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Infection of B lymphocytes by Epstein-Barr virus (EBV) requires attachment of virus via binding of viral
glycoprotein gp350 to CD21 on the cell surface. Penetration of the cell membrane additionally involves a
complex of three glycoproteins, gH, gL, and gp42. Glycoprotein gp42 binds to HLA-DR. Interference with this
interaction with a soluble form of gp42, with a monoclonal antibody (MAb) to gp42, or with a MAb to HLA-DR
inhibited virus infection. It was not possible to superinfect cells that failed to express HLA-DR unless
expression was restored by transfection or creation of hybrid cell lines with complementing deficiencies in
expression of HLA class II. HLA class II molecules thus serve as cofactors for infection of human B cells.

Epstein-Barr virus (EBV) is carried by more human beings
than any other persistent virus. The virus is widely known for
its ability to immortalize human B lymphocytes in vitro, and
infection of B cells in vivo not only establishes a permanent
reservoir of virus in the body but also contributes to the pa-
thology of the lymphoproliferative diseases that are associated
with infections in some individuals. As it has evolved to its
position as one of the most ubiquitous and successful persistent
viral parasites of man, EBV has adopted many strategies to
exploit the unique environment of the B cell (29), beginning
with its first encounter with the cell surface. The major enve-
lope glycoprotein of the virus, gp350, has evolved to include
sequences similar to those of the complement fragment C3dg
(43). It binds the virus to complement receptor type two (CR2,
CD21) (15, 43) and in doing so triggers endocytosis of the
virion (55). Penetration of the cell membrane then minimally
requires a complex of molecules that includes two less-abun-
dant glycoproteins, gH and gL, which have functional ho-
mologs in all herpesviruses studied so far (16–18, 21, 27, 28, 36,
48, 51, 61). Virosomes made from EBV proteins will bind and
fuse with receptor-positive cells, but if they are depleted of the
EBV gH:gL complex they bind but fail to fuse (22). In keeping
with the known biology of EBV, however, recent work has
suggested that penetration, like attachment of virus, involves a
unique adaptation to the B cell. A third glycoprotein, gp42,
which is not known to have a homolog in other human her-
pesviruses, associates noncovalently with the EBV gH:gL com-
plex (34). A monoclonal antibody (MAb) called F-2-1 that
reacts with gp42 has no effect on virus attachment to CR2 but
inhibits fusion of the virus with the B cell membrane (39) and
neutralizes infection of this cell type. In contrast, the same
MAb has no effect on infection of an epithelial cell line engi-
neered to express CR2 (34).

Glycoprotein gp42 is the product of the BZLF2 open read-

ing frame (34), which is predicted to encode a protein of 223
amino acids with an amino-terminal signal peptide but no
other hydrophobic domain long enough to be membrane span-
ning (3). The sequence includes four potential N-linked glyco-
sylation sites, and the native protein which is present in the
membrane of EBV-producing cells and in the envelope of the
virion is glycosylated (34). Computer-assisted analysis indi-
cated that gp42 has some features characteristic of members of
the C-type lectin gene family (52) and stimulated the search for
a cellular partner with which it might interact. The extracellu-
lar domain of the protein was expressed as a soluble chimeric
molecule, designated BZLF2.Fc, in which the putative signal
peptide was replaced by the Fc portion of human immunoglob-
ulin G1 (IgG1). The probing of a cDNA expression library
made from activated T cells and an analysis of monkey kidney
cells transfected with wild-type or mutant HLA-DRb chains
demonstrated that the chimeric protein bound to the b1 do-
main of the HLA class II protein HLA-DR (52). For clarity, in
this paper we refer to BZLF2.Fc, the soluble form of gp42, as
gp42.Fc.

As recent studies with the human immunodeficiency virus (2,
6, 8, 10, 11, 14), adenovirus (58), and herpes simplex virus (41)
have so eloquently demonstrated, attachment to and penetra-
tion of the cell membrane by a virion may be separate, coop-
erative events that involve distinct proteins. There is little di-
rect evidence to indicate that other cell surface molecules in
addition to CD21 are required for EBV infection. However,
postbinding events are not efficient in non-B cells expressing
recombinant CD21 (1, 5) and the presence of CD21 on some
cell surfaces is not sufficient to ensure internalization (38, 39),
suggesting that molecules in addition to CD21 might be in-
volved. Since gp42 had already been shown to be involved in
penetration of EBV into B lymphocytes, we set out to deter-
mine whether the newly identified interaction between soluble
gp42.Fc and HLA class II was relevant to the process. We
demonstrate here that HLA class II plays the role of a cofactor
in infection of B cells by EBV.

MATERIALS AND METHODS

Cells. Raji (45), Akata (54), P3HR1-Cl13 (24), BLS-1 (50), SJO (4), .174 (7),
BLS-13SJO, BLS-13.174, .174.DR4, and SJO.DR4 (31) cells were grown in
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RPMI 1640 (Sigma Chemical Co., St. Louis, Mo.) supplemented with 15%
heat-inactivated fetal bovine serum (Gibco/BRL Life Technologies, Grand Is-
land, N.Y.). Peripheral blood mononuclear cells (PBMC) were collected from
three adult donors and depleted of T cells by erythrocyte rosetting as described
previously (39).

