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Summary

 

Organ-specific lymphocyte homing is dependent on the expression of tissue-
specific homing receptors and selected chemokine receptors. During the effec-
tor phase of an immune response, IgA and IgG antibody-secreting cells (ASC)
are differently distributed in the body. Still, B cell expression of L-selectin and
the mucosal homing receptor integrin aaaa

 

4bbbb

 

7 is not related to the isotype pro-
duced, but only to the site of antigen encounter. In this study, we examined if
differences in chemokine responsiveness between IgA++++

 

 and IgG++++

 

 B cells could
explain their different tissue localization. Circulating CD19++++

 

 B cells were iso-
lated and their expression of IgA, IgG, and selected chemokine receptors was
determined by flow cytometry. Few Ig++++

 

 cells expressed CCR2, CCR3, or
CCR9, and there was no difference in the expression of these receptors
between IgA++++

 

 and IgG++++

 

 cells. In contrast, CCR4, CCR5, and CXCR3 was
expressed on significantly more IgG++++

 

 than IgA++++

 

 cells. The function of
chemokine receptors on memory B cells and ASC was then tested in the tran-
swell system. IgG++++

 

 memory cells migrated to a higher extent than IgA++++

 

 cells
towards the CXCR3 ligand CXCL11/I-TAC, while there was only a small
migration towards the CCR4 ligand CCL17/TARC and the CCR9 ligand
CCL25/TECK. ASC migrated poorly to all chemokines tested. In conclusion,
this study shows that IgG++++

 

 and IgA++++

 

 memory B cells have a differential
expression of the Th1 associated chemokine receptor CXCR3, as well as of
CCR4 and CCR5. In contrast, none of the studied chemokine receptors was
preferentially expressed by IgA++++

 

 cells.
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Introduction

 

Lymphocyte circulation through secondary lymphoid tissues
and nonlymphoid tissues serves to ensure contact of naive
and memory cells with antigen and to distribute effector
lymphocytes to their target tissues. Organ-specific lympho-
cyte homing is dependent on the expression of tissue-specific
adhesion molecules on both the circulating lymphocyte and
the endothelial cells. Lymphocytes roll along the vessel wall
in postcapillary venules, a process mediated by loose inter-
actions between selectins and their carbohydrate ligands.
Chemokines induce firm adhesion of rolling leucocytes by
activating surface integrins and are also thought to help
direct subsequent transmigration through endothelial cells
into surrounding tissues [1,2]. Chemokines are a large family

of small chemotactic proteins. They can be broadly divided
into homeostatic and inflammatory chemokines. The
former mediate recruitment of naive and memory lympho-
cytes to lymphoid tissues and guide these cells to the correct
microenvironment within the lymph node, while the latter
are up-regulated by inflammatory stimuli, and preferentially
recruit neutrophils and effector lymphocytes [3,4].

Lymphocyte recruitment to the gastrointestinal tract is in
part mediated by integrin 

 

a

 

4

 

b

 

7, that interacts with mucosal
addressin cellular adhesion molecule-1 on endothelial cells
within the lamina propria of the gut [5,6]. Chemokine
responsiveness has recently been identified as another
important component of tissue-specific lymphocyte migra-
tion. Thus, the chemokine receptor CCR9 is specifically
expressed on a subset of gut-homing T cells expressing
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integrin 

 

a

 

4

 

b

 

7, and its ligand CCL25/TECK is constitutively
expressed by the small intestinal epithelium [7,8]. Further-
more, murine IgA-secreting cells from gastrointestinal
organs specifically migrate towards CCL25 [9] and CCR9
interactions appear to contribute to localization of IgA

 

+

 

plasma cells to the small intestine [10]. Another recently
described chemokine, CCL28/MEC, is expressed in most
mucosal tissues and its receptor CCR10 is expressed on
IgA

 

+

 

 plasmablasts from all mucosal sites examined [11–13].
Other combinations of adhesion molecules, chemokines
and chemokine receptors make up ‘recognition codes’ for
other parts of the body. Thus, cutaneous lymphocyte anti-
gen (CLA) mediates binding of skin-seeking lymphocytes to
endothelial E-selectin [14]. CLA

 

+

 

 cells also express CCR8,
the receptor for CCL1/I-309, which is produced in the skin
[15].

