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SUMMARY

T-cell homing within germinal centres (GCs) is required for humoral B-cell responses.
However, the mechanisms implicated in the recruitment of T cells into the GC are not
completely understood. Here we show, by immunohistology, and Northern and Western blots,
that in vivo human GC B lymphocytes can express CxC and CC chemokines. Moreover, B-cell
subset-specific experiments reveal that interleukin (IL)-8 and regulated on activation, normal,
T-cell expressed, and secreted (RANTES) are predominantly expressed by GC centroblast
and centrocytes, suggesting that chemokine expression is essential at stages in which B-
lymphocytes engage in active antigen-dependent interactions with T lymphocytes. In keeping
with this hypothesis, we show that the T cells recruited into the GC correlatively express the
receptors for IL-8 and RANTES. We propose that chemokine expression is a key B-cell
function that facilitates T-lymphocyte recruitment into the GCs and supports cognate
B-cell : T-cell encounters. Moreover, our data are consistent with the impaired homing of
T cells to secondary lymphoid organs in mice that are either deficient in CC and CxC

chemokines or their receptors.

INTRODUCTION

T-cell-dependent immune responses require the cognate inter-
actions of antigen (Ag)-specific B and T lymphocytes.' B-cell
activation in the extrafollicular T-cell-rich areas of secondary
lymphoid organs enables the generation of short-lived plasma
cells and the recruitment of germinal centre (GC) precursors
into the B-cell follicles.>* Upon GC reaction, centroblasts
proliferate and mutate in the dark zone.>™'® Centroblasts then
progress into non-proliferating centrocytes, which undergo Ag-
driven selection and differentiate into either memory or plasma
B cells."!""'* Mature lymphocytes recirculate continuously
within the lymphoid organs and display differential tissue
tropism.'>!® For example, in human tonsils, B lymphocytes
reside and move within three major histological compartments:
the follicular mantle; GCs; and the intraepithelial region.' T
lymphocytes, on the other hand, are activated in the extrafolli-
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cular areas, migrate to the secondary follicles and are subse-
quently recruited into the GC apical light zone.! Chemotactic
signals within GCs are critical for maintaining cell recirculation
throughout the secondary follicular microenvironment and for
recruiting lymphocyte subsets into the sites where immune
responses take place.'’~'® While T-cell homing and trafficking
within lymphoid organs have been the subject of more com-
prehensive studies, migration and chemokine production by B
lymphocytes has only recently started to be investigated.?*>

The present study reveals that, in vivo, human GC B lympho-
cytes can express chemokines that belong to the CxC and CC
gene superfamilies,>** represented herein by interelukin (IL)-8
and regulated on activation, normal, T-cell expressed, and
secreted (RANTES), respectively. Because these two chemo-
kines are predominantly expressed at maturation stages in which
B- and T-lymphocyte interactions are critical for Ag-dependent
responses, we postulate that expression of CxC and CC chemo-
kines by B-cell centrocytes are important for the recruitment of
T lymphocytes into the secondary follicles.

MATERIALS AND METHODS

Fluorescence-activated cell sorting of B-cell subsets
Tonsils were obtained as discarded biological material, accord-
ing to institutional guidelines. All experiments were preformed
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in triplicate, and a minimum of three tonsil specimens were
examined in the present study. Cell suspensions were subjected
to T-cell depletion, using anti-CD2, -CD3 and -CD4 monoclonal
antibodies (mAbs) (Pharmigen, San Diego, CA) in combination
with magnetic beads coupled to anti-mouse immunoglobulin G
(IgG) (Miltenyi Biotech, Auburn, CA), as described in the
manufacturer’s protocol. Differential expression of immunoglo-
bulin D (IgD) was used to separate B lymphocytes into IgD"
and IgD™ cells by fluorescence-activated cell sorting (FACS).
B-lymphocyte subpopulations were further purified, as pre-
viously described,g‘10 into five mature B-cell subsets: naive
IgD™ CD38~ CD23~ (Bml)and IgD* CD38~ CD23" (Bm 2);
GC IgD~ CD38% CD77t (Bm3) and IgD~ CD38" CD77~
(Bm4); and memory CD38™ IgD™ (BmS5) B lymphocytes.