Antibodies. Five purified MAbs were used: F-2-1 (MAb to gp42) (34), 72A1
(MAb to gp350) (25), Alva 42 (MAb to the b chain of HLA-DR) (20, 52), and
two American Type Culture Collection antibodies, HB55 (also known as L423)
(33) and HB180 (57) (MAbs to the ab heterodimer of HLA-DR).

Virus. Akata strain virus was obtained by induction of Akata cells with goat
anti-human immunoglobulin as described previously (34) and harvested from
unconcentrated clarified culture medium that had been passed through a 1.2-
mm-pore-size filter. P3HR1 strain virus was obtained by induction of P3HR1-
Cl13 cells with 30 ng of 12-o-tetradecanoylphorbol-13-acetate per ml, concen-
trated 100-fold by high-speed centrifugation, and resuspended in fresh medium
as described previously (22). For binding assays, Akata virus was radiolabeled by
inducing cells with anti-human immunoglobulin and adding 6 mCi of [3H]thymi-
dine (specific activity, 43 Ci per mmol; Amersham Corp., Arlington Heights, Ill.)
per ml for 4 to 72 h postinduction. Labeled virus was concentrated 100-fold from
clarified culture supernatants by centrifugation and filtered through a 0.8-mm-
pore-size filter.

Fc constructs. The soluble form of gp42, gp42.Fc, previously designated
BZLF2.Fc, was made as described previously (51). The unrelated heterologous
recombinant Fc chimeric protein, Cont.Fc, was constructed in a similar manner
by fusing amino acids 19 to 258 of a vaccinia virus open reading frame (Copen-
hagen strain, p35) to the Fc portion of human IgG1 (60). Both proteins were
purified to homogeneity by affinity chromatography on protein A-agarose (13).
Purity was confirmed by gel electrophoresis and silver staining of the gel, and
protein concentrations were determined by an enzyme-linked immunosorbent
assay specific for the constant domain of human IgG1 as described previously
(60). The purified proteins were also screened for low endotoxin levels by the
Limulus amebocyte lysate assay (Whittaker M. A. Bioproducts, Walkersville,
Md.).

Transformation of lymphocytes. Six hundred thousand PBMC were preincu-
bated for 30 min on ice with gp42.Fc, Cont.Fc protein, or antibody in 180 ml and
then with 120 ml of stock Akata strain virus for 60 min. RPMI medium (540 ml)
containing 10% heat-inactivated fetal calf serum was added, and 140 ml contain-
ing 105 cells was plated into each of five wells of a 96-well plate. Cells were fed
by replacing 50% of the medium with fresh medium at weekly intervals, and
transformation was judged by outgrowth of cells over 5 weeks of culture.

Superinfection of cell lines. To test for superinfection and inhibition of super-
infection of Raji cells, 1.5 3 106 cells were preincubated with 80 mg of gp42.Fc,
80 mg of Cont.Fc protein, or 300 mg of MAb in 260 ml of RPMI or with medium
alone for 30 min (Fc proteins) or 1 h (MAbs) at 37°C. Stock P3HR1 virus (100
ml) was added for an additional 90 min of incubation. In some experiments the
sequence of addition of virus and gp42.Fc was reversed. Four milliliters of RPMI
supplemented with serum was added, and cells were incubated for 3 days. To test
for superinfection of cell lines which expressed or failed to express HLA class II,
106 cells were incubated for 2 h in 100 ml of stock P3HR1 virus or RPMI. Four
milliliters of RPMI with serum was added, and cells were incubated for 3 days.
Superinfection was visualized by Western blotting. Cells were harvested by cen-
trifugation, resuspended in 100 ml of radioimmunoprecipitation buffer, and
treated in a sonic bath for 30 s. One hundred microliters of 23 sodium dodecyl
sulfate reducing sample buffer was added; samples were boiled for 5 min; pro-
teins were fractionated on 9% polyacrylamide gels, transferred to a nitrocellulose
membrane (Schleicher and Schuell, Inc., Keene, N.H.), and immunoblotted with
a 1/100 dilution of virus early antigen (EA-D) MAb (Capricorn Products, Inc.,
Scarborough, Maine); and antibody binding was visualized either with alkaline
phosphate-conjugated rabbit anti-mouse antibody (HyClone, Logan, Utah) and
the substrate 5-bromo-4-chloro-3-indolyl phosphate–nitroblue tetrazolium
(BCP/NBT; Sigma) as described previously (34) or with the enhanced chemilu-
minescence system (Amersham).

Virus binding assay. The ability of MAb to inhibit binding of radiolabeled
virus to Raji cells was determined as described previously (39) by preincubating
virus with equal volumes of MAb at a concentration of 100 mg per ml or with
phosphate-buffered saline for 1 h on ice. The virus was then incubated for an
additional hour with cells that had been briefly fixed with 0.1% paraformalde-
hyde, cells were washed five times, and the acid-precipitable radioactivity re-
maining attached to cells was counted.

