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Four new monoclonal antibodies (MAbs) that inhibit human T-cell lymphotropic virus type 1 (HTLV-1)-
induced syncytium formation were produced by immunizing BALB/c mice with HTLV-1-infected MT2 cells.
Immunoprecipitation studies and binding assays of transfected mouse cells showed that these MAbs recognize
class II major histocompatibility complex (MHC) molecules. Previously produced anti-class II MHC antibod-
ies also blocked HTLV-1-induced cell fusion. Coimmunoprecipitation and competitive MAb binding studies
indicated that class I MHC molecules and HTLV-1 envelope glycoproteins are not associated in infected cells.
Anti-MHC antibodies had no effect on human immunodeficiency virus type 1 (HIV-1) syncytium formation by
cells coinfected with HIV-1 and HTLV-1, ruling out a generalized disruption of cell membrane function by the
antibodies. High expression of MHC molecules suggested that steric effects of bound anti-MHC antibodies
might explain their inhibition of HTLV-1 fusion. An anti-class I MHC antibody and a polyclonal antibody
consisting of several nonblocking MAbs against other molecules bound to MT2 cells at levels similar to those
of class II MHC antibodies, and they also blocked HTLV-1 syncytium formation. Dose-response experiments
showed that inhibition of HTLV-1 syncytium formation correlated with levels of antibody bound to the surface
of infected cells. The results show that HTLV-1 syncytium formation can be blocked by protein crowding or
steric effects caused by large numbers of immunoglobulin molecules bound to the surface of infected cells and

have implications for the structure of the cellular HTLV-1 receptor(s).

Human T-cell lymphotropic virus type 1 (HTLV-1) is a type
C retrovirus and the etiologic agent of adult T-cell leukemia
(43, 56, 59) and HTLV-1-associated myelopathy or tropical
spastic paraparesis (15, 17, 49, 61). Although HTLV-1 shows
tropism primarily for T cells, it can infect a variety of cell types
including cells from some nonhuman species (6, 9, 27, 46, 48,
60, 62). Infection by free HTLV-1 tends to be highly inefficient,
and the virus appears to be transmitted primarily by the cell-
to-cell route (37). The HTLV-1 envelope glycoprotein is syn-
thesized as a 61-kDa precursor which is cleaved into surface
(gp46) and transmembrane (gp21) proteins (40, 57). gp46 is
thought to serve as the virus attachment protein, as does gp120
for human immunodeficiency virus (HIV) (40, 57). Although
previous reports have identified host cell molecules which
might potentially mediate virus binding (9, 14), the cellular
receptor for HTLV-1 has not been definitively identified. A
recent study in which affinity chromatography was carried out
with a gp46 peptide has provided evidence that the heat shock
protein HSC70 binds directly to gp46 and may serve as a virus
receptor (47).

gp21 contains an N-terminal hydrophobic fusion domain and
likely serves as a fusion protein similar to HIV gp41 (12, 61).
Like many other retroviruses, HTLV-1 can induce syncytium
formation between infected cells and certain uninfected cell
types (28, 39). However, there are no data to indicate that virus
transmission or virus persistence in vivo depends on syncytium
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formation. It is thought that cell-cell fusion involves the same
receptors and occurs in a manner similar to virus-cell fusion.
For this reason, HTLV-1 syncytium assays have been used to
screen for cell surface molecules that may serve as virus recep-
tors (13, 14, 25, 29). Monoclonal antibodies (MAbs) against a
number of membrane proteins including members of the tet-
raspanner family (30, 31) have been found to block syncytium
formation. My colleagues and I recently reported that expres-
sion of the cell adhesion molecule vascular cell adhesion mol-
ecule 1 (VCAM-1) on uninfected cells can confer sensitivity to
HTLV-1-mediated syncytium formation (25). In this previous
study, we were not able to block HTLV-1 cell fusion with
MADbs against the major VCAM-1 counterreceptor VLA-4
(25). Others have reported that MAbs to other adhesion mol-
ecules including intercellular adhesion molecule 3 (ICAM-3)
also block HTLV-1 syncytium formation (29). We have dem-
onstrated that adhesion molecules also facilitate HIV type 1
(HIV-1) infection and syncytium formation (16, 24). Thus,
adhesion molecules may be important accessory molecules for
retroviruses generally.

Earlier studies on accessory molecules involved in HTLV-1
biology have been extended by immunizing mice with HTLV-
1-infected cells and screening for MAbs that block VCAM-1-
supported HTLV-1 syncytium formation. Four new MAbs that
completely block HTLV-1-mediated cell fusion have been gen-
erated. The MADs were all determined to be specific for class
IT major histocompatibility complex (MHC) molecules. These
MADbs had no effect on syncytium formation induced by HIV-1.
Studies on the mechanism by which the MAbs mediate this
effect have revealed a novel mode of antibody blockade of
virus-induced cell fusion: protein crowding at the infected cell
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surface resulting in steric blockade of critical receptor-ligand
interactions.