We and others have previously shown that circulating B
cells activated by mucosal immunization or infection carry
the mucosal homing receptor 

 

a

 

4

 

b

 

7 and home back to
mucosal tissues [16–19]. Both IgA

 

+

 

 and IgG

 

+

 

 cells induced
by various mucosal immunizations express 

 

a

 

4

 

b

 

7, however,
the final distribution of these cells in the body following
immunization is fundamentally different. While IgA-
secreting vaccine-specific cells can be found in the intestinal
mucosa and mucosa-associated exocrine glands, IgG

 

+

 

 cells
preferentially migrate to lymph nodes, spleen, and the bone
marrow, even after mucosal immunization [20–24]. Thus,
expression of 

 

a

 

4

 

b

 

7 alone cannot explain the differential
localization of IgA

 

+

 

 and IgG

 

+

 

 B cells. In the current study,
we compared the expression and function of chemokine
receptors on IgA

 

+

 

 and IgG

 

+

 

 memory B cells and antibody-
secreting cells (ASC).

 

Materials and methods

 

Isolation of B cells

 

CD19

 

+

 

 B cells were isolated from heparinized blood col-
lected from healthy Swedish volunteers using anti-CD19
antibody coated Dynabeads (Dynal AS, Oslo, Norway).
Peripheral blood mononuclear cells were isolated by gradi-
ent centrifugation on Ficoll-Paque (Amersham Biosciences
AB, Uppsala, Sweden) and incubated with CD19 Dynabeads
at a 1 : 1 ratio for 30 min with end-over-end rotation at 4 

 

∞

 

C.
Cells binding to the beads were isolated and washed on a
magnet. Positively selected B cells were released from beads
by incubation with CD19 detachabeads for 1 h at room tem-
perature. This procedure yielded a cell suspension contain-
ing 97 

 

±

 

 4% CD19

 

+

 

 cells, most of which were small, resting
lymphocytes.

Lymphocytes were isolated from the gastric mucosa of
three patients undergoing gastroectomy due to gastric ade-
nocarcinoma. Gastric tissue comprising both the antrum
and corpus region was collected from a site at least 5 cm
from the tumour, and lamina propria lymphocytes iso-

lated by collagenase treatment of tissues after removal of
the epithelial layer by treatment with EDTA [25]. Isolated
lymphocytes were kept at 37 

 

∞

 

C over night before chemot-
axis assays. All patients gave informed consent to partici-
pate in the study, which was approved by the Human
Research Ethical Committee at Sahlgrenska University
Hospital.

 

Flow cytometry analyses

 

The surface expression of IgA and IgG on the isolated B cells
was first examined using FITC-labelled rabbit anti-human
IgA and IgG antibodies (Dako Cytomation, Solna, Sweden)
gating on the small, resting B cell population or on the large,
recently activated population. The IgA-specific antibody
preparation had to be absorbed with IgA-deficient human
serum (Sigma-Aldrich Sweden AB, Stockholm, Sweden)
before use, to remove unspecific binding, presumably to sur-
face IgM. In subsequent samples, IgA or IgG-specific anti-
bodies were combined with phycoerythrin (PE)-labelled
appropriate isotype controls for the different chemokine
receptor antibodies. Quadrants were placed to allow approx-
imately 0·5% of all B cells to fall into the upper two quad-
rants. PE-labelled mouse antibodies to CCR2, CCR3, CCR4,
CCR5, CCR6, CXCR2, CXCR4 (all from R & D Systems, Inc.,
Abingdon, UK) and CD27 (BD Biosciences, San Jose, CA,
USA) were used to determine the expression of the respective
cell surface molecules. Antibodies to CXCR3 (R & D) and
CCR9 (clone GPR-9·6, kindly provided by Dr M. Briskin,
Millenium Pharmaceuticals, Inc.) were biotinylated using
the method of Heitzmann and Richards [26]. PE-labelled
extravidin (Serotec, Oxford, UK) was used to detect biotiny-
lated antibodies.

In a second set of experiments, simultaneous detection of
integrin 

 

a

 

4

 

b

 

7 was performed using biotinylated mAb ACT-
1 (kindly provided by Dr D. Picarella, Millenium), followed
by PE-Cy5-labelled extravidin (BD Pharmingen). In these
experiments, PE-labelled antibodies to CXCR3 and CCR9 (R
& D) were employed.

