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To assess the impact of the germinal center (GC) reaction on viral
spread in Epstein–Barr virus (EBV) infection, we isolated EBV� GC
B cells from the tonsils of two infectious mononucleosis patients,
sequenced their rearranged V genes, and determined expression of
the EBV latency genes EBV nuclear antigen 2 and latent membrane
protein 1. Most EBV� GC B cells belonged to clones of cells
harboring somatically mutated V gene rearrangements. Ongoing
somatic hypermutation, the hallmark of the GC reaction, was seen
only in uninfected GC B cell clones, not in EBV� B cell clones. Thus,
in infectious mononucleosis, GC and�or memory B cells are directly
infected by EBV and expand without somatic hypermutation,
whereas the GC passage of EBV-infected naive B cells does not
contribute detectably to the generation of infected memory B cells,
the main reservoir of EBV during persistence. Most, if not all,
EBV-infected cells in GCs exhibited an unusual EBV gene expression
pattern in that they were positive for EBV nuclear antigen 2 but
negative for latent membrane protein 1. Although the three main
types of EBV-associated B cell lymphomas (Burkitt’s, Hodgkin’s,
and posttransplant lymphomas) presumably are derived from GC B
cells, EBV� GC B cells resembling these EBV� GC B cell lymphomas
in terms of EBV gene expression and somatic hypermutation
pattern could not be identified.

Epstein–Barr virus (EBV) is a ubiquitous, tumorigenic herpes
virus infecting human B cells (1). Whereas primary infection

by EBV is usually asymptomatic during childhood, delayed
primary infection manifests itself in about half of the cases in a
disease called infectious mononucleosis (IM) (1). In both in-
stances, a lifelong persistent infection is established in the B cell
compartment in �95% of adults worldwide (1).

In latently infected B cells, distinct EBV gene expression
patterns have been described. Besides expression of all latent
EBV-encoded transcripts and proteins in latency III (also called
growth program), more restricted viral latency gene expression
patterns are observed under certain conditions (latencies I and
II and latency program during persistence) (1). EBV-encoded
genes differentially expressed in these latency programs were
shown in vitro to mimic cellular proteins: EBV nuclear antigen
(EBNA)-2 expressed in latency III is the main activator of viral
and cellular genes and partially employs the Notch signaling
pathways; latent membrane protein (LMP)-1 expressed in la-
tencies II and III acts mainly like a constitutively active CD40
receptor; and LMP2A expressed in latencies II and III and
perhaps in the latency program during persistence mimics and
interferes with B cell antigen receptor signals (2–4).

Despite these insights, remarkably little is known about the
effects of EBV infection on the cellular differentiation pathways
of the infected cells in vivo. Likewise, the primary cellular
target(s) of the virus in the B cell compartment is controversial.
With respect to the latter, it has been suggested that EBV
initially infects naive B cells, which subsequently undergo a
germinal center (GC) reaction to gain access to the memory B
cell pool, the main reservoir of EBV in healthy virus carriers (5).
In the GC reaction, somatic mutations are introduced into V

genes of antigen-activated B cells during proliferation. Subse-
quently, GC B cells are selected for high-affinity binding to the
respective antigen and finally differentiate into memory B cells
or plasma cells (6). Hence, this model proposed that EBV� B
cells behave in the GC like uninfected B cells.

However, our recent work on interfollicular EBV� cells in IM
tonsils suggested that the pool of infected memory B cells is
generated by direct infection and subsequent expansion of these
cells (7). Moreover, EBV-infected naive B cells may even be
prevented from GC entry, as suggested by the blockade of GC
formation in transgenic mice expressing LMP1 in B cells (8).
These observations challenge the view that GC passage is a
mandatory step in the general strategy of EBV to establish viral
persistence.

