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Epstein-Barr virus (EBV) is a persistent, orally transmitted herpesvirus that replicates in B cells and
epithelial cells and is associated with lymphoid and epithelial malignancies. The virus binds to CD21 on B cells
via glycoprotein gp350/220 and infects efficiently. Infection of cultured epithelial cells has not typically been
efficient but can occur in the absence of gp350/220 and CD21 and in vivo is thought to be important to the
development of nasopharyngeal carcinoma. We report here that antibodies to gp350/220, which inhibit EBV
infection of B cells, enhance infection of epithelial cells. The effect is not mediated by Fc receptor binding but
is further enhanced by antibody cross-linking, which may patch gp350/220 in the virus envelope. Saliva from
EBV-seropositive individuals has similar effects that can be reversed by depletion of antibody. The results are
consistent with a model in which gp350/220 interferes with the access of other important players to the
epithelial cell surface. The results may have implications for the development of nasopharyngeal carcinoma in
high-risk populations in which elevated titers of antibody to EBV lytic cycle proteins are prognostic.

Epstein-Barr virus (EBV) is an orally transmitted human
herpesvirus that infects more than 90% of the human popula-
tion. Most infections are asymptomatic, but the virus can cause
infectious mononucleosis and is associated with both lymphoid
and epithelial malignancies (31). Of these, undifferentiated
nasopharyngeal carcinomas (NPC), essentially all of which are
latently infected with EBV, are probably the most common.
NPC represents only 0.25% of the cancers in Western popu-
lations, but its incidence is elevated in Eskimo populations and
in people of Mediterranean Africa, and it can represent as
many as 20% of the cases of cancer in southern China and
Southeast Asia (29).

In support of the relevance of EBV to the development of
NPC is the finding that in virus-positive tumors the virus ge-
nome is typically “clonal.” This determination is based on the
fact that the EBV genome is flanked by variable numbers of
terminal repeats and each newly infected cell can be colonized
by an episome in which a different, but distinct, number of
repeats is retained (30). Thus, a population of infected cells
will house a population of episomes with differing numbers of
repeats, unless all of the cells within the population are derived
from the same original infected cell.

There are two possible explanations for clonality. One is that
infection and initiation of the tumor are concurrent and pos-
sibly causally related events. The other is that virus is not
present at tumor initiation but that subsequent infection pro-
vides a growth advantage that promotes the tumor and leads to
outgrowth of a single infected cell. The latter scenario is sup-
ported by two observations. First, although preinvasive lesions
already carry clonal EBV (27), milder dysplasia may contain
EBV in only a portion of the cells (3). Second, although si-

multaneous infection of epithelial cells in culture initially yields
a polyclonal population carrying episomes with variable repeat
sizes, a cell with a single repeat size rapidly emerges (22). Both
scenarios envisage a role for EBV infection in driving tumor
development. They are consistent with observations that high-
titer antibodies to EBV lytic cycle proteins, which presumably
represent an increase in virus replication, are not only charac-
teristic of NPC (9–12) but are also prognostic in populations at
risk (38, 39).

