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Introduction

Summary

Chemokines and chemokine receptors are likely to play important roles in
the pathogenesis of Epstein—Barr virus (EBV) -associated disease. The pri-
mary EBV infection occurs in the oropharynx where the virus infects
mainly tonsillar B cells. We have previously shown that CXCR4 expres-
sion on tonsillar B cells is modulated by EBV. Here, CXCR5 and CCR7
expression, which is important for migration into lymphoid tissue, was
followed for 14 days after EBV infection of tonsillar B cells. Early after
infection (2 days) there were only minor changes in CXCR5 and CCR7
expression. However, at day 7 the expression of CXCRS5, as well as of
CCR7, was decreased and by day 14 these molecules were no longer pres-
ent at the cell surface. Furthermore, EBV infection affects the chemotactic
response to CXCL13 and CCL21 (the ligands for CXCR5 and CCR?7,
respectively) with a reduction of ligand-induced migration at day 2. Using
gene expression profiling, we identified an additional set of chemokines
and chemokine receptors that were changed upon EBV infection in com-
parison with non-infected tonsillar B cells. In particular, messenger RNA
expression for CCR9 and the complement receptor C5AR1 was increased.
Both receptors mediate homing to mucosal tissue. The alterations of
the expression of these molecules may lead to retention of EBV-infected
tonsillar B cells in the interfollicular region of the tonsil.

Keywords: chemokine receptors; chemokines; Epstein—Barr virus; migra-
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B-cell pool that preferentially populates the pharyngeal
lymphoid tissue.>® In latent infection, distinct EBV gene

Epstein—Barr virus (EBV), a ubiquitous B-lymphotropic
human y-herpesvirus, infects all human populations with
a great majority of adults having antibodies to the virus.'
Primary infection by EBV is usually asymptomatic in
young children but may cause infectious mononucleosis
in adolescents and young adults. The virus is associated
with a number of malignancies like Burkitt’s lymphoma,
nasopharyngeal cancer and B-cell lymphomas arising in
immunocompromised patients.” Primary infection occurs
by the oral route and involves viral replication in permis-
sive cells of the mucosal epithelium associated with
pharyngeal lymphoid tissues.” At the same time, the virus
initiates infection of the B-cell pool in tonsils where
immunohistochemical staining has shown EBV-positive B
cells in the extrafollicular areas of the tonsil.* Following
primary infection, EBV establishes latency in the memory
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expression patterns have been described (for review see
ref. 7). In vivo, latency III is found in infected B cells that
are driven to proliferate by the virus. In latency III, only
found in B immunoblasts, all EBV-encoded transcripts
and proteins are expressed including nine virally encoded
proteins. These are designated as the growth transforma-
tion-associated  proteins; six are nuclear proteins
(EBNA1-6), whereas three are membrane bound, (LMP1,
2A and 2B). Two non-translated small non-polyadeny-
lated RNAs (EBERs) are also expressed. Latency II, char-
acterized by expression of EBERs, EBNAI and LMP1, -2A
and -2B is found in non-immunoblastic malignancies like
Hodgkin’s disease and nasopharyngeal cancer. Latency I is
found in cells from Burkitt’s lymphoma patients ex vivo
and these cells only express EBNA1 and EBERs. In
healthy seropositive individuals the infected cells mainly
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have a resting phenotype expressing no EBV-encoded
proteins or occasionally expressing LMP2A or EBNAI
transcripts, i.e. latency 0-I. BamHI-A rightward tran-
scripts are also expressed in all EBV latency programmes,
including EBV-infected B cells in healthy carriers.®

