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Regulation of CCR6 chemokine receptor expression and responsiveness to

macrophage inflammatory proteind8CL20 in human B cells

Roman Krzysiek, Eric A. Lefevre, Jérdbme Bernard, Arnaud Foussat, Pierre Galanaud, Fawzia Louache, and Yolande Richard

The regulation of CCR6 (chemokine recep-
tor 6) expression during B-cell ontogeny
and antigen-driven B-cell differentiation
was analyzed. None of the CD34 +*Lin~
hematopoietic stem cell progenitors or
the CD34*CD19* (pro-B) or the
CD19+CD10* (pre-B/immature B cells) B-
cell progenitors expressed CCR6. CCR6
is acquired when CD10 is lost and B-cell
progeny matures, entering into the sur-
face immunoglobulin D * (slgD*) mature
B-cell pool. CCR6 is expressed by all
bone marrow—, umbilical cord blood-,

and peripheral blood—derived naive and/or
memory B cells but is absent from germi-
nal center (GC) B cells of secondary lym-
phoid organs. CCR6 is down-regulated
after B-cell antigen receptor triggering
and remains absent during differentiation
into immunoglobulin-secreting plasma
cells, whereas it is reacquired at the stage
of post-GC memory B cells. Thus, within
the B-cell compartment, CCR6 expres-
sion is restricted to functionally mature
cells capable of responding to antigen
challenge. In transmigration chemotactic

assays, macrophage inflammatory pro-
tein (MIP)-3a/CC chemokine ligand 20
(CCL20) induced vigorous migration of B
cells with differential chemotactic prefer-
ence toward slgD ~ memory B cells. These
data suggest that restricted patterns of
CCR®6 expression and MIP-3 «/CCL20 re-
sponsiveness are integral parts of the
process of B-lineage maturation and anti-
gen-driven B-cell differentiation. (Blood.
2000;96:2338-2345)
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Accumulating data implicate chemokines and chemokine recept@RC. However, other natural ligands of CCR6, particulary
in B-lineage maturatiofr? B-cell zone architecture, and the antigerantimicrobial peptides secreted by intestinal epithelial celfs,
(Ag)-driven B-cell response within peripheral lymphoid tis§§e. B-defensins, have been recently describedhe MIP-3/ £
However, the physiologic role of CCR6 (chemokine receptor 8}CL20 gene $CYA2) has been identified by computer search
and its natural ligand, macrophage inflammatory protein (MIPYsing expressed sequence tags from different complemengary
3a/CC chemokine ligand 20 (CCL20), in these phenomena RNA libraries available in GenBank, the European Moleculgr
currently unknown. Furthermore, their expression patterns have felogy Laboratory, and DNA Databank of Japan public sg-
been completely elucidated. In this study, we addressed these is§ii@nce databasés: The N-terminal amino acid sequence C&;
and analyzed the regulation of CCR6 expression and MiP-3MIP-3a/CCL20 is similar to those of the Exodus familys
CCL20 responsiveness during B-lineage maturation in bone ma-C/Exodus-2/Cé-kine/TCA4 and MIPB2Exodus-3/CK311.
row (BM) and Ag-driven differentiation into effector plasma celid-'Ke its receptor, MIP-8/CCL20 has a restricted pattern o
and memory B cells in the periphery. expression in vivo. As.assessed by Northern blot anal)./sgs,
Sequence similarities suggest that CCR6, CCR7, CCR9, and EPGOL/CCLZO MRNA is present mostly n the appendngm
orphan receptor Bonzo/STRL33/TYMSTR form a separate branchy YS! lymph nodes, tonsils, PBMCs, fetal liver, and lung byt

. . S absent from spleen and B#M215MIP-3a/CCL20 is constitu-
of the CC chemokine receptor family. They are coupled to the G. . ; N
) . . . . ively expressed by keratinocytes in the basal and suprabasal

class of pertussis toxin-sensitiéesubunits of G proteins, share a ®

layers of the epidermis and venular endothelial cells in $kih. g

restricted pattern of expression in vivo, and display no ligangs” ey that the MIP-3/CCL20-CCR6 pair is involved in<
binding promiscuity. CCR6 messenger RNA (mRNA) is limited t0 .o nsendothelial migration and constitutive trafficking of Lan§-

lymphoid tissues, fetal liver, testis, small intestine, and peripherglyans’ cell precursors into the epidermis. MIRKBCL20 gene 3
blood mononuclear cells (PBMC%Vithin PBMCs, CCR6 expres- expression in PBMCs is strongly induced by inflammato%/
sion has been found in B and T lymphocytes, but granulocytegimuli such as tumor necrosis factor (TN&)4ipopolysaccha- £
monocytes, eosinophils, and natural killer cells are negative. Inthgle, and phorbol 12-myristate 13-acetate. MI@<GCL20 is a %
T-cell population, CCR6 is restricted mainly to memory CD4 selective chemotactic factor for lymphocytes and a negative
subsets expressingB- integrin, the intestinal lymphocyte homingregulator of normal and chronic myelogenous leukemia my-
receptof CCR6 is also expressed on immature dendritic cells beloid progenitors in colony formation assayd’ Poorly

is lost during their maturatiof. CCR6 appears to be highly expressed in the absence of inflammatory stimuli, Mt?-3
selective for a single chemokine, MIR&CL20/Exodus-1/ CCL20 mRNA was found to be abundant in inflamed epithelial
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crypts of palatine tonsils and intestinal epithelial cells, esp®ickinson) MoAb staining. PBMCs were isolated from heparinized blood
cially those lying immediately over Peyer’s patches and in othef voluntary donors by Ficoll density centrifugation. The viability of these
mucosal lymphoid structures, including the follicle-associateg!l fractions was consistently higher than 90%.
epithelium?18