 

Chemotaxis assays

 

Analysis of B cell migration to selected chemokines was per-
formed in 24-well transwells with 5 

 

m

 

m polycarbonate mem-
branes (Costar Corning Inc., Corning, NY, USA). B cells
were resuspended in RPMI 1640 medium supplemented
with 0·5% fetal calf serum, and 5 

 

¥

 

 10

 

5

 

 B cells were added to
the upper chamber and allowed to migrate for 2·5 h at 37

 

∞

 

C.
The cells migrating to the lower chamber, containing serial
dilutions of CXCL11, CCL17, CCL25, or CCL28 (all from
Peprotech EC Ltd, London, UK), were resuspended and
washed off with ice cold buffer, pooled, and then divided for
flow cytometry and ELISPOT assays. CXCL13/BCA-1 (Pep-
rotech) was used a positive control at 3 

 

m

 

g/ml [27,28], and
consistently induced a large B cell migration (on average
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130-fold higher than spontaneous migration) comprising
equal proportions of IgA

 

+

 

 and IgG

 

+

 

 cells. Incubation at
37

 

∞

 

C for 2·5 h under conditions mimicking those of the
migration assay did not change the frequencies of IgA

 

+

 

 or
IgG

 

+

 

 cells.
Half of the migrating B cells from each assay condition

were used for enumeration and analysis of surface Ig expres-
sion by flow cytometry. Migrating cells were identified by
scatter gating on lymphocytes combined with CD19 expres-
sion, and enumerated using Truecount beads (BD Bio-
sciences). Their expression of IgA and IgG was determined as
above.

 

ELISPOT detection of ASC

 

Antibody-secretion by migrating B cells was detected in two-
colour ELISPOT assays as previously described [29]. Briefly,
the total frequencies of IgA- and IgG-secreting cells, irrespec-
tive of specificity, were determined in wells coated with goat
antibodies to the F(ab)

 

2

 

 fragment of human IgG (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA, USA).
Half of the migrating B cells from each assay condition were
used for ELISPOT assays, and they were equally divided into
2 wells. Cells were then incubated over night at 37 

 

∞

 

C in a
humidified atmosphere containing 7% CO

 

2

 

, and the assay
was developed by the addition of HRP-conjugated goat anti-
bodies to human IgA and AP-conjugated goat antibodies to
human IgG (both from Southern Biotech, Birmingham, AL,
USA) for 4 h, followed by chromogen substrates [29]. The
number of spots, each representing the former position of an
ASC, was determined under low magnification. Incubation
at 37

 

∞

 

C for 2·5 h under conditions mimicking those of the
migration assay did not change the frequencies of IgA- or
IgG-secreting cells.

 

Statistical analyses

 

Differences in chemokine receptor expression between IgA

 

+

 

and IgG

 

+

 

 cells were analysed using the Wilcoxon signed rank
test.

 

Results

 

Chemokine receptor expression on circulating IgA++++

 

 and 
IgG++++

 

 memory B cells

 

Circulating CD19

 

+

 

 B cells were isolated using magnetic
beads and their expression of IgA and IgG, as well as selected
chemokine receptors, was determined by flow cytometry.
Two gates were used for the analyses, one defining small,
resting naïve and memory B cells and one defining large,
recently activated and effector B cells.

Within the population of small lymphocytes, IgG

 

+

 

 cells
were more abundant than IgA

 

+

 

 cells, 8·2 

 

±

 

 3·7% 

 

versus

 

6·0 

 

±

 

 4·5%, respectively. These cells were defined as memory
cells, since they had undergone isotype switching to IgA or
IgG. In addition, most IgA

 

+

 

 and IgG

 

+

 

 cells coexpressed
CD27, confirming their memory cell status [30,31]. Very few
of the memory B cells expressed CCR2, CCR3, and CCR9,
and there was no difference in the expression between IgA

 

+

 

and IgG

 

+

 

 cells (Table 1). In contrast, the large majority of
circulating memory B cells expressed CCR6 and to a smaller
extent CXCR4, but again, there was no difference in chemok-
ine receptor expression between IgA

 

+

 

 and IgG

 

+

 

 B cells. On
the other hand, expression of CXCR3 differed significantly
between IgA

 

+

 

 and IgG

 