Recent studies have shown that migration and tissue
microenvironmental localization of various lymphocyte
subclasses are finely regulated through the expression of
chemokine receptors, depending on the differentiation and
activation stage.””'? It is conceivable that chemokines and
their receptors play important roles in the migration
and tissue localization of EBV-infected B cells in diseases
such as infectious mononucleosis and opportunistic B-cell
lymphomas. Most herpes viruses encode homologues of
chemokines and chemokine receptors'”> and EBV encodes
a distinct G-coupled receptor with unknown function as
well as a homologue for interleukin-10.'* In addition,
increasing attention has been given to the potential role
of viruses in interference with chemokine receptor expres-
sion, binding and signalling.'>'® Expression of chemokine
receptors and chemokines in EBV-immortalized cell lines
has been studied in comparison with peripheral blood B
cells and Burkitt’s lymphoma cell lines.'"”"® The EBV-
immortalized human B cells express CCR6 and CCR10 at
high levels and CXCR4 and CXCRS5 at low levels'” and it
was further shown that EBNA2, as well as LMP1, down-
regulates CXCR4. Expression of EBNA4 by infected B
cells has also been shown to repress CXCR4 expression in
cell lines.”® The expression and upregulation of the
chemokine receptor CCR7 has also been associated with
EBNA2 expression in different human B-cell lines.*"**

We have previously described the downregulation of
CXCR4 and the subsequent impairment of ligand
(CXCL12)-induced migration of tonsillar B cells infected
with EBV in vitro.”> Here we continued our study with
EBV-infected tonsillar B cells focusing on the expression
of CXCR5 and CCR7, two receptors that are important
for secondary lymphoid tissue homing, after EBV infec-
tion in vitro. Using gene expression profiling of chemo-
kine receptors and chemokines comparing EBV-infected
B cells with uninfected cells from the same donor, we also
define a number of genes that are targets for EBV in
tonsillar B cells.

Materials and methods

B-cell preparation

Tonsil B cells were prepared from human tonsils. Tonsils
obtained from routine tonsillectomy after informed con-
sent of the patient (Karolinska University Hospital, Stock-
holm, Sweden) were cut into fragments and dispersed
into cell suspensions. T cells were removed by E rosetting
followed by separation on Lymphoprep (Axis-Shield PoC
AS, Oslo, Norway). The remaining cells were suspended
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in RPMI-1640 supplemented with 10% fetal calf serum
(FCS; Gibco, Paisley, UK), glutamine (2 mm), penicillin
and streptomycin and the cultures contained > 90%
CD19-positive cells. Peripheral blood mononuclear cells
were isolated using the Lymphoprep (as described above),
and washed once with isotonic saline followed by a wash
with Versene [phosphate-buffered saline (PBS), pH 7-4
with 0-5 mm ethylenediaminetetraacetic acid] and finally
resuspended in PBS. For B-cell separation, the peripheral
blood mononuclear cells were incubated rotating with
Dynabeads Pan-B, four beads per target cell, at 4° for
30 min. Thereafter, the cells were washed five to seven
times until non-rosetted cells were below 1%. After an
overnight incubation, the beads that were shed were
removed using a magnet.

Cell culture

All cultures were carried out in HEPES-buffered RPMI-
1640 supplemented with 10% FCS, glutamine (2 mm),
penicillin and streptomycin. For EBV infection, B cells
were incubated with B95-8, a sub-strain of EBV. After
1 hr the virus was washed away and medium containing
10% FCS was added at a concentration of 1 ml/10° cells.
Cells were harvested after approximately 48 hr, 7 and
14 days for further analysis. ER/EB2-5 cells were cultured
in HEPES-buffered RPMI-1640 supplemented with 10%
FCS, glutamine (2 mm), f-oestradiol (1 pl/ml) (Sigma
Chemicals, Stockholm, Sweden), penicillin and streptomy-
cin. For oestradiol starvation, ER/EB2-5 cells were washed
with PBS three times and then kept in medium without
oestradiol [HEPES-buffered RPMI-1640 supplemented
with 10% FCS, glutamine (2 mm), penicillin and strepto-
mycin] for 3 days.