Despite the potential importance of epithelial cell infection,
there remains uncertainty about how it actually occurs. The
initial determinants of the tropism of EBV for lymphocytes are
fairly well understood. The virus attaches to complement re-
ceptor type 2 (CR2) or CD21 via a large, heavily glycosylated
envelope glycoprotein, gp350/220, so called because it is made
in two alternatively spliced forms that both bind CD21 (5, 24,
25, 32). Fusion of the virus envelope and cell membrane is
triggered by an interaction between HLA class II and virus
glycoprotein gp42 which forms a complex with glycoproteins
gHgL (18, 19). Fusion is completed by gHgL and glycoprotein
gB (8). Fusion of virus with an epithelial cell is also mediated
by gHgL and gB. The trigger is an as-yet-unidentified receptor,
gHgLR, which interacts directly with gHgL (2, 21, 35). How-
ever, how the virus first attaches to epithelial cells is less clear.
Many epithelial cell lines express at least low levels of CD21 (4,
13), and stable transfection of CD21 in an epithelial cell line
facilitates a high level of infection (2, 20). Nevertheless, there
remains considerable doubt as to whether CD21 is expressed
on epithelial cells in vivo (37). The virus can use gHgLR for
efficient attachment, but when it does so its ability to penetrate
cells appears to be compromised (2). The multispan virus
membrane protein encoded by the BMRF2 open reading
frame carries an RGD motif and interacts with �5�1 integrins
on polarized epithelial cells in vitro (34), but there is very little
of this protein in the virus particle (16), and whether its major
role is in attachment or cell signaling is unclear. Epithelial cells
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that carry the polymorphic immunoglobulin A (IgA) receptor
can be infected in vitro with virus coated with IgA specific for
gp350/220. This is of particular interest given the elevation of
serum IgA, as well as IgG, antibody to EBV in patients with
NPC (10, 12), although in polarized epithelial cells, virus
coated with antibody to gp350/200 is preferentially transcy-
tosed (6).

Infection of CD21-negative epithelial cells in culture with
cell-free virus is generally inefficient (2, 13), but such cells
occasionally express CD21 on prolonged culture and infection
rates go up. One potential way to determine if CD21 is being
expressed might be to examine whether infectivity is blocked
by monoclonal antibodies (MAbs) to gp350/220 that block
CD21-mediated B-cell infection. In the course of testing this
possibility, we made the somewhat surprising discovery that
antibodies to gp350/220 enhance rather than inhibit epithelial
cell infection. We report here that this is not an Fc receptor-
mediated event but may be mediated by clustering of gp350/
220 in the virion envelope and facilitation of access of other
essential virion proteins to the cell membrane. The effect can
be at least partially recapitulated by antibodies in the saliva of
seropositive individuals. If high-titer antibodies, including an-
tibodies to gp350/220, predate the onset of NPC, these findings
have potential implications for development of the disease.

MATERIALS AND METHODS

Cells and virus. Akata-GFP, a CD21-positive Burkitt lymphoma-derived cell
line carrying a recombinant EBV in which the thymidine kinase gene is inter-
rupted with a double cassette expressing neomycin resistance and the green
fluorescent protein (21), and EBV-negative Akata cells that have lost the EBV
genome were grown in RPMI 1640 medium (Sigma) supplemented with 10%
heat-inactivated fetal bovine serum (Gibco BRL). The EBV-positive Akata cells
were also supplemented with 500 �g/ml active G418 (Mediatech). AGS, a CD21-
negative gastric carcinoma-derived cell line (American Type Culture Collection)
was grown in Ham’s F12 nutrient mixture (Gibco BRL) supplemented with 10%
heat-inactivated fetal bovine serum. 293 cells were grown in Dulbecco modified
Eagle medium (Sigma) supplemented with 10% heat-inactivated fetal bovine
serum. Akata-GFP virus was collected from clarified culture medium of cells that
had been induced by treatment with anti-human immunoglobulin (21).

Antibodies. The following MAbs were used: CL55 and L2 (17), reacting with
gB; C1 (33) and CL3, reacting with gp350/220, and 1969, which recognizes the
�5/�1 integrin complex (Chemicon International). C1, CL3, and CL55 were
purified by chromatography on protein A (Sigma) coupled to Affigel-15 (Bio-
Rad). L2, a gift from Gary Pearson, was ascites fluid, and the antibody concen-
tration was determined by gel electrophoresis and comparison with known an-
tibody concentrations. Fab� and F(ab�)2 fragments of C1 and CL3 were made
with an ImmunoPure IgG1 Fab and F(ab�)2 preparation kit (Pierce Biotechnol-
ogy Inc., Rockford, IL) according to the manufacturer’s instructions and sepa-
rated by fast protein liquid chromatography with a column of Sephacryl 100 26/60
(GE Healthcare). Complete digestion into either Fab or F(ab�)2 was confirmed
by polyacrylamide gel electrophoresis under nonreducing conditions.