To address these issues directly, we isolated EBV� GC B cells
from the tonsils of IM patients and analyzed their rearranged
antibody V genes. This analysis allows identification of clonal
expansions of B cells, because V gene rearrangements are
unique for each newly generated B cell and are inherited by its
descendants (6). Moreover, the origin of B cells and their
participation in the GC reaction can be examined by the V gene
sequence analysis, because somatic mutations are introduced
into rearranged V genes in the course of the GC reaction. Thus,
naive B cells carry unmutated V gene rearrangements and GC
and memory B cells carry mutated ones, and B cell clones
generated in the course of a GC reaction show intraclonal V gene
diversity (9, 10). We also determined expression of EBV latent
genes in such cells and, combining these results with those of the
V gene analysis, attempted to identify putative nonmalignant
progenitor cells for EBV-associated B cell malignancies, namely
Burkitt’s lymphoma (BL), Hodgkin’s lymphoma, and posttrans-
plant lymphomas, all of which are believed to be of GC B cell
origin (1, 10).

Materials and Methods
Tissues. In all seven cases of IM, tonsillectomy was performed
because of complications that had developed during IM. Clinical
data of six of these patients were published earlier (7). One
additional patient, a 20-year-old man (patient 7), had been
symptomatic for 2–3 weeks before tonsillectomy; recent EBV
infection was confirmed by serology. Patients 1 and 2, studied in
detail in the present analysis, were 16- and 17-year-old males who
had been suffering for 4 days and 2–3 weeks from symptoms of
IM, respectively, when tonsillectomy was performed.
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Immunostaining, in Situ Hybridization, and Micromanipulation. Im-
munostaining was performed on frozen sections as described
(7) by using antibodies against EBNA2 (Biotest, Dreieich,
Germany), CD3 (polyclonal rabbit anti-human CD3 antibody,
DAKO), LMP1 (CS1–4, DAKO), CD20 (L26, DAKO), biotin-
ylated secondary antibodies (DAKO and Santa Cruz Biotech-
nology), and diaminobenzidine as substrate for avidin-coupled
horseradish peroxidase (Sigma-Aldrich, Deisenhofen, Germany,
and DAKO, respectively). Fluorescent immunostaining was
performed on frozen sections by using mouse antibodies against
LMP1 and Bcl-6 (NeoMarkers, Lab Vision, Fremont, CA) and
Alexa Fluor 594-conjugated goat anti-mouse IgG antibodies
(Molecular Probes). Nuclear counterstaining was performed by
using Hoechst 33258 (Sigma-Aldrich).

To screen IM tonsils for EBV-infected cells located in GCs,
serial 7- to 10-�m-thick sections were cut, and EBV-encoded
small RNA (EBER) in situ hybridization was performed on
every 10th section (7).

Single EBER� cells and groups of three to five EBER� cells
were micromanipulated from frozen tissue sections of IM tonsils
as described (7, 9). Aliquots of TBS buffer (143 mM NaCl�10
mM Tris, pH 7–7.5) covering the sections during micromanip-
ulation served as negative controls. In addition, for case 1, single
CD20� B cells and CD3� T cells isolated from adjacent sections
were used as controls.

Single Cell PCR and Sequence Analysis. The whole genomic DNA of
isolated cells and controls was preamplified (11). VH, V�, and V�

gene rearrangements were amplified by seminested PCR as
described (7, 11, 12) by using V gene family-specific framework
region I primers and J segment-specific primers. These Ig gene
PCRs were performed for all samples and controls of cases 1 and
2. EBER� cells of case 2 were analyzed for the presence of V
gene rearrangements only if they were found to be positive in the
EBV-specific PCR (see below). To exclude from the analysis
potential errors of Taq DNA polymerase introduced during
preamplification, individual sequence variations of clonally re-
lated cells were counted as mutations only if obtained repeatedly
from independent aliquots of the preamplification reaction.