Here, we report that CCR6 expression is restricted to naive a%gn cultures
memory B cells and is down-regulated mainly by engagement pér in vitro culture assays, cells were cultured in RPMI 1640 medium
the B-cell Ag receptor. We also demonstrate that MPECL20is  (Gibco BRL, Paisley, Scotland) containing 10 mmol/L HEPES, 2 mmol/L

an efficient B-cell chemoattractant with a differential preferended/utamine, 100 U/mL penicillin, 10Qug/mL streptomycin, 1 mmol/L
toward memory B cells sodium pyruvate, and 10% heat-inactivated fetal calf serum (complete

medium [CM]). B cells (1x 10° cells/mL) were activated by incubation in
CM for 2 days, unless otherwise indicated, with polyclonal anti-lgM Ab
coupled to beads (Rg/mL; Irvine Scientific, Santa Anna, CA), anti-CD40

Materials and methods MoAb (G28.5, 1png/mL), interleukin (IL)-4 (20 ng/mL; Schering Plough,
Kenilworth, NJ), or a combination of these. The concentration of endotoxin
Flow cytometric analysis in the culture medium and in the reagents used was consistently below

Cell surface Ags were analyzed by single-parameter or multiparameilerr]g/mL'
fluorescence-activated cell sorter (FACS) analysis using the following vitro plasma cell differentiation of GC B cells
monoclonal antibodies (MoAbs): anti-CD14-fluorescein isothiocyanate
(FITC), anti-CD44-FITC (both from Diaclone, Besam; France), anti-lgD- SIgD"CD44” GC B cells (- 90% CD38CD20") were purified by
phycoerythrin (PE; PharMingen, San Diego, CA), anti-CD10-FITC, antimmunomagnetic bead cell sorting. Freshly isolated GC B cells w@e
CD34-FITC, anti-CD38-PE, anti-CD19-PE-cyanin 5 (PECy5) (all fronseeded in 6-well plates (Costar, Cambridge, MA) &t d@lls/mL in CM
Becton Dickinson, Mountain View, CA), and anti-CD20-FITC (Immuno-supplemented with IL-10 (50 ng/mL), IL-2 (20 Ul/mL), IL-4 (20 ng/mL)z
tech, Marseille, France). CXCR4 expression was detected by indiré#td anti-CD40 MoAb (Jug/mL) and were incubated for 9 days. CultureS
immunofluorescence using anti-CXCR4 MoAb (NIBSC, Potters Bayvere fed every 3 days with fresh CM supplemented with cytokines ghd
England), and DTAF-conjugated goat antimouse immunoglobulin (Ig) @ti-CD40 MoAb. Ondays 3, 6, and 9, cells were harvested, washed twgge,
(H+L) F(ab), (Immunotech). Anti-CCR6-PE and anti-CXCR5-PE MoAbsand stained with anti-CD20-FITC and anti-CD38-PE or anti-CCR6-RE
were purchased fro R & D Systems (Abingdon, England). MouseMOAbs. Double-color analysis of the cell surface phenotype was trﬁan
isotype-matched FITC-, PE-, or PECy5-conjugated control lg@l 19G, performed by flow cytometrx As previously descritFédh vitro differenti
were purchased from Becton Dickinson. Uncoupled control mouse Igs wé¥gd plasmablasts were CD38CD20 .
purchased from ICN (Costa Mesa, CA). A FACScan flow cytometer wit
CellQuest software (Becton Dickinson) was used for data acquisition a
analysis. After gating on viable cells, 5000 events per sample weligtracellular filamentous (F)-actin polymerization was tested as previo
analyzed. For each marker, the threshold of positivity was defined beyoiescribed? Briefly, B cells (8 10°/mL) were incubated in HEPES-
the nonspecific binding observed in the presence of relevant control IgG buffered RPMI 1640 medium at 37°C with or without MIB/ECL20 (500
ng/mL). After the indicated times, cells (1@Q.) were added to 40Q.L of
Cell preparation the assay buffer containing> 10~7 mol/L FITC-labeled phalloidin, 0.5
. . . . . mg/mL L-a-lysophosphatidylcholine (both from Sigma, St Louis, MO
B-cell—enrlghed populatlons were obtained from palatlr_le tonsils as p_re\c’l'ﬁd 4.5% formaldehyde in phosphate-buffered saline. Fixed cells were then
ously_descrlbeél? Brl_eﬂy, after one cycle of rosette formation and depleuorbnalyzed by FACS, and mean fluorescence intensity (MFI) was determiﬁed
ofresidual T cells with CD2 magnetic beads (Dynabeads M-450, Dynal Ay each sample. The percentage MFI modulation was calculated for egch

Oslo, Norway), the resulting B-cell populations consistently contained QSg/&mple at each time point as follows: f1(MFI before addition of §

or more CD19 B cells, 1% or fevygr CD14monocytes, and :,L% or fewer chemokine/MFI after addition of chemokine}] 100. For double—staining-g’
CD3*" T cells and DRC1 dendritic cells. For some experiments, total B