Flow cytometry

One million cells were incubated with saturating amounts
of monoclonal antibodies for 30 min, at + 4°. The mono-
clonal antibodies used were: anti-CCR7 (FAB197F), anti-
CXCR5 (FAB190P), isotype-matched controls, mouse
immunoglobulin G2A (IgG2A; IC003F) and mouse 2B
(IC0041P) (R&D Systems, Minneapolis, MN); R-phycoery-
thrin-conjugated mouse anti-human CD19 and R-phyco-
erythrin-conjugated mouse IgGl (DAKO A/S, Glostrup,
Denmark). After washing, the cells were fixed in 1%
formaldehyde in PBS and analysed in a FACScan using
CELL QUEST software (Becton Dickinson, Stockholm,
Sweden).

Transmigration

A Transwell culture system was performed in duplicates
on primary tonsillar B cells using 5-pum-diameter pore
filters (Transwell, 24-well plate; Costar, Cambridge, MA):
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25 x 10° cells were resuspended in 100 ul RPMI-1640
medium supplemented with 5% FCS, 2 mm glutamine,
penicillin and streptomycin and thereafter loaded into the
upper chamber of the Transwell filter. To examine the
migration of the cells towards CXCL13 and CCL21, 600 pl
medium containing 1 pg/ml of the respective recombinant
chemokine (R&D Systems) was added to the lower well
and the plate was incubated at 37° for 4 hr. Thereafter,
the migrated cells in the lower wells were collected, fixed
with 200 pl 1% formaldehyde in PBS and counted in a
FACScan flow cytometer (Becton Dickinson). The results
of three independent experiments are included.

Western blot

The cells were lysed in lysis buffer (60% glycerol, 50 mm
Tris—=HCI, pH 6:5; 2% sodium dodecyl sulphate, 0-1%
bromophenol blue and 0-02% 2-mercaptoethanol), and
then denatured by boiling for 10 min. Aliquots of total
cell lysates corresponding to 2-5 % 10° cells were loaded
in each well. The samples were electrophoresed on 10%
sodium dodecyl sulphate—polyacrylamide gel electro-
phoresis gels and transferred to polyvinylidene fluoride
membranes at 80V for 2 hr. After blocking the
membranes for 1 hr with 7-5% non-fat dried milk in
PBS-Tween-20, they were incubated with the primary
antibodies overnight at 4°. The blots were then incubated
with horseradish peroxidase-conjugated donkey anti-
rabbit immunoglobulin antibody (Amersham, Arlington
Heights, IL) or horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin antibody (DAKO A/S) and
detected with ECL Plus detection reagent (Amersham).
Primary antibodies were as follows: mouse anti-EBNA2
(DAKO A/S), mouse anti-LMP-1 (1-4 DAKO A/S) and
mouse anti-f actin (AC-15; Sigma Chemicals).

Complementary DNA expression array

Cultured tonsillar B cells (n = 2 donors) were collected
after 48 hr and 7 days and RNA was extracted using the
RNeasy Mini Kit (Qiagen, Stockholm, Sweden). Quality
and concentration of total RNA were evaluated by spec-
trophotometry (Bio-Rad, Stockholm, Sweden). Approxi-
mately 10-20 pg RNA was purified from each sample and
complementary DNA (cDNA) expression microarray
analysis was performed using the GEArray Q series
Human Chemokines and Receptors Gene Array (Super-
Array, Frederick, MD) measuring 96 genes encoding for
the small inducible cytokine subfamily A (Cys—Cys)
(n = 23), subfamily B (Cys—X—Cys) (n = 14), other sub-
family members (n =5), chemokine receptor family
(n = 28), chemokine-like factor superfamily (n = 7) and
other related genes (n = 19). About 1.5 pg total RNA was
reverse-transcribed using an Ampolabelling (LPR) Kit
(SuperArray) together with biotin-16-dUTP (Enzo Life
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Science, Famingdale, NY). Amplification of ¢cDNA was
performed for 30 cycles. The biotinylated ¢cDNA probes
were denatured and added to the hybridization solution.
GEArray Q Series membranes were prehybridized at 60°
for 2 hr and thereafter hybridized overnight with the
cDNA probes. Membranes were then washed, blocked
and incubated with alkaline phosphatase-conjugated
streptavidin. The labelled biotin on the membrane was
detected by chemoluminescence using a GEArray Chemo-
luminescence Detection Kit (D-01) (SuperArray).