+

 

 cells (

 

P

 

 

 

<

 

 0·01) (Table 1, Fig. 1).
Even though the absolute numbers of Ig

 

+

 

 cells expressing
CXCR3 varied among individuals, the fraction of IgG

 

+

 

 cells
expressing CXCR3 was larger than that of IgA

 

+

 

 cells in all the
volunteers. In this limited material, the mean fluorescence
intensity (MFI) was somewhat higher on IgG

 

+

 

 than IgA

 

+

 

cells (Table 2). A similar trend was seen for expression of
CCR5 (

 

P

 

 

 

<

 

 0·01) and CCR4 (

 

P

 

 

 

<

 

 0·05). These receptors were
also found on more IgG

 

+

 

 than IgA

 

+

 

 cells, even though the
fraction of Ig

 

+

 

 cells expressing them was lower (Table 1,
Fig. 1). However, in the case of CCR4 and CCR5 positive
cells, there was a tendency of IgA

 

+

 

 cells to have a higher MFI
(Table 2).

When the large B cells were analysed, they were found to
contain a larger fraction of IgG

 

+

 

 (21·4 

 

±

 

 11·2%) and IgA

 

+
(15·8 ± 10·9%) cells compared to the small resting B cells.

Table 1. Expression of chemokine receptors on circulating IgA+ and IgG+ small and large B cells.

Small B cells Large B cells

n IgA+ (%) IgG+ (%) n IgA+ (%) IgG+ (%)

CCR2 8 5·2 ± 2·0† 7·0 ± 2·1 7 5·1 ± 1·1 16·9 ± 2·6

CCR3 8 2·9 ± 0·6 5·0 ± 1·3 7 4·5 ± 1·2 6·2 ± 1·5

CCR4 8 5·0 ± 1·7 13·8 ± 2·4* 4 11·6 ± 5·6 25·9 ± 10·4

CCR5 11 9·3 ± 1·5 27·6 ± 6·0** 10 14·5 ± 4·0 35·0 ± 6·0**

CCR6 8 90·5 ± 2·1 80·2 ± 7·2 7 75·3 ± 4·9 85·7 ± 4·4*

CCR9 7 7·9 ± 1·4 6·3 ± 1·5 6 14·0 ± 4·7 17·2 ± 5·9

CXCR3 11 36·3 ± 4·5 66·8 ± 3·9** 8 60·8 ± 7·0 79·4 ± 4·1*

CXCR4 7 60·4 ± 10·0 62·0 ± 13·7 7 56·4 ± 6·1 62·1 ± 10·9

†Percent of all IgA+ or IgG+ cells expressing the respective chemokine receptors, data are expressed as mean ± SEM. *P < 0·05 when comparing

IgA+ and IgG+ cells; ** P < 0·01 when comparing IgA+ and IgG+ cells
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There was a somewhat higher expression of most chemokine
receptors on the large lymphocytes, but generally the distri-
bution pattern of the chemokine receptors examined was
similar in the large and small B cell subsets (Table 1). As in
the small lymphocyte population, there were significantly
more IgG+ than IgA+ cells expressing CXCR3 (P < 0·05) and
CCR5 (P < 0·01), while there was no significant difference in

the CCR4 expression between IgA+ and IgG+ cells. In addi-
tion, more large IgG+ cells expressed CCR6 than their IgA+
counterparts (P < 0·05; Table 1).

Expression of integrin aaaa4bbbb7 on IgA++++ and IgG++++ B cells 
expressing different chemokine receptors

In order to determine if certain chemokine receptors are
preferentially expressed in the context of the mucosal hom-
ing receptor integrin a4b7, we analysed the expression of
a4b7 on IgA+ and IgG+ B cells expressing different chemok-
ine receptors. As would be expected, more IgA+ than IgG+
cells expressed a4b7 (72 ± 15% of all IgA+ cells versus
57 ± 14% IgG+ cells). Next, the expression of a4b7 on cells
that were either IgA+ or IgG+ and also expressed CXCR3,
CCR4, CCR9, or CXCR4 was analysed. Expression of CXCR3
and CXCR4 did not seem to be influenced by a4b7 expres-
sion, since the expression of a4b7 on IgA+ and IgG+ mem-
ory B cells expressing CXCR3 or CXCR4 was the same as on

Fig. 1. Chemokine receptor expression by memory IgA+ and IgG+ B cells. Circulating CD19+ B cells were isolated from healthy volunteers and the 

expression of CXCR3 (a,b) and CCR5 (c,d) on IgA+ (a,c) and IgG+ (b,d) small memory cells was determined by flow cytometry. The figure shows 

one representative experiment from the data presented in Table 1. Numbers indicate the percentage of IgA+ or IgG+ expressing the indicated chemokine 

receptor.
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Table 2. Mean fluorescence intensity of chemokine receptor staining on 

IgA+ and IgG+ small and large B cells.