MATERIALS AND METHODS

Cells. The following cell lines were obtained from the American Type Culture
Collection (Manassas, Va.): U937, K562, and MJ. Cell lines obtained from the
National Institutes of Health AIDS Research and Reference Reagent Program
included MT2 and the H9 line infected with HIV-1z and HIV-1,,y. CEMx174
cells were obtained from Janice Clements (Johns Hopkins University). All of the
above cell lines were maintained in cRPMI (RPMI 1640 supplemented with 10
mM HEPES, 2 mM L-glutamine, and 10% fetal bovine serum). MT2 and U937
cell lines chronically infected with HIV-1y, and HIV-1gg, respectively, were
established as previously described (41). Epstein-Barr virus (EBV)-transformed
B-lymphoblastoid cell lines were established with supernatants from the marmo-
set line B95.8 as previously described (45). Construction of the pPCEP4VCAM-1
expression vector and establishment of the K562/VCAM-1 stable transfectant
line were described previously (25). Mouse epithelial (L) cell lines transfected
with human MHC class II genes were kindly provided by Robert Karr (University
of Towa) (32). These cells were maintained in Dulbecco’s minimum essential
medium supplemented with 10% fetal bovine serum, 10 mM HEPES, and 300 p.g
of G418 per ml.

Antibodies. New MAbs against the HTLV-1-producing cell line MT2 were
produced as previously described (21, 34). Briefly, female BALB/c mice received
four biweekly intraperitoneal injections of 107 MT2 cells in phosphate-buffered
saline (PBS). Two weeks after the third intraperitoneal injection, 10" MT2 cells
were injected intravenously, and the fusion was carried out 4 days later with
isolated splenocytes (21, 34). Supernatants from the resulting hybridoma lines
were screened for inhibition of syncytium formation between MT2 and K562/
VCAM-1 cells. Hybridomas scoring positive in this assay were subcloned twice by
limiting dilution. Several antibodies that blocked fusion were identified, and four
were selected for further characterization, designated MT.M1, MT.M2, MT.M3,
and MT.M4. All four of these new MAbs were determined to be of the immu-
noglobulin G1 (IgGlk) isotype (MonoAb ID kit; Zymed). A MAb against
VCAM-1 (CD106; clone 51-10C9) was obtained from Pharmingen, San Diego,
Calif. Anti-ICAM-1 (CD54) MAb 84H10 and anti-CD29 MAb 4B4 were sup-
plied by AMAC (Westbrook, Maine) and Coulter Immunology (Hialeah, Fla.),
respectively. Anti-HTLV-1 gp46 MADb was obtained from Cellular Products,
Buffalo, N.Y. The TS2/9.1 hybridoma (anti-CD58) was obtained from the Amer-
ican Type Culture Collection. All other MAbs used in this study were produced
in my laboratory as previously reported (specificity in parentheses): H52 and
PLM-2 (CD18) (21, 22), H5C6 (CD63) (4), U9.M2 and H4C4 (CD44) (5, 18),
MHM.33, MHM.36, H53 (class II MHC) (35, 42), H4A3 and H4B4 (LAMPS,
CD107a,b) (36), MHM.5 (class I MHC) (11), and HSH5 (CD43) (41). MT.M5
(IgG1k) was produced in the same fusion as the new antibodies described in this
study. Immunoprecipitation, binding to transfected cells and recombinant pro-
teins, and functional studies showed this antibody to be specific for ICAM-1
(CD54). All antibodies were used in the form of hybridoma culture supernatants
(10 to 30 pg of IgG per ml) or purified IgG in the appropriate buffer or medium
at a concentration of 20 wg/ml.

Vectorial cell labeling and immunoprecipitation. MT2 cells were surface la-
beled with '*°I, and immunoprecipitations were performed as reported else-
where (18, 21). Briefly, 5 X 107 cells were washed three times with PBS and
resuspended in 0.5 ml of PBS. One unit each of lactoperoxidase and glucose
oxidase (Boehringer Mannheim), 1 mCi of carrier-free ['>*I|Nal (Amersham),
and 25 pl of 1% dextrose were then added followed by incubation for 20 min at
21°C. After being washed twice with PBS, the cells were incubated on ice for 45
min in 50 mM Tris (pH 7.5)-5 mM EDTA-150 mM NaCl (TEN) containing 1%
Nonidet P-40 (NP-40) and protease inhibitors (2 g each of leupeptin, soybean
trypsin inhibitor, antipain, aprotinin, and chymostatin per ml) and 1 mM phe-
nylmethylsulfonyl fluoride. Detergent-insoluble material was removed by cen-
trifugation (100,000 X g, 45 min). Where indicated, the cell lysate was precleared
of nonspecific binding proteins with two cycles of addition of 10 pl of normal
rabbit serum and 100 wl of Pansorbin (10% fixed Staphylococcus aureus [SaCl;
Calbiochem), incubation for 2 h on ice, and centrifugation (10,000 X g, 5 min).
Immunoprecipitation was carried out in two steps. Hybridoma culture superna-
tants and control antibodies were mixed with cell lysates and incubated for 15 h
at 0°C. Ten micrograms of affinity-purified rabbit anti-mouse Ig (Jackson Immu-
noResearch, Avondale, Pa.) was then added, followed by incubation for 2 h at
0°C. Fifty microliters of Pansorbin was then added, and immune complexes were
pelleted after 20 min. The immune complexes were washed twice with 2 M KCl
in TEN-0.5% NP-40 and once with 50 mM Tris (pH 8.0)-0.5% NP-40 before
analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (18, 21).
Protein bands were visualized by autoradiography. Immunoprecipitations to look
for protein-protein interactions were carried out similarly, except that the de-
tergent CHAPS (3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfon-
ate) was substituted for NP-40 in lysis and wash buffers and high salt (2 M KCI)
was omitted from wash buffers.

