics were added to each well at a 
final volume of  1 ml/well. After 16 h, the medium was removed from the XC 
cells and the cells were washed once by PBS and stained with methanol 
including 0.5% methylene blue and 0.125% basic fuchsin. Syncytia were 
counted in three fields at random by phase inverted microscope (50 x ) and the 
sum of three fields scored as syncytium numbers. In other experiments, XC 
cells were cultured with HCT-1 cells in a Millicell (Millipore Products Division. 
Bedford, MA) equipped with the transparent, 0.4 l~m pore membrane. In this 
system, XC cells were cultured without contact in HCT-1 cells, while having the 
same medium. 

Svncytium inhibition assay. When HCT-l cells were added to XC cells that 
were incubated previously, several concentrations of  compounds were added to 
each well at a final volume of I ml/well at the same time. After 16 h, medium 
was removed, washed once by PBS and stained. 

Cell viability test. XC cells were incubated in 24-well flat-bottomed plates 
at a concentration of 1 x 105 cells/well. After 24 h, the medium was removed 
and RPMI 1640 containing 10% FBS and antibiotics with or without several 
concentrations of compounds was added to each well at a final volume of I ml/ 
well, After 16 h, the number of  viable cells was determined microscopically in 
an hemacytometer by trypan blue exclusion. HCT-I cells were incubated in 24- 
well flat-bottomed plates at a concentration of 1 x 105 cells/well in the same 
medium and the number of  viable cells was determined after 16 h. 

Adhesion assay. We next examined the adhesion of  HCT- I cells to XC cells. 
The assay methods have been described elsewhere (Kawakami et al., 1991; 
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lchinose et al., 1992). Briefly, XC cells (2 x 104/well) were cultured in 
quadruplicate in 96-well flat-bottom microtiter plates for 24 h, HCT-I cells 
were radiolabeled with Na2S~CrO4 (Amersham International, Amersham, UK) 
at 37'C for 1.5 h, with occasional shaking, then washed 3 times with RPMI 
1640 containing 5% FBS, and resuspended at 5 × 105/ml in RPMI 1640 
supplemented with I0% FBS. Chromium-labeled HCT-I cells (I x 105/0.2 ml) 
were dispensed into the XC cell monolayer, and the mixture was incubated for 
2 h at 37:C in a humidified atmosphere of 5% CO2 in air. To remove the 
nonattached HCT-I cells, the microtiter plates were washed 5 times. The 
adherent HCT-1 cells were lysed by the addition of  200 /A of 1% Triton-X 
(Wako, Osaka, Japan). I00 ILl of  each supernatant was harvested after 
centrifugation. The residual radioactivity was measured by a gamma counter. 

Anah'sis of  adhesion moleeuh, s or envelope proteins by a J]ow cvtometer. 
HCT-I cells and XC cells were harvested and separated to fisher tube at a 
concentration of  5 × 105 cells/ml. Each tube was centrifuged once and 5 l~l of 
human normal immunoglobulin (Midori Jyuji, Osaka, Japan) were added to 
the pellet for blocking Fc receptor on cells and incubated at 37~'C for 20 min. 
Each tube was washed twice by PBS containing 1% FBS and each monoclonal 
antibody was added and incubated at 4 'C for 30 rain (class matched mouse IgG 
was added to the control tube.). After two washes, F1TC labeled goat anti- 
mouse [gG was added to each tube and incubated at 4 'C for 30 min. Each tube 
of  HCT-1 ceils and XC cells was analyzed by a flow cytometcr (FACScan, 
Becton Dickinson) after washing twice. 

Statistical anah'sis. Statistical analysis was performed using Student's t- 
test. 

Results 

Time-course o[" t lTL  V-I sync.rtium formation 
After XC cells and HCT-I cells were co-cultivated, a few syncytia appeared 

after 2 h and the number of  syncytia increased until 8 h (Fig. 1). The time- 
course of syncytia is shown in Fig. 2. The number of syncytia reached a plateau 
after 8 h. 

Sera from HA M and A TLI, patients inhibit 117"1, V-I syncytium formation 
The titer of  anti-HTLV-[ antibodies including the antibodies against 

envelope proteins were analyzed by the particle agglutination assay. Two sera 

HTLV-I-induced syncytium formation at a 1:80 dilution and two sera from 
ATLL patients completely inhibited it at a 1:20 and 1:10 dilution, respectively, 
while serum from healthy subject had no inhibitory effect (data not shown). 
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Fig. 1. Syncytia at 8 h after co-cultivation. This photograph shows the stained syncytia at 8 h. observed by 
phase inverted microscope (at original magnification × 50). 