: . > experiments, cells were incubated for 20 minutes at 4°C with PE-labeded
tonsillar B cells were separated into surface (s)igihd slgD populations -

: ) h ) A 8 anti-lgD MoAb prior to F-actin polymerization assay.
by incubating for 30 minutes with saturating amounts of anti-lgD MoAb

(TA4-1) and subsequent removal of I§® cells from the cell suspension In vitro chemotaxis assay

using goat antimouse IgG-conjugated magnetic beads (Dynal). Surface ) 3.
IgD~ B cells were further separated into CD#&and CDA4#~ B cells MIP-3a/CCL20-dependent chemotaxis of B cells was measured by argin

using a similar protocol and saturating amounts of anti-CD44 MoAb (BF24itr0 2-chamber migration assay followed by flow cytometry. Assays wete
Diaclone). All of the purification procedures were carried out at 4°C tBerformed in serum-free conditions using Iscove’s modified Dulbecc@s

prevent spontaneous apoptosis. As assessed by flow cytometry, naivE'@ium supplemented with 1.5% bovine serum albumin (Cohn’s fraction
cells were 96%+ 4% CD19", 83%+ 4% slgD*, 97%+ 2% CD44", and V, Sigma), sonicated lipids, and iron-saturated human transferrin (migration

7% + 3% CD38"; memory B cells were 92% 6% CD19", 20% + 6% buffer) 22 MIP-3a/CCL20 (500 ng/mL) in migration buffer or buffer alo_ne
slgD*, 73%+ 17% CD44', and 10%+ 10% CD38 ; and germinal center wgs a_dded to the lower chamber, and 20D of cells suspended in
(GC) B cells were 94% 3% CD19", 11%=* 4% sIgD', 11%+ 10% migration puﬁer was added tq the upper chamber of Costar Transwells
CDA44*, and 90%:+ 2% CD38" (n = 5). These results are consistent with(6-5-mm diameter, y:m pore size, polycarbonate membrane, Costar). A
previously published data on B-cell subpopulations and sepafétiéfihe total of 2 X 1C° B cells was add_ed to the upper chamber of the Transwell
viability of these cell fractions was consistently higher than 90%. system and allowed to transmigrate for 3 hours at 37°C. Input cells and
BM cells, obtained from normal adult donors after informed Conser‘t[r’ansmlgrated cells in the lower chamber were stained with FITC-labeled
were collected in heparin-containing medium. Umbilical cord bloo@nti-CD19 and PE-labeled anti-IgD MoAbs and counted by FACScan
samples from normal full-term newborn infants were obtained from a cof§€cton Dickinson) for 60 seconds. Events were analyzed separately within

blood bank. Low-density mononuclear cells (MNCs) were prepared lg;lted slgh9 and slgD populations of B ceI‘Is. The results are expressed
centrifugation on Ficoll density gradient (Nyegaard, Oslo, Norway). gnvas the percentage of the input B cells that migrated to the lower chamber.

and umbiligal cord blood—dgrived CDth_ematop'oietic stem ce_II progeni Statistical analysis

tors were isolated as previously described using a magnetic cell sorting

system (miniMACS; Miltenyi Biotech GmbH, Bergisch Gladbach, Gerbata are expressed as the measEM. Differences between groups were
many)22 The purity of CD34 cells recovered was more than 90% asassessed using the unpaired Studerest, andP values <.05 were
determined by flow cytometry using anti-CD34 (PE-HPCA2, Bectononsidered significant.
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D
. [Early pro-B ceils] .

Results iy

During B-cell ontogeny, CCR6 is acquired at the stage of B . -

mature CD19 +CD10-sIgD * B cells ‘:3: ‘;Wa TR | R

We first analyzed CCR6 expression on CD3¥%ematopoietic stem §g : -

cell progenitors. Enrichedx 90% purity) BM CD34 progenitors ToBIBHl Cs ig| +f

did not express CCR6 at the cell surface (Figure 1). We used i i a :

3-parameter FACS analysis to assess CCR6 expression at thg! e e : LA

different stages of B lymphopoiesis in BM defined by the "E 1w -

coexpression of CD34, CD19, and CD10. Dot plots of 1 representa- c :i g P ° °qg

tive BM sample of 5 analyzed (Figure 2) showed that the [ % 3

CD34*CD19" pro—B-cell fraction was 0.35% of the BM MNCs u ECancomanan T IR ou oo

(Figure 2B, R3 gate). This subset of B-cell progenitors completely g Gm 5

lacked CCR6 expression (Figure 2D), whereas most of the cells did ° ‘ - s I:"