Flow cytometry. Flow cytometry analysis was performed as previously de-
scribed (18). Briefly, washed cells were resuspended at 2 X 10%ml in PBS
containing 5% normal goat serum (PBS-NGS). One hundred microliters of cells
was mixed with 100 pl of MAD at 20 pg/ml in PBS-NGS and incubated for 45 min
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FIG. 1. New MAbs against MT2 cells block HTLV-1 syncytium formation.
MADbs produced against MT2 cells (MT.M series) were tested for inhibition of
HTLV-1-induced syncytium formation between K562/VCAM-1 and MT2 cells as
described in Materials and Methods. MAbs H52 and H5C6 recognize CD18 and
CD63, respectively, and were used as isotype-matched negative controls.

on ice. The cells were washed twice with cold PBS and resuspended in 100 I of
PBS-NGS containing 25 wg of fluorescein isothiocyanate-conjugated goat anti-
mouse IgG (Jackson ImmunoResearch). After 45 min on ice, the cells were
washed twice with cold PBS, resuspended in 0.5 ml of 2% paraformaldehyde in
PBS, and analyzed on an Epics Profile II flow cytometer. Nonviable cells were
excluded from analysis of 5,000 cells. Isotype-matched murine myeloma proteins
were included as negative controls.

Radiolabeling of MAbs and competition binding assay. MAbs were labeled
with radioiodinated Bolton-Hunter reagent (Amersham) and desalted by Seph-
adex G-25 filtration as previously described. Specific activity ranged from 1 X 107
to 5 X 107 cpm/pg (22). Competitive MAb binding assays were performed as
previously reported (23).

Syncytium assay. Syncytium assays were carried out as described in a previous
report (25). All cells were washed with cRPMI and resuspended in cRPMI at a
density of 2 X 10%ml. Fifty microliters of MT2 cells was added to duplicate or
triplicate wells of a flat-bottom 96-well plate and mixed with 100 pl of cRPMI or
MAD (20 pg of IgG per ml or undiluted hybridoma supernatants). After incu-
bation for 30 min at ambient temperature, 50 wl of K562/VCAM-1 cells was
added. The contents of the wells were mixed, and the plates were incubated for
15 h at 37°C under 5% CO,. Syncytium formation was scored by counting
syncytia in two random high-power fields (HPFs) from each well after disrupting
cell clumps by gentle pipetting and allowing the cells to settle for 45 min (25).
Photomicroscopy was carried out on an Olympus CK2 microscope. Syncytium
assays with HIV-1-infected MT2 cells and SupT1 or HIV-1-infected U937 cells
and MT2 cells were carried out in similar fashion. When HIV-1 syncytia were
scored by counting, this was carried out after only 4 to 6 h of incubation since
HIV-1 syncytium formation occurs rapidly and considerable cell lysis and low
viability are seen after 15 h (24). All syncytium formation assays reported here
were carried out at least twice with similar results.

RESULTS

New MAbs block HTLV-1 syncytium formation. We have
described the high fusion activity between HTLV-1-infected
cells and cells expressing the adhesion molecule VCAM-1 (25).
We wished to identify the structures on the infected cells in-
volved in VCAM-1-mediated cell fusion. A series of new MAbs
with anti-HTLV-1 fusion activity were generated by immuniz-
ing BALB/c mice with the HTLV-1-infected cell line MT2. The
resulting hybridomas were screened by testing their culture
supernatants in syncytium assays with MT2 and K562 cells
transfected with VCAM-1 (25). Several hybridomas secreted
antibodies that blocked syncytium formation. Four antibodies
with strong inhibitory activity were chosen for further study,
designated MT.M1, MT.M2, MT.M3, and MT.M4. Figure 1
shows a typical result when these antibodies were tested in
HTLV-1 syncytium assays. The antibodies reproducibly
blocked syncytium formation by more than 90%, and in most
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FIG. 2. Immunoprecipitation with MT.M MADbs from lysates of vectorially
iodinated MT2 cells. MT2 cells were surface labeled with '*°I, and immunopre-
cipitation analysis was carried out as described in Materials and Methods. In this
experiment, the cell lysate was not precleared with normal rabbit serum and SaC.
Control antibodies used were anti-CD54 (84H10), anti-CD18 (H52), and iso-
type-matched myeloma protein (IgG1). Migration positions of molecular weight
standards are indicated.

cases, inhibition was complete. Control antibodies such as anti-
CD18 (H52) and anti-CD63 (H5C6) had no effect (Fig. 1).

New syncytium-inhibiting MAbs recognize class II MHC.
Vectorial radioiodination of MT2 cells and immunoprecipita-
tion analysis were performed to identify the structures recog-
nized by the new antibodies. Figure 2 shows the result of the
first study in which the preclearing step was omitted to ensure
that any protein complexes would not be missed. As seen in
Fig. 2, MT.M2, M3, and M4 MADs all precipitated strong
bands at 28, 33, and 40 kDa. An additional band at approxi-
mately 60 kDa is also present, being much stronger in the case
of MT.M4. Weak bands at similar molecular weights were
apparent in the MT.M1 MAD lane after prolonged exposure.
This pattern of precipitated bands suggested that the MAbs
might recognize class II MHC molecules. The immunoprecipi-
tation experiment was thus repeated with inclusion of the pre-
clearing step and the addition of well-characterized antibodies
against class II MHC. The results are shown in Fig. 3. All four
new MADs precipitated bands in a pattern exactly matching
that of the previously described class II antibody H53 (42). The
expected a (28 kDa) and B (33 kDa) subunits and stable
dimers (60 kDa) are seen in these lanes. A second character-
ized class II antibody recognized only detergent-sensitive
dimers (MHM.36 [35]). Control antibodies against CD54
(MT.M5), CD44 (U9.M2), and CDI18 (HS52) precipitated
bands of appropriate sizes (Fig. 3).