This result strongly suggest that HTLV-! itself is required for this syncytium 
formation. 

Necessity qf cell contact .for HTL V-I o'no,tium ./ormation 
lnstead of HCT-I cells, we used 100%, 50% or 10% supernatant of HCT-I 

cells culture medium containing HTLV-I particles, or HCT-I cells that were 
included in Millicell device for blocking contact between the two cells. The 
syncytia were not formed by co-cultivation of target cells with virion or HTLV- 
l-infected cells that were separated from them by the device (data not shown). 
This study demonstrated that cell-to-cell contact was needed for HTLV-1- 
induced syncytium formation. 

lmmunohistochemical analysis of o,ncvtia 
Syncytia were stained by the avidin-biotin-immunoperoxidase method. 

Syncytia reacted positively with monoclonal antibodies against HTLV-I gag 
proteins (GIN 14) (Fig. 3a) and human class II molecules (anti-DR) (Fig. 3b), 
and with monoclonal antibodies against rat 1CAM-1 molecules (Fig. 3c). 
Before co-cultivation, HTLV-I gag proteins and class I! molecules were present 
in HTLV-l-infected cells (HCT-I)  but not in target cells (XC), and rat ICAM-1 
molecules were expressed on XC cells but not on HCT-I cells. As these three 
molecules were expressed in syncytia, we conclude that syncytia were formed by 
fusion of both cells. 
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I:ig. 2. Time-course of syncytium formation. After I ICT-1 cells were added to XC adherent cells, syncytia 
were fixed and stained at I h. 2 h, 4 h. 8 h, 16 h, 24 h and the number of  s~ncytia was counted by phase- 

inverted microscope. 

Anti-ltTL V-I activity b)' dextran sulfate and heparin 
We evaluated the inhibitory effect of  dextran sulfate and heparin by using 

this HTLV-l-induced syncytium formation system. Dextran sulfate (MW 5000 
or 8000) and heparin inhibited syncytium formation at the concentrations 
above 1 /2g/ml, and 5 lLg/ml, respectively, and almost completely blocked it at 
125 #g/ml (Fig. 4). On the other hand, dextran (MW 10200) did not inhibit 
syncytium formation at concentrations up to 625 #g/ml. Cytotoxicity of the 
compounds for HCT-I cells or XC cells was measured by trypan blue 
exclusion. No cytotoxicity was noted at concentration up to 625/~g/ml dextran 
sulfate 5000 or 8000, and 625 l~g/ml heparin in both cells (data not shown). Fig. 
4 shows that dextran sulfate 5000 or 8000 and heparin inhibited syncytium 
formation at a concentration of 1 iLg/ml and up. 

Inhibitory e[fect ~" dextran sulfate and heparin at an earl), phase of HTL V I  
syncythtm Jbrmation 

To find out at what phase dextran sulfate and heparin interact with 
syncytium formation, we added them to each well at different times. When XC 
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Fig. 3. Immunohistochemical staining of  syncytia. Syncytia reacted positively with monoclonal antibodies 
against HTLV-I gag proteins (a) and human class 11 molecules (b) and with monoclonal antibodies against 

rat 1CAM-I molecules (c). Original magnification: x 100. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cells and HCT-I cells were mixed for co-cultivation, we added the compound to 
the first well (Time 0). After 30 min, 1 h, 2 h, 3 h, 6 h, and 12 h of  co- 
cultivation, the compound was added to each successive well. Each well was 
stained after 16 h. The inhibitory effect of dextran sulfate 5000 appeared in the 
wells that contained each compound during the first 2 h of  co-cultivation, 
whereas this substance did not inhibit syncytium formation when it was added 
to the well after 2 h of  co-cultivation (data not shown). This indicates that 
dextran sulfate and heparin have an effect only at an early phase of HTLV-I 
syncytium formation. 
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Fig. 4. Anti-HTLV-I activity of  dextran sulfate and heparin. When HCT-I cells were added to XC 
adherent cells, several concentrations of compounds, dextran sulfate 5000 (O), 8000 (O), heparin ( ~ )  and 
dextran 10 200 ( , ) ,  were added to each well at the same time. After 16 h of  co-cultivation, syncytia were 

fixed and stained. 
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Inhibition of cell-to-cell adhesion by dextran sulfate and heparin 
In attempt to determine the mechanism of action of dextran sulfate and 