Infection assays. AGS or 293 cells were plated onto two-chamber Falcon slides
(BD Biosciences Clontech) at a dilution that produced a 30% confluent mono-
layer 24 h later. Cells were incubated at 37°C with 500 �l of virus alone or virus
that had been preincubated for 45 min at room temperature with 100 �g of
antibody, preincubated with 100 �g of antibody and 100 �g of protein A/G
(Pierce), or preincubated with saliva. In experiments where Fab fragments were
used, 30 �g of goat anti-mouse heavy- and light-chain antibody (Jackson Immu-
noresearch Laboratories) was added at 45 min to some samples for an additional
45 min of incubation. After 2 h of incubation on cells, growth medium (1.5 ml)
was added and the cells were reincubated and directly examined for GFP ex-
pression 48 h later by fluorescence microscopy. A total of 5 � 105 EBV-negative
Akata cells were pelleted and resuspended in 100 �l of virus; virus and antibody;
virus, antibody, and soluble protein A/G (Pierce); or virus and saliva for 2 h at
37°C, at which time growth medium (3 ml) was added. Cells were transferred to
six-well plates and examined for GFP expression 48 h later. In some experiments,

cells were preincubated with antibody 1969 to the �5/�1 integrin complex for 1 h
at 37°C before addition of virus.

Virus binding assays. The amount of virus that bound to AGS cells was
determined by adding virus to adherent monolayers in six-well tissue culture
plates on ice for 2 h, washing cells, and scraping them into ice-cold saline. DNA
was isolated for real-time quantitative PCR with a QIAamp DNA Blood Mini Kit
(QIAGEN Sciences).

Saliva. Saliva was obtained by use of a Salivette (Sarstedt, Fisher Scientific
International). Donors chewed a cotton swab for approximately 1 min, and the
saliva-saturated swab was centrifuged at 840 � g in the Salivette to extract the
saliva into the base and pellet out cells. The clarified saliva was then recentri-
fuged at 16,000 � g for 1 h and incubated overnight at 4°C with Sepharose CL4B.
To deplete saliva of antibodies, it was incubated for 2 h with protein A-conju-
gated Sepharose (Sigma). All saliva was filtered through a 0.2-�m-pore-size filter
before use.