Analysis of cDNA microarray

The luminescence intensities of hybridized ¢cDNA probes
were analysed by GEARRAY EXPRESSION ANALYSIS SUITE soft-
ware (SuperArray). Local background was subtracted for
each point and signal intensity was normalized against
the housekeeping gene Ribosomal protein L13a. For the
analysis of the overall changes in gene expression between
EBV-infected samples and uninfected controls, the signifi-
cantly dysregulated genes were selected according to a
boundary (cut-off) level of 2-5-fold expression difference,
as calculated by the microArRrAY software (SABiosciences,
Frederick, MD).

Results

Altered expression of chemokine receptors that
influence migration within lymphoid tissue

Primary EBV infection occurs in the oropharynx and
infectious mononucleosis is characterized by hyperplasia
of lymphoid tissues including tonsils. Therefore, we stud-
ied the expression of CXCR5 and CCR?7, receptors that
are important for migration within lymphoid tissue, in
tonsillar B cells upon EBV infection in vitro.

After 2 days, the expression of CXCR5 was slightly
decreased in the EBV-infected cells compared with cells
kept in medium (Fig. 1). A further decrease was found
on day 7, and by day 14 EBV-infected B cells no longer
expressed CXCR5. The expression of CCR7 was examined
at similar time-points. After 2 days, there was a minor
decrease in CCR7 expression in the EBV-infected cells
(Fig. 1). However, after 7 days CCR7 was strongly down-
regulated in infected cells and at day 14, CCR7 could not
be detected on the cell surface. Approximately 30% of the
cells were EBNA2-positive after 2 days and 70% after
7 days.

Reduced migration towards the ligands for CXCR5
and CCR7 in EBV-infected cells

To investigate whether the reduced expression of CXCR5
corresponded to a reduction in ligand-induced migration,
a transmigration assay was performed on cells harvested
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after 2 days. Migration towards the ligand for CXCR5,
CXCL13, was reduced in the EBV-infected cells compared
with control cells (15% versus 25% specific migration,
P =0-09) (Fig. 2a) although the expression of CXCR5
was similar on the cell surface of infected cells compared
with control cells (Fig. 2b). The expression of CCR7
showed only minor changes upon EBV infection
(Fig. 2b), but the EBV-infected cells migrated less (17%
versus 33% specific migration, P = 0-08) towards CCL21,
one of the ligands for CCR7 (Fig. 2a).

CCRY7 is differently expressed after EBV infection
depending on the B-cell compartment

The reduced level of CCR7 in tonsillar B cells has not
previously been described. On the contrary, the expres-
sion of EBNA2 in cell lines has been associated with the
upregulation of CCR7.2"?* Therefore, we decided to
examine the expression of CCR7 on ER/EB2-5 cells where
the expression of EBNA2 can be regulated by culturing
cells in the presence or absence of oestrogen'® and on
peripheral B cells after EBV infection in vitro.
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Figure 1. CXCR5 and CCR7 expression after

Epstein—Barr virus (EBV) infection of tonsillar

B cells. The surface expression was monitored

at 2, 7 and 14 days. The Epstein—Barr nuclear

antigen (EBNA) expression in cell cultures was

approximately 30% and 70% at these time-

. 14 points and at day 14 the culture contained very

few uninfected cells. The bold line represents
the specific staining and the thin line repre-
sents the staining with isotype-matched con-
MFI = mean
data
experiments are shown.

fluorescence
of three

trol. intensity.

Representative independent

After withdrawal of oestrogen, the cell surface expres-
sion of CCR7 decreased (Fig. 3a), with the subsequent
reduction in EBNA2 (Fig. 3b) when compared with the
proliferating ER/EB2-5 cells. In the ER/EB2-5 system, the
expression of EBNA2 was clearly associated with CCR7
cell surface expression. In peripheral B cells, the profile of
CCR7 expression after in vitro EBV infection showed a
different pattern compared with the one found in tonsil-
lar B cells. After 7 days of infection, CCR7 could still be
detected at a high level on the cell surface (Fig. 3c). At
this time-point, an average of 75% of cells were EBNA2
positive.