Flow cytometry. Flow cytometric analyses of gp42.Fc binding to major histo-
compatibility complex class II-expressing Raji cells was performed with gp42.Fc
or Cont.Fc (300 ng/ml) and a biotinylated goat anti-human MAb to Fc.

RESULTS

Soluble gp42.Fc which binds HLA class II also inhibits EBV
infection. The effects of gp42.Fc or an unrelated heterologous,
recombinant Fc chimeric protein (Cont.Fc), in which the viral
protein extracellular domain was derived from a vaccinia virus
protein, were first examined on transformation of freshly iso-

lated T-cell-depleted PBMC by EBV. In repeated experiments
with different lymphocyte donors, gp42.Fc, but not the heter-
ologous chimeric protein, inhibited the ability of the Akata
strain of EBV to transform B cells (Table 1). EBV virions have
been reported to incorporate HLA class II proteins (30), and
thus we could not be certain whether gp42.Fc might be inhib-
iting infection by binding to HLA class II in the virus or on the
surface of the cell. However, the P3HR1 strain of EBV is
produced from cells that only express HLA-DQ and gp42.Fc
does not bind HLA-DQ (52a). We therefore also examined the
effects of gp42.Fc on B-cell infection by P3HR1 strain virus.
P3HR1 virus is a nontransforming strain but can superinfect
EBV-transformed cell lines (23). Superinfection of cells such
as the Raji cell line, which expresses CD21 and HLA-DR,
results in induction of virus early antigen (EA-D) which can be
detected by Western blot analysis with a MAb that recognizes
up to four differentially phosphorylated forms of the BMRF1
protein (19, 44, 47). Soluble gp42.Fc but not the heterologous
Fc protein inhibited superinfection by P3HR1 virus (Fig. 1A),
suggesting that inhibition resulted from protein binding to the
cell surface rather than to the virion particle. Inhibition was
seen only if gp42.Fc were added before virus and not if it were
added 2 h later (Fig. 1B).

Antibodies that block the interaction of gp42 with cells ex-
pressing HLA class II also inhibit EBV infection. We next
determined whether the neutralizing activity of antibody F-2-1
might result from an effect on the binding of gp42 in the virion
to the cell surface. Flow cytometric analysis indicated that
F-2-1 inhibited binding of gp42.Fc to Raji cells (Fig. 2A and B).
Since this effect was presumed to be mediated by interaction of
F-2-1 with an epitope on gp42.Fc close to or identical with the

FIG. 1. Effects of gp42.Fc on superinfection of Raji cells by P3HR1 strain
EBV. Cells were harvested 72 h after superinfection, and equal numbers were
examined by Western blotting with a MAb for expression of EA-D. (A) Effects
of preincubating Raji cells with (1) or without (2) gp42.Fc or Cont.Fc. (B)
Comparison of effects of adding (1) or not adding (2) gp42.Fc before or after
addition of virus.

TABLE 1. Effects of gp42.Fc and Cont.Fc protein on the ability of
Akata strain EBV to transform T-cell-depleted PBMC

Expt. no.

No. of transformed wells/total no. of wells infected

gp42.Fc (mg/ml) Cont.Fc (mg/ml)

50 15 5 50 15 5

1 0/5 4/5 5/5 4/5 5/5 5/5
2 0/5 2/5 5/5 5/5 5/5 5/5
3 2/5 1/5 5/5 5/5 5/5 5/5
4 0/4 4/4 4/4 4/4 4/4 4/4
5 0/5 1/5 5/5 4/5 5/5 5/5
6 0/5 3/5 5/5 5/5 5/5 5/5
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binding site for HLA-DRb, we also investigated the possibility
that antibody to HLA class II protein might have a similar
effect. Three MAbs which recognize three different epitopes
on HLA-DR were tested for their ability to inhibit binding of
gp42.Fc to Raji cells. Only one of these MAbs, Alva 42, inter-
fered significantly with gp42.Fc binding (Fig. 2C), while HB55
and HB180 had little or no effect (Fig. 2D). Interestingly, the
Alva 42 MAb, but not MAb HB55, also inhibited transforma-
tion of T-cell-depleted PBMC with Akata strain virus (Table

2), suggesting that a threshold of inhibition of gp42 binding is
required to interfere with the infection process. In addition,
Alva 42, and to a slight extent MAb HB180, inhibited super-
infection of Raji cells with P3HR1 strain virus (Fig. 3). A
previous unconfirmed report (46) had suggested that MAb
HB55 blocked binding of EBV to Raji cells. However, using
Akata strain virus radiolabeled with [3H]thymidine, we found
no evidence for the ability of HB55, the other anti-HLA anti-
bodies, or antibody to gp42 to inhibit significantly the attach-
ment of virus to Raji cells (Table 3); in contrast, virus binding
could be reduced by MAb 72A1, a neutralizing antibody to
gp350 previously shown to inhibit virus binding in a similar
assay (39).