RNA extraction and Northern blotting

Total RNA was extracted using the Trizol Reagent system (Life
Technologies, Gaithersburg, MD), following the manufacturer’s
instructions. RNA (10 ng) was electrophoresed and Northern
blotted, as previously described.”® Equal RNA loading was
routinely monitored by the presence of distinctive 28S and
18S ribosomal RNA in ethidium bromide-stained gels. cDNA
probes for IL-8 and CD23 were generated by using the reverse
transcription—polymerase chain reaction (RT-PCR).

Oligonucleotides

The following oligonucleotide primers and respective cDNA
probes were used: CD23 forward: 5'-AGACACAGGCTCCAA-
ACTCCACTAA-3' and reverse 5'-CTTCCATGTCGTCACAG-
GCATACCG-3; IL-8 forward: 5'-ATGACTTCCAAGCTGGC-
CGTGGCTCTCTTG-3' and reverse: 5'-TGAATTCTCAGCC-
CTCTTCAAAAACTTCTC-3’; RANTES forward: 5'-CCGT-
GCCCACATCAAGGAGTATT-3' and reverse: 5'-CCCGGGTT-
CACGCCATTCT-3'; and immunoglobulin heavy chain forward:
5'-TCTGAGGTGCAGCTGGTGGAGTCTG-3' (a consensus
IgHV sequence) and reverse: 5'-TGAGGAGACGGTGACCA-
GGGTCCC-3' (a consensus IgHJ sequence).

RT-PCR

Forward and reverse primers for IL-8 and RANTES were
designed (as described above) and used to amplify respective
transcripts from the mature B-cell subsets. Briefly, total RNA
obtained from 500 cells of each fluorescence-activated cell
sorted B-lymphocyte subset (Bm1 to Bm5) was reverse tran-
scribed and amplified using appropriate RT (Life Technologies)
and PCR (Perkin Elmer Corporation, Foster City, CA) kits.
RANTES RT-PCR products were Southern blotted and hybri-
dized to an end-labelled *?P-oligonucleotide probe: 5'-
TGCCTGTTTCTGCTTGCTCTTGTC-3'. Expression of the
immunoglobulin heavy chain (IgHV) was routinely used to
monitor the RNA content in each of the five Bm subsets.

Immunohistology

Serial sections of cryopreserved tonsil tissue were blocked for
20 min at room temperature with a blocking solution (Power-
blockTM; Oncogene Research Products, San Diego, CA) and
stained (1 : 100 dilution) with either an affinity-purified rabbit
anti-human IL-8 IgG (Research Diagnostics, Inc. Flanders, NJ)
or an anti-CD20 mAb (BD Pharmigen, San Diego, CA). After
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overnight incubation with the antibodies at 4°, the histological-
section slides were washed three times with phosphate-buffered
saline (PBS) containing 0-1% Tween. Alexa-594 (red fluore-
scence)-conjugated anti-rabbit antibody (Molecular Probes,
Eugene, OR) and Alexa-488 (green fluorescence)-conjugated
anti-mouse antibody were subsequently applied (1 : 1000 dilu-
tion) and the slides were incubated at room temperature for a
further 60 min. After the incubation with the second antibody,
the slides were washed three times with phosphate-buffered
saline containing 0-1% Tween, counterstained with Gill’s hae-
matoxylin (Oncogene Research Products), mounted and ana-
lysed using fluorescence microscopy. For the expression of IL-8
and RANTES receptors, tonsil sections were reacted overnight
withal : 500dilution of fluorescein-labelled anti-CXCR1 (R & D
Systems, Minneapolis, MN) or a 1 : 500 dilution of fluorescein
isothiocyanate (FITC)-labelled CCRS (R & D Systems), together
with a 1 : 500 dilution of phycoerythrin-labelled anti-CD3 (BD
PharMingen). Slides were subsequently washed, counterstained
with 4’,6-diamidine-2-phenylindol dihydrochloride (DAPI) and
analysed using fluorescence microscopy. Non-immune rabbit
and mouse IgGs were routinely used as negative controls.