Real-time quantitative PCR and reverse transcriptase real-time PCR. A 76-bp
region of the EBV EBNA1 gene in the BamHI K fragment (primers 5�-GGAT
GCGATTAAGGACCTTGTT-3� and 5�-CGTCAAAGCTGCACACAGTCA-3�,
base coordinates 109677 and 109753, respectively; National Center for Biotech-
nology Information GenBank accession no. VO1555) was amplified together
with a 101-bp DNA sequence of the human C-reactive protein (CRP) gene
(primers 5�-CTTGACCAGCCTCTCTCATGC-3� and 5�-TGCAGTCTTAGAC
CCCACCC-3�, base coordinates 132705 and 132605, respectively; accession no.
AL445528) with the TaqMan Fluorogenic System (PE Applied Biosystems), in
which real-time amplification is measured by cleavage of fluorescent-dye-labeled
probes by the 5�-to-3� exonuclease activity of Taq DNA polymerase. The EBNA1
probe (5�-CAAAGCCCGCTCCTACCTGCAATATCA-3�, base coordinate
109703) was labeled with 6-carboxyfluorescein, and the CPR probe (5�-TTTGG
CCAGACAGGTAAGGGCCACC-3�, base coordinate 132682) was labeled with
VIC (PE Applied Biosystems). Reactions were performed as described by others
(7), in a 50-�l volume with TaqMan Universal Master Mix (PE Applied Biosys-
tems), 300 nM primers, 200 nmol/liter probe, and 400 or 200 ng of DNA.
Amplification consisted of 2 min at 50°C, 10 min at 95°C, and 50 two-step cycles
of 15 s at 95°C and 60 s at 60°C. Each sample was run in duplicate, together with
multiple template-negative controls. Serial dilutions of IB4 DNA, a Burkitt’s
lymphoma cell line containing five copies of EBV per cell, served as the standard.
The EBV copy number per sample was normalized to the amount of CRP DNA
representing the actual amount of amplifiable cellular DNA in each sample.
Confirmation that the AGS epithelial cells were CD21 negative and that 293 cells
were CD21 positive was obtained by nested reverse transcriptase real-time PCR.
RNA was isolated with RNA STAT-60 (Tel-Test, Inc.) and reverse transcribed
before amplification with outer primers (5�-GGG TTT TCT TGG CTC TCG
TC-3� and 5�-CCT TAT CAC GGT ACC AAC AGC-3�) located at bases 117 to
136 of the first exon of CD21 (bases 1 to 152; accession number NM_001877) and
bases 218 to 238 in the second exon. A second round of PCR was carried out with
the first-round PCR product mixed with the inner primers 5�-GGG TTT TCT
TGG CTC TCG TC-3� and 5�-AAT AAT AAC TAA TCC GGC CAT TTA
GG-3�, located at bases 117 to 136 of the first exon and bases 181 to 206 of the
second exon. The probe 5�-TCC TCG GGA TTT CTT GTG GCT CTC CT-3�
spanned the last six bases of exon 1 and the first 20 bases of exon 2 and was
labeled with 6-carboxyfluorescein.

RESULTS

Antibodies to gp350/220 enhance infection of CD21-negative
epithelial cells. Virus was harvested from Akata cells carrying
a recombinant EBV which expresses GFP and allows infection
to be scored by counting the percentage of green cells at 48 h
postinfection. AGS cells were confirmed to be CD21 negative
by reverse transcriptase PCR and infected with this virus. As
previously noted, infection was inefficient, with fewer than 5%
of the cells typically expressing GFP. However, preincubation
of the virus with two MAbs to gp350/220, one of which neu-
tralizes B-cell infection (33), increased infection significantly;
two nonneutralizing MAbs to gB had no such effect (Fig. 1).
The failure of the antibodies to gB, which is also a relatively
abundant envelope glycoprotein (16), to enhance infection
suggested that enhancement could not simply be attributed to
increased binding of virus via antibodies to Fc receptors on the
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epithelial cell surface. To confirm this, we made F(ab�)2 and
Fab� fragments of the two anti-gp350 antibodies. The F(ab�)2

fragments retained their ability to inhibit B-cell infection and
enhance epithelial cell infection (Fig. 2A). Fab fragments
failed either to inhibit B-cell infection or to enhance epithelial
cell infection, but addition of sheep anti-mouse antibody,
which would restore the ability of the antibodies to cross-link
antigen, restored both the inhibition of B-cell infection and the
enhancement of epithelial cell infection (Fig. 2B). To explore
further if cross-linking of antigen was important to enhanced
epithelial cell infection, we preincubated the virus with intact
antibody and with soluble recombinant protein A/G, which
combines four protein A and two protein G Fc binding do-
mains and can thus increase antibody cross-linking. Consistent
with a role for protein cross-linking, the soluble protein A/G
increased the enhancement of infection beyond that mediated
by antibody alone (Fig. 3).