Cells that lack HLA class II can be superinfected only if
HLA class II expression is restored. Type II bare-lymphocyte
syndrome (BLS) is a rare severe primary immunodeficiency
that is caused by lack of expression of HLA class II (9, 35).
Cells from patients with BLS might be expected to be relatively
resistant to infection with EBV. Although the relative ease
with which B-cell lines can be derived from such patients is
uncertain, it has, however, proven possible to derive so-called
BLS lines from BLS patients by cell transformation with EBV.
BLS cell lines and their derivatives then offer a unique oppor-
tunity to explore further whether HLA class II is relevant to
efficient infection of B cells. Four complementation groups, I
to IV, have been defined for BLS. The gene mutated in
complementation group II (also referred to as group A) en-
codes an essential class II gene transactivator, CIITA (53, 62).
None of the cell lines we were able to obtain in this comple-
mentation group were completely lacking in expression of
HLA class II as judged by flow cytometric analysis. Comple-
mentation groups I and IV (also referred to as groups B and C)
represent deficiencies in one or the other of the two subunits of
RFX, a protein which binds to the cis-acting transcriptional
control sequence called the X box (12). The BLS-1 cell line,
which falls in complementation group I (25, 50), and the SJO

FIG. 2. Flow cytometric analyses of the effects of MAbs on binding of
gp42.Fc to Raji cells. (A) Binding of gp42.Fc (arrow 3) and Cont.Fc (arrow 2)
protein in the absence of antibody; (B) binding of gp42.Fc in the presence of
either MAb F-2-1 to gp42 (arrow 2) or isotype control antibody (arrow 3); (C)
binding of gp42.Fc in the presence of either MAb Alva 42 to the b chain of
HLA-DR (arrow 2) or isotype control antibody (arrow 3); (D) binding of gp42.Fc
in the presence of MAb HB180 (arrow 2) or HB55 (arrow 3) to the ab het-
erodimer. The MAbs used in panel D are of the same isotype and serve as
controls for one another. Binding of the labeled second-step reagent alone to
cells is indicated by arrows 1 on the far left of each panel.

FIG. 3. Effect of antibodies to HLA class II on superinfection of Raji cells by
P3HR1 strain virus. Cells were harvested 72 h after infection, and equal numbers
were analyzed by Western blotting with a MAb for expression of EA-D. The top
band in each of the first three lanes is MAb heavy chain.

TABLE 2. Effects of MAbs to HLA-DR on transformation of
T-cell-depleted PBMC by Akata strain EBV

Expt. no.

No. of transformed wells/total no. of wells infected

Alva 42 (mg/ml) HB55 (mg/ml)

30 10 3 30 10 3

1 0/4 3/4 4/4 4/4 4/4 4/4
2 0/5 5/5 5/5 5/5 4/5 5/5
3 0/5 4/5 5/5 4/5 5/5 5/5

TABLE 3. Effects of MAbs to HLA-DR or to EBV on the ability
of [3H]thymidine-labeled EBV to bind to Raji cells

MAba (100 mg/ml) Radioactivityb

HB180.................................................................................. 1,307
HB55.................................................................................... 1,164
Alva 42................................................................................. 963
F-2-1..................................................................................... 1,155
72A1..................................................................................... 212
None .................................................................................... 1,339

a Antibodies HB180, HB55, and Alva 42 react with HLA-DR; F-2-1 reacts
with gp42; and 72A1 reacts with gp350, the virus attachment protein.

b Acid-precipitable radioactivity (in counts per minute) bound to cells.
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line, which falls in complementation group IV (4), express only
HLA-DQa. A hybrid of the two, BLS-13SJO, has restored
HLA-DR expression (31). The cell line .174 expresses CIITA
and RFX but has a deletion of genes coding for HLA class II
(7). BLS-13.174, a hybrid of BLS-1 and .174, has restored
expression of HLA class II (31). For two additional lines,
.174.DR4 and SJO.DR4, the expression of HLA-DR was re-
stored by virtue of retrovirus-mediated gene transfer of cDNA
encoding DR4w4 (31a, 32). Each of the cell lines bound EBV
as judged by indirect immunofluorescence with an antiviral
MAb (data not shown), and since, like Raji cells, each line
already carried endogenous EBV genomes, each was examined
for its ability be infected with EBV in a superinfection assay
using the P3HR1 strain virus. An increase in the expression of
EA-D, indicating successful superinfection, correlated exactly
with expression of HLA-DR (Fig. 4).

DISCUSSION

Entry of animal viruses into cells is a complex process that is
still incompletely understood. In several cases, it appears to
require of the cell not only a receptor to interact with the virus
attachment protein and tether the virus to the cell surface but
also at least one additional molecule to interact with the virus
and facilitate penetration. The findings reported here indicate
that HLA class II is required in addition to the CD21 receptor
for efficient infection of B cells by EBV. The fact that EBV-
transformed cell lines have been derived from individuals suf-
fering from BLS indicates that HLA class II is probably not the
only cell surface molecule that EBV can use to facilitate pen-
etration of lymphocytes. This is perhaps not surprising in view
of the identification of more than one cofactor for fusion of the
human immunodeficiency virus (2, 6, 8, 10, 11, 14), the prob-
able use of multiple mediators for entry of herpes simplex virus
(reviewed in reference 41), and our previous observation that
MAb F-2-1 failed to affect infection of an epithelial cell line
that does not constitutively express HLA class II (34). How-
ever, the aggregate of evidence thus far suggests that gp42 is
critical to penetration of the resting B-cell membrane by EBV
and that an interaction with HLA class II is important to this

event. Although the extent of infection of the BLS-derived
cells was variable and did not approach the levels achievable
with Raji cells, which have a high episome copy number and
are unusually responsive to induction (29), superinfection was
consistently and exclusively associated with the restoration of
expression of HLA class II.