heparin on HTLV-I-induced syncytium formation, cell adhesion was examined. 
Chromium-labeled HCT-I cells (HTLV-I-infected ceils) were incubated with 
adherent XC cells for 2 h. After washing 5 times, residual radioactivity of HCT- 
1 cells bound to XC cells were counted in a gamma counter. About 20 to 30% 
of radiolabeled HCT-1 cells bound to XC cells in the absence of these 
compounds. Dextran sulfate 5000 and heparin inhibited the binding between 
the two cells at a concentration of 25/~g/ml and 5/lg/ml,  respectively. As the 
concentration of the two compounds was increased, binding of the two cells 
was decreased in a concentration-dependent manner. However, dextran had no 

a. 
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Fig. 5. Inhibition of cell-to-cell adhesion h~. dextran sulfate and heparin. XC cells (2 x 104.well) ~,ere 
cultured in 96-well fiat-bottom microtiter plates for 24 h. Chromium-labeled HCT-I cells (1 × 10 .'0._ nil) 
',',ere dispensed into the X(" cell monohtyer, and the nlixtur¢ was incubated in lhe absence or presence of 
substances, dextran suffate 5000 (O), heparin (A), dextran 10200 ( I ) ,  and polybrene I*)  for 2 h. To 
remove the nonattached HCT-1 cells, the plates were washed 5 times• The adherent HCT-1 cells v, ere lysed 
by the addition of 1% Triton-X. Each supernatant w, as harvested after centrifugation. The residual 
radioactivit~ was measured by it gamma counter. One representative experiment out of three is shown• The 
data represent the means of quadruplicate cultures 4- S.D. Statistical analysis is based on P values 

( ' I '<0.05.  **P<0.01). 
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inhibitory effect and polybrene augmented adhesion (Fig. 5). 

InJluence of expression oj" adhesion molecules on HTLV-I producing cells by 
dextran sulfate and heparin 

As dextran sulfate and heparin inhibited adhesion between HTLV-I-infected 
cells and target cells, we analyzed the influence of these two compounds on 
expression of adhesion molecules on the two cells. Before treatment, HCT-I 
cells expressed several adhesion molecules, such as LFA-I~, LFA-1/3, VLA-4, 
VLA-5, CD29, ICAM-1, CD44 and CD2, whereas XC cells expressed ICAM-I 
molecules. After treatment for 2 h, we examined the changes of expression of 
adhesion molecules on both cells by a flow cytometer. I)extran sulfate 5000 
(250 ltg/ml) and heparin (250 Flg/ml) did not alter the expression of adhesion 
molecules on both cells, nor did dextran (250 pg/ml) or polybrene (5 pg/ml) 
(data not shown). 

lnJluence of exl~ression o1" envelope proteins on HTL V-I producing cells by 
dextran sulfate and heparhz 

Envelope protein is known to be essential for HTLV-I-induced syncytium 
formation. If envelope protein is masked by dextran sulfate or heparin as a 
consequence of binding between envelope protein and these two compounds, 
syncytium formation should be inhibited. To assess these possibility, we 
analyzed the influence of" these two compounds on expression of envelope 
proteins on HCT-I cells by a flow cytometer. HCT-I cells expressed envelope 
protein, gp46 on the surface. After treatment for 2 h by dextran sulfate 5000 
(250 pg/ml) or heparin (250 ltg/ml), the expression of gp46 was not changed 
(data not shown). These results ascertain that the inhibitory effects of  the two 
compounds on syncytium formation is not caused by the decrement of envelope 
proteins on HTLV-I-producing ceils. 

Discussion 

The cell-to-cell interaction between HTLV-l-infected cells and certain target 
cells leads to syncytium formation in vitro (Nagy et al., 1983; Hoshino et al., 
1983; Hayami et al., 1984). Also a close cell-to-cell interaction between HTLV- 
l-producing cells and target cells is usually essential for transmission of the 
virus in vitro and in vivo (Miyoshi et al., 1981; Yamamoto et al., 1982; Popovic 
et al., 1983), although rare cases of persistent infection by cell-free preparations 
of HTLV-I have been reported (Clapham et al., 1983: Hoxie et al., 1984). It is 
not exactly known whether these two phenomena are based on the same 
mechanism. However, there are conditions common to these two phenomena, 
i.e, only HTLV-I-infected cells that actually release the virus can induce these 
two phenomena and anti-envelope protein antibodies can inhibit them (Nagy et 
al.. 1983; Kiyokawa et al., 1984: Weiss et al., 1985). Natural transmission of the 
virus is believed to depend on the transfer of infected cells and subsequent 
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fusion with receptor-bearing cells in a new host. The nuclei of  the HTLV-I- 
induced syncytia were homogeneous and appeared to be derived mainly from 
the indicator cells. 

