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CD11b-mediated migratory property of
peripheral blood B cells

Kazushige Kawai, MD,a Nelson H. Tsuno, MD,a,b Mika Matsuhashi,b Joji Kitayama, MD,a

Takuya Osada, MD,a Jun Yamada, MD,a Takeshi Tsuchiya, MD,a Satomi Yoneyama, MD,a

Toshiaki Watanabe, MD,a Koki Takahashi, MD,b and Hirokazu Nagawa, MDa

Tokyo, Japan
Background: CD11b belongs to the integrin family and is

expressed on neutrophils, monocytes, natural killer cells, and

a subset of lymphocytes. Although CD11b expressed on

neutrophils and monocytes has been extensively investigated

and has been reported to play an important role in the

migration of these subsets of leukocytes, the function of CD11b

expressed on a subset of B cells has not yet been clarified.

Objective: To elucidate the functional activity of CD11b

expressed on B cells, we characterized the CD11b-expressing

cells among the B-cell population and investigated their

migratory ability.

Methods: Isolated peripheral blood CD191 B cells were

analyzed by flow cytometry. The migratory ability of B cells

was evaluated by the transwell assay, and the contribution of

CD11b to this ability was investigated by using an anti-CD11b

blocking mAb.

Results: The majority of CD272IgD1 naive B cells were

CD11b2, whereas most CD271 memory cells were CD11b1.

Among the CD271 memory cells, expression of CD11b was

stronger on the IgD2 cells than on the IgD1 cells. In the

transwell assay, the migrating cells were predominantly

CD271IgD2 cells, most of which expressed CD11b. The

addition of an anti-CD11b blocking mAb resulted in the

significant reduction of the number of migrating B cells.

Conclusion: Memory B cells express CD11b and, in contrast

with naive B cells, have high migratory ability. CD11b plays

an essential role in the homing process of memory cells.

(J Allergy Clin Immunol 2005;116:192-7.)
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CD11b is a member of a-chain integrin and forms a
complex with b2-integrin as Mac-1. CD11b is expressed
on neutrophils, monocytes, natural killer cells, and a
subset of lymphocytes.1 CD11b expressed on neutrophils
and monocytes has been extensively investigated and
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reported to play a central role in the migration of
leukocytes from peripheral blood to sites of inflammation
during the process of host defense.1,2 CD11b contributes
to firm leukocyte adhesion, not only to the endothelium
via intercellular adhesion molecule 1, but also to the
underlying subendothelium and interstitial extracellular
matrix by binding diverse kinds of ligands, such as
fibronectin, collagens, and laminins.3-7 Their role in the
migration of lymphocytes has been less clarified, but in a
previous report, we demonstrated that CD11b expressed
on CD81 T cells also plays an essential role in cell
migration.8 Although some peripheral blood circulating
B cells also express CD11b,9,10 their role in the migration
of B cells and the characteristics of this CD11b-expressing
subset have not been fully investigated.

The human peripheral blood circulating B cells are
classified into 3 subpopulations on the basis of the
expressions of CD27 and IgD: CD272IgD1 naive B cells
(circulating B cell [cB]–1), CD271IgD1 memory B cells
(cB2), and CD271IgD2 memory B cells (cB3).11-14

Between these 2 memory B cell subsets, cB3 cells are
the classic memory B cells, which have switched from the
initial expression of IgM to that of other immunoglobulin
subclasses, resulting in surface expression of IgG, IgA, or
IgE. On the other hand, although cB2 carries somatic
hypermutation, indicating that this population consists of
memory cells, it has been reported to express IgM, and has
characteristics and gene expression distinct from the
ordinary cB3.13,14 Weller et al14 have reported that these
cells are circulating splenic marginal zone B cells.

In the current study, we clearly demonstrated that
CD271 memory B cells expressed high levels of
CD11b, whereas naive B cells expressed low levels.
Furthermore, we demonstrated that the expression of
CD11b also plays a pivotal role in the migratory properties
of B cells.