Like the human immunodeficiency virus, EBV enters cells in
a pH-independent manner (40). Recent studies have shown
that binding of the human immunodeficiency virus attachment
protein gp120 to CD4 induces a conformational change that is
important to virus entry and creates a new recognition site for
one of the chemokine receptors used by some isolates of this
virus to facilitate penetration (56, 59). Preliminary analysis by
immunoprecipitation (unpublished data) indicates that when
gp42 is complexed with gH and gL in the virion, it is not
associated with HLA class II. This suggests that, as previously
speculated (37), a conformational change, similar to that oc-
curring in gp120, may result from the binding of EBV to its
receptor and, further, that such a change may be required in
order to allow an interaction to take place between gp42 and
the HLA b chain. It is possible that HLA class II molecules act
simply as secondary receptors for virus. The initial binding of
EBV to CD21 via gp350 puts the virus at a distance of approx-
imately 50 nm from the cell surface (42). Interaction with a
second molecule may then be important to catalyze events that
require closer proximity of virus and cell membranes. How-
ever, since some studies have implicated major histocompati-
bility complex class II proteins in cell signaling (49), it is also
formally possible that the role of HLA class II may be more
indirect. In this regard, the use of molecules with potential for
cell signaling as postbinding cofactors by adenovirus (58), her-
pes simplex virus (41), and the human immunodeficiency virus
is provocative (2, 6, 8, 10, 11, 14). The use of HLA class II by
EBV represents yet another example of the extraordinary ad-
aptation of EBV to its unique biologic niche in the human B
cell. The interaction of gp42 with the polymorphic region of
HLA-DR also suggests that it may be informative to attempt to
determine whether allelic differences affect the efficiency of
infection and hence potentially influence the outcome of an
encounter with this most ubiquitous of persistent human vi-
ruses.

ACKNOWLEDGMENTS

This work was supported by Public Health Service grants AI20662
(L.M.H.-F.) and AI08903 (S.K.) from the National Institutes of Al-
lergy and Infectious Diseases and by a Marion Merrell Dow SEP
postdoctoral fellowship (Q.L.).

We thank R. DeMars for the gift of the .174 cell line.

REFERENCES

1. Ahearn, J. M., S. D. Hayward, J. C. Hickey, and D. T. Fearon. 1988. Epstein-
Barr virus (EBV) infection of murine L cells expressing recombinant human
EBV/C3d receptor. Proc. Natl. Acad. Sci. USA 85:9307–9311.

2. Alkhatib, G., C. Combadiere, C. C. Broder, Y. Feng, P. E. Kennedy, P. M.
Murphy, and E. A. Berger. 1996. CC CKR5: A RANTES, MIP-1a, MIP-1b
receptor as a fusion cofactor for macrophage-tropic HIV-1. Science 272:
1955–1958.

3. Baer, R., A. T. Bankier, M. O. Biggen, P. L. Deininger, P. J. Farrell, T. J.
Gibson, G. Hatfull, G. S. Hudson, S. C. Satchwell, C. Seguin, P. S. Tufnell,
and B. G. Barrell. 1984. DNA sequence and expression of the B95-8 Epstein-
Barr virus genome. Nature 310:207–211.

4. Bull, M., A. van Hoef, and J. Gorski. 1990. Transcriptional analysis of class
II human leukocyte antigen genes from normal and immunodeficient B
lymphocytes, using polymerase chain reaction. Mol. Cell. Biol. 10:3792–3796.

5. Carel, J.-C., B. Frazier, T. J. Ley, and V. M. Holers. 1989. Analysis of epitope
expression and the functional repertoire of recombinant complement recep-
tor 2 (CR2/CD21) in mouse and human cells. J. Immunol. 143:923–930.

6. Choe, H., M. Farzan, Y. Sun, N. Sullivan, B. Rollins, P. D. Ponath, L. Wu,
C. R. Mackay, G. LaRosa, W. Newman, N. Gerard, C. Gerard, and J.
Sodroski. 1996. The b-chemokine receptors CCR3 and CCR5 facilitate

FIG. 4. Superinfection of B cells lines which express HLA class II (Raji,
SJO3BLS-1, BLS-13.174, SJO.DR4, .174.DR4) or fail to express HLA class II
(BLS-1, SJO, .174). Cells were incubated with P3HR1 strain virus (1) or with
medium (2) as indicated. Cells were harvested at 72 h, and equal numbers were
examined by Western blotting with a MAb for expression of EA-D. The blots
shown are representative of at least three separate experiments.

4660 LI ET AL. J. VIROL.



infection by primary HIV-1 isolates. Cell 85:1135–1148.
7. DeMars, R., C. C. Chang, S. Shaw, P. J. Reitnauer, and P. M. Sondel. 1984.