Overall gene expression changes induced by EBV in
human tonsillar B cells

To further assess the chemokines and chemokine recep-
tors in EBV-infected and uninfected tonsillar B cells, the
messenger RNA (mRNA) expression of these molecules
was analysed using gene expression profiling after 2 and
7 days (as above). Infection with EBV induced the expres-
sion of several chemokines and chemokine receptors
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Figure 2. Chemotactic response of tonsillar B cells to CXCL13 and
CCL21. (a) Tonsillar B cells were infected with Epstein—Barr virus
(EBV) and the chemotactic response induced by CXCL13 and
CCL21 in infected and control cells was compared after 2 days in a
4-hr Transwell migration assay. The result is presented as percentage
of cells that migrated to the ligand compared with the input popula-
tion after subtraction of background migration. In the CXCRS5
experiment, 50% of the infected population expressed Epstein—Barr
nuclear antigen (EBNA) whereas in the CCR7 experiment 40% of
the cells contained EBNA. (b) CXCR5 and CCR7 expression at time
of the migration assay. The bold line represents the specific staining
and the thin line the isotype-matched control. MFI = mean fluores-
cence intensity. Representative data of two independent experiments
are shown.

compared with uninfected cells from the same donor
(Table 1). Two molecules were found to be upregulated
at the mRNA level at both time-points. CCR9, a receptor
that is important for homing to mucosal tissue,”* was
increased approximately threefold in the EBV-infected
samples compared with uninfected tonsillar B cells of the
same origin. C5ARI, the receptor for complement Cba,
was overexpressed (10-7-fold and 5-0-fold increase,
respectively) in the EBV-infected cells at both time-points.
After 48 hr incubation, we found that one of the CCR7
ligands, CCL19, was upregulated. The chemokine CCL20
(ligand for CCR6), which is induced by the EBV-encoded
LMP1 gene,18 was also increased (4-1-fold) in EBV-
infected tonsillar B cells at 2 days. Several chemokines
mainly attracting T cells such as CCL11, CCL24, CCL1
and CCL13 were also upregulated after 7 days.
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Figure 3. Changes in CCR7 expression in ER/EB2-5 cells after oes-
trogen withdrawal. (a) CCR7 expression in proliferating ER/EB2-5
cells and ER/EB2-5 cells which have been cultivated in the absence
of oestrogen for 3 days. The bold line represents the specific staining
and the thin line the isotype-matched control. MFI = mean fluores-
cence intensity. (b) Western blot analysis of Epstein—Barr nuclear
antigen 2 (EBNA2) and latent membrane protein 1 (LMP1). Actin
was blotted as a loading control. Representative data of three inde-
pendent experiments are shown. (¢) CCR7 expression on peripheral
B cells after in vitro infection with Epstein—Barr virus (EBV) for 2
and 7 days (n = 3). Approximately 75% of the cells were EBNA2
positive in the cultures on day 7. MFI = mean fluorescence intensity.

EBV infection also induced a decrease in mRNA levels
for certain chemokines and chemokine receptors
(Table 2). At 2 days no genes were decreased compared
with uninfected control cells but after 7 days there were
more differences. CXCR5 and CCR6 were less expressed
at this time-point (0-4-fold and 0-1-fold decreases, respec-
tively). We could not detect a decrease in CCR7 mRNA
expression. The orphan receptor GPR31, the CCR2-ligand
CCL2 and the CXCR2-ligand CXCL2 were also less
expressed at this time-point in the EBV-infected B cells.