Abbreviations used
BLC: B-lymphocyte chemoattractant

cB: Circulating B cell

CXCR: C-X-C chemokine receptor

FITC: Fluorescein isothiocyanate

PE: Phycoerythrin

PE-Cy5: Phycoerythrin–cyanin 5

SDF-1a: Stromal cell–derived factor 1a
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METHODS

Reagents and antibodies

The following antibodies coupled with fluorescein isothiocyanate

(FITC), phycoerythrin (PE), or tandem dye PE–cyanin 5 (PE-Cy5)

were used for flow cytometry: FITC–anti-CD19, FITC–anti-CD27,

FITC–anti-IgD, FITC–anti-IgM, FITC–anti-CD5, FITC–anti-CD25,

PE–anti-CD11b, and PE-Cy5–anti-CD11bmAbswere obtained from

BD Pharmingen (San Diego, Calif), and FITC–anti–C-X-C chemo-

kine receptor (CXCR) 4 and FITC–anti-CXCR5 were obtained from

R&D Systems (Minneapolis, Minn). Purified anti-CD11b blocking

antibody (preservative-free, mouse IgG1, clone ICRF44) and purified

anti-CD19 mAb (preservative-free, mouse IgG1, clone HIB19) were

purchased from BD Pharmingen, and the chemokines stromal cell–

derived factor 1a (SDF-1a) and B-lymphocyte chemoattractant

(BLC) were from R&D Systems.

Isolation of peripheral blood CD191 B cells

CD191 B cells were obtained from venous blood drawn from

normal healthy volunteers, as described previously,15 after informed

consent. Briefly, PBMCs were isolated by centrifugation on a Ficoll-

Paque density gradient (Amersham Pharmacia, Uppsala, Sweden).

CD191 B cells were obtained by using a magnetic cell separation

system (Miltenyi Biotec, Bergish Gladbach, Germany). For this

purpose, PBMCs were incubated with microbeads-coupled anti-

CD19 mAb, and the magnetically labeled cells were obtained by

positive selection. The purity of the CD191 B cells used in the

experiments was more than 97%, as confirmed by flow cytometry

(data not shown). All of the following experiments were repeated by

using samples from at least 3 different donors, and the representative

one was presented.

Detection of cell surface molecules
by flow cytometry

Isolated PBMCs or B cells were washed twice with PBS and used

for the analysis of cell surface molecules. For 2-color staining, cells

were stained with FITC-conjugated and PE-conjugated mAbs. For

3-color staining, cells were incubated with FITC-conjugated, PE-

conjugated, and Fc receptor blocking mAbs (Miltenyi Biotec),

followed by staining with PE-Cy5–conjugated mAb. Fc receptor

blocking mAb was used because PE-Cy5 has an affinity for the

Fc receptor expressed on B cells. Data were collected in a FACS

Calibur (Becton Dickinson, Mountain View, Calif) and analyzed by

using the CellQuest software (Becton Dickinson).

Migration assay

The cell migration assay was conducted by using transwell

migration chambers (5-mm pore size; Corning, Tokyo, Japan).

Isolated CD191 B cells were suspended in 0.2% BSA/RPMI, and

23 105 cells were loaded to the upper chamber. The lower chamber

contained the same medium without or with SDF-1a (100 ng/mL) or

BLC (500 ng/mL) as the chemoattractant. In some experiments, anti-

CD11b mAb (clone ICRF44, 20 mg/mL) or anti-CD19 mAb (clone

HIB19, 20 mg/mL) was added in the upper chamber to evaluate the

effect of the blocking antibody. Cells were allowed to migrate to the

lower chamber for 4 hours. After the upper chamber was removed,

EDTAwas added to the lower chamber to give the final concentration

of 0.02%, and cells remaining in the lower chambers were recovered.