In the present study, we detected both the human class II MHC (HkA-DR) 
gene products and the viral structural gene products derived from virus- 
infected cells in the syncytia as well as rat ICAM-1 molecules expressed on the 
indicator cells. We conclude that the fusion of the virus-infected cells with 
indicator rat XC cells contributed to syncytium formation in this system and 
that the syncytium induction assay, used in this study, could be served as an in 
vitro model of  HTLV-I transmission. 

HTLV-l-producing cells can induce syncytia in many cell types derived from 
diverse mammalian species (Nagy et al., 1983: Weiss et al., 1985). Although a 
cell surface receptor on these cells for the virus has not been identified, the viral 
envelope glycoproteins expressed on HTLV-l-infected cells are primarily 
responsible for the binding to the target cells and subsequent syncytium 
formation (Kiyokawa et al., 1984; Weiss et al., 1985). The precursor envelope 
protein, gp61, is proteolytically cleaved into gp46 and gp21 and expressed on 
the cell surface (Hattori et al., 1984: Lee et al., 1984; Schneider et al., 1984). 
Pique et al. (1990) induced 33 random mutations along the HTLV-I envelope 
gene and observed that the mutations affecting cleavage of gp61 completely 
abrogated syncytium formation. In this virus, as well as other retroviruses, 
cleavage of the immature glycoprotein is required for the exposition of its 
fusion domain, probably the N-terminal hydrophobic region of gp21 (Nagy et 
al., 1984). The other major external envelope glycoprotein gp46, like gpl20 of 
HIV-I, is considered to be the viral cell attachment protein and the neutralizing 
antibodies in HTLV-l-infected individuals are directed against it. Tanaka et al. 
(1991) made monoclonal antibodies against gp46 in rat and revealed that one 
of them (LAT-27 clone), that reacted with HTLV-l-envelope peptide 190-199, 
could neutralize the infectivity of the virus. In the previous studies, we 
synthesized nine peptides, including peptide 190-199, of HTLV-I envelope 
proteins and analyzed epitopes recognized by T-cells and antibodies in patients' 
sera (Kurata et al., 1989: Ida et al., 1991). We also tested inhibitory activities of 
these envelope peptides on the HTLV-l-induced syncytium formation to 
determine the regions of envelope protein responsible for the attachment to 
target cells. None of nine peptides, including the immunodominant T-cell sites 
and B-cell sites identified in our previous studies, inhibited the HTLV-I- 
induced syncytium formation (data not shown). Thus, we could not identify cell 
attachment regions of the envelope proteins in this study. 

The sullk~ted polysaccharides dextran sulfate and heparin have proved to be 
potent inhibitors of human immunodeficiency virus type 1 (H1V-1) in vitro 
(Ueno and Kuno, 1987; Ito et al.. 1987: Baba et al., 1988a, 1988b; Mitsuya et 
al., 1988). Although these agents have been shown in some studies to inhibit 
binding of HIV-1 to CD4 molecules on target cells (Mitsuya et al., 1988: Schols 
et al., 1989), there is some controversy (kederman et al., 1989: Parish et al., 
1990; Callahan et al., 1991) as to their exact mode of action. We investigated 
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their inhibitory effects on HTLV-I, using an HTLV-l-induced syncytium 
formation assay. Dextran sulfate and heparin inhibited syncytium formation, 
particularly when the compounds were added in the early phase of the assay. 
These results suggest that the compounds probably inhibit the attachment of 
the viral protein of the infected cells to the (as yet unidentified) receptors, on 
the indicator cells. To investigate this possibility further, we tested the 
inhibitory effect of  these compounds on cell-to-cell attachment. As shown in 
Fig. 5, attachment of radiolabeled HTLV-I-infected cells to target cell was 
efficiently inhibited by these two compounds, while polybrene, an activator of 
viral replication, enhanced the attachment. Although the mechanism of viral 
transmission is different between HTLV-I and HIV-I, the polyanionic 
compounds,  dextran sulfate and heparin, were effective in suppressing 
transmission of both viruses in vitro. 