Antibodies to gp350/220 also enhance infection of epithelial
cells expressing low levels of CD21. Some epithelial cell lines
express at least low levels of CD21, and the question of
whether epithelial cells express CD21 in vivo is still unresolved.
In order to determine if antibodies to gp350/220 could also
enhance infection of epithelial cell lines expressing CD21, 293
cells were infected with virus expressing GFP that had been
preincubated with antibodies to gB, with antibodies to gp350/
220, or with the same antibodies and with soluble recombinant
protein A/G as well. Infection levels in the absence of any
antibody were higher than for CD21-negative AGS cells, but
again antibodies to gp350/220 and not antibodies to gB en-
hanced infection (Fig. 4). Addition of protein A/G increased
infection even further. Real-time quantitative PCR analysis of
cDNA reverse transcribed from 293 cells indicated that CD21
RNA levels were approximately one-sixth of the levels found in
the Raji B cells that we currently have in culture.

Antibodies do not significantly increase virus binding. Al-
though it did not appear that antibody-mediated enhanced
infection of epithelial cells could be attributed to enhanced
virus binding to Fc receptors, it remained possible that anti-
body was increasing the ability of additional virus proteins to

attach virus to cells. To determine if this were the case, we used
real-time quantitative PCR to measure the relative amounts of
virus bound to AGS cells following preincubation of virus with
MAbs. Antibodies to gp350/220 in six experiments, on average,

FIG. 1. Antibodies to glycoprotein gp350/220 enhance infection of
CD21-negative epithelial cells. AGS epithelial cells infected with re-
combinant EBV expressing GFP that had been preincubated with
medium alone (none), with two MAbs to gp350/220 (gp350), or with
two nonneutralizing antibodies to glycoprotein gB (gB). The percent-
age of cells infected was determined by counting those expressing GFP
at 48 h postinfection. Error bars indicate the standard deviation of
seven separate experiments.

FIG. 2. MAbs to gp350/220 lacking an Fc domain can inhibit B-cell
infection and enhance epithelial cell infection, but only if they are
bivalent. AGS epithelial cells or EBV-negative Akata B cells were
infected with recombinant virus expressing GFP after preincubation
with medium alone (none), intact antibodies (ab), or F(ab�)2 fragments
(A) or with medium alone, intact antibodies, Fab fragments (Fab), or
Fab fragments cross-linked by addition of anti-mouse antibody (Fab �
anti-mse) (B). Error bars indicate standard deviation of three (A) or
two (B) separate experiments. Different virus pools were used in pan-
els A and B.

FIG. 3. Addition of soluble protein A/G to MAbs to gp350/220
increases their ability to enhance infection of epithelial cells. AGS
epithelial cells were infected with recombinant EBV expressing GFP
that had been preincubated with medium alone (none), with two MAbs
to gp350/220 (gp350), or with two MAbs to gp350/220 and 100 �g of
soluble protein A/G (gp350 � prot AG). Error bars indicate the
standard deviation of five separate experiments.
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did increase virus binding relative to virus alone (Fig. 5A).
However, antibodies to gB that mediated no enhanced infec-
tion had the same effect and in neither case were the differ-
ences statistically significant. Since the virus BMRF2 protein
interacts with �5�1 integrins, we also examined the binding of
virus preincubated with MAbs to gp350/220 to cells which had
been preincubated with a blocking antibody to �5�1 integrins.
The slight increase in virus binding seen after preincubation of
virus with antiviral antibodies was not affected. The same treat-
ment (Fig. 5B) or preincubation of cells with fibronectin (not
shown) also had no significant effect on the infectivity of virus
pretreated with antibodies to gp350/220.

Antibody in saliva can enhance epithelial cell infection. An-
tibodies to gp350/220, which is the most abundant glycoprotein
in the virion (16), are found at low levels in the saliva of some
normal healthy individuals (36). To determine if saliva might
thus duplicate the effects of the MAbs to gp350/220, we col-
lected cell-free saliva from EBV-seropositive individuals, ab-
sorbed it overnight on Sepharose CL4B, filtered it, and deter-
mined its ability to influence virus infection of B cells and
epithelial cells. Saliva samples from four individuals that, pre-
incubated with virus, could reduce infection of B cells also
mediated, in parallel, an increase in infection of epithelial cells
(Fig. 6A). Additional preabsorption of saliva on immobilized
protein A modulated the decrease in B-cell infection and the
increase in epithelial cell infection. Although in neither case
were the infection rates restored to the same levels as those
seen in the complete absence of saliva, the results were con-
sistent with at least part of the activity being attributable to
antibody. Consistent with this, saliva from four seronegative
donors neither inhibited B-cell infection nor enhanced epithe-
lial cell infection (Fig. 6B).