Small B cells Large B cells

IgA+ IgG+ IgA+ IgG+

CCR4 132 ± 30† 93 ± 12 149 ± 5 78 ± 13

CCR5 151 ± 58 99 ± 14 183 ± 64 128 ± 8
CCR6 65 ± 5 85 ± 11 350 ± 134 211 ± 34

CXCR3 92 ± 40 170 ± 32 121 ± 29 124 ± 25

†Mean fluorescence intensity of staining for the respective chemok-

ine receptors on expressing IgA+ and IgG+ cells, data are expressed as

mean ± SEM.
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IgA+ and IgG+ cells in general (Table 3). In contrast, a high
proportion of both IgA+ and IgG+ cells expressing CCR4
also expressed a4b7. Finally, the expression of a4b7 on IgG+
CCR9+ cells was lower than on the whole population of IgG+
cells (Table 3).

Migration of IgA++++ and IgG++++ memory B cells

To test the functional significance of the differential expres-
sion of CXCR3 and CCR4 expression on IgA+ and IgG+ B
cells, their ability to respond to the CXCR3 ligand CXCL11
and CCR4 ligand CCL17 was assessed in chemotaxis assays
using the transwell system. Most migrating B cells belonged
to the small lymphocyte population, and the large B cells that
migrated were too few to be enumerated properly. CXCL11
induced a dose-dependent migration of small B cells, that
was on average 35-fold larger than the spontaneous migra-
tion at the optimal concentration (10 mg/ml) when all cells,
regardless of isotype commitment, were included. Both IgA+
and IgG+ cells migrated in response to CXCL11, but with
higher chemokine concentrations, the migration of IgG+
cells was more pronounced than that of IgA+ cells (Fig. 2).
CCL17 induced a much smaller increase in B cell migration
(on average 6-fold, based on all CD19+ cells), and there were
no consistent differences in migration between IgG+ and
IgA+ B cells (Fig. 2).

The migration of human B cells in response to CCL25 was
also examined, even though CCR9 expression was low on
circulating memory B cells. A small but significant propor-
tion of circulating B cells responded to CCL25 (on average 8-
fold increased migration of CD19+ cells compared to the
spontaneous migration). IgG+ and IgA+ cells responded
similarly to CCL25 (Fig. 2), as would be predicted from their
CCR9 expression. To ascertain that the conditions employed
would allow for efficient migration to CCL25, we examined
the migration of lymphocytes isolated from stomach lamina
propria to CCL25. These assays showed a substantial migra-
tion of T cells, and to a lesser extent also of B cells, to CCL25
(Fig. 3). In parallel, migration towards the other mucosal
chemokine, CCL28, was also evaluated. CCL28 induced only
a very small increase in the migration of circulating CD19+
cells (on average 2·5-fold), and the migration of IgG+ and
IgA+ cells was similar and did not exceed that level at any of
the concentrations used (data not shown).

Migration of ASC

In order to assess the migration of circulating plasmablasts,
which might be fundamentally different from that of mem-
ory cells, ELISPOT assays were performed to detect ASC
among the migrating cells from the transwell assays. The
CD19+ cells from blood usually contained more IgA-ASC
(mean 501 ASC/105 B cells, range 90–2012) than IgG-ASC
(mean 249 ASC/105 B cells, range 28–600). Very few ASC

Table 3. Expression of integrin a4b7 on IgA+ and IgG+ cells also 

expressing different chemokine receptors.

IgA+ cells IgG+ cells

CCR4 87 ± 10a 87 ± 4
CCR9 74 ± 4 36 ± 3
CXCR3 73 ± 5 57 ± 8
CXCR4 71 ± 5 53 ± 7

aPercent of a4b7+ cells among IgA+ or IgG+ cells also expressing

the respective chemokine receptors, data are expressed as mean ± SEM

calculated from 4 individuals.