The immunoprecipitation studies strongly indicated that the
new syncytium-inhibiting antibodies recognized class II MHC
molecules. To confirm this specificity, the antibodies were
tested by flow cytometry against a panel of mouse epithelial
(L) cells transfected with human MHC class II genes (32). The
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FIG. 3. Immunoprecipitation with MT.M MAbs from lysates of vectorially
iodinated MT?2 cells. MT2 cells were surface labeled with '*°I, and immunopre-
cipitation analysis was carried out as described in Materials and Methods. In this
experiment, the cell lysate was precleared with normal rabbit serum and SaC to
remove nonspecific binding proteins. Antibody controls consisted of myeloma
control (IgG1), anti-CD54 (MT.MS5), anti-CD44 (U9.M2), anti-CD18 (H52), and
anti-class I MHC (MHM.36 and H53).

results are shown in Table 1. As expected, the MHM.33 MAb
bound to all three transfected lines, indicating a specificity for
HLA-DP, DQ, and DR as previously shown (42). Two of the
new antibodies, MT.M2 and MT.M3, showed a similar binding
pattern. Two of the antibodies, MT.M1 and MT.M4, recog-
nized DP and DR but did not bind to DQ (Table 1). None of
the antibodies bound to control L cells, and all bound to
CEMx174 cells, a human EBV-transformed B-cell-T-cell hy-
bridoma which expresses high levels of class I MHC molecules
(19). These data confirmed that the new HTLV-1 syncytium-
blocking MAbs recognized class II molecules on MT2 cells.
Class II MHC molecules are expressed at high levels on
HTLV-1-infected cells. The expression of MHC class I and II
molecules on HTLV-1-infected cell lines MT2 and MJ was
examined by flow cytometry. Assuming that MAbs bind to
surface proteins with similar affinities and that the secondary
polyclonal antibody binds equally well to all primary MAbs,

TABLE 1. HTLV-1 syncytium-inhibiting MAbs
recognize class II MHC*

Cell line:
MAD 1254 L54.4 1.89.2
CEMx174 (DP4a (DQ7a (DRa L cells

DQ4B) DQ3.2B) DR4B)
MHM.33 100.0 97.0 73.3 92.4 0.5
MT.M1 100.0 99.1 2.8 95.5 0.6
MT.M2 99.7 88.9 21.6 91.3 1.0
MT.M3 100.0 100.0 95.6 99.6 1.5
MT.M4 100.0 99.0 3.1 86.7 0.6

“ MAbs were tested for binding to the indicated cell lines as described in
Materials and Methods. Data shown are the percentages of cells staining positive
with a MADb relative to an isotype-matched myeloma IgG used as a negative
control. MAb MHM.33 recognizes a framework determinant on human class 11
MHC molecules.
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TABLE 2. MJ cells also express high levels of
MHC class II molecules®

MT2 MJ K562/VCAM-1
MAb
% Pos MCF % Pos MCF % Pos MCF

HS53 99.8 976 99.9 949 1.4 14
MT.M1 99.7 768 99.9 672 0.3 15
MT.M2 99.3 876 99.9 921 9.6 19
MT.M3 99.4 893 99.9 985 8.0 19
MT.M4 99.6 948 99.8 887 5.8 18
H5C6 89.4 21 99.8 39 94.2 62
MHM.5 99.3 923 99.9 441 0.9 14

“The indicated MAbs were tested for binding to MJ, MT2, and K562/
VCAM-1 cells by flow cytometry as described in Materials and Methods. Data
shown are percent positive cells relative to an isotype-matched myeloma IgG (%
Pos) and the intensity of staining, shown as MCF. MAbs H53, H5C6, and
MHM.5 recognize class I MHC, CD63, and class I MHC, respectively.

flow cytometry under saturating conditions provides good es-
timates of the relative expression of membrane proteins. As
seen in Table 2, expression of MHC class I and II proteins was
extremely high on both cell lines. Indeed, this assay was carried
out under saturating conditions and indicated that MHC mol-
ecules were expressed at levels approximately 50 times higher
(mean channel fluorescence [MCF], ~1,000 versus 20) than
those of a typical membrane protein such as CD63 (MAb
H5C6). The only exception was class I MHC on MJ cells,
where expression was approximately one-half that of class II
MHC. These data are in agreement with other studies showing
high expression of MHC antigens on HTLV-1-transformed
cells (33, 55). The results also confirm that the K562/VCAM-1
cells express neither class I nor class II molecules. This indi-
cates that antibodies against MHC antigens block syncytium
formation at the level of the HTLV-1-infected cells only.