Syncytium formation induccd by HIV-l-infected cells is inhibited by 
monoclonal antibodies against CD4, the HIV-I receptor (Dalgleish et al., 
1984; Klatzmann ct al., 1984), and also by monoclonal antibodies against LFA- 
1 or CDIS, the common subunit of  LFA-I and other leukocyte cell adhesion 
molecules (Hildreth and Orentas, 1989; Valentin et al., 1990). The HTLV-I- 
infected HCT-I cell line, uscd as induccr of syncytia in this study, is an 
activated T-cell line and expresses several adhesion molecules, such as LFA-I:~, 
LFA-I[], VLA-4, VLA-5, CD29, ICAM-1, CD44 and CD2 on its surface. We 
tested the effects of  the polyanionic compounds on the expression of cell 
adhesion molecules on t tCT-I cells and XC cells by tin indirect immuno- 
fluorescent technique and a flow cytometry. No marked changes in the 
expression of these adhesion molecules were detected (data not shown). 
Furthermore,  we analyzed the inhibitory effects of  mouse monoclonal 
antibodies against human LFA-I:~, LFA-I/3, and CD29 (4B4) and mouse 
monoclonal antibodies against rat ICAM-I on syncytium formation (data not 
shown). No inhibitory effect was observed in this system, although some roles 
of the adhesion molecules, LFA-I~, LFA-I/L and ICAM-I, has been shown in 
other HTLV-I-induced syncytium assays (Fukudome ct al,, 1992). 

In this study, we showed that the HTLV-l-induced syncytia included the 
fusion of the virus infected cells with target ceils and a syncytium formation 
assay could bc a good tool for analyzing the mechanism of HTLV-I 
transmission. Two polyanionic compounds, dcxtran sulfate and heparin, were 
shown to inhibit HTLV-l-induced syncytium formation in the early phase ot 
the reaction, probably the process of cell attachment. These compounds were 
suggested by De Clcrcq as potential anti-HIV-1 agents because of their putative 
effect on the virus adsorption process (De Clercq, 1986: Ito et al.. 1987; Baba et 
al., 1988a, 1988b, 1990: Schols ct al., 1989). 

Unfortunately, following oral administration, extremely high doses of 
dextran sulfate and heparin might be needed for reaching the concentrations 
at which these compounds inhibit HTLV-l-induccd syncytium formation in 
vivo (Abrams ct al., 1989: Lorentscn et al., 1989: Dryjski et al., 1989; Hartman 
ct al., 1990: Flexner et al,, 1991). There is no evidence that HTLV-l-induced 
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syncytium formation plays an important role in the progression of HTLV-l- 
related diseases. However. our present study indicate that these polyanionic 
compounds may be positive candidates for protecting HTLV-I transmission. 

Acknowledgements 

We thank Dr. Jay A. Berzofsky (National Cancer Institute, National 
Institutes of Health, Bethesda) for critical review of the manuscript. 

References 

Abrams, D.I., Kuno, S., Wong, R,. Jeffords, K., Nash, M.. Molaghan, J.B.. Gorter. R. and Ucno, 
R. (1989) Oral dextran sulfate (UA001) m the treatment of the acquired inmmnodcficiency 
syndrome (AIDS) and AIDS-related complex. Ann. Intern. Med. 110, 183 188. 

Baba. M.. Pauwels, R.. Balzarini, J.. Arnout. J., Desmyter. J. and De Clercq, E. (1988a) Mechanism 
of inhibitory effect of dcxtran sulfate and heparin on replication of human immunodeficiency 
virus in vitro. Proc. Natl. Acad. Sci. USA g5. 6132 6136. 

Baba, M., Snoeck, R.. Pauwels, R. and l)e Clercq, E. (1988b) Sulfated polysaccharides are potent 
and selective inhibitors of various enveloped viruses, including herpes simplex virus, 
cytomegalovirus, vesicular stomatitis virus, and human immunodeficiency virt.s. Antimicrob. 
Agents Chemother. 32, 1742 1745. 

Baba. M., Schols, D., De Clercq. E.. Pauwels, R.. Nagy. M., Gsorgyi-Edelen.~.i, J., l,ow, M. and 
G6r6g. S. (19901 Novel sulfated polymers as highly potent and selective inhibitors of human 
immunodeficiency virus replication and giant cell R~rmation. Antimicrob. Agents Chemother. 
34, 134 138, 

Ca[[ahan, L.N., Phe[an, M.. MaIlinson. M. and Norcross, M.A. (199[I Dextran suIiate blocks 
antibody binding to the principal neutralizing domain of human immunodeficiency virus type 1 
without interfering with gpl20-( 'D4 interactions. J. Virol. 65, 1543 1550. 

Clapham. P., Nagy, K., ('heingsong-Popov, R., Exley. M. and Weiss, R.A. (19831 Productive 
infection and cell-free transmission of human "f-cell leukemia virus in a nonlymphoid cell line. 
Science 222, 1125-1127. 

l)algleish, A,G.. Beverley, P.C.L., Clapham, P.R.. Crawford, I).1-t., Greavcs. M.F. and Weiss. R.A. 
(1984) The CD4('1"4) antigen is an essential component of the receptor for the AIDS retrovirus. 
Nature 312, 763 767. 