DISCUSSION

Saliva from EBV-seropositive individuals contains both cell-
free and cell-associated virus, the latter of which may represent
virus bound to a B-cell surface or virus that is being actively

replicated in B cells. It has been shown in vitro that close
contact with virus-producing B-cell lines results in significantly
more efficient epithelial cell infection than does addition of
cell-free virus (13, 34), which raises the question of the rele-
vance of cell-free virus in saliva to virus transmission. The work
reported here suggests that use of tissue culture-derived virus
alone may underestimate the transmissibility of the cell-free
virus in the oral cavity to uninfected epithelial cells in the same
or in a new host.

It is clear that epithelial cells can be infected in the absence
of CD21 and recombinant gp350/220-null virus has been shown
to be able to infect epithelial cells (14). Nevertheless, the
fortuitous finding that antibodies to gp350/220 can enhance
epithelial cell infection was a surprise. The ability of F(ab�)2

FIG. 4. MAbs to gp350/220, but not antibodies to gB, enhance
infection of CD21-positive 293 cells. 293 cells were infected with re-
combinant EBV expressing GFP that had been preincubated with
medium alone (none), with two MAbs to glycoprotein gB (gB), with
two MAbs to gB and 100 �g of soluble protein A/G (gB � prot AG),
with two MAbs to gp350/220 (gp350), or with two MAbs to gp350/220
and 100 �g of soluble protein A/G (gp350 � prot AG). Error bars
indicate the standard deviation of four infections in two separate
experiments.

FIG. 5. Enhanced infection is not a result of increased binding of
virus and is not influenced by preincubation of AGS epithelial cells
with antibody to �5�1 integrins. (A) Virus preincubated in medium
(none), MAbs to gp350/220 (gp350), or MAbs to gB (gB) was incu-
bated on ice for 2 h with cells or cells preincubated with antibody to
�5�1 integrins (gp350 � integrin). Cells were then washed, and rela-
tive amounts of virus bound per cell were measured by real-time
quantitative PCR for the BamHI K fragment of EBV and for cellular
CRP. Virus bound, in arbitrary (arb.) units, represents the values
obtained for EBV divided by the values obtained for CRP expressed
relative to virus binding in the absence of antibody (set at 100).
(B) AGS cells infected with recombinant EBV expressing GFP that
had been preincubated with medium alone (none), with two MAbs to
gp350/220 and AGS cells preincubated with antibody to �5�1 integrins
before infection with virus bound to antibodies to gp350/220 (gp350 �
integrin). Error bars indicate the standard deviation of six experiments.
None of the values in panel A were statistically significantly different
(P � 0.1), and in panel B the values for gp350 and gp350 � integrin
were not significantly different (P � 0.1).
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fragments to mediate the same effect ruled out the possibility
that it simply reflected an acquired ability to bind virus to Fc
receptors on the epithelial cell surface. The inability of Fab
fragments to block B-cell infection without the addition of
anti-mouse antibody was slightly unexpected but presumably
means that the epitope recognized by the neutralizing antibody
C1 is not the same as the CD21 binding site of gp350/220 but
one that when cross-linked on neighboring molecules results in
masking of the CD21 binding site. The need for anti-mouse
antibody to restore the ability of Fab fragments to enhance
epithelial infection presumably cannot have a precisely similar
explanation, but the ability of protein A/G to increase the

effect of intact antibody does strongly suggest that cross-linking
is relevant.