Inhibition of syncytium formation by class I and II MHC
antibodies is a common feature of HTLV-1-infected cells. Class
I and IT MHC MADbs were tested for their effect on syncytium
formation by the MT2 and MJ cell lines in parallel. The results
are shown in Fig. 4. Both MT.M2 and MT.MT4 inhibited
syncytium formation by both MT2 and MJ cells by 90% or
more. Similar results were obtained with other class II MHC
antibodies as well. The class I MHC antibody MHM.5 inhib-
ited fusion of MT2 cells extremely well but only partially in-
hibited fusion of MJ cells (Fig. 4). Interestingly, this antibody
bound to high levels on MT2 cells (MCF, 923) but less so on
M]J cells (MCEF, 441). These results showed that inhibition of
HTLV-1 syncytium formation by MHC-specific antibodies was
not restricted to MT2 cells.

Class II MHC molecules are not associated with HTLV-1
gp46. The fact that the antibodies blocked fusion at the level of
the infected cells suggested a possible association between
MHC molecules and virus glycoproteins. Flow cytometry anal-
ysis under saturating conditions indicated that the MHC mol-
ecules outnumbered the gp46 molecule by as much as 30 to 1
(MCF, ~1,000 and ~30, respectively). Thus, it might be pos-
sible for every cell surface gp46 molecule to associate with
multiple MHC molecules. Coimmunoprecipitation analysis
was performed as described in Materials and Methods with
CHAPS detergent. In several experiments, the anti-gp46 anti-
body precipitated the expected virus band but not bands cor-
responding to proteins of MHC class I (40 and 12 kDa) or
MHC class II (28 and 33 kDa) as seen in control samples in
which MHC antibodies were used (data not shown).

In another approach to demonstrating an association be-
tween the glycoproteins of HTLV-1 and MHC molecules, anti-
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FIG. 4. Inhibition of HTLV-1 syncytium formation by class II MHC-specific
MAbs is not limited to MT2 cells. Class I (MHM.5) and class IT (MT.M2 and
MT.M4) MAbs were tested for inhibition of syncytium formation between K562/
VCAM-1 cells and either MT2 or MJ cells as described in Materials and Meth-
ods. Data reported are numbers of syncytia as percentages of the positive con-
trols (fusion in the absence of inhibitor). Control mean syncytium levels for MT2
and MJ cells were 31 and 18, respectively. Numbers shown next to the bars are
intensities of MAD staining (MCF) of the corresponding cell line (MJ or MT2)
in flow cytometry studies which were run on the same cell preparations used in
the syncytium assays. Anti-CD18 MAb H52 was used a negative control.

gp46 MAD was radioiodinated and it competed with MHC
antibodies for binding to MT2 cells. As shown in Fig. 5, binding
of labeled anti-gp46 was blocked by unlabeled anti-gp46 but
not by any of the competing MHC MADs. Antibodies against
other surface proteins including CD4 (SIM.4), CD18 (H52),
and CD44 (H4C4) also failed to block binding of '*I-anti-
gp46.

Taken together, the coimmunoprecipitation and competitive
binding studies indicate that HTLV-1 glycoproteins and MHC
molecules are not closely associated on the cell surface.

Control
Anti-gp46
MT.M1 ]
MT.M2
MT.M3
MT.M4
H53
H4C4
SiM.4
H52 ‘

E T T T
0 10000 20000 30000
Bound Anti-gp46 (cpm)

FIG. 5. Anti-class II MHC MADbs do not block binding of anti-gp46 MAb.
Purified anti-gp46 MAb from Cellular Products was iodinated with *>I-Bolton-
Hunter reagent and used in MAb competitive binding assays as described in
Materials and Methods. Approximately 10 ng (100,000 cpm) of radiolabeled
anti-gp46 was added to 200,000 MT2 cells in the presence of the indicated
unlabeled MADs (2 pg each, except for unlabeled anti-gp46, for which 1 g was
used). Data shown are mean bound counts per minute of radiolabeled anti-gp46
in duplicate tubes.
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FIG. 6. Anti-class I MHC MAD blocks HTLV-1 syncytium formation but not HIV-1 syncytium formation. HTLV-1-infected MT2 cells were chronically infected
with HIV-1yn. MT2/HIV-1yy cells were mixed with K562/VCAM-1 or SupT1 cells in the presence of class I MHC MAb MT.M1. Identical results were obtained with
all other class II MHC MADbs tested. HIV-1 syncytium formation was completely blocked by anti-CD4 MADb (SIM.7) (data not shown). SupT1 cells do not fuse with

MT?2 cells that do not express HIV-1 glycoproteins.

MHC antibodies do not have a generalized effect on cell
fusion. Binding of MHC antibodies to HTLV-1-infected cells
may have blocked syncytium formation by a generalized non-
specific effect on the cell membrane or cytoskeleton. Such an
effect by the antibodies would result in inhibition of fusion
mediated by viral glycoproteins other than HTLV-1 gp46/gp20.
To test this idea, MT2 cells already infected with HTLV-1 were
superinfected with HIV-1 (MN strain), yielding a single cell
line expressing both HIV-1 and HTLV-1 glycoproteins. This
cell line, MT2/HIV-1,,y, forms syncytia when mixed with
VCAM-1-positive cells through HTLV-1 gp46 or when mixed
with CD4/CXCR4-positive cells through HIV-1 gp120. As
shown in Fig. 6, class I MHC antibody MT.M1 completely
blocked fusion between MT2/HIV-1,,y and K562/VCAM-1
cells but had no effect on fusion between MT2/HIV-1,, and
SupT1 cells (VCAM-1 negative, CD4/CXCR4 positive). SupT1
cells did not fuse to MT2 cells in the absence of HIV-1 infec-
tion. Similar results were obtained with the other MHC class II
antibodies and the class I MHC antibody (data not shown).
Fusion between MT2/HIV-1,, and SupT1l cells was com-
pletely blocked by anti-CD4 antibody SIM.7 (data not shown).
The amount of gp46 on MT2/HIV,, cells was similar to that
of HIV-1 gp120 (MCEF, 46 versus 60 by flow cytometry), indi-
cating that differential inhibition of HTLV-1 syncytium forma-
tion was not due to lower HTLV-1 envelope protein expres-
sion. The above results showed that blockade of syncytium
formation by anti-MHC antibodies was specific to HTLV-1.