express CXCR4 (not shown). In contrast, CDC®D34" B-lineage coe-FTe b 5. hg i

progeny (Figure 2B, R2 gate) contained 2 distinct populations in u B I— J' B E—

respect to CCR6 expression: two thirds of the cells were CCR6
and the others were CCR@Figure 2E). We next analyzed CCR6 CCRé6-PE IgG1-PE
expression on CDICD10" cells, the population that included Figure 2. CCR6 expression is acquired during the transition to mature
most of the pre-B subsets and immature B cells. This B-ce}P19+CD10~ sIgD * B-cell status and is absent during early and late stages of B
fraction constituted about 1% of the BM MNCs in this dono‘[ymphopoiesis in BM. (A) Lymphoid gating of normal adult BM cells (> 90% cell
| . viability) was based on forward and side scatter characteristics of the lymphocytes
(Figure 2C, R5 gate). Flow cytometry detected no CCREIIS in (r1). Three-parameter immunofiuorescence analysis was used to detect CCR6
the CD10-bearing fraction of BM B cells (Figure 2F), whereasxpression within CD19* populations in this gate. (B) Plots of CD19 versus CD34
most (> 93% in this examp|e) CDITD10" BM B cells were Were used to gate dual-positive pro-B (R3) and CD34-CD19" cells (R2), a population
. that includes immature and mature B cells. (C) Plots of CD19 versus CD10 were used
CCR6* (Flgure ZG) Most Of these CD1E€D10" cells coex to discriminate between dual-positive immature B cells (R5) and CD19"CD10~
pressed slgD, arguing for their mature B-cell status (not shown). Hature B cells (R4). These gated cells were then plotted for CD19 versus CCR6
3 independent experiments, an average of 1.52016% BM (D-G). Datawith PE-labeled anti-CCR6 and isotype-matched IgG, control MoAbs are
. 0 shown. For each population, the threshold of positivity was placed according to the
cells were CD19CCR6*,. WhICh represented 63.7% 24'7_A) of nonspecific binding of control 1gG. Populations corresponding to early pro-B and
all CD19* BM cells. A similar pattern of CCR6 expression WaSmmature B cells and their respective percentage values within total BM cells are
observed in cord blood—derived populations (not shown). Thergven in panels B and C, respectively. One representative example of 5 samples from
fore, CCR6 acquisition during B-cell lymphopoiesis appears to jierent BM donors is shown.

synchronized with the entry into the mature B-cell pool (CD34
CD19%, CD10, sIg_Dh'gh). In agreement with these results, none Ofjistinct B-cell populations: CCR6 (67% + 11%, n=5) and
the CD10-expressing pro-B (REH, 207) and pre-B (BV173, OB cRrg- (339 + 11%, n= 5) (data not shown). CCR6 was clear

Nalm-6) cell lines tested expressed CCR6 (data not shown). detected in naive (sigi") and memory (slgDCD44ie") B cells
but was totally absent from GC (slgiCD44") B cells, which
result from oligoclonal expansion of Ag-specific B cells in viv§
(Figure 3B). Furthermore, the MFI values for CCR6 expression@y
As in the case of BM-derived mature B cells, all CDeripheral memory B cells was 2-fold higher than that for naive cells (9436
blood—derived B cells (8% of all the MNCs, Figure 3A) coexCCR6-expressing cells, MR 62, vs 97%, MFI= 29, respec- £
pressed CCR6. In addition, a subpopulation of CDER6" T tively). All subsets of tonsillar B cells, including GC B cellsf‘Do
cells was detected in PBMCs (about 10% of all of the MNCs ar@gPntained CCR6 mRNA with the largest amounts in memory 8
13% of CD3' T cells, Figure 3A). Interestingly, within peripheral cells (not shown). These data show that CCR6 was constitutivgly
lymphoid organs such as spleen and palatine tonsil, there wer@rgsent in naive B cells, upregulated in memory B cells, but Igst
during Ag-driven oligoclonal B-cell expansion in GC. In agreement
with the lack of CCR6 expression on primary GC B cells, none of

€20006 '§U/1.828991/8€€2/2/96/}pd-8|011e/po0|geU suoledlqndyse//:diy woly papeojumoq

CCRE6 is expressed by all peripheral blood—derived B cells and
B-cell subpopulations within peripheral lymphoid organs

h 4

= 0.7 % =1 0.3% the 6 GC-origin, Burkitt lymphoma cell lines tested were CCR6
0% 0% (not shown).
= E.
t % :.r'- R slgD ~ memory B-cell subset but not sigD  Mgh naive B cells
™ ®' respond in vitro to MIP-3 «/CCL20 by actin cytoskeleton
8 E 8 e reorganization

02“',0 TG "S‘E,a pL R R U Chemokine-dependent cell movement is thought to be driven

CCR6-PE IgG1-PE mostly by the rapid—within seconds of receptor triggering—
Figure 1. CCR6 expression on CD34 * BM-derived hematopoietic stem cells. poI_ymenzanon of actin monomers (G_aCtln) into fllament_s (F-
Enriched (> 90% purity) CD34* BM-derived hematopoietic stem cells were obtained ~ aCtin) near the plasma cell membrane. Intracellular F-actin fila-
as described in “Materials and methods.” Cells expressing CCR6 and/or CD34were  ments can be easily quantified by flow cytometry using FITC-
identified by 2-parameter immunofluorescence analysis using PE-labeled anti-CCR6 labeled phalloidin as a probe. To determine whether CCR6 is
(A) or control IgG; (B) MoAbs and FITC-labeled CD34 MoAb. Percentages of . . . .
double-positive cells are indicated. One representative donor of the 5 tested functional in naive and memory B Ce”S’ we quantlfIEd the Change
is shown. in the intracellular F-actin content induced by MIR/@CL20 in
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Figure 3. Naive, memory, and GC B cells within secondary lymphoid tissue
differ in their CCR6 expression.  (A) CCR6 expression was studied within PBMC
populations by 2-parameter immunofluorescence analysis using PE-labeled CCR6
MoAb and FITC-labeled CD19 or CD3 MoAbs. (B) Freshly isolated tonsillar B cells
were separated according to the expression of distinctive immunophenotypic mark-
ers into slgD"9" (naive), sigD~CD44"gh (memory), and sigD~CD44~ GC B cells, as
described in “Material and methods.” CCR6 expression was then assessed by FACS
analysis using anti-CCR6-PE MoAb. MFI values for CCR6 staining for individual
samples are indicated. Open histograms represent staining with 1gG; control MoAb.
One representative donor of 4 is shown.