De Clercq. E. (1986) Chemotherapeutic approaches to the treatment of the acquired immune 
deficiency syndrome (AIDS). J. Med. Chem. 29, 1561 1569. 

Dryjski. M.. Schneider. D.E.. Mojaverian, P.. Kuo, B.S. and Bjornsson, f .D.  (1989~ Investigations 
on plasma activity of low molecular weight hcparin after intravenous and oral administrations. 
Brit. J. Clin. Pharmacol. 28. 188 192, 

Flexner. C.. Barditch-('rovo, P.A., Kornhauser, D.M.. Farzadegan. H.. Nerhood, L.J., ('haisson. 
R.E., Bell. K.M., Lorentsen. K.J., Hendrix. C.W.. Petty, B.G. and [,ietman, PS. (1991) 
Pharmacokinetics. toxicity, and activity of intravenous dextran sulfate m human immunode- 
ficiency virus infection. Anlimicrob. Agents Chemothcr. 35, 2544 2550. 

Fukudome, K,. Furuse, M., Fukuhara, N.. Orita. S.. lmai, 1.. Takagi. S.. Nagira, M.. Hinuma, Y. 
and Yoshie, O. (19921 Strong induction of [CAM-I in human T cells transformed by human f -  
cell-leukemia virus type I and depression of ICAM-I or LFA-I in adult l-cell-leukemia-derived 
cell lines. Int. J. Cancer 52, 418 427. 

Gessain. A., Barm, F.. Vernant. J.C., Gout. O.. Maurs. I,., Calender. A. and de fhc .  G. (1985) 
Antibodies to human T-lymphotropic virus type-l in patients with tropical spastic paraparesis. 
Lancet 2, 407 410. 



157 

Hartman, N.R., Johns, D.G. and Mitsuya, H. (1990) Pharmacokinetic analysis of dextran sulfate in 
rats as pertains to its clinical usefulness for therapy of HIV infection. AIDS Rcs. Hum. 
Retroviruses 6. 805 811. 

Hattori, S., Kiyokawa, T., lmagawa, K., Shimizu, F.. Hashimura, F,.. Seiki, M. and Yoshida, M. 
(1984) Identification of gag and env gene products of human T-cell leukemia virus(HTLV). 
Virology 136. 338 347. 

Hay~,mi, M., Tsujimoto, H.. Komuro. A., Hinuma. Y. and Fujiwara, K. (1984)Transmission of 
adult T-cell leukemia virus from lymphoid cells to non-lymphoid cells associated with cell 
membrane filsion. Gann 75, 99 102. 

Hoshino, It., Shimoyama, M., Miwa. M. and Sugimura. Y. (1983) Detection of lymphocytes 
producing a human retrovirus associated with adult T-cell leukemia by syncytia induction assay. 
Proc. Natl. Acad. Sci. USA 8(1, 7337 7341. 

Hoxie. J.A.. Matthews, D.M. and Clines. D.B. (1984) Infection of human endothelial cells by 
human l-ccll leukemia virus type I. Proc. Natl. Acad. Sci. USA 81, 7591 7595. 

Hildreth. J.E.K. and Orentas, R.J. (1989) Involvement of a leukocyte adhesion receptor (LFA-I) in 
HIV-induced syncytium formation. Science 244, 1075 1078. 

lchinose, K., Nakamura, T., Kawakami. A., Eguchi, K.. Nagasato. K., Shibayama, K., Tsujihata, 
M. and Nagataki, S. (1992) Increased adherence o f T  cells to human endothelial cells in patients 
with human T-cell lymphotropic virus type I-associated myelopathy. Arch. Neurol. 49. 74 76. 

Ida, It.. Kurata. A.. Eguchi. K., Kawakami, A., Migita, K., Fukuda, T., Nakamura. T.. Kusumoto, 
Y., Berzofsky, J.A. and Nagataki, S. (1991) Different B-cell responses to human ]-cell 
lymphotropic virus type 1 (IITLV-I) envelope synthetic peptides in HTLV-l-infected individuals. 
J. Clin. lmmunol. II, 143 151. 

Ito, M., Baba, M., Sato, A., Pauwels, R., l)e Clercq. E. and Shigeta, S. (1987) Inhibitory effect of 
dextran sulfate and heparin on the replication of human immunodeficiency virus (HIV) in vitro. 
Antiviral Res. 7, 361 367. 

lwakura, Y., l 'osu. M., Yoshida, E., Takiguchi. M., Sato, K., Kitajima, I., Nisbioka, K., 
Yamamoto, K., Takeda. "I.. Hatanaka, M.. Yamamoto. H. and Sekiguchi. "1. {1991) Induction 
of inflammatory arthropathy resembling rheumatoid arthritis in mice transgenic for HTLV-I. 
Science 253, 1026 1028. 