Western blots

Equal amounts of protein lysates, extracted from naive
(IgD* CD387) and GC (IgD~ CD38") B cells, were resolved
by sodium dodecyl sulphate—polyacrylamide gel electrophor-
esis (SDS-PAGE; 12% gel) and electrotransferred onto nitro-
cellulose membranes. Blots were blocked with 4% non-fat dry
milk in Tris-buffered saline (TBS), containing 0-2% Tween-20,
for at least 1 hr at 4°. Blots were then incubated overnight with
an affinity-purified rabbit anti-RANTES (diluted 1 : 500) IgG
(Research Diagnostics, Inc.) at 4°, followed by three 10-min
washes with TBS/Tween-20 at room temperature. Peroxidase-
conjugated anti-rabbit (diluted 1 : 5000) IgG (mouse- and
human-absorbed; Santa Cruz Biotechnology, Inc. Santa Cruz,
CA) was added to the blots and incubated for 1 hr at room
temperature. Blots were washed three times and the reactivity
was revealed by chemiluminescence (Pierce, Rockford, IL),
according to the manufacturer’s instructions.

RESULTS
GC calling for T-cell help

A GC reaction is initiated by the activation of naive (Bm1 and
Bm2) and memory B cells in the extrafollicular area and
followed by the colonization of GC founder B cells into a
follicular network (Fig. 1a). GC founder B cells undergo pro-
liferation in the GC dark zone, which is thus populated by B-cell
blasts (centroblasts, namely Bm3). Centroblasts mature into
non-proliferating centrocytes (Bm4) within the light zone of
GCs and ultimately differentiate into memory B cells (Bm5). As
IL-8 has been previously shown to promote T-cell chemotaxis,?®
and because GC follicles largely consist of B lymphocytes, we
postulated that the attraction of T cells into the GC microenvir-
onment could be B-cell dependent and IL-8 mediated. In
keeping with this hypothesis, Fig. 1(b) shows a strong expres-
sion of IL-8 within the GC follicles of human tonsils, as
revealed by immunofluorescence.
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B lymphocytes are the major GC IL-8 producers

Because IL-8 is expressed by diverse cell lineages, including
endothelial cells, macrophages and dendritic cells (DCs), it is
uncertain whether B lymphocytes can also contribute to the
expression of IL-8. However, and as demonstrated by the
staining of CD20 in Fig. 1(c), GCs are populated predominantly
by B lymphocytes. Moreover, recent in vitro studies have shown
that B-cell activation, through the engagement of the B-cell
antigen receptor (BCR), resulted in significant chemokine
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production.”” These findings strongly suggest that in vivo,
IL-8 can also be expressed by GC B lymphocytes. Consistent
with this hypothesis, Fig. 1(d) shows that indeed CD20" GC B
lymphocytes are bona fide IL-8 producers. The predominant
expression of IL-8 by the GC B cells was further substantiated
by the fact that while CD20 stains both follicular mantle and GC
B cells (Fig. 1c, 1d), IL-8 is selectively detected in the CD20™
GC B-cell population. The bright yellow/orange fluorescence
pattern, as depicted in Fig. 1(d) by the merging of IL-8 (red
fluorescence) and CD20 (green fluorescence), is visible over a
large area of the GC apical light zone, suggesting that IL-8
secretion is contributed by a significant number of B-cell
centrocytes. The specificity of the IL-8 fluorescence staining
was routinely confirmed by the absence of fluorescence when
irrelevant (non-immune) antibody controls were used (Fig. 1e),
despite the integrity of the human tonsil section (Fig. 1f).

While the putative expression of IL-8 by follicular dendritic
cells (FDC) cannot be ruled out, the presence of CD20 at the
surface of FDCs has not been satisfactorily established. FDCs
possess cytoplasmic ramifications that form dense networks
heavily loaded with firmly attached B lymphocytes.” The firm
embrace between FDCs and B cells has greatly impaired FDC
purification and hence limited the assessment of their pheno-
type. Only one study has provided a report on the phenotype of
highly pure FDCs, in which the lack of CD20 expression was
unambiguously demonstrated.?® Our findings are in agreement
with that notion and suggest that B cells are the predominant
source of IL-8 within the GC follicles.