All samples were analyzed by PCR for the presence of
fragments of the EBV genome. For samples of case 1, a fragment
of the EBNA1 gene was amplified (7), and samples of case 2 were
analyzed for the presence of a fragment of the LF2 gene.
Thereto, two LF2-specific primers (EBV-F, 5�-GAGCTCTC-
CACAACAATGTTCCCTG-3�; EBV-R1, 5�-CGGGGAATC-
CACAGACATCCGCTA-3�) were added to the primer mix of
the first round of PCR for rearranged VH genes. The second
round for the LF2 fragment was carried out in a separate
reaction by using 1� PCR buffer (Sigma-Aldrich), 2 mM MgCl2,
200 �M each dNTP, 125 nM each primer (EBV-F and EBV-R2,
5�-GCTCCCCTGTGATTATTCCTCCTAA-3�), and 1.5 units
of Taq DNA polymerase. The annealing temperature during the
35 cycles of the second round was 58°C. The ability to detect
single EBV genomes by these EBV-specific PCRs was confirmed
by analyzing single sorted cells of cell line Namalwa, described
as carrying one to two copies of EBV genome per cell (13).

Gel-purified PCR products were sequenced on an ABI 377
sequencer (Applied Biosystems). DNASIS software (Hitachi, To-
kyo) and the V BASE database (www.dnaplot.de�) were used for
sequence analysis. V gene sequences have been submitted to
GenBank (accession nos. AJ506390–AJ506648).

Results
Rare Occurrence of EBV-Infected Cells in GCs. To screen for EBV-
infected cells located in GCs during IM, sections of 20 tonsillar
samples from seven patients suffering from IM were stained for
EBER transcripts, which are expressed by all EBV-infected B
cells. Most EBER� cells were detected in the interfollicular

region (IFR). Although a few GCs were found in sections of each
case, substantial numbers of EBER� cells were observed in GCs
in only two tissue samples. In case 1, many EBER� cells (�100
per section) were found in, or closely associated with, a single GC
whose mantle zone seemed to be partly disrupted (GC1, Fig.
1A). In case 2, some EBER� cells were located in two neigh-
boring GCs (10–20 cells per GC per section) and in the IFR
between them (GC2 and GC3, Fig. 1D).

Expression Pattern of EBV-Encoded Genes. In the two cases of IM in
which EBV� GC cells were observed, expression of the EBV-
encoded proteins LMP1 and EBNA2 was determined for these
cells and for EBV-infected cells located in the surrounding IFR.
In both cases, cells strongly expressing LMP1 were detected in
the IFR (Fig. 1 C and E). However, all three GCs (GC1–GC3)
were essentially devoid of LMP1� cells (Fig. 1 C and E). Only
occasionally could a weak LMP1 signal be detected, in perhaps
one or two cells per GC section. Compared with the number of
EBER� cells on adjacent sections, most, if not all, EBV� cells
express EBNA2 in GCs and the surrounding IFR (Fig. 1B).
Hence, most EBV-harboring cells outside GCs of IM tonsils are
positive for EBNA2 and�or LMP1, whereas most, if not all,
EBV-infected cells in GCs express EBNA2 but lack expression
of LMP1.

PCR Analysis of EBV-Infected Cells Located in GCs. For the charac-
terization of the population of EBV� cells located in GCs, in
terms of stage of differentiation and clonality and of their
relationship to EBV� cells outside GCs, single EBER� cells
from GCs and the IFR were isolated by micromanipulation and
analyzed by PCR for Ig gene rearrangements (Table 1). To
confirm that the structures analyzed represent functional GCs,
groups of three to five EBER� GC cells for all three GCs were
analyzed for rearranged V genes (Table 1). In addition, in case
2, groups of three to five EBER� mantle zone cells from GC2
and GC3 were analyzed. Performing EBV genome-specific
PCRs able to detect single EBV genomes allowed confirmation
of EBV infection of isolated EBER� cells, and contamination of
samples of EBER� cells by EBV-infected cells was excluded for
the vast majority of samples (Table 1). Aliquots of buffer
covering the sections during micromanipulation and single T
cells isolated from adjacent sections of case 1 served as negative
controls.