HTLV-1 syncytium formation is blocked by a monoclonal
“polyclonal” antibody. An earlier assay showed that class I
antibody MHM.5 bound to MJ cells approximately half as well
as it did to MT2 cells and blocked syncytium formation by MJ
cells much less than it did syncytium formation by MT2 cells.
This result suggested that inhibition of HTLV-1 syncytium
formation by MHC antibody might be occuring through a
steric or protein crowding mechanism. Such a model predicts
that any antibody regardless of specificity that binds to the
HTLV-1-infected cells in sufficient numbers should block
HTLV-1 syncytium formation. To test this idea, a monoclonal
polyclonal antibody was generated by combining several MAbs
with distinct specificities, each of which bound to the cells at
low to moderate levels. The monoclonal polyclonal antibody
(MonoPoly) and each of the individual antibodies were then
tested for their effect on HTLV-1 syncytium formation. As
shown in Fig. 7, MAbs against CD29 (4B4), CD63 (H5C6),
CD107a/b (LAMPS), CD18 (H52), CD44 (H4C4), CD58 (TS2/
9.1), and CD43 (H5HS) all bound to the MT2 cells with MCF
values of less than 200 and had no effect on HTLV-1 syncytium
formation. Anti-CD54 (MT.MS5) bound with an MCF of 418
and blocked fusion by approximately 50%. The antibody
against MHC class II bound with an MCF value of 812 and
blocked syncytium formation by 90%. The MonoPoly bound
with an MCF value of 768, and it too blocked syncytium for-
mation by more than 90%, even though none of the individual
MADs other than MT.M5 had any effect on fusion. A control
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MAb MCF
None -
H53 4 812
4B4 4 25
H5C6 4 38
LAMPS 1 29
H52 5
MT.M5 1 418
H4C4 4 172
TS2/9.1 4 166 -
H5H5 | 4
MonoPoly 4 7868
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FIG. 7. HTLV-1 syncytium formation is blocked by a monoclonal polyclonal
antibody. The indicated MAbs were examined for binding to MT2 cells by flow
cytometry under saturating conditions. Their specificities are given in Materials
and Methods. The intensity of staining of each antibody is shown as MCF. All of
the MAbs shown except H53 were mixed to produce the monoclonal polyclonal
antibody (MonoPoly). The concentration of each MAD in the MonoPoly prep-
aration was equal to its concentration when used alone (10 to 20 wg/ml). The
antibodies were also tested for inhibition of syncytium formation between MT2
and K562/VCAM-1 cells as described in Materials and Methods. A control
mouse IgG at a concentration (250 pg/ml) greater than the total IgG concen-
tration of the MonoPoly antibody had no effect on syncytium formation.

mouse IgG at a concentration (250 wg/ml) greater than the
total IgG concentration in the MonoPoly antibody had no
effect on fusion (data not shown). The MonoPoly antibody was
also tested for inhibition of fusion mediated by HIV-1. MT2
cells chronically infected with HIV-1,, were mixed with either
SupT1 or K562/VCAM-1 cells to allow HIV-1- and HTLV-1-
mediated syncytium formation, respectively, to occur. As seen
in Fig. 8, like the MHC class I and II antibodies (MHM.5 and
H53) the MonoPoly antibody blocked HTLV-1 syncytium for-

MAb MCF 1 MT2/HIV + SupT1
m MT2/HIV + K562VCAM-1
SIM.7 4 10
MonoPoly | 655 h }
H53/MHMS -+ 800 o H
MHM.5 | 700 | H
H53 - 534 " M
None -

i T T T T T T T 1
0 10 20 30 40 50 60 70 80
Syncytia per HPF

FIG. 8. Monoclonal polyclonal antibody blocks HTLV-1 syncytium forma-
tion but not HIV-1 syncytium formation. The monoclonal polyclonal (Mo-
noPoly) antibody described for Fig. 7 was tested for inhibition of HTLV-1 and
HIV-1 syncytium formation as described in Materials and Methods. For this
purpose, MT2/HIV-1y,y cells were mixed with either SupT1 or K562/VCAM-1
in the presence of the indicated antibodies. The antibodies were also tested for
binding to MT2/HIV-1y,y cells by flow cytometry. The intensity of staining is
shown as MCF. MADb SIM.7 is specific for human CD4.
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FIG. 9. Dose-response effect of anti-class II MHC and monoclonal poly-
clonal antibodies on HTLV-1 syncytium formation. The MonoPoly antibody and
anti-class II MHC MAb H53 were tested for inhibition of HTLV-1 syncytium
formation at the indicated dilutions. The antibodies were tested at these same
dilutions for staining of the MT2 cells used in the syncytium assay. Intensity of
antibody staining (MCF) is plotted versus the mean syncytia per HPF at the
indicated antibody dilutions. H53 was used in the form of hybridoma culture
supernatant. Syncytium formation in the absence of antibody was 35 * 4 per
HPF.

mation but had no effect on HIV-1-driven fusion, which was
completely blocked by an anti-CD4 MAb (SIM.7). These re-
sults confirmed that for inhibition of HTLV-1 syncytium for-
mation the antibody specificity was not important but only the
level of antibody binding to the infected cells.