Selective IL-8 expression by CD19" IgD~ B lymphocytes

To further confirm the selective expression of IL-8 by B lympho-
cytes, pure CD19™ B lymphocytes were obtained from fresh
human tonsils and sorted into IgD™ and IgD~ subpopulations
(Fig. 2a). Therefore, we first sought to compare the expression
of IL-8 between CD19" IgD™ and CD19™" IgD™ cells because
they comprise two major tonsil subpopulations that can be
obtained in large quantities. While CD19" IgD" comprises
naive B cells, CD19" IgD~ comprises both GC and memory
B-cell subsets. By using this approach, significant levels of
RNA were purified from each subset and analysed for the

Figure 1. Expression of interleukin (IL)-8 within germinal centres
(GCs) by immunohistology. (a) A schematic representation of the
GC reaction: an immunoglobulin M (IgM)-expressing GC founder
migrates to the dark zone of a GC and undergoes clonal expansion
and affinity maturation by somatic hypermutation. The mutated cells
migrate to the basal light zone, where they are subjected to antigen-
dependent selection. High-affinity (High) cells are selected and migrate
to the apical light zone of GCs, where they encounter and present
antigen (Ag) to T cells. Low affinity (Low) centroblasts undergo
programmed cell death and are subsequently cleared by tingible body
macrophages (TBM). (b) Reactivity of frozen tonsil (acetone-fixed)
tissue sections to an affinity-pure anti-IL-8 immunoglobulin G (IgG). (c)
B-cell identification by specific reactivity to an anti-CD20 monoclonal
antibody (mAb). (d) Co-localization of the red and green fluorescence
(anti-CD20), indicating the expression of IL-8 by CD20 B cells, as
depicted by the yellow/orange merge. (e) Lack of reactivity to a non-
immune IgG, used as a negative control. (f) Integrity of the tissue
sections used, as determined by Gill’s haematoxylin staining.
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Figure 2. Differential expression of interleukin (IL)-8 and CD23 by
immunoglobulin D™ (IgD™) and IgD~ B lymphocytes. (a) Flow cyto-
metry profiles of pure IgD* and IgD ™~ B-cell subpopulations. IgD ™ cells
co-localize with the mock isotype-matched control monoclonal anti-
body (mAbD). (b) Northern blot analysis to determine the expression of
IL-8 by total B cells and fluorescence-activated cell sorter (FACS) sorted
IgD™ and IgD~ subsets. CD23 expression was used as control for the
naive IgD™ cells. RNA loading was routinely assessed by ethidium
bromide staining of the agarose gels.

expression of IL-8 without the need of transcript amplification.
Figure 2(b) demonstrates the selective in vivo expression of IL-
8 by the IgD ™ subpopulation, indicating that B-cell-derived IL-
8 could be contributed by GC and memory cells. The differ-
ential expression of CD23, a phenotypic marker for naive B
lymphocytes (Fig. 2b), further confirmed the selectivity of IL-8
expression by the IgD™ B cells. Taken together, these results
suggest that IL-8 expression is important for B lymphocytes
undergoing Ag-dependent GC responses and that its secretion
may facilitate cellular interactions.

IL-8 is predominantly expressed by GC centroblasts and
centrocytes

As previously reported,”'® and as stated above, IgD" B cells
comprise the naive cell compartment, which is populated by
IgD' CD38~ CD23~ (Bml) and IgD* CD38~ CD23" (Bm2).
On the other hand, the IgD™ B cells are composed of GC
centroblasts (Bm3: IgD™ D38% CD77"), centrocytes (Bmd:
IgD~ CD38" CD77") and memory cells (Bm5: IgD~ CD387).
To further investigate whether the expression of IL-8 by IgD™ B
lymphocytes occurs in a differentiation stage-specific manner,
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Figure 3. Predominant expression of interleukin (IL)-8 by centroblast
and centrocyte B-lymphocyte subsets. (a) Phenotypic scheme of mature
B-cell subsets: naive Bm1 and Bm2; germinal centre (GC) Bm3 and
Bm4; and memory BmS5. (b) IL-8-specific reverse transcription—poly-
merase chain reaction (RT-PCR), using RNA from 500 cells of each Bm
subset (Bml to BmS5). The numbers in the figure correspond to the
respective Bm subsets. RT-PCR of the immunoglobulin heavy chain
(IgHV) was used herein as control for the RNA content of each subset.