cells stained with anti-lgD MoAb. Surface IgD expression was
chosen as a marker to discriminate between &#Maive and

slgD™ memory B cells. Surface IgDcells responded to MIPed

CCL20 (500 ng/mL) by F-actin assembly and cytoskeleton reorga-
nization (Figure 4). The MIP&CCL20—-induced response of
slgD™ B cells was rapid (a 24% peak increase in F-actin content irg
15 seconds) but short-lived, probably reflecting rapid recepto®
desensitization (Figure 4, R3 gate). In contrast, §§B cells did 4
not respond to MIP-8/CCL20 during the 120 seconds of observa- o
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Figure 4. slgD — memory but not sigD "d" naive B cells respond rapidly to
MIP-3a/CCL20 by actin cytoskeleton reorganization. The ability of CCR6
to signal in unstimulated tonsillar B cells stained with anti-lgD-PE MoAb
was assessed by quantifying changes in intracellular F-actin after MIP-3a/
CCL20 stimulation (500 ng/mL). slgD~ (R3) responding and slgD"9" (R2) non-
responding populations are shown. Data from one representative experiment of
3 are shown.

populations. The responding slg® cells were mostly CD4¥gh
memory B cells, because sigBD44~ GC B cells do not expressi
CCR6 and do not respond to MIRZCL20 in migration assayss
(data not shown). The percentage of unfractionated B célls
migrating toward MIP-&/CCL20 above the chemokinetic backe
ground level in 6 independent experiments using different (E)
nors was 8.4%t 1.6%. Although both sigfh and sigD B
cells migrated toward MIP</CCL20 gradient, the MIP-&

1/96/3pd-9]o11e/p00|gA0U SUOKEDIqNAYSE//:d)Y WOl papeojumoq

©
o
o
o
N
w
w
*®
el
o
=]
A B [ g
MIP-3a sigDhish  sigD" sigD"CD44high Qa
[ceil #rcoun: 442) = Bcells Bcells ,g memory B cells 8
S 23
& a I a °
= £ —p<008 £ Bl
o 20 [ o
i =) Q 6o ©
el Moount: 1423 o ] =3
7 rosard g\,,s & 5
% g 40 :)
Medium 8w 8 §
coll #oount: 89|
i. g-
s g
— 2 2
= o =

tion, and the F-actin content decreased in these cells (Figure 4,fRgre 5. MIP-3a/CCL20 preferentially attracts sigD ~ memory B cells in

gate). Thus, in the F-actin polymerization assay, unstimulat%@1

smigration chemotaxis assays. = Chemotactic response of B cells to MIP-3a/
L20 in Transwell chemotaxis assay. MIP-3a/CCL20 (500 ng/mL) or migration

slgD-CD44"" memory but not slgi®h naive B cells express puffer was placed in individual lower wells of 24-well Transwell plates, and

functional CCR6.

MIP-3a/CCL20 preferentially attracts sigD  ~ memory B cells in
transmigration chemotactic assays

unfractionated B cells or purified sigD-CD44"sh memory B cells were layered into
upper wells. The phenotype of medium- and MIP-3a-migrating B cells harvested after
a 3-hour incubation at 37°C was compared to that of input B cells using anti-CD19-
FITC and anti-IgD-PE MoAbs. The representative dot plots of input cells and
transmigrated slgD"9" naive and sigD~ memory subsets of B cells are shown in panel
A. Absolute cell numbers (no./count) of naive and memory B cells that transmigrated
are given. The percentage of naive and memory B cells that transmigrated toward

We performed in vitro chemotactic assays using the Transwglb-3« ) or migration buffer (0 are shown in panel B. Data represent mean =
system to examine more precisely the chemotactic activity M values obtained in 6 independent experiments using cells from different donors.
MIP-3a/CCL20 for different subsets of B cells. Cells were staineﬁatistical difference between migration of naive and memory B-cell groups was

with FITC-labeled anti-CD19 and PE-labeled anti-lgD MoAbs t

Qmemory B cells toward MIP-3a/CCL20 versus migration buffer is shown in panel C.

analyzed by unpaired Student t test. The percentage of purified slgD~CD44high

compare the phenotypes of the input B cells and migrated B cedta from one representative experiment is shown.
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CCL20-responding cell population was enriched in sigiemory A
B cells (Figure 5A). Surface IgDmemory B cells were attracted .
twice as efficiently as slgf®" naive B cells by MIP-&/CCL20
(17% = 2.8% vs 8.9%*+ 1.4%, respectively; w 6; P < .05)
(Figure 5B). Using purified 1lgBCD44e" memory B cells, we
confirmed that most of these cells (70%) migrated toward MiP-3
CCL20 (Figure 5C), whereas 12.5%7.5% purified slgmh
naive B cells migrated in similar conditions (not shown). These
observations strongly suggest that MIRIGCL20 preferentially
attracts slgb memory B cells.