Fig. 2. Migration of IgA+ and IgG+ memory B cells. Circulating CD19+ 

B cells were isolated from healthy volunteers and the migration of IgA+ 

(�) and IgG+ (�) cells towards increasing concentrations of (a) 

CXCL11 (b) CCL17, and (c) CCL25 was analysed in the transwell sys-

tem, using flow cytometry to enumerate and characterize migrating 

cells. Assays were carried out in duplicates and the figure shows one 

representative experiment out of four.
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migrated spontaneously to the lower chamber (mean 0·5%
of IgA-ASC and 0·7% of IgG-ASC). All of the chemokines
tested induced only a modest migration of ASC above the
spontaneous migration with a relatively large individual
variation (Fig. 4). None of the chemokines examined
induced a consistent recruitment of ASC secreting IgA or
IgG, but there was a tendency, although not statistically sig-
nificant, towards a larger recruitment of IgA-ASC when
using CCL25 or CCL28.

Discussion

In this article, we show that circulating IgG+ human mem-
ory B cells express CXCR3, CCR5 and CCR4 to a larger
extent than their IgA+ counterparts. Furthermore, IgG+ cells
migrate more efficiently towards the CXCR3 ligand CXCL11
than IgA+ cells. Together, these results indicate a potential

role for chemokine receptors in mediating the selective local-
ization of IgG+ and IgA+ B cells to distinct anatomical com-
partments and in particular for CXCR3, CCR5 and CCR4 in
regulating IgG+ B cell trafficking.

The migration of circulating memory and effector lym-
phocytes to their final effector organs is mediated by both
homing receptor recognition of endothelial ligands and
binding of chemokines to their respective receptors on the
lymphocytes [1,2]. Apart from the constitutive organ-
specific production of chemokines mediating selective
lymphocyte homing, chemokines mediate recruitment of
leucocytes into inflamed tissues [32]. In many inflammatory
conditions, recruitment of T cells is accomplished by the
IFN-g-inducible chemokines CXCL11, CXCL10/IP-10 and
CXCL9/Mig, all signalling through CXCR3, which is often
coexpressed with CCR5, recognizing CCL5/RANTES and
CCL8/MCP-2. CXCR3+ T cells are found in many human
Th1 driven inflammatory diseases such as rheumatoid
arthritis, inflammatory bowel disease and multiple sclerosis
[33,34]. Indeed, IgG+ cells are often ubiquitous in such sites
[35–37], suggesting that CXCR3 is utilized also in vivo, and
that the local cytokine production during Th1 dominated
inflammation results in recruitment of selected B cell popu-
lations. On the other hand, CXCR3 and CCR5 are found on
most CD4+ T cells infiltrating nonlymphoid tissues [38,39],
and have therefore been suggested to retain cells after entry
into the tissue, rather than determining tissue-specificity of
lymphocyte homing [39]. However, our finding that
CXCL11 induces a robust migration of circulating B cells
suggest that it could also act during recruitment. CXCR3
mediated B cell chemotaxis was actually among the strongest
in this study, exceeded only by the positive control CXCL13.

The memory B cell responsiveness to CXCL11 was not
shared to any larger extent by the effector B cells actively
secreting IgG. In addition, IgG-ASC responded poorly to all
chemokines tested and had no selectivity towards any par-
ticular chemokine. Indeed, the low migration of ASC
towards CXCL11 is puzzling, since this chemokine has been
shown to efficiently attract spleenic IgG-ASC induced by i.p.
immunization in an animal model [40]. Apart from species
differences, there are several possible explanations to these
discrepancies. First, the circulating ASC are not plasma cells,
but rather terminally differentiating plasmablasts [41],
which may respond differently to chemokines than the fully
matured plasma cells present in tissues. Secondly, it may well
be that IgG-ASC induced by antigens encountered at differ-
ent sites respond differently to chemokines. In our experi-
ments, all ASC, regardless of antigen specificity and
activation site, were assayed, and the specific migration by a
small subset of cells might therefore be diluted by a larger
number of unresponsive cells. Thirdly, i.p. induced ASC were
only responsive to CXCL11 during a narrow window in time
while leaving the spleen for the bone marrow [40]. If all these
parameters influence ASC migration, the cells in the circu-
lation of an unimmunized human corresponding to spleenic

Fig. 3. Migration of lamina propria lymphocytes. Lamina propria lym-

phocytes were isolated from normal gastric mucosa and the migration 

of IgA+ B cells (�), IgG+ B cells (�) and T cells (�) in response to 

increasing concentrations of CCL25 monitored in the transwell system, 

using flow cytometry to enumerate and characterize migrating cells. 