The results are shown as ethidium bromide staining of electrophoresed
RT-PCR samples.

IgHY

tonsil B lymphocytes were purified into five distinct mature B-
lymphocyte subsets (Bm1 to BmS5). RNA from 500 cells of each
Bm subset was analysed for the expression of IL-8 by RT-PCR.
Figure 3 shows that within GCs, and in agreement with the
immunofluorescent histology (Fig. 1), IL-8 expression is pre-
dominant at the centrocyte (Bm4) stage. These findings are in
complete agreement with recent microarray studies which show
selective expression of IL-8 within the GC B-cell centrocyte
population.?®

The lower, but relevant, expression of IL-8 by the centroblast
and memory B-cell subsets may reflect a stage transition in
which chemokine production, initiated at the centroblast stage,
becomes maximal within centrocytes and begins to decay as the
cells differentiate into memory or plasma cells. Alternatively,
the expression of IL-8 by the memory B-cell subset (Bm5) may
also be important for the attraction of cognate T-cell help.

RANTES contribution to GC-mediated T-cell
chemoattraction

The chemokine gene superfamily consists of various sub-
groups,?*** among which the CxC and CC families are prob-
ably the best characterized. The capacity of these chemokines to
attract distinct leucocyte populations, including B- and T
lymphocytes, has been extensively documented. While IL-8
leads the CxC subgroup, the chemokine RANTES represents
the CC gene family.>*** The selective expression of the CxC
chemokine, IL-8, by the GC and memory B lymphocytes,
prompted us to examine whether the expression of CC chemo-
kines, such as RANTES, could also play a role during
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Figure 4. Selective expression of regulated on activation, normal, T-
cell expressed, and secreted (RANTES) by germinal centre (GC) B-cell
subsets. (a) Western blot analysis depicting the selective expression of
RANTES by IgD~ CD38" GC B cells. (b) Southern blot experiment of
a RANTES-specific reverse transcription—polymerase chain reaction
(RT-PCR), using total RNA from 500 cells of each of the five mature B-
cell subsets. The numbers in the figure correspond to the respective Bm1
to BmS5 subsets. Again, RT-PCR amplification of the immunoglobulin
heavy chain (IgHV) was used as an internal control for the RNA content
of each subset. The results are autoradiographs of the RANTES
hybridization reaction and ethidium bromide gel staining of the IgHV
RT-PCR results, respectively.

Ag-dependent responses. RANTES was originally identified as
a T-cell chemokine by screening a cDNA library enriched for
T-cell-specific genes not expressed by other cell types.*
Because our working hypothesis postulates that B-lympho-
cyte-mediated attraction of T lymphocytes is contributed by
both CxC and CC chemokines, the expression of RANTES by
the distinct B-cell subsets was also examined. An enriched and
pure (98%) B-cell pool, obtained by negative selection, was
sorted into naive (IgD* CD387) and GC (IgD~ CD38™) sub-
sets. Protein lysates were prepared from each naive and GC
subset, and subsequently examined for the expression of the
RANTES protein by Western blotting. As depicted in Fig. 4(a),
GC B lymphocytes also have the capacity to produce CC
chemokines such as RANTES. To determine whether, in ana-
logy to IL-8, RANTES is also expressed in a maturation stage-
specific manner that facilitates the ability of B lymphocytes to
attract cognate cell interactions, we sought to examine the levels
of RANTES transcripts in the five mature B-cell subsets (Bm1
to Bm5), using RT-PCR. Consistent with the predominant
expression of IL-8 by the Bm4 subset, Fig. 4(b) shows that
RANTES is selectively expressed by the B-cell centrocytes.
Analogous to RANTES, IL-8 is predominantly expressed by
the centrocyte subset. However, significant levels of IL-8 are
also observed at the centroblast and memory stages. Because the
transition from centroblast to centrocyte and from centrocyte to
memory occurs rapidly (within hours), IL-8 expression by
centroblasts marks the onset of Ag-driven GC B-cell activation,
whereas the expression by the memory cells may be reminiscent
of the ongoing centrocyte activation. The difference between
IL-8 and RANTES expression at the centroblast and memory
stages is probably a result of the levels of detectable expression.
These results not only support the significance of the stage-
specific expression of the CxC and CC chemokines by

B lymphocytes, but they further suggest that IL-8 and RANTES
production may be equally relevant during GC reactions.