EBV� B Cells Micromanipulated from GCs Participate in the GC
Reaction. From samples of EBV� GC cells isolated from GC1,
GC2, and GC3, 40, 40, and 25 V gene rearrangements were
amplified, respectively (Table 1). Disregarding nonfunctional V�

gene rearrangements (14), 66%, 91%, and 42% of rearranged V
genes were somatically mutated (Table 1) for GC1, GC2, and
GC3, respectively. Because GCs are dynamic structures showing
an increasing fraction of B cells with mutated V gene rearrange-
ments during GC development (15), the high frequency of B cells
with mutated V genes in GC1 and GC2 likely reflects an
advanced stage of these GCs, whereas GC3 represents an earlier
stage of development. In GC1, three clones with two members
each were identified among rearranged V genes amplified from
EBV� cells (Table 1). In case 2, 15 cells from GC2 can be
assigned to six clones, and for GC3 one member of a clone was
identified as related to a cell located in GC2 (see also Table 1
legend). Intraclonal V gene diversity, a hallmark of the GC
reaction, was detected in eight of the nine clones identified
among EBV�GC cells from GC1 and GC2 (Table 1). In contrast
to GC B cells, the majority of EBER� mantle zone cells of GC2
and GC3 carried unmutated V gene rearrangements (90% and
100% of rearrangements, respectively; Table 1).

Taken together in GC1 and GC2, EBER� GC B cells are
subject to ongoing somatic hypermutation, indicating that these
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cells undergo a classic GC reaction. In the case of GC3, histology,
the expression of the GC-specific protein Bcl-6 (data not shown),
and the presence of a mantle zone composed of B cells with
unmutated V gene rearrangements also speak in favor of its GC
identity. The low frequency of mutated and also clonally related
cells suggests that this GC was at an early stage of develop-
ment (9).

EBV-Infected B Cells Located in GCs Do Not Participate in the GC
Reaction. In case 1, rearranged VH genes were amplified from
16 and 18 EBER� cells isolated from GC1 and the IFR,
respectively. In addition, a V� gene rearrangement was ob-
tained (Table 1) from one cell located in the GC. With the
exception of one cell, all other 33 informative cells (97%)
belonged to a single clone showing massive clonal expansion
(Table 1). This clone is characterized by a mutated VH3 gene
rearrangement (mutation frequency � 9.8%). None of the 33
members of this clone located in GC1 and the IFR showed
intraclonal V gene sequence diversity (Table 1). Thus, in
contrast to the neighboring EBV� cells, EBV-infected cells
located in GC1 did not mutate their rearranged V genes during
proliferation and hence did not participate in the normal GC
reaction.

In case 2, 70 VH, 55 V�, and 43 V� gene rearrangements were
obtained from 240 EBV-infected cells isolated from the two GCs
and the IFR (Table 1). In GC2, GC3, and the IFR, 63–73% of
informative EBV� cells could be assigned to clones whose
members were not restricted to one of the GCs or the IFR (Table
1). Altogether, members of 6 of 17 clones (with 2–16 members)
were spread over the two GCs and the surrounding IFR.
Whereas �5% of EBV-infected B cells carried unmutated V
gene rearrangements (Table 1), all clonally expanded cells have
mutated V gene rearrangements (mutation frequency for re-
arranged VH genes � 7.8%). However, ongoing V gene hyper-
mutation was not detected among EBV� cells, despite on-
going somatic hypermutation in neighboring EBV� GC B cells
(Table 1).

Thus, in both cases of IM analyzed, EBV� cells located in GCs
proliferate without ongoing somatic hypermutation, in striking
contrast to the uninfected B cells in the same microenvironment.
In addition, members of individual clones were spread over the
GC(s) and the surrounding IFR.

Discussion
EBV-Infected B Cells Do Not Participate in the GC Reaction During IM.
In our previous analysis of EBV� B cells in the IFR of IM
tonsils, the detection of large clones of cells with somatically
mutated V genes in the absence of ongoing somatic hypermu-
tation suggested the establishment of the pool of EBV-infected
memory B cells mainly by direct infection and subsequent
expansion of such B cells (7). However, it has been proposed
that the GC passage may be an important step in the virus’s
strategy to establish itself in the memory B cell compartment
(5). Therefore, we wanted to clarify the impact of the GC