Freshly sorted calls.

Log,, CD20 fluorescence intensity
-]

2%

W@ 100 w!

8,4% .i10 %

it b
8% 107 1

g R Pk
S
Bty w0 et (LA AR A S

B cells rapidly down-regulate CCR6 in response to B-cell Ag Logyo CCRE flucrescence intensity

receptor cross-linkin
P 9 Figure 7. CCR6 is not expressed during in vitro plasmablast differentiation of

. . _ B cells. (A) Phenotypic changes during the differentiation of GC B cells into
We tested whether Slgnals essential for the B-cell response, Sgégnablasts in vitro. GC B cells purified by immunomagnetic cell sorting (> 90% cell

as B-cell Ag receptor (BCR) engagement, CD40 triggering, Qlability) were cultured in the presence of IL-10, IL-2, IL-4, and anti-CD40 MoAb, as
cytokines, regulate CCR6 expression. BCR cross-linking @éscribed in “Materials and methods.” At the indicated time points, CD38 and CD20
H H ; : i xpression was determined by double staining with anti-CD38-PE and anti-CD20-
resting B cells by I_nCUbatlon with anti-IgM beaqs for 2 day'%{l’é MoAbs. Note the progressive increase in the CD38"MS"CD20~ population
decreased the relative number of CCRG-expressmg cells and ,S sponding to the plasmacytoid differentiation stage. Percentages of cells within
density of CCR6 on the cell surface (85% CCRG6-expressirgch quadrantare indicated. (B) Analysis of CCR6 expression by double staining with
cells. MFI = 23, vs 69% CCR6-expressing cells. MEI13. in anti-CD20-FITC and anti-CCR6-PE MoAbs during plasmablast differentiation is
’ d and T b d cell " | - Ipresented in panel A. One representative experiments of 3 using cells from different
untreated and anti-IgM Ab-treated cells, respectively) (Figui&orsis snown.
6A). This effect reached a maximum after 48 hours and was
strongly enhanced by IL-4 (20 ng/mL) (28% CCRe&ells, g
MFI = 9, after 48 hours poststimulation) but not by IL-13 0BB). In this latter case, the expression of CCR6 was compare%)le
IL-2 (not shown). Consistent with these observations, the pegkthat observed with anti-IlgM Ab alone (not shown). In contradt
response to MIP-@/CCL20 as assessed by intracellular—F-actify the effect of BCR cross-linking, stimulation with anti-CD4g
polymerization was decreased by 44% after IgM BCR crosgioAb alone or with several cytokines (IL-2, IL-4, IL-7, IL-10,2
linking and totglly abpllshed after stlmu_latlon with anti-lgM Ab|L-12, TNF-a, lymphotoxin (LT)«, transforming growth factor%
plus IL-4 or with anti-IlgM Ab plus anti-CD40 MoAb (Figure (TGF)8) had no effect on CCR6 expression in B cells (n§t

shown). Thus, BCR engagement, but not CD40 triggering zz?Jr
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g &b+ 14 anti-ight Ab + 1L4 the presence of cytokines, induces rapid down-regulation;,tpf
A antHgM Ab antHgh A CCR6 expression and MIP«3CCL20 responsiveness in humag
. ‘ ‘ |medlum ) ‘ |medlum B cells. %
2t l | 24h = | 48h
2| .z =3 M Lack of CCR6 expression during in vitro plasma cell 3
§ iz 2 \ differentiation of GC B cells and on myeloma cell lines %
o S e &
-% - : To determine CCR6 expression in an in vitro model of plasma ¢l
o ! ‘ differentiation, GC B cells were stimulated for 9 days with ti#
B Logyo CCR6 fluorescence intensity combination of anti-CD40 MoAb (jfug/mL), IL-2 (10 U/mL), IL-4 . 8
(20 ng/mL), and IL-10 (50 ng/mL). Two markers modulated durirgy
%1 MIP-30: I plasma cell differentiation (CD20 and CD38) and CCR6 expré‘;s-
o —o—an:II:llg:A:DMAb sion were S|multaneously_ assessed on dgys 3, _6,_ an_d 9 u§|n_g
o oM AL 2-parameter FACS analysis. Plasmablast differentiation is assgci-
401 ated with strong CD38 up-regulation and loss of CD20 expres-
sion?3 As expected, CD20CD38" GC B cells rapidly down-regulated
207 CD20 expression, whereas both the percentage and fluorescence inten-