The number of migrating cells was evaluated by counting cells for

60 seconds in the FACS Calibur. Alternatively, to evaluate the per-

centage of CD11b1 cells or that of cB1, cB2, and cB3, migrating cells

were stained with FITC-conjugated or PE-conjugated mAbs, as

described, and analyzed in the FACS Calibur.
Statistical analysis

The unpaired Student t test was used to determine statistical

significance. Differences at P , .05 were considered statistically

significant.

RESULTS

CD11b1 B-cell subpopulations

We studied the populations of circulating humanB cells
by using double-color immunofluorescence staining.
Approximately 1/3 of peripheral blood B cells were found
to be CD11b1 by CD19/CD11b staining, as shown in
Fig 1, A. Then we purified CD191 B cells from PBMCs
of 12 healthy volunteers and determined the proportion
of CD11b cells among them (Fig 1, B). The age of donors
ranged from 26 to 58 years. The percentage of CD11b1

cells among the B-cell population ranged from 19.5% to
44.1%, with a median of 34.2%.

Cell surface molecules

To clarify the differences between CD11b1 and
CD11b2 B-cell subpopulations, the expression of cell
surface molecules was analyzed (Fig 2). As shown in
Fig 2, the majority of CD11b2 peripheral blood B cells
were CD272 and IgD1 (91.0% and 91.3%, respectively).
Among the CD11b1 cells, 44.1% were CD271, and
49.6% were IgD1, both showing a 2-peaked expression
pattern. These data suggested that CD11b2 cells were
mainly cB1 naive B cells, and CD11b1 cells consisted of
cB1, cB2, and cB3 subsets. According to the other cell
surface molecules, a large portion of CD11b2B cells were
IgM1 (66.2%), whereas the IgM expression on CD11b1

FIG 1. A subset of peripheral blood B cells expresses CD11b.

A, Flow-cytometric analysis of PBMC. X-axis represents CD19, and

Y-axis, the CD11b expression. The representative dot-plot from

12 independent samples is presented.B,The percentage of CD11b1

B cells.
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FIG 2. Expression of cell surface molecules. Purified B cells were stained with FITC-mAbs and PE-CD11b mAb,

and the expression of cell surface molecules was investigated on the CD11b2 (upper) and CD11b1 (lower)

populations. In each figure, the bold line represents the negative control, and the solid line, the expression of

the respective cell surface markers.
cells was bimodal, with 60.2% IgM2. Similarly, CD5
expression was found in 45.8% of CD11b2 B cells but in
only 27.4% of CD11b1 B cells. The CD25 expression
level was higher on CD11b1B cells than on CD11b2 cells
(11.7 vs 6.0, mean fluorescence intensity).

Expression of CD11b on memory
and naive B cells

The expression of CD11b on the 3 peripheral blood
B-cell subpopulations—CD272 IgD1 naive cB1, CD271

IgD1memory cB2, and CD271 IgD2memory cB3—was
investigated by 3-color staining (Fig 3). As shown in
Fig 3, A, the majority of CD11b2 cells were cB1 (91.6%),
whereas CD11b1 cells contained all cB1, cB2, and cB3
subsets, consistent with the result of the 2-color staining.
We then evaluated CD11b expression on cB1, cB2, and
cB3 subsets. The majority of cB1 were CD11b2 (77.4%),
whereas large part of cB2 and cB3 memory cells were
CD11b1 (71.5% and 81.3%, respectively; Fig 3, B).
Furthermore, the CD11b expression level on cB3 was
significantly higher than that on cB2.