Homozygous deletions that simultaneously eliminate expression of class I
and class II antigens of EBV-transformed B-lymphoblastoid cells. Reduced
proliferative responses of autologous and allogeneic T cells to mutant lines
that have decreased expression of class II antigens. Hum. Immunol. 11:77–
97.

8. Deng, H., R. Liu, W. Ellmeier, S. Choe, D. Unutmaz, M. Burkhart, P.
DiMazio, S. Marmon, R. E. Sutton, C. M. Hill, C. B. Davis, S. C. Peiper, T. J.
Schall, D. R. Littman, and N. R. Landau. 1996. Identification of a major
co-receptor for primary isolates of HIV-1. Nature 381:661–666.

9. de Preval, C., B. Lisowska-Grospierre, M. Loche, C. Griscelli, and B. Mach.
1985. A trans-acting class II regulatory gene unlinked to the MHC controls
expression of HLA class II genes. Nature 318:291–293.

10. Doranz, B. J., J. Rucker, Y. Yi, R. J. Smyth, M. Samson, S. C. Peiper, M.
Parmentier, R. G. Collman, and R. W. Doms. 1996. A dual-tropic primary
HIV-1 isolate that uses fusin and the b-chemokine receptors CKR-5, CKR-3,
and CKR-2b as fusion cofactors. Cell 85:1149–1158.

11. Dragic, T., V. Litwin, G. P. Allaway, S. R. Martin, Y. Huang, K. A. Na-
gashima, C. Cayanan, P. J. Madon, R. A. Koup, J. P. Moore, and W. A.
Paxton. 1996. HIV-1 entry into CD41 cells is mediated by the chemokine
receptor CC-CKR-5. Nature 381:667–673.

12. Durand, B., M. Kobr, W. Reith, and B. Mach. 1994. Functional complemen-
tation of major histocompatibility complex class II regulatory mutants by the
purified X-box-binding protein RFX. Mol. Cell. Biol. 14:6839–6847.

13. Fanslow, W. C., D. M. Anderson, K. H. Grabstein, E. A. Clark, D. Cosman,
and R. J. Armitage. 1992. Soluble forms of CD40 inhibit biologic responses
of human B cells. J. Immunol. 149:655–660.

14. Feng, Y., C. C. Broder, P. E. Kennedy, and E. A. Berger. 1996. HIV-1 entry
cofactor: functional cDNA cloning of a seven-transmembrane, G-protein-
coupled receptor. Science 272:872–877.

15. Fingeroth, J., J. Weiss, T. Tedder, J. Stominger, P. Bird, and D. Fearon.
1984. Epstein-Barr virus receptor on human B lymphocytes is the C3d
receptor CR2. Proc. Natl. Acad. Sci. USA 81:4510–4516.

16. Forgani, B., L. Ni, and C. Grose. 1994. Neutralization epitope of the vari-
cella-zoster virus gH:gL glycoprotein complex. Virology 199:458–462.

17. Forrester, A., H. Farrell, G. Wilkinson, J. Kaye, N. Davis-Poynter, and T.
Minson. 1992. Construction and properties of a mutant of herpes simplex
virus type 1 with glycoprotein H coding sequences deleted. J. Virol. 66:341–
348.

18. Fuller, A. O., R. E. Santos, and P. G. Spear. 1989. Neutralizing antibodies
specific for glycoprotein H or herpes simplex virus permit viral attachment to
cells but prevent penetration. J. Virol. 63:3435–3443.

19. Furnari, F. B., V. Zacny, E. B. Quinliven, S. Kenney, and J. S. Pagano. 1994.
RAZ, an Epstein-Barr virus transdominant repressor that modulates the
viral reactivation mechanism. J. Virol. 68:1827–1836.

20. Gayle, M. A., J. E. Sims, S. K. Dower, and J. L. Slack. 1994. Monoclonal
antibody 1994-01 (also known as ALVA 42) reported to recognize type II
IL-1 receptor is specific for HLA-DR alpha and beta chains. Cytokine
6:83–86.

21. Gompels, U. A., and A. Minson. 1986. The properties and sequence of
glycoprotein H of herpes simplex type 1. Virology 153:230–247.

22. Haddad, R. S., and L. M. Hutt-Fletcher. 1989. Depletion of glycoprotein
gp85 from virosomes made with Epstein-Barr virus proteins abolishes their
ability to fuse with virus receptor-bearing cells. J. Virol. 63:4998–5005.

23. Henle, G., W. Henle, B. Zajac, G. Pearson, R. Waubke, and M. Scriba. 1964.
Differential reactivity of human sera with EBV-induced “early antigens”.
Science 169:188–190.

24. Heston, L., M. Rabson, N. Brown, and G. Miller. 1982. New Epstein-Barr
virus variants from cellular subclones of P3J-HR-1 Burkitt lymphoma. Na-
ture 295:160–163.

25. Hoffman, G. J., S. G. Lazarowitz, and S. D. Hayward. 1980. Monoclonal
antibody against a 250,000 dalton glycoprotein of Epstein-Barr virus identi-
fies a membrane antigen and a neutralizing antigen. Proc. Natl. Acad. Sci.
USA 77:2979–2983.