sity of CD38" cells progressively increased during culture (Figukg 7
On day 9 of culture, the relative frequency of CDEID38" 9" cells
-20 was 78% with a 2-fold increase in CD38 MFI between days 0 and 9.
These cells exhibited typical plasmacytoid morphology after May-
0 Jm Grinwald-Giemsa staining and were plasma cell progenitors (plasma-
Time (sec) blasts) (data not shown). CCR6, not expressed on GC B cells, was not
Figure 6. Down-regulation of CCR6 expression and MIP-3  «/CCL20 responsive-  féacquired during the plasma cell differentiation process in vitro (Figure
ness following B-cell Ag receptor cross-linking. (A) Tonsillar B cells were cultured 7B) and was also absent from the 6 myeloma cell lines tested (OPMZ,
for 24 or 48 hours in CM alone or in the presence of anti-lgM Ab (5 pwg/mL) with or . .
without IL-4 (20 ng/mL). Cells were then analyzed by FACS for cell surface CCR6 NC_" RMPI 8226, U 266’_MDN’ BCN). This C(_JntraSt_S V_Vlth CXCR4,
expression. Data from 1 representative experiment of 5 are shown. (B) The response ~ Which was expressed during this plasma-cell differentiation process and
to MIP-3a/CCL20 of B cells stimulated for 48 hours with anti-lgM Ab (5 wg/mL), alone was also present on most myeloma cell lines (not Shown) 'l'husl in
or in combination with anti-CD40 MoAb (1 wg/mL) or IL-4 (20 ng/mL), was assessed . .
contrast to its re-expression on post-GC memory B cells, CCR6 was not

by F-actin polymerization assay, as described in “Materials and methods.” Represen- ” - o
tative data from 4 independent experiments are shown. re-expressed during plasma cell differentiation.
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vitro transmigration assays. Indeed, although MEBECL20
Discussion induced consistent migration of unfractionated B cells, it
preferentially attracted slgBcD44%h memory B cells. The
Serpentine receptors of the,dinked chemoattractant receptorefficiency of migration of purified memory B cells was 70%, and
subfamily trigger tissue-specific homing of lymphocytes, moduhus MIP-3/CCL20 is one of the most efficient known
late lymphocyte activation and cell proliferation, and havehemoattractants for these cells. The difference in Md-3
several critical functions during early lymphopoiesis. They ar6CL20 responsiveness between naive and memory B cells we
also important mediators controlling lymphoid tissue archite@bserved may reflect the cells’ different migratory behavior in
ture and morphogenesi$26 The essential role of CXCR4 andvivo. The higher CCR6 expression and responsiveness to
its ligand, stromal cell-derived factor (SDFlin B-lineage MIP-3a on memory B cells is consistent with CCR6 being
maturation in vivo has been confirmedsdf-1/~ andcxcrd /- important in the local and systemic trafficking of effector/
mice, which display strongly impaired B lymphopoiesis an@hemory B cells. Indeed, in situ hybridization in human tissues
abnormally low numbers of B-lymphoid precursors in fetal liverevealed abundant MIPe3CCL20 mRNA expression in the
and BM12In this study we examined the expression of CCR@natomic sites where memory/effector B cells are preferentially
chemokine receptor and responsiveness to its ligand MiP-3recruited®?® They represent the sites of continuous antigenic
CCL20 during B-cell-lineage maturation in BM and during thehallenge and chronic inflammation, such as the ep|the|¢a|
B-cell response in the periphery. We show that CCR6 is absetiypts of palatine tonsils and adendids subepithelial reg|onsE
from multipotent primitive and committed CD34subsets of of intestinal and lung mucosa At these sites, MIP-8/CCL20
hematopoietic stem cell progenitors. Multiparameter FAC& probably released from activated epithelial cells and framn
analysis did not find CCR6cells among the early committed inflammatory cells, such as macrophages, eosinophils, and
CD34*CD19* B cell progenitors or within most CDI€D10" dendritic cellst* that are indeed abundant at mucosal afd
cells, which include pre-B- and immature B-cell fractions ofubmucosal sites. The chemotactic gradient of MéPECL20
BM MNCs. This argues against the CCR6/MIR/ECL20 pair present at these sites may bring together the critical ceIILgar
being involved during the early stages of B lymphopoiesis. Thelements of innate (dendritic cells) and adaptive (effect@r/
continuum of human B-lineage maturation in BM ends at theemory T and B cells) immune responses. The |ntegra&d
stage of CD19CD10 slgM*sigD* B cells. We found that mucosal immune system is completely dependent upon selec@ve
virtually all mature BM B cells are CCR6 These cells homing of effector cells of diverse phenotype and function to te
constitute the pool of newly formed B cells that emigrate to theites exposed to previously encountered Ag€onsistent with
periphery and rapidly differentiate into a recirculating st§D this, a,87slgD- memory B cells within intestinal mucos&
follicular B cell pool. Although the appropriate developmentalamina propria maintain long-term memory to various path’?g-
signals required for CCR6 acquisition and maturation of stgMgens, eg, rotaviruses, and this site contains mainly meery
B cells in BM remain to be determined, this process seems to bell-derived sligDL-selectin CD20-CD38"d" |gA-secreting &
initiated in parallel with down-regulation of CD10, a marker losplasma cell$!32 The organized gut-associated lymphoid- t|§
as the maturity of B-lineage progeny increases, and slgD s$sies, ie, Peyer’s patches and appendix, are considered t@ be
acquired. In agreement with this, we did not detect CCR6 dnductive sites for mucosa-associated local immune respor%e
human pro-B/pre-B cell lines. That CCR6 expression is a markand 50% of MNCs at these sites are L-sele¥tirslgD"9" naive g
of the mature B cell pool was further confirmed by the study d cells32 Because the MIP-&CCL20 gene is strongly |nduceo§
umbilical cord blood— and peripheral blood—derived B cells anith endothelial cells by TNk, the cytokine expressed early&;
B cells populating peripheral lymphoid organs. Moreover, onlguring immune/inflammatory response, MIg/8CL20 would g
resting (naive and memory) B cells, but not GC B cellbe expected to recruit CCR6-expressing cells from the C|rcu¥a
representing in vivo Ag-activated B-cell clones, expressdibn as well®!*Our data support the notion that CCR6 might k?
CCR®6. In agreement with this, no CCR6 expression was putative “tissue-specific’ homing receptor mediating tlse
detected on any of the 6 cell lines of GC origin like Burkittpositioning of effector/memory cells in mucosa- associat@d
lymphoma cell lines. This suggests that the responsivenesseffector sites. The MIP-&CCL20-CCR6 pair may thus contrlbj
MIP3a is lost after the encounter with Ag in the peripheralite to the dichotomy between the mucosal/effector and tj;le
lymphoid tissue and Ag-driven B cell differentiation. Indeed, irsystemic immune compartments. Recent data show that CCR4
vitro BCR triggering down-regulated CCR6 and responsivenessgpression is essentially restricted to CtAand not asB7
to MIP-3a/CCL20. Interestingly, T-cell Ag receptor-triggeringmemory T cells®® Indeed, CCR4 T cells are abundant within
by anti-CD3 MoAb also results in down-regulation of CCR&hronically inflamed skin lesions, whereas; intestinal
expression, which was more pronounced in Thl polarized cédimina propria T cells are mostly CCR4Thus, within the
lines?”In B cells, CCR6 is reacquired at the postselection stadecell compartment, CCR4 and CCR6 may function as mutually
of sigD~ memory B cells. Furthermore, in contrast to memory Bxclusive tissue-specific homing receptors to skin and mucosa-
cells, naive B cells did not respond to MIRECL20 as associated inductive sites, respectively. Constitutive expression
assessed by F-actin polymerization, suggesting that the furad-MIP-3a/CCL20 was recently reported in keratinocytes and
tional response via chemokine receptors is also controlled kgnular endothelial cells in normal skin and might be involved
cytoplasmic events. This is in agreement with previous findings the constitutive trafficking of CLA precursors of Langer
demonstrating that freshly isolated B cells do not respond tmans’ cellst® It is, however, unlikely that MIP-8/CCL20
MIP-3a/CCL20 by Ca* flux.1® Such dissociation between attracts to this site CCR6-expressing B cells that do not express
chemokine receptor expression and responsiveness to chesidn homing receptors. Whether CCR6 is also a marker of a
kines by Ca* mobilization or cyclic adenosine monophosphatselective functional subset of memory B cells, as was recently
production has also been reported in other stuéfi@ifferential reported for CCR7 expression within the pool of memory T
chemotactic responses of B-cell subsets was also observed icéfs, remains an open and intriguing questin.
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Figure 8. Schematic representation of CCR6 expression
i during human B-cell ontogeny and Ag-driven differentia-