Selective GC recruitment of T cells that express
CXC and CC chemokine receptors

Chemokines and their receptors have been identified as major
regulators controlling the functional organization of secondary
lymphoid organs.*! It is known that helper T cells (Th) comprise
specialized subsets, including Th1 and Th2, which respond to
chemoattraction by the expression of both CxC and CC recep-
tors.>>* Th cells can home to GC and engage in cognate
interactions with Ag-specific B cells. While the present study
consistently documents the in vivo expression of IL-8 and
RANTES by B lymphocytes within GCs, their physiological
relevance in the recruitment of responsive T cells that express
the corresponding receptors remains to be determined. In sup-
port of the functional significance of the GC B-cell-expressed
chemokines, immunohistology experiments on human tonsils
(Fig. 5) demonstrate that the T cells (red fluorescence) recruited
into the GC follicles indeed express both CxCR1 and CCRS
(green fluorescence). The remarkable overlap in fluorescence
(shown by the yellow fluorescent merge), resulting from the
concomitant CD3 and chemokine receptor detection, supports
our hypothesis that T cells functionally respond to GC B-cell-
mediated IL-8 and RANTES chemoattraction. These findings,
together with the histological localization of CxCRI1- and
CCR5-expressing T cells, support the active role of GC B cells
in the recruitment of cognate T-cell help.

DISCUSSION

Chemokines are key molecules in the development of GC reac-
tions because they contribute to the organization of the sec-
ondary lymphoid organ microenvironment and to lymphocyte
migration. Our findings show that, in vivo, GC B lymphocytes
can produce and secrete chemokines in a stage-specific manner,
which strongly suggests that the recruitment of Ag-specific T-
cell help is an active B-cell-dependent process. Because B
lymphocytes present antigen to T cells at the GC apical light
zone,'~ the expression of IL-8 and RANTES, at the centrocyte
stage, supports the hypothesis that a B-lymphocyte-mediated
attraction facilitates cognate B- and T-cell interactions. More-
over, B cells exhibit a relatively lower rate of migration and tend
to stay within one GC follicle, while T cells respond more avidly
to chemotactic signals and can migrate to proximal and distal
follicles,* thus indicating that T cells could be susceptible to B-
lymphocyte-mediated attraction. In this context, the in vivo
production and secretion of chemokines by Ag-driven B lym-
phocytes could result in the generation of a gradient to attract
Ag-specific T cells into the histological GC areas in which
effective B- and T-cell interactions can take place.

The aim of the present study is to demonstrate that in vivo
human GC B cells are major producers of chemokines of the
CxC and CC gene families, and IL-8 and RANTES are pre-
sented as primary members of the respective families. While
several chemokines have been reported to be involved in T-cell
chemotaxis, the B-cell-dependent recruitment and maintenance
of T cells within GCs has only started to be investigated.
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Figure 5. Concomitant germinal centre (GC) presence of T cells that express interleukin (IL)-8 and regulated on activation, normal, T-
cell expressed, and secreted (RANTES) receptors. (a) Immunofluorescence detection of CxCR1-expressing T cells on tonsil tissue
sections. (b) Histology and immunofluorescence for CCRS expression by GC T cells. Starting from the left on both (a) and (b), the first
panel depicts a histological section of a GC follicle revealed by the blue fluorescence of the 4’,6-diamidine-2-phenylindol
dihydrochloride (DAPI) mount; the second panel displays the reactivity of either the anti-IL-8 receptor (CxCR1) or RANTES
(CCRS5) monoclonal antibodies (mAbs); the third panel reveals the detection of T cells by the reactivity to the anti-CD3 mAb; and the
fourth panel is a three-dimensional merge of blue, green and red fluorescence.