26. Hume, C. R., L. A. Shookster, N. Collins, R. O’Reilly, and J. S. Lee. 1989.
Bare lymphocyte syndrome: altered HLA class II expression in B cell lines
derived from two patients. Hum. Immunol. 25:1–11.

27. Hutchison, L., H. Browne, V. Wargent, N. Davis-Poynter, S. Primorac, K.
Goldsmith, A. C. Minson, and D. C. Johnson. 1992. A novel herpes simplex
virus glycoprotein gL forms a complex with glycoprotein H (gH) and affects
normal folding and surface expression of gH. J. Virol. 66:2240–2250.

28. Kaye, J. F., U. A. Gompels, and A. C. Minson. 1992. Glycoprotein H of
human cytomegalovirus (HCMV) forms a stable complex with the HCMV
UL115 gene product. J. Gen. Virol. 73:2693–2698.

29. Kieff, E. 1996. Epstein-Barr virus and its replication, p. 2343–2396. In B. N.
Fields, D. M. Knipe, and P. M. Howley (ed.), Fields virology. Lippincott-
Raven Publishers, Philadelphia, Pa.

30. Knox, P. G., and L. S. Young. 1995. Epstein-Barr virus infection of CR2-
transfected epithelial cells reveals the presence of MHC class II on the
virion. Virology 213:147–167.

31. Kovats, S., G. T. Nepom, M. Coleman, B. Nepom, W. W. Kwok, and J. S.

Blum. 1995. Deficient antigen-presenting cell function in multiple genetic
complementation groups of type II bare lymphocyte syndrome. J. Clin.
Invest. 96:217–223.

31a.Kovats, S. Unpublished data.
32. Kwok, W. W., D. Schwarz, B. S. Nepom, P. S. Thurtle, R. A. Hock, and G. T.

Nepom. 1988. HLA-DQ molecules form a-b heterodimers of mixed allotype.
J. Immunol. 141:3123–3127.

33. Lampson, L. A., and R. Levy. 1980. Two populations of Ia-like molecules on
a human B cell line. J. Immunol. 125:293–299.

34. Li, Q., S. M. Turk, and L. M. Hutt-Fletcher. 1995. The Epstein-Barr virus
(EBV) BZLF2 gene product associates with the gH and gL homologs of
EBV and carries an epitope critical to infection of B cells but not of epithe-
lial cells. J. Virol. 69:3987–3994.

35. Lisowska-Grospierre, B., D. J. Charron, C. de Preval, A. Durandy, C. Gris-
celli, and B. Mach. 1985. A defect in the regulation of major histocompat-
ibility complex class II gene expression in human HLA-DR negative lym-
phocytes from patients with combined immunodeficiency syndrome. J. Clin.
Invest. 76:381–385.

36. Liu, D. X., U. A. Gompels, J. Nicholas, and C. Lelliott. 1993. Identification
and expression of the human herpesvirus 6 glycoprotein H and interaction
with an accessory 40K glycoprotein. J. Gen. Virol. 74:1847–1857.

37. Martin, D. R., R. L. Marlowe, and J. M. Ahearn. 1994. Determination of the
role for CD21 during Epstein-Barr virus infection of B-lymphoblastoid cells.
J. Virol. 68:4716–4726.

38. Menezes, J., J. M. Seigneurin, P. Patel, A. Bourkas, and G. Lenoir. 1977. The
presence of Epstein-Barr virus receptors, but absence of virus penetration, in
cells of an Epstein-Barr virus genome-negative human lymphoblastoid T line
(Molt 4). J. Virol. 22:816–821.

39. Miller, N., and L. M. Hutt-Fletcher. 1988. A monoclonal antibody to glyco-
protein gp85 inhibits fusion but not attachment of Epstein-Barr virus. J. Vi-
rol. 62:2366–2372.

40. Miller, N., and L. M. Hutt-Fletcher. 1992. Epstein-Barr virus enters B cells
and epithelial cells by different routes. J. Virol. 66:3409–3414.

41. Montgomery, R. I., M. S. Warner, B. J. Lum, and P. G. Spear. 1996. Herpes
simplex virus-1 entry into cells mediated by a novel member of the TNF/
NGF receptor family. Cell 87:427–436.

42. Nemerow, G. R., and N. R. Cooper. 1984. Early events in the infection of
human B lymphocytes by Epstein-Barr virus: the internalization process.
Virology 132:186–198.

43. Nemerow, G. R., C. Mold, V. K. Schwend, V. Tollefson, and N. R. Cooper.
1987. Identification of gp350 as the viral glycoprotein mediating attachment
of Epstein-Barr virus (EBV) to the EBV/C3d receptor of B cells: sequence
homology of gp350 and C3 complement fragment C3d. J. Virol. 61:1416–
1420.

44. Pearson, G. R., B. Vroman, B. Chase, T. Sculley, M. Hummel, and E. Kieff.
1983. Identification of polypeptide components of the Epstein-Barr virus
early antigen complex with monoclonal antibodies. J. Virol. 47:193–201.