Inhibition of HTLV-1 syncytium formation by MHC MAbs
correlates with number of antibody molecules bound to in-
fected cells. The prozone or protein crowding model of
HTLV-1 syncytium inhibition also predicts that there should
be a correlation between the number of antibody molecules
bound and blockade of cell fusion. This idea was tested by
carrying out a dose-response experiment with anti-class II
MHC and the MonoPoly antibodies. The results are shown in
Fig. 9. The number of syncytia formed between MT2 and
K562/VCAM-1 cells was inversely proportional to the MCF of
antibody binding to MT2 cells. In the case of both the class II
MADb and the MonoPoly antibody, the threshold for inhibition
of fusion seemed to be an MCF value of approximately 500 or
75% maximal binding. These results support a model for an-
tibody inhibition of HTLV-1 cell fusion based on protein
crowding or prozone effects.

DISCUSSION

Although elegant work by several investigators has found
good candidates, the cellular receptor for HTLV-1 has still not
been definitively identified (1, 13, 14, 30, 31, 47). In an earlier
study, we reported that the adhesion molecule VCAM-1 could
support syncytium formation mediated by HTLV-1 (25). We
were unable to inhibit this effect by blocking VLA-4, the major
VCAM-1 counterreceptor, on the HTLV-1-infected cells. We
therefore set out to identify possible nonintegrin molecules on
the infected cells that might interact with VCAM-1. We im-
munized BALB/c mice with HTLV-1-infected cells and gener-
ated a panel of four MAbs that inhibited HTLV-1-mediated
cell fusion. Immunoprecipitation studies and binding assays on
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transfected mouse cells showed that all four antibodies recog-
nized class II MHC molecules on the surface of the HTLV-1-
infected cells. Previously generated well-characterized MAbs
against class II MHC were also found to block HTLV-1 syn-
cytium formation. Since the K562 cells used as fusion partners
in syncytium assays do not express class II MHC, it was clear
that the antibodies mediated their inhibitory effect at the level
of the HTLV-1-infected cells.

There are no previous reports of VCAM-1 binding to class II
MHC antigens, and no evidence has been found for such an
interaction. I therefore examined the possibility that HTLV-1
gp46 may be associated with class II MHC molecules on
HTLV-1-infected cells. Such an association might have al-
lowed anti-MHC class II antibodies to block the binding of
gp46 to its receptor(s). Coimmunoprecipitation and antibody
competition assays indicated that class I MHC molecules were
not associated with HTLV-1 glycoproteins on virus-infected
cells. However, it is possible that gp46-class II MHC interac-
tions do occur but are disrupted by even the mild detergents
used in this study. In a previous study, the results demonstrated
that binding of MHC class II-specific MAbs to monocytes
induced transmembrane signals including a rise in intracellular
Ca®* levels (42). We therefore wondered whether the anti-
class I MHC MAbs blocked HTLV-1 syncytium formation by
a nonspecific effect on cell membrane function or organization.
The antibodies were tested for inhibition of HTLV-1- and
HIV-1-mediated cell fusion by MT2 cells coinfected with both
HTLV-1 and HIV-1 viruses. The class II antibodies blocked
HTLV-1 syncytium formation but not HIV-1 mediated fusion,
indicating that the antibodies did not have a generalized effect
on the cell membrane that prevented fusion. Because of the
poor infectivity of cell-free HTLV-1 particles, we have been
unable to test the effect of class II MHC antibodies on
HTLV-1 infection by free particles. Interestingly, Arthur and
colleagues have presented evidence that cell-free HIV-1 may
be neutralized by class I MHC antibodies (3). We have been
unable to demonstrate neutralization of cell-free HIV-1 by
class II MHC antibodies (data not shown).

The extremely high levels of MHC antigen expression on
HTLV-1-infected cells suggested that MADb inhibition of fusion
might occur through steric hindrance of HTLV-1 envelope
glycoproteins. Class I MHC molecules were found to be ex-
pressed at levels similar to those of class I MHC proteins, and
an antibody against class I MHC also blocked HTLV-1 syncy-
tium formation. Moreover, a polyclonal antibody made by mix-
ing several noninhibitory MAbs bound to the HTLV-1-in-
fected cells at levels similar to those of class II MHC MAbs,
and it too blocked HTLV-1 but not HIV-1 syncytium forma-
tion. Dose-response experiments showed that inhibition of
HTLV-1 syncytium formation correlated with the absolute
level of antibody binding regardless of the antibody specificity.
These data provide strong evidence that cell fusion induced by
HTLV-1, the principal mode of transmission for this virus, is
subject to inhibition by protein crowding or prozone effects.