One obvious possibility is that cross-linking of gp350/220
causes it to patch in the virus membrane. This could then, in
turn, facilitate the access of other glycoproteins, more relevant
to epithelial cell infection, to the epithelial cell surface. One
function of these proteins might be to increase attachment of
virus to the cell surface. Antibodies to gp350/220, however, did
not significantly impact virus binding or apparently increase
the access of the BMRF2 protein to �5�1 integrins. In the
absence of an antibody to the RGD domain on BMRF2, we
cannot rule out the possibility that other integrins are relevant,
although the failure of fibronectin to affect enhanced infection
is not consistent with this. It seems more probable that it is
access of proteins that are responsible for virus penetration
that is being facilitated. Glycoprotein gp350/220, which has the
greatest mass of all of the virus envelope proteins, as well as
being the most abundant, has been modeled as a long, ex-
tended structure (23). This is consistent with a model in which
gp350/220, not absolutely required for attachment to an epi-
thelial cell, may get in the way of other important players.
What these players might be is not clear. Virus derived from a
B cell already binds efficiently to gHgLR on the epithelial cell
surface, and gHgLR is probably the same receptor that ini-
tiates fusion with an epithelial cell (2). This, together with the
fact that no significant increase in binding was observed, sug-
gests that it is not access of gHgL to the cell surface that is
enhanced. However, an increase in the amount of glycoprotein
gB in a virion particle has been shown to increase the efficiency
of epithelial cell infection (26), so it is possible that the anti-
bodies to gp350/220 have increased the ability of gB to take
part in virus-cell fusion.

Saliva from seropositive donors could substitute for antibod-
ies to gp350/220 as an inhibitor of B-cell infection and an
enhancer of epithelial cell infection. At least some of these
effects can be attributed to antibody since absorbing saliva with
immobilized protein A reversed them and the effect was not
seen with saliva from seronegative individuals. We have no
specific data to address the question of whether the antibody
responsible is directed at gp350/220, although the reciprocal
effects on B-cell and epithelial cell infection are at least con-
sistent with this. We have been unable to reduce the effects of
saliva any further by absorption with immobilized jacalin or
protein A/G, which might do a better job of removing IgA.
This perhaps suggests the interesting possibility that saliva
contains other factors which affect the efficiency of infection.

Exactly where epithelial cells fit in the cycle of EBV persis-
tence is not certain. Productive replication in epithelial cells at
the initiation of primary infection presumably facilitates access
to B cells in Waldeyer’s ring, particularly since replication in an
HLA class II-negative cell like an epithelial cell significantly
increases the ability of virus to infect a B cell (1). Amplification
in epithelial cells of virus reactivating from plasmablasts may
also be important; certainly, epithelial cells are infected in
healthy carriers (28) and most of the virus found in saliva
appears to have been made in an HLA class II-negative cell
(15). One event may be facilitated by antibody in saliva in
which virus is shed or transmitted; the other may be facilitated
by serum antibody. Facilitation of epithelial cell infection in
individuals at risk for NPC is of particular concern. The find-

FIG. 6. Saliva from seropositive, but not seronegative, individuals
inhibits B-cell infection and enhances epithelial cell infection, and
antibody depletion partially reverses these effects. (A) EBV-negative
Akata B cells or AGS epithelial cells infected with virus preincubated
with medium (none) with saliva or with saliva from which antibody had
been deleted by preabsorption with immobilized protein A (absorbed
saliva). (B) EBV-negative Akata B cells or AGS epithelial cells in-
fected with virus preincubated with medium (none) or with saliva from
seropositive or seronegative donors as indicated. Error bars indicate
the standard deviation of four donors. All saliva was clarified by cen-
trifugation at 16,000 � g for 1 h and filtered through a 0.2-�m-pore-
size filter before use. The experiments whose results are shown in
panels A and B were done with different virus pools.
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ings reported here suggest that elevated titers of antibody to
EBV gp350/220 may not only be prognostic for the tumor but
also play a contributory role in its development.
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