45. Pulvertaft, R. 1964. Cytology of Burkitt’s tumor (African lymphoma). Lancet
i:238–240.

46. Reisert, P. S., R. C. Spiro, P. L. Townsend, S. A. Stanford, T. Sairenji, and
R. E. Humphreys. 1985. Functional association of class II antigens with cell
surface binding of Epstein-Barr virus. J. Immunol. 134:3776–3780.

47. Roeckel, D., and N. Mueller-Lantzsch. 1985. Biochemical characterization of
two Epstein-Barr virus early antigen-associated phosphopolypeptides. Virol-
ogy 147:253–263.

48. Roop, C., L. Hutchison, and D. C. Johnson. 1993. A mutant herpes simplex
virus type 1 unable to express glycoprotein L cannot enter cells, and its
particles lack glycoprotein H. J. Virol. 67:2285–2297.

49. Scholl, P. R., and R. S. Geha. 1994. MHC class II signaling in B-cell activa-
tion. Immunol. Today 15:418–422.

50. Seidl, C., C. Saraiya, Z. Osterweil, Y. P. Fu, and J. S. Lee. 1992. Genetic
complexity of regulatory mutants defective for HLA class II gene expression.
J. Immunol. 148:1576–1584.

51. Spaete, R. R., K. Perot, P. I. Scott, J. A. Nelson, M. F. Stinski, and C. Pachl.
1993. Co-expression of truncated human cytomegalovirus gH with the
UL115 gene product or the truncated human fibroblast growth factor recep-
tor results in transport of gH to the cell surface. Virology 193:853–861.

52. Spriggs, M. K., R. J. Armitage, M. R. Comeau, L. Strockbine, T. Farrah, B.
MacDuff, D. Ulrich, M. R. Alderson, J. Mullberg, and J. I. Cohen. 1996. The
extracellular domain of the Epstein-Barr virus BZLF2 protein binds the
HLA-DRb chain and inhibits antigen presentation. J. Virol. 70:5557–5563.

52a.Spriggs, M. K., and M. R. Comeau. Unpublished data.
53. Steimle, V., L. A. Otten, M. Zufferey, and B. Mach. 1993. Complementation

cloning of an MHC class II transactivator mutated in hereditary MHC class
II deficiency (or bare lymphocyte syndrome). Cell 75:135–146.

54. Takada, K. 1984. Cross-linking of cell surface immunoglobulin induces Ep-
stein-Barr virus in Burkitt lymphoma lines. Int. J. Cancer 33:27–32.

55. Tanner, J., J. Weis, D. Fearon, Y. Whang, and E. Kieff. 1987. Epstein-Barr
virus gp350/gp220 binding to the B lymphocyte C3d receptor mediates ad-
sorption, capping and endocytosis. Cell 50:203–213.

56. Trkola, A., T. Dragic, J. Arthos, J. M. Binley, W. C. Olson, G. P. Allaway, C.
Cheng-Mayer, J. Robinson, P. J. Maddon, and J. P. Moore. 1996. CD4-

VOL. 71, 1997 EBV USES HLA CLASS II IN B-LYMPHOCYTE INFECTION 4661



dependent, antibody sensitive interactions between HIV-1 and its co-recep-
tor CCR-5. Nature 384:184–187.

57. Van Vooris, W. C., R. M. Steinman, L. S. Hair, J. Luban, M. D. Witmer, S.
Koide, and Z. A. Cohn. 1983. Specific anti-mononuclear phagocyte mono-
clonal antibodies. Application to the purification of dendritic cells and the
tissue localization of macrophages. J. Exp. Med. 158:126–145.

58. Wickham, T. J., P. Mathias, D. A. Cheresh, and G. R. Nemerow. 1993.
Integrins avb3 and avb5 promote adenovirus internalization but not virus
attachment. Cell 73:309–319.

59. Wu, L., N. P. Gerard, R. Wyatt, H. Choe, C. Parolin, N. Ruffing, A. Borsetti,
A. A. Cardoso, E. Desjardin, W. Newman, C. Gerard, and J. Sodroski. 1996.
CD4-induced interaction of primary HIV-1 gp120 glycoproteins with the

chemokine receptor CCR-5. Nature 384:179–183.
60. Yao, Z., W. C. Fanslow, M. F. Seldin, A. M. Rousseau, S. L. Painter, M. R.

Comeau, J. I. Cohen, and M. K. Spriggs. 1995. Herpesvirus Saimiri encodes
a new cytokine, IL-17, which binds to a novel cytokine receptor. Immunity
3:811–821.

61. Yaswen, L. R., E. B. Stephens, L. C. Davenport, and L. M. Hutt-Fletcher.
1993. Epstein-Barr virus glycoprotein gp85 associates with the BKRF2 gene
product and is incompletely processed as a recombinant protein. Virology
195:387–396.

62. Zhou, H., and L. Glimscher. 1995. Human MHC class II gene transcription
directed by the carboxyl terminus of CIITA, one of the defective genes in
type II MHC combined immune deficiency. Immunity 2:545–553.

4662 LI ET AL. J. VIROL.