One representative experiment out of three is shown.
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ASC induced by i.p. immunization a few days ago is probably
a minute fraction of the circulating pool.

Recently, it was demonstrated in humans that CCL25
preferentially attracts small intestinal T cells [42]. In the
mouse, CCL25 also attracts IgA-ASC from intestinal associ-
ated lymphoid tissues, while CCL28 recruits IgA+ effector
cells from most lymphoid organs [9,10,13]. Few correspond-
ing studies have been performed in humans, but Kunkel
et al. [43] showed that CCR10, a receptor for CCL28, is selec-
tively expressed by IgA+ plasmablast. It was also shown that
tonsillar IgA-ASC migrate in response to CCL28, but circu-
lating ASC were not examined. Our results clearly show that
although CCL25 induced some migration of circulating B
cells, there was no selective recruitment of IgA+ memory
cells and only a slight increase in effector cell migration. On
the other hand, mucosal T cells and to a lesser extent IgA+
and IgG+ B cells, were readily attracted by CCL25 under the
same circumstances. These findings are probably explained
by the small number of circulating human IgA+ cells
expressing CCR9. The observation that CCL25 only recruits
resident mucosal cells and not circulating B cells may indi-
cate that this chemokine functions as a retention signal in the
tissue rather than as an attractor of circulating B cells. Alter-
natively, only a minor, selected population of circulating
IgA+ cells might be attracted by CCL25, along the same line
as discussed for CXCL11. The B cell responses to CCL28
were similar to the CCL25 responses, only a small migration
of circulating memory and effector cells, but no selective
recruitment of IgA+ cells. CCL28 can bind and signal
through CCR3 and CCR10, but lymphocyte recruitment to
mucosal sites is believed to be mediated by CCR10 [12]. We
could not analyse the expression of CCR10, since proper
reagents were not available, but a previous study showed that
it is virtually absent on circulating memory B cells [43], as is
the expression of CCR3 in this study. In view of these obser-
vations, the poor responses to CCL28 by memory B cells are
not surprising. On the other hand, more than half of the
IgA+ plasmablasts in the human circulation express CCR10
[43]. Nonetheless, very few circulating IgA-ASC responded
to CCL28, and possibly additional signals are needed to
induce migration of these cells.

Chemokine responsiveness alone cannot determine tissue
specificity, but act within the context of leucocyte and
endothelial adhesion molecules [1,2], and one may speculate
that specific chemokine receptors are associated with specific
adhesion molecules. We therefore examined the expression of
the mucosal homing receptor integrin a4b7 on B cells
expressing different chemokine receptors. Expression of
CXCR3 and CXCR4 did not seem to correlate with a4b7
expression, but somewhat surprisingly, there was a strong
association between CCR4 and a4b7 expression, both on
IgA+ and IgG+ cells. CCR4 is usually associated with cuta-
neous, but not intestinal, T cells [39,44]. Therefore, the
migratory pathways of memory B cells expressing a4b7 and
CCR4 remain elusive at this point, but one may speculate that

they circulate through the spleen. Spleenic marginal zone
endothelial cells express MAdCAM-1, and the CCR4 ligand
CCL22/MDC is readily induced in spleenocytes [45–47]. Our
analyses also showed that only a small fraction of CCR9+
IgG+ cells expressed a4b7. These cells can probably not
migrate to the small intestinal lamina propria, even though
they express CCR9, but may instead be destined for orga-
nized lymphoid follicles in the mucosa, utilizing L-selectin
for interactions with high endothelial venules [48,49].

In conclusion, this study shows that IgG+ and IgA+ mem-
ory B cells have a differential expression of chemokine recep-
tors CXCR3, CCR5, and CCR4. These receptors were all
preferentially expressed on IgG+ cells, while no positive asso-
ciation was found between IgA expression and any of the
studied chemokine receptors.
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