Fig. 1. Phenotypic characterization of EBV-infected cells located in GCs and
the IFR. Staining was performed on frozen tonsillar sections. Counterstaining
was performed by using haemalaun (blue staining, A, B, and D) or Hoechst
33258 (blue fluorescent staining, C and E). (A–C) Sections of case 1 stained for
EBER transcripts (dark blue-purple staining, A) and EBNA2 (dark brown stain-
ing, B) and LMP1 expression (red fluorescent staining, C). The border of GC1
to its mantle is indicated. (D) Section of case 2 stained for EBER transcripts
(dark blue-purple staining). Approximately 10 EBER� cells are located in GC2
(left) and GC3 (right). (E) Section of case 2 stained for LMP1 expression (red
fluorescent staining) showing the interfollicular location of LMP1-expressing
cells. Borders of GC3 and its mantle zone are indicated. A part of GC3 is visible
in the lower right corner.
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passage of infected B cells for the spreading of EBV in the
memory B cell compartment by direct molecular analysis of
EBV� GC B cells in IM tonsils.

In accordance with the literature and our previous study (7,
16–18), we show here that EBV-infected cells can be detected
only occasionally in GCs of IM tonsils. The V gene analysis of
the identified EBV� B cells located in three GCs of IM tonsils
demonstrates expansion of infected cells carrying somatically
mutated V genes without ongoing somatic hypermutation.
This argues against a recruitment of EBV� naive B cells into
the GC reaction and shows that EBV-infected GC or memory
B cells do not participate in GC reactions even if they
proliferate in the GC microenvironment. In addition, the
present study shows spreading of members of EBV� clones
over the GCs and the IFR, indicating migration of EBV� cells.
Based on these results, two possibilities regarding the origin
and differentiation of EBV� B cells located in GCs of IM
patients emerge. Thus, GC B cells may be infected by EBV and
subsequently turn off somatic hypermutation while continuing
to proliferate. Some members of the resulting clones of
infected GC B cells may leave the GCs and migrate to the IFR
or (as seen in case 2 of the present study) to other GCs.
Alternatively, EBV may infect memory B cells that are driven
to proliferate. Members of the resulting clones may enter GCs
without taking part in the GC reaction. In the latter case, the
observed proliferation may be driven by EBV infection rather
than by antigens.

Taken together, these results support the concept that during
IM a recruitment of EBV-infected naive cells into the GC

reaction and subsequently into the memory compartment (5)
does not play any significant role (7). Rather, the pool of
EBV-infected memory B cells is established by direct infection
of memory and�or GC B cells. The latter cells may differentiate
into memory B cells without further participation in the GC
reaction.

If this scenario also holds true for persistent infection, it would
challenge the view that EBV transits from infected naive B cells
into the pool of long-lived memory B cells via the GC reaction
(5). However, it cannot be excluded on the basis of the present
data that such a recruitment of EBV-infected naive cells con-
tributes to virus persistence in healthy virus carriers, as proposed
by Babcock et al. (5). In such individuals, this proposition would
predict the rare occurrence of GCs in which a large fraction of
B cells (descendants of one of the few GC founder cells,
happening to be EBV-infected) is EBV-infected (and perhaps
expresses LMP1) (5). Given that the frequency of EBV-infected
B cells in healthy virus carriers is on the order of one in a million,
this occurrence might have gone unnoticed in previous histo-
logical studies (17, 19).

EBV Gene Expression Patterns. For the two IM tonsils analyzed at
the molecular level, the expression pattern of EBV-encoded
proteins LMP1 and EBNA2 was determined. EBV-infected
cells in the IFR may express EBNA2 and�or LMP1 and thus
may be composed of cells expressing distinct latency programs
as suggested by previous studies (7, 16). However, in GCs, a
more restricted pattern of EBV gene expression is observed:
Most, if not all, EBV� cells located in GCs express EBNA2 but

Table 1. Sequence analysis of Ig gene rearrangements

Case
Cell
type Location

No. of EBV
PCR-positive

samples�samples
analyzed*

No. of V
genes

% of cells
(rearrangements†)

with mutated
V genes‡

% of cells
(rearrangements†)
assigned to clones

Clones with
mutated

V genes�total
no. of clones

Intraclonal
V gene

diversityVH V� V�

1 EBER� GC1 30/47 16 1 100 94 1/1
IFR§ 47/68 18 100 100 1/1
All 77/115 34 1 100 97 1/1¶ No

2 GC2 11/32 4 4 4 84 67 3/3
GC3 17/28 7 11 5 100 73 6/6
IFR§ 114/180 59 40 34 95 63 15/15
All 142/240 70 55 43 95 64� 17/17¶ No