Discussion

The present study extends the studies of chemokine
and chemokine receptor expression during primary EBV
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Table 1. Overexpressed genes in Epstein—Barr virus (EBV)-infected
tonsillar B cells compared with uninfected cells

EBV + 48 hr EBV + 7 days
CCR9 29! CCR9 2.6'
C5AR1 10-7 C5AR1 5.0
CCL20 41 CCL11 7-4
CCL19 2.9 CCL24 6-5
CCR2 3-1 CCL1 3.0
CMTM 4.4 CCL13 32
SDF2 3.7
CCL5 4.9
CXCR3 2:6
PPBP 2.9
SLIT 3.3

"Fold increase.

Table 2. Underexpressed genes in Epstein—Barr virus (EBV)-infected
tonsillar B cells compared with uninfected cells

EBV + 7 days

BLR1/CXCR5 0-36"
CCR6 0-08
CCL2 0-10
CXCL2 0-12
GPR31 0-21
CCRL2 0-3
VHL 0-37

After 48 hr, no significant changes were found in the EBV-infected
tonsillar B cells compared with medium.
"Fold decrease.

infection. We have focused the study on CCR7 and
CXCR5, two chemokine receptors that are important
for entry and migration into lymphoid tissue*® and
they were compared after EBV infection of primary
tonsillar B cells in vitro.

Early after infection (2 days) the EBV-infected cells
showed a slight reduction in the cell surface expression of
CXCR5 that decreased further over time. In the micro-
array, decreased mRNA expression for CXCR5 was also
detected after 7 days. Low CXCRS5 expression has previ-
ously been reported in EBV-immortalized B-cell lines."”
However, the downmodulation of CXCR5 was not linked
to EBNA2 or LMP1 expression'”** because the mRNA
level of CXCRS5 did not change after stable transfection of
either EBNA2 or LMP1 into the human lymphoma line
BJAB. It is possible that the reduced CXCR5 expression
in EBV-infected cells reflects their activated plasmablast-
like state, because plasmablasts were shown to express
CXCRS5 at low levels.'>!!

CCR7 expression on the cell surface of EBV-infected
tonsillar B cells decreased after 7 days of culturing. This
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was unexpected because CCR7 has previously been shown
to be upregulated by EBV in different cell lines,'>*"*
such as BL41 and the ER/EB2-5 via oestrogen-mediated
activation of EBNA2”® and this was also confirmed by us.
In addition, CCR7 expression on EBV-infected peripheral
B cells showed a slower decrease in cell surface expression
over time compared with tonsillar B cells. This may sug-
gest that baseline CCR7 expression is differently regulated
in B cells depending on origin and in B-cell lines immor-
talized by EBV.**?’ Transcriptional analysis of different
B-cell compartments has revealed a higher CCR7 mRNA
expression in peripheral B cells compared with tonsillar B
cells.”®

The chemokine receptors CXCR5 and CCR7 play an
essential role in B-cell trafficking in lymphoid tissue®>*
and for microanatomic organization of lymphoid tissue.
CXCR5-CXCLI13 interactions direct the activated B cells
into the follicle and CCR7-CCL21 guide the cell to the
B-cell-T-cell border. CXCR5, together with CXCR4, is
involved in the GC dark and light zone organization.”
Consequently, reduced expression of the CXCR5 and
CCR7 chemokine receptors in the EBV-infected tonsillar
B cells may interfere with the migration of the infected
cell, as we also show in this study.

Migration towards CCL21 was impaired in EBV-
infected cells although the surface expression of CCR7
remained similar to that of the uninfected controls. Inter-
estingly, it has recently been shown that CCL19-induced
and CCL2I-induced migration may be impaired even in
the presence of cell surface CCR7.’" Otero et al. showed
that distinct, and separate motifs of the CCR7 receptor
regulate receptor internalization and chemotaxis; where
the intracellular tail of the receptor mediates signal trans-
duction of chemotaxis.