Migratory properties of peripheral
blood B cells

Then, to investigate the functional activity of CD11b
expressed on B cells, the migratory property of B cells was
examined. As shown in Fig 4, A, although only 28.3%
of the purified peripheral blood B cells were CD11b1,
migrating cells were predominantly CD11b1, regardless
of the presence or absence of chemoattractants. Fur-
thermore, as determined by CD27/IgD double-staining,
CD271 memory cells were significantly enriched in the
migrating cells population (Fig 4, B). Especially, regard-
less of the experimental conditions, the cB3 subset
occupied more than 40% of migrating cells, whereas the
percentage of the cB3 subset before migration was no
more than 11.1%. As shown in Fig 5, both SDF-1a and
BLC significantly increased the number of migrating cells,
and addition of the anti-CD11b blocking mAb markedly
inhibited the migration of B cells. Interestingly, both
CD11b2 and CD11b1 B cells expressed CXCR4 and
CXCR5, the receptors for SDF-1a and BLC, respectively.
The expression levels of these receptors, however, did not
differ between the 2 subsets (Fig 6). These data strongly
suggest that the expression of CD11b, but not the chemo-
kine receptors, plays an important role in the migratory
ability of memory B cells.

DISCUSSION

CD11b is a member of the integrin family of adhesion
molecules and is expressed on a variety of leukocytes,
including granulocytes, monocytes, and a subset of
lymphocytes. CD11b expressed on neutrophils and mono-
cytes has been extensively investigated, and its important
role in the migration of leukocytes from blood stream to
the site of inflammation has been confirmed.3-7 The role of
CD11b expressed on lymphocytes was poorly investi-
gated, but in a recent report, we could demonstrate that
CD11b expressed on a subset of CD81 cytotoxic T cells is
also essential for the migration of this T-cell subset.8 On
the other hand, the functional activity of CD11b expressed
on B cells remains to be investigated. The life cycle of
B cells has been more intensively investigated in mouse or
rat settings than in human beings. The B-1 cell is a subset
of murine B cells and expresses CD11b.16-18 They
primarily reside in the peritoneal cavity and, by producing
IgM, are known to play an important role in host defense.
However, the B-cell system of human beings is known to
be distinct from that of mouse or rat. Although some
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reports document the expression of CD11b in a subset of
human peripheral blood B cells,9,10 the functional activ-
ities of CD11b1 B cells remain to be investigated.

Initially, we confirmed the expression of CD11b on
peripheral blood B cells to be found in approximately 30%
of the cells. Then, we evaluated the differences between
the CD11b1 and CD11b2 B cells concerning the expres-
sion of cell surface molecules. Human adult circulating
B cells are classified into 3 subpopulations on the basis of
the expressions of CD27 and IgD: cB1, cB2, and cB3
subsets. CB1 consists of naive B cells, and cB2 and cB3 of
memory B cells. Among the CD11b2 cells, the majority
were IgD1CD272IgM1. They were negative for CD25,
and approximately half of them were CD51. These data
suggest that the CD11b2 population mainly consisted of
cB1 cells, and this was confirmed by IgD/CD27/CD11b
3-color staining. In contrast, CD11b1 cells were more
heterogeneous, because the expressions of IgD, CD27,
IgM, and CD5 were all bimodal, with positive and
negative subpopulations. The 3-color staining analysis
revealed that all of the cB1, cB2, and cB3 subsets were
present in the CD11b1 population. Memory B cells were
reported to have higher migratory ability than naive

FIG 3. CD11b expression of cB1, cB2, and cB3 B-cell subpopula-

tions. A, Purified B cells were stained with FITC–anti-CD27, PE–anti-

IgD, and PE-Cy5–anti-CD11b mAbs. The percentage of cB1 (filled

bar), cB2 (open bar), and cB3 (shaded bar) subpopulations among

purified B cells (left), CD11b2 B cells (middle), and CD11b1 B cells

(right) is shown. Data are presented as means 6 SDs from 3

independent experiments using samples from the same donor.

*Statistically significant difference from the result of total purified

B cells. B, The CD11b expressions of cB1 (blue line), cB2 (red line),

and cB3 (green line) subpopulations are presented. Filled black line

represents the negative control.
B cells,19,20 and therefore, if cell surface CD11b expres-
sion is crucial for the migration of B cells, similar to
neutrophils and monocytes, we hypothesized that the
expression levels of CD11b were higher on cB2 and cB3
subsets than on cB1. The 3-color staining analysis re-
vealed that the expression of CD11b was the highest in
cB3, followed by cB2 and cB1, in this order, which con-
firmed our hypothesis.