1 EBER�† GC1 0/45 13 16 11 66 20 3/3 Yes
2 GC2 0/38 19 12 9 91 50� 6/6 Yes

GC3 3/40 9 11 5 42 4 0/1** ?
Mantle of GC2 0/22 14 12 12 10 0 0/0
Mantle of GC3 0/16 8 10 7 0 8 0/1 No

Controls
1 B cells†† 11/23 7 6 7 100 46 1/1 No

T cells†† 4/36 4‡‡ 1‡‡ 1‡‡

Buffer 0/41 0 0 0
2 Buffer 0/59 0 0 0

*Samples of case 1 and case 2 were analyzed for the presence of a fragment of the EBNA1 and LF2 gene, respectively. For EBV� cells the efficiencies of EBV-specific
PCRs are expected to vary between 40% and 70% because of technical matters such as DNA instability and loss of cells during transfer into reaction tubes.

†Because groups of three to five EBER� cells were isolated, numbers given for these samples refer to the number of rearrangements amplified.
‡Disregarding nonfunctional V� gene rearrangements, which are usually inactivated and hence exempted from somatic hypermutation.
§Including some EBER� cells located at the border of GCs. To avoid wrong assignment of these cells to the GCs, they were counted as cells from the IFR.
¶Members of individual clones were located inside, as well as outside, GCs.
�From four members of two clones, unique V gene rearrangements were amplified that are incompatible with the clonal rearrangements obtained from other
cells of these clones, indicating a low level of cellular contamination. These samples were not taken into further consideration.

**For one clone consisting of a member isolated from GC2 and a member from GC3, only one member harbored somatic mutations in the clonal V gene
rearrangement.

††CD20� B cells and CD3� T cells were isolated from sections adjacent to sections from which EBER� and EBER� cells were micromanipulated.
‡‡The four VH and the two V� gene rearrangements originate from four T cell samples. Although this indicates a low level of cellular contamination in the analysis,

the reliability of the results is demonstrated by (i) the higher frequency of PCR products from EBER� cells (30–43%) compared with the T cell samples (11%,
data not shown), (ii) the lack of PCR products from 100 buffer controls, (iii) the very low frequency of EBV PCR products (2%) obtained from EBER� samples,
and (iv) the fact that all V gene PCR-positive samples of EBER� cells from case 1 were indeed positive in the EBV PCR.
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lack expression of LMP1. This absence of LMP1� GC B cells
is in line with results from B cell-specific LMP1 transgenic
mice (8), implicating incompatibility of LMP1 expression with
entry of the infected cells into the GC microenvironment.

The finding that nearly all EBV� cells located in the three
GCs analyzed here express EBNA2 but lack expression of
LMP1 is remarkable, because in classic EBV gene latency
programs, EBNA2 expression always is associated with LMP1
expression. Only in rare cases of BL, AIDS-associated lym-
phomas, and posttransplant lymphomas do some tumor cells
seem to express EBNA2 in the absence of LMP1 (20–22).
Niedobitek et al. (16) also observed EBNA2��LMP1� cells in
tonsils of IM patients and suggested that this gene expression
pattern is transitory and characteristic for recently infected
cells. However, it is unlikely that the bulk of the EBNA2� cells
detected here in three GCs, as well as in 50–60% of EBV� cells
in the IFR of five IM cases in a previous study (7), are recently
infected cells, because a large fraction of these cells belongs to
large expanded clones of EBV-infected B cells. Because
EBNA2��LMP1� cells represent a major fraction of EBV-
infected cells in each of the five cases of IM analyzed here and
in the previous study, it also seems unlikely that these cells are
shifting from latency III to latency I and acquire their immu-
nophenotype because of the higher stability of EBNA2, com-
pared with LMP1, protein. Rather, these cells may exhibit a
distinct EBV gene expression program that needs to be
characterized in more detail in future work.