Previous work on the expression of MHC class II molecules
by EBV-transformed cells showed that these cells express more
than 5 million MHC molecules per cell by Scatchard analysis
(20). MT2 cells were compared to the same EBV-transformed
cells used in the aforementioned studies in saturating MADb
binding assays and found to have equivalent amounts of sur-
face MHC class II molecules (data not shown). This finding is
consistent with previous work showing that HTLV-1 infection
results in increased expression of several host cell membrane
proteins including adhesion molecules and MHC proteins (33,
55, 58). The footprint of an antibody Fab region is approxi-
mately 5,000 to 7,000 A? (2, 44). This means that class Il MHC,
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class I MHC, or the MonoPoly antibodies physically cover as
much as 350 um? of the cell surface when bound at saturating
levels. Thus, these antibodies may cover more than 95% of the
total surface area of a typical large lymphoid cell line such as
MT?2, which ranges from 10 to 12 pm in diameter. Cell mem-
brane projections such as pseudopodia may substantially in-
crease the total surface area of the cells such that the area
covered by the antibodies may be somewhat smaller than the
calculated percentage. It is reasonable to assume that if a
region of the membrane were inaccessible to the antibodies it
would also be inaccessible to membrane from other cells. Thus,
antibodies may not need to completely cover the cell mem-
brane but only accessible surfaces to mediate steric blockade of
HTLV-1 fusion. Under saturating conditions, antibodies are
bound univalently to cell surface proteins, leaving the Fc and
unbound Fab regions free to flop around at the cell surface.
This probably increases the steric hindrance effects of these
large globular proteins.

The HTLV-1 envelope glycoprotein is relatively small and
hydrophobic especially compared to that of other human ret-
roviruses such as HIV-1 (7). This may explain why HTLV-1 is
subject to prozone blockade of syncytium formation but HIV-1
is not (data not shown). Many critical cellular receptors in-
volved in immune function are also small molecules projecting
only a short distance from the cell membrane and in some
cases not extending beyond the glycocalyx (50, 52). Interac-
tions of these molecules with their counterreceptors are facil-
itated by adhesion molecules which take on an extended rod
conformation that allows them to easily find their ligands (50,
51). The relative smallness or shortness of the HTLV-1 glyco-
protein could be similarly compensated for by a cellular recep-
tor that assumes an extended rod conformation and projects
far above the cell membrane. Such a molecule could presum-
ably reach through the nonspecific protein barrier represented
by anti-MHC antibodies as did the anti-gp46 MAD or as did
CD4 in binding to HIV-1 gp120. The results obtained in the
current study imply that the cellular receptor for HTLV-1 on
the target cells used in this system is not such a molecule.
Another possibility raised by the data is that, unlike HIV-1
gp120 which binds to its receptor with a very high affinity,
HTLV-1 gp46 may bind to its receptor(s) with a very low
affinity. In such a case, even the increased avidity afforded by
thousands of gp46 molecules on the cell surface may not be
sufficient to overcome the steric barrier created by MHC an-
tibodies.

Steric inhibition of HTLV-1 syncytium formation may pro-
vide an insight into the dominance of the cell-cell mode of
transmission for this virus (8). We demonstrated in a previous
study that the cell adhesion molecule VCAM-1, the ligand of
integrins VLA-4 and «4B7, can confer sensitivity to HTLV-1
syncytium formation (25). Other investigators have shown that
antibodies against ICAM-3, a ligand of integrin LFA-1, can
block HTLV-1 syncytium formation by certain cell types (29).
There is no evidence that these molecules directly interact with
viral proteins. The lack of such interactions along with the fact
that at least two distinct adhesion receptor-ligand pairs can
affect HTLV-1 syncytium formation (25, 29) indicates that
adhesion molecules mediate their effect by facilitating the in-
teraction between gp46 and its cellular receptor. The involve-
ment of cell adhesion molecules in the interaction of gp46 with
its receptor supports the model of a “sterically disadvantaged”
gp46 molecule. Cell adhesion molecules are known to facilitate
interactions between smaller cell surface receptors on T cells
and other cell types (50). Among other mechanisms, these
molecules appear to trigger changes in membrane topology
that result in a clearing away of taller, charged molecules, thus
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allowing shorter receptors and ligands to find each other (50).
HTLV-1 may take advantage of this phenomenon to bind its
receptor and promote its transmission by the cell-cell route.
Interestingly, HTLV-1 upregulates expression of receptors in
three major families of adhesion molecules including selectins
(26, 54), integrins (10), and Ig supergene family members (38,
53). This fact supports the notion of an important role for
adhesion molecules in the intercellular transmission of
HTLV-1.

Other investigators have taken a similar approach to iden-
tifying the cellular receptor(s) for HTLV-1 as that taken in this
study. MADs that block HTLV-1 fusion or infection have been
produced against a number of cellular structures including
members of the large tetraspanner family (29-31). The findings
suggest that the results of such studies may need to be reeval-
uated in the context of the level of cell surface expression of
the molecules in question. Data obtained with the MonoPoly
antibody indicate that any MAb regardless of specificity that
bound to a very highly expressed molecule on HTLV-1-in-
fected cells would test positive for inhibition of HTLV-1 syn-
cytium formation. It thus appears that there are at least three
mechanisms by which MAbs can block HTLV-1-mediated syn-
cytium formation: (i) direct blockade of gp46 interaction with
its receptor(s), (ii) blockade of accessory adhesion molecules
such as VCAM-1 or ICAM-3, and (iii) antibody-mediated pro-
tein crowding at the cell surface resulting in indirect blockade
of gp46 binding to its receptor(s).
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