Furthermore, when analysing EBNA2 in non-migrating
cells, EBNA2 was more abundant in the non-migrating
cells, also indicating that EBV impairs chemokine-induced
migration (data not shown). Interestingly, one of the
most important regulators of G-coupled chemokine
receptors is the family of regulators of G-protein signal-
ling (RGS) proteins. The expression of the protein RGS-1
is induced by EBNA2 and RGS-13 is downregulated by
EBV-encoded genes” and so may interfere with chemo-
taxis as already shown for CXCL13 and CCL21.** In addi-
tion, EBV encodes a gene, BILFI (G-protein coupled
receptor) that may heterodimerize with human chemo-
kine receptors and alter the signalling properties of these
receptors.”> The biological consequence of reduced migra-
tion could be that EBV-infected cells are excluded from
the B-cell follicle.

A proposed model of the establishment of EBV latency
suggests that the infected B cell follows the same path as
the antigen-activated B cell, which proliferates, enters the
follicle and expands to form a germinal centre (reviewed
in ref. 7). However, in tonsils from infectious mononucle-
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osis patients the EBV-infected B cells are detected mainly
in the interfollicular regions and do not migrate to the
germinal centres.””* On the other hand, an even distribu-
tion of EBER-positive cells in both the germinal centre
and the extrafollicular area has also been reported.’® In
the LMP1 transgenic mouse model, however, mice pro-
duce high-affinity 1gG1 despite disrupted germinal centre
formation.>® This may be explained by the recent finding
of activation-induced cytidine deaminase, an enzyme
necessary for immunoglobulin somatic hypermutation
and class switch recombination,”” in both extrafolli-
cular large proliferating B cells and germinal centre
B cells.”® Taken together, extrafollicular expansion and
differentiation of EBV-carrying B cells may also occur in
vivo.

The microarray data show that EBV induces the expres-
sion of a number of genes. The chemokine receptor
CCR9 (upregulated at both time-points) is involved in
homing to mucosal tissue. It has been shown that IgA™
antibody-producing cells express CCR9 at a high level in
mucosal lymphoid tissues.'>** The ligand for CCRY,
TECK/CCL25, is produced by mucosal epithelial cells in
tonsil tissue and, may therefore induce the homing of
EBV-infected IgA* B cells to the tonsil.” In addition,
high expression of C5AR1 (CD88) mRNA (the receptor
for the complement C5a)* was found. The receptor
CD88 mediates chemotaxis of human tonsillar B cells and
in tissue sections from human tonsils, CD88" B cells are
mainly localized to the interfollicular and subepithelial
areas.*’ This may suggest that EBV increases the tran-
scription of genes important for B-cell homing to muco-
sal lymphoid tissue.

Epstein—Barr virus also influences the level of mRNA
expression for chemokines and chemokine receptors asso-
ciated with T-cell immune responses. The inflammatory
chemokine CCL20 was upregulated after 48 hr and
CCL20 has been shown to be chemotactic for the major-
ity of T regulatory cells in blood.*> A recent study showed
that EBNA1 upregulates CCL20 secretion in primary
Hodgkin’s lymphoma cells, as well as in cell lines. Inter-
estingly, the tumour cells secreted CCL20, which attracted
T regulatory cells in vitro.*’

There was also a set of genes less expressed after EBV
infection including CXCL2 (ligand for CXCR2). Upon
influenza virus infection, CXCL2 is produced as part of
the host response and CXCL2 mediates proper recruit-
ment of cytotoxic T cells** to the site of infection. The
changes in the expression of CCL20 and CXCL2 may be a
mechanism by which the virus evades host immune
responses locally in the tonsil. In infectious mononucleo-
sis tonsils, EBV-specific cytotoxic T cells are poorly repre-
sented compared with the fraction of cells found in blood
during acute infection.*’

In conclusion, we have demonstrated that primary
EBV infection of tonsillar B cells leads to a reduced cell
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surface expression of CCR7 and CXCRS5, as well as to
altered expression of several chemokine receptors and
chemokines. Overall, a picture is emerging where pri-
mary EBV infection alters the expression of several
chemokine receptors and as a consequence, the EBV-
infected B cell may be excluded from the B-cell follicles
and will be retained in the interfollicular areas of the
tonsil.
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