Interference of EBV with Participation of Infected Cells in the GC
Reaction. The low frequency of EBV� GC B cells in IM patients
may have several causes. Thus, expression of LMP1 may inter-
fere with the expansion of EBV� B cells in GCs, because LMP1
mimics an activated CD40 receptor (2), and triggering of CD40
induces the differentiation of GC B cells to memory B cells that
leave the GC (23). In addition, LMP1� B cells residing in the IFR
might be prevented from entering GCs, as inferred from the
observation that LMP1 expression in murine B cells blocks GC
formation (8).

Besides LMP1 expression, EBNA2 expression also may influ-
ence the behavior of EBV� B cells in GCs. EBNA2 has been
demonstrated to down-regulate Ig transcription (24), a prereq-
uisite of somatic hypermutation. Therefore, EBNA2 expression
may be responsible for the lack of hypermutation activity in
proliferating EBV� GC B cells. This idea is in line with several
other observations: Whenever EBV-infected B cells were found
to hypermutate in vivo (namely BL, B cell clones of angioim-
munoblastic lymphadenopathy, and two recently investigated
posttransplant lymphomas), the mutating EBV� B cells did not
express EBNA2 (refs. 25 and 26; A. Bräuninger, T. Spieker, A.
Mottok, A. S. Baur, R.K., and M.-L.H., unpublished data). In
contrast, ongoing somatic hypermutation was not observed in
cases of posttransplant lymphoproliferative disease expressing

EBNA2 in latency III (A. Bräuninger, T. Spieker, A. Mottok, A.
S. Baur, R.K., and M.-L.H., unpublished data). The only in-
stances reported so far in which EBNA2-expressing B cells
undergo somatic hypermutation are two constitutively mutating
BL cell lines (27). The reasons for this discrepant behavior
remain to be explored.

While EBV-encoded genes thus may interfere with the GC
reaction, they may well drive cellular expansion. Expression of
EBNA2 and LMP1 or expression of EBNA2 together with
CD40 triggering has been shown to cause proliferation of
EBV-infected cells in vitro (28). Hence, in GCs, EBNA2
expression in conjunction with CD40 triggering may induce
EBV� cells to proliferate and to leave the GC microenviron-
ment. Outside GCs, the expansion of the infected cells may be
driven by the expression of EBNA2 in combination with
LMP1.

EBV-Infected GC B Cells and Lymphomagenesis. Given that the three
main types of EBV-associated B cell lymphomas (BL, post-
transplant lymphomas, and Hodgkin’s lymphoma) presumably
are derived from GC B cells (10, 29), we hoped that the
phenotypic and molecular analysis of EBV� GC B cells would
shed some light on the relationship of the tumor cells to their
nonmalignant putative counterparts. Therefore, we compared
the features of these tumor cells with those of EBV� GC B
cells. However, neither ongoing somatic hypermutation, as
often observed in BL and in some cases of posttransplant
lymphomas (see above), nor crippling mutations (i.e., muta-
tions rendering originally productive V genes nonfunctional)
as described for tumor cells of Hodgkin’s lymphoma (29) were
detected in these cells. In addition, most, if not all, EBV� cells
located in GCs of IM tonsils exhibit a pattern of EBV gene
expression (EBNA2��LMP1�) differing from that seen in BL
(EBNA2��LMP1�), posttransplant lymphomas (EBNA2��
LMP1� or EBNA2��LMP1�) and Hodgkin’s lymphoma
(EBNA2��LMP1�) (1). Hence, the EBV� GC B cells present
in IM patients do not resemble the tumor cells of the EBV-
associated B cell lymphomas and their nonmalignant putative
counterparts. The latter cells therefore either are rare among
EBV� GC B cells or develop in situations other than IM. In
transplantation patients, for example, an impairment of T cell
immunity may allow expression of immunogenic EBV-
encoded proteins in a latency III program, resembling the EBV
gene expression pattern seen in EBV� posttransplant lympho-
mas and perhaps contributing to their transformation.
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