Kawakami, A., Eguchi, K., Ueki. Y., Migita. K.. Ida, H., Nakao, H., Kurata. A., Fukuda, T.. 
lshimaru, T.. Kurouji, K., Fujita. N. and Nagataki, S. (1991) Effects of Iobcnzarit disodium on 
human endothelial cells: lobenzarit disodium inhibits prolil~rative response, HI,A-DR antigen 
expression, and T cell adherence toward endothelial cells. Arthritis Rheum. 34. 296 303. 

Kiyokawa. T., Yoshikura, H.. Hattori. S., Seiki, M. and Yoshida, M. (1984) Envelope proteins of 
human T-cell leukemia virus: expression in E~'cherichia coil and its application to studies of env 

gene functions. Proc. Natl. Acad. Sci. USA 81, 6202 6206. 
Klatzmann, D., Champagne, E.. Chamaret, S., Gruest. J., Guetard, D.. ltercend, T.. Gluckman, 

J.C. and Montagnier, L. (1984) T-lymphocyte T4 molecule behaves as the receptor for human 
retrovirus LAV. Nature 312, 767- 768. 

Kurata, A.. Palker, T.J., Streilein, R.D., Scearce, R.M., Haynes, B.F. and Bcrzofsky, J.A. (1989) 
lmmunodominant sites of human T cell lymphotropic virus type 1 envelope protein lbr murine 
helper T cells. J. Immunol. 143, 2024- 2030. 

Lederman, S., Gulick. R. and (7hess. L. (1989) Dextran sulfate and heparin interact with CD4 
molecules to inhibit the binding of coat protein(gpl20) ofHIV.  J. Immunol. 143, 1149 1154. 

Lee, T.H., Coligan, J.E., l-lomma, T., McLane. M.I:., Tachibana, N. and Essex, M. (1984) Human 
T-cell leukemia virus-associated membrane antigens: identity of the major antigens recognized 
after virus infection. Proc. Natl. Acad. Sci. USA 81. 3856-3860. 

Lorentsen, K,J., Hendrix, C.W.. Collins. J.M., Kornhauser, D.M., Petty, B.G., Klecker, R.W., 
Flcxner, C., Eckel, R .H  and l,ietman, P.S. (1989) Dextran sulfate is poorly absorbed after oral 
administration. Ann. Intern. Med. I I1, 561- 566. 

Maruyama, I., Chihara, J., Sakashita. I., Mizoguti, R., Mori. S., Usuku, K., Jonosono, M., Tara, 
M., Matsumoto, M., Niina. S., Sonoda, S.. Yasaki. S. and Osame, M. (1988) ItTLV-I associated 
bronchopneumonopathy- a new clinical entity? Am. Rev. Resp. Dis. 137, 46. 



158 

Mitsuya, H.. Looney, D.J., Kuno, S., Ueno, R., Wong-Staal. F. and Broder, S. (1988) Dcxtran 
sulfate suppression of viruses in the HIV family: inhibition of virion binding to CD4 '  cells. 
Science 240, 646-649. 

Miyoshi, I., Yoshimoto, 1., Kubonishi, t1., Taguchi, Y., Shiraishi, Y., Ohtsuki. Y. and Akagi. F. 
(1981) Transformation of normal human cord lymphocytcs by co-cultivation with a lethally 
irradiated human T-cell line carrying type C virus particles. Gann 72, 997 -998. 

Nagy, K.. Clapham. P., Chcingsong-Popov, R. and Weiss, R.A. (1983) Human T-cell leukemia virus 
type I: induction ot" syncytia and inhibition by patients" sera. Int. J. Cancer 32. 321 328. 

Nagy, K., Weiss, R.A.. Clapham, P. and Cheingsong-Popov, R. (1984) Biological properties of 
human T-cell leukemia virus envelopc antigens. In: R.C. Gallo, M. Essex and I,. Gross (Eds), 
Human T-cell leukemia viruses, pp. 121 131. Cold Spring Harbor, N.Y. 

Nakamura, T., Fsujihata, M., Shirabe, S.. Matsuo, H.. Ucki, Y. and Nagataki, S. (1989) 
Characterization of HTLV-I in a T-cell line established from a patient with myelopathy. Arch. 
Neurol. 46. 35-37. 