While it is conceivable that IL-8 may act as an autocrine
factor to promote the survival of GC B cells, previous studies,
using freshly purified human T cells, have demonstrated that T
cells do migrate towards IL-8 in chemotaxis chambers.?® More-
over, the fact that GC T cells express the receptor for IL-8
supports the hypothesis that IL-8 can play a role as a chemo-
tactic factor for T cells. Consistent with this hypothesis, it has
been previously shown that the T cells recruited into GCs
respond in vivo and in vitro to chemokines by expressing the
corresponding receptors and by active migration.**~*® In keep-
ing with this notion, the in vivo expression of IL-8 and RANTES
by B cells, and the concomitant expression of CxCR1 and CCRS
by T cells within GCs, additionally reveal a functional ligand
and receptor communication between antigen-presenting cells
(APC) and effector cells.

Furthermore, chemokines play a key role in inducing cyto-
kine expression from chemoattracted cells, including IL-4 from
T cells.* This is physiologically relevant because B-cell cen-
trocytes obtain T-cell help to undergo isotype-switch recombi-
nation through CD40 and CD40 ligand interactions and by the
secretion of specific isotype-switch factors such as IL-4 and IL-
10.*° These findings provide strong support to previous in vitro
studies, in which RANTES has been shown to induce Th1 cell
migration.*'~* More importantly, chemokine production by B
cells may not only facilitate the attraction of T cells into GCs but
it may serve as a mechanism to induce the specific type of help
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that is required. This theory is further supported by a previous
study showing that B cells and professional APCs are capable of
recruiting regulatory T cells through the chemokine CCL-4.**
Cognate cell interactions within GC secondary follicles not only
help B lymphocytes, but also provide critical signals for the
growth and survival of Ag-specific T cells.*

The data presented herein strongly suggest that the in vivo
expression of chemokines by centrocytes facilitates T-lympho-
cyte recruitment into the GCs and supports their encounter with
B lymphocytes. Chemoattraction within GCs may represent a
relevant function of B lymphocytes during secondary immune
responses, in which both B and T lymphocytes mutually benefit
from their cognate interactions.

Human tonsils are therapeutically removed as a result of
chronic inflammation. This fact alone exposes the extraordinary
diversity in antigen-driven responses and the enormous hetero-
geneity in the phenotypes and functions of the T cells recruited
into tonsil GCs, including Thl, Th2 and the new ‘follicular T
helper’ subset.®! In keeping with this notion, the complexity of
the GC reaction in the human tonsils is at least phenomenal.
Therefore, the real-time capture of fresh and untouched histol-
ogy, biochemistry and gene expression of tonsil sections and
pure B-cell subsets is the closest in vivo documentation of the
physiology of GC B cells in the chemokine-mediated recruit-
ment and retention of T-cell help that has been obtained in
humans.
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Given the complexity and diversity of the GC reaction in
human tonsils, which is likely to accumulate a broad repertoire
of T cells that include Thl, Th2 and follicular Th cells,
substantive differences between human and mouse models
are anticipated. Nevertheless, our work strongly supports the
remarkable observation by Fillatreau et al., in which a stable
ratio of four T cells to 100 B cells is consistently present within
the GC follicles.*® In line with their conclusions, the present
study proposes that the strong correlation of the number of T
cells accumulating within the B-cell follicles indicates that the
process is limited by factors present in the follicles. Such factors
might be constitutively delivered by B cells, follicular stroma
cells (such as FDCs), or DCs present within the follicle. While
our study does not dispute FDC and DC function, our data show
that human GC B cells are very capable of actively producing
chemoattracting factors in vivo.

Moreover, our findings are additionally supported by the
notion that genetic alterations in either the CC and CXC
chemokines, or their receptors, lead to profound defects in
the capacity of T cells to home into secondary lymphoid organs.
For instance, in the spontaneous mutant p/f”~ (paucity of lymph
node T cells) mice, which lack CC gene expression, T cells
migrate poorly to the secondary follicles. Consistently, transfer
of T cells lacking CC or CXC receptors reveal a marked
suppression in their ability to home into wild-type lymph nodes
and Peyer’s patches.*’

In conclusion, the data reported in the present study provide
a novel view of B- and T-cell encounters within GCs in which
the B lymphocytes promote the recruitment of the type of help
that is required. Such a view lends additional support to the
notion of GC B-lymphocyte self-determination, as documented
previously by their capacity to autonomously engage in homo-
typic signalling.*®
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