Afterward, we investigated the contribution of CD11b
to the migratory ability of peripheral blood B cells. The
migratory activity of B cells clearly correlated with the
CD11b expression, because the migrating cells were
predominantly CD11b1, and significantly enriched with
cB3 cells. In addition, blocking of CD11b binding by the
specific antibody markedly reduced the number of mi-
grating cells. These data indicated that CD11b1 cells had
higher migratory ability than CD11b2 cells; however, the
expression of chemokine receptors did not differ between
these subsets. Therefore, the difference in the migratory

FIG 4. Migration assay. A, Purified B cells were allowed to migrate

in a transwell assay system. Purified B cells as well as migrated

cells were stained with anti-CD11b mAb, and the percentage of

CD11b1 cells was evaluated by flow cytometry. B, Alternatively,

cells were stained with anti-CD27 and anti-IgD mAbs, and the

percentage of cB1 (filled bar), cB2 (open bar), and cB3 (shaded bar)

subpopulations was evaluated. Data are presented as means 6

SDs from triplicate experiments. *Statistically significant differ-

ence from the result of purified B cells.
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property between the CD11b1 and CD11b2 cells was
supposed to be dependent not on the expression of
chemokine receptors but on CD11b expression. Al-
though the migration was significantly affected by
blocking CD11b mAb, the inhibition rate was as high as
40%. In addition, a small portion of CD11b2 cells also
migrated. These data suggest that molecules other than
CD11b are also involved in the migratory property of
B cells.

Several other adhesion molecules have been reported
to play important roles in B-cell homing. Integrin a4b1,
a4b7, and aEb7, and cutaneous lymphocyte antigen are
expressed on a subset of B cells, and the heterogeneity in
the expression of these adhesion molecules is supposed to
contribute to the diversity of B-cell trafficking.21-25

Different lymphoid organs express different ligands for
these molecules, ie, vascular cell adhesion molecule 1,
mucosal adressin cell adhesion molecule, or E-selectin,
and this enables B cells to migrate selectively to the
targeted organ.26,27 Although the involvement of CD11b
in B-cell trafficking has not yet been clarified, here we
could clearly demonstrate that CD11b is also pivotal for
the migratory ability of B cells. Because the expression of
CD11b on each of the cB1, cB2, and cB3 subsets showed a
single-peak pattern, it might not affect the destination of
trafficking but rather determine the general migratory
ability of each subset. Our result suggested that memory
cells, especially immunoglobulin class–switched ones,
had high migratory property and naive cells had low
migratory ability. Naive and memory B cells are known to
have different trafficking systems.26,28 Naive cells mainly
home to secondary lymphoid tissues, such as lymph
nodes, Peyer’s patches, tonsils, and spleen, and receive
positive and negative selections.26,29 Because naive
B cells express only low levels of CD11b, CD11b may
be not essential for this homing process. On the other
hand, although memory cells traffic through lymphoid
organs as well, they can also access and recirculate

FIG 5. Effect of CD11b blocking with the specific mAb on the

migratory activity of B cells. PurifiedB cellswere allowed tomigrate

in the absence or presenceof chemokines in the lower chamber and

anti-CD19 or anti-CD11b mAb in the upper chamber. Data are

presented as means 6 SDs from triplicate experiments. *Statisti-

cally significant difference compared with the negative control.
through extralymphoid immune effector sites, such as
the intestinal lamina propria, pulmonary interstitium, in-
flamed skin, and joints.26,30 High expression of CD11b
on memory B cells was supposed to play a central role in
this extravasating infiltration of B cells.

Our data show for the first time that CD11b expression
plays an important role in the migration of B cells and
is highly expressed on memory cells. Further studies will
be necessary to determine the precise mechanisms in-
volved in the trafficking of B cells and the regulation by
CD11b.
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