Nishioka. K.. Maruyama, !., Sato, K.. Kitajima, 1., Nakajima. Y. and Osamc, M. (1989) Chronic 
inflammatory arthropathy associated with HTLV-I. Lancet 1,441. 

Osamc. M.. Usuku, K., Izumo, S., ljichi, N.. Amitani, H.. lgata, A.. Matsumoto. M. and Tara, M. 
(1986) H'FLV-I associated myelopathy, a new clinical entity. Lancet I. 1031 1032. 

Parish, C.R., Low, L.. Warren, H.S. and Cunningham, A.I,. (1990) A polyanion binding site on the 
CD4 molecule: proximity to the tl lV-gpl20 binding region. J. Immunol. 145, 1188 1195. 

Pique, C., Tursz, I .  and Dokhelar, M.C. (1990) Mutations introduced along the I ITLV-i envelope 
gene result in a non-functional protein: a basis for envelope conservation? EMBO J. 9, 4243 
4248. 

Poicsz, B.J., Ruscetti, F.W., Gazdar. A.F., Bunn, P.A., Minna, J.D. and Gallo, R.C. (1980) 
Detection and isolation of type C retrovirus particles from fresh and cultured lymphocytes of a 
patient with cutaneous T-cell lymphoma. Proc. Natl. Acad. Sci. I.JSA 77, 7415 7419. 

Popovic, M., Lange-Wantzin, G., Sarin, P.S., Mann, D. and Ga[[o. RC.  (1983)Transtbrmation of 
human umbilical cord blood T cells by human T-cell leukemia.,lymphoma virus. Proc. Natl. 
Acad. Sci. USA 80, 5402- 5406. 

Rodgers-Johnson, P.. Gajdusek, D.C.. Morgan, O.S.. Zaninovic, V., Sarin. P.S. and Graham, D.S. 
C 1985) HTLV-I and HTLV-IIi antibodies and tropical spastic paraparesis. Lancet 2, 1247- 1248. 

Sakai, M., Eguchi, K., Terada, K., Nakashima, M.. Yamashita, 1., Ida, H., Kawabe, Y., Aoyagi. T., 
Takino, tt., Nakamura, T. and Nagataki, S. (1993) Infection of human synovial cells by human 
T-cell lymphotropic virus type I: proliferation and granulocytc-macrophage colony-stimulating 
factor production by synovial cells. J. Clin. Invest. 92, 1957 1966. 

Schneider, J.. Yamamoto. N., Hinuma, Y. and llunsma, nn, G. (19841 Sera from adult T-cell 
leukemia patients react with envelope and core polypeptides of adt.lt T-cell leukemia virus. 
Virology 132. 1 11. 

Schols, D.. Baba, M.. Pauwcls, R. and De Clercq. E. (1989) How cytomctric method to demonstrate 
whether anti-lllV-I agents inhibit virion binding to T4 ' cells. J. Acquit. lmmun. Delic. Syndr. 
2. 10 15. 

Tanaka. Y., Zeng, L.. Shiraki. 1t., Shidu, I1. and Tozawa. H. (1991) Identification of a 
neutralization epitope on the envelope gp46 antigen of human T cell leukemia virus type [ and 
induction of neutralizing antibody by peptide immunization. J. lmmunol. 147, 354 360. 

Ueno, R. and Kuno, S. (1987) Dextran sulphate, a potent anti-HIV agent in vitro having synergism 
with zidovudine. Lancet 1, 1379. 

Valentin. A., l,undin. K.. Patarroyo. M. and Asjo, B. (1990) The leukocyte adhesion glycoprotein 
CDI8 participates in HIV-l-induced syncytia formation in monocytoid and T cells. J. lmmunol. 
144, 934 937. 

Weiss, R.A., Clapham, P.. Nagy, K. and Hoshino. H. (1985) Envelope properties of human T-cell 
leukemia viruses. Curt. Top. Microbiol. lmmunol. 115, 235-246, 

Wiley, CA. ,  Nerenbcrg. M., Cros, D. and Soto-Aguilar, M.C. (1989) HTLV-I polymyositis in a 
patient also infected with the human immunodeficiency virus. New Engl. J. Med. 320, 992 995, 

Yamamoto, N., Okada, M., Koyanagi, Y.. Kannagi, M. and Hinuma. Y. (1982~ Transformation ot" 



159 

human leukocytes by cocultivation with an adult T cell leukemia virus producer cell line. Science 
217. 737-739. 

Yoshida, M., Miyoshi, I. and l-Iinuma, Y. (1982) Isolation and characterization of retrovirus from 
cell lines of human adult T-cell leukemia and its implication in the disease. Proc. Natl. Acad. Sci. 
USA79,2031  2035. 