o =] tion. CCR6 surface expression is gcquired when B cells
EXCRAOV, ¥ reach the mature stage. Mature, naive B cells lose CCR6
g after BCR triggering by Ag during both T-dependent TD and
s CCR6™ g ““'VE'E"M "“"h "'%Ry (il S T-independent TI humoral immune responses and during
N R Cx?g A plasma cell differentiation. CCR6 is re-expressed at the
S - s sl!‘"e‘;;' post-GC memory B-cell stage. Transient expression of
TR TS Cois NG o clhe ¥C CCR6 at each defined stage of B-cell maturation is com-
"’—'T-fgle pre-B-I Irae pared with that of CXCR4, constitutively expressed from
small preB-Il t el X CD34+Lin~ multipotent hematopoietic stem cell progenitors

Bl ( Ag-independent) Ag Agedriven diff to terminally differentiated Ig-secreting plasma cells (PC).

MIP-3a/CCL20 may be a link between innate and adaptivAg-triggered clonal expansion of B cells in vivo (Figure 8). The
humoral immune responses at host-environment interfaces suole of CCR6 within the B-cell compartment seems to be restricted
as mucosal surfaces. This notion is further supported by theB cells capable of responding to antigenic challenge. This also
recent findings thag-defensins (hBD-1 and hBD-2), the smallshows that expression of a selective set of chemokine receptors is
antimicrobial peptides secreted in high concentrations by speciah integral part of the B-lineage development and Ag- drlvé’n
ized epithelial cells upon microbial invasion, are selectivelgifferentiation.
chemotactic for CCR®6 cells35!! Defensins have bactericidal, Note added in proof.During revision of this manuscript,
fungicidal, and antiviral properties and are up-regulated in threcent publication from the E. C. Butcher gréUpeported that in 3
mucosal epithelium after microbial invasion. Interestinglymurine B cells, CCR6 expression and MIR/@CL20 responsive- 5
they significantly increase Ag-specific 1I9G (1gGgGz, and ness is restricted to a subset of peripheral mature B cells. Tﬁiese
IgG22,) and IgM, but not IgA, Ab production. This response igesults are consistent with our findings in human B cells a@d
associated with the proliferative response and H5Ne-5, IL-6,  confirm the important role of selective chemokine receptor exprés-
and IL-10 secretion of Ag-specific CDAT cells*¢ Through sion pattern during B cell ontogeny and B cell response in the
attraction of CCRG6-expressing immature dendritic cellseriphery.
memory T and B cellsB-defensins may thus participate in the
initiation of both primary and recall immune responses at the
mucosal sites.
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