
Generation of functionally distinct B lymphocytes from
common myeloid progenitors

G.-X. Yang,* Z.-X. Lian,*

Y.-H. Chuang,* S.-A. Shu,*

Y. Moritoki,* R. Lan,*

K. Wakabayashi,* A. A. Ansari,†

K. Dorshkind,‡ S. Ikehara§ and
M. E. Gershwin*
*Division of Rheumatology/Allergy and Clinical

Immunology, University of California at Davis,

Davis, CA, USA, †Department of Pathology,

Emory University School of Medicine, Atlanta,

GA , USA, ‡Department of Pathology and

Laboratory Medicine, David Geffen School of

Medicine at UCLA, Los Angeles, CA, USA, and
§First Department of Pathology, Kansai Medical

University, Moriguchi, Osaka, Japan

Summary

Current models of adult haematopoiesis propose that haematopoietic stem
cells (HSCs) differentiate into common lymphoid (CLP) and common
myeloid (CMP) progenitors and establish an early separation between
myeloid and lymphoid lineages. Nevertheless, the developmental potential of
CMP-associated B cells suggests the existence of alternate pathways for B
lymphopoesis. The aim of this study was to compare the developmental and
functional properties of CMP- and CLP-derived B cells. While both popula-
tions matured through pro-B cell and transitional B cell intermediates in the
bone marrow and spleen, respectively, following transfer into irradiated mice,
mature CMP- and CLP-derived B cells exhibit distinct functional responses.
Specifically, CMP-derived B cells did not respond to mitogenic stimulation to
the same degree as their CLP-derived counterparts and secrete lower levels of
IgM and the inflammatory cytokines such as interleukin (IL)-6 and IL-10.
Together, these data suggest the existence of multiple pathways for generating
functionally distinct B cells from bone marrow precursors.
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Introduction

The majority of B lymphocytes present in peripheral lym-
phoid tissues are produced from haematopoietic stem cells
(HSCs) in the bone marrow. HSCs proceed through a series
of intermediate steps during which precursors become pro-
gressively more restricted in their developmental potential
[1]. Current models of adult haematopoiesis propose that
HSCs differentiate into common lymphoid progenitors
(CLPs) from which pro-B, pre-B and, ultimately, mature B
lymphocytes develop. These newly produced B cells then
migrate to the spleen wherein they undergo terminal differ-
entiation into dominant follicular (FO) and minor marginal
zone (MZ) populations. FO B cells are primarily mediators
of adaptive immunity while MZ B cells, along with a minor
population of B-1 B cells, participate in innate immune
responses [2]. In contrast to the dominant bone marrow
pathway of B cell development, B-1 B cells are the progeny
of progenitors that are present at highest levels during
embryogenesis. Postnatal bone marrow retains the potential

to produce B-1 B cells, but with less efficiency than fetal
tissues [3].

Current models of haematopoiesis propose an early
dichotomy between the lymphoid and myeloid lineages. In
this regard, HSC are thought to generate early lymphocyte
progenitors (ELP) that possess potent B and T cell, but
limited myeloid, potential, and their B cell lineage specified
progeny include the CLP [4,5]. Common myeloid progeni-
tors (CMP) are generally considered to be myeloid specified,
and their immediate progeny include granulocyte–
macrophage (GMP) and megakaryocyte–erythroid (MEP)
progenitors [6]. While the production of most myeloid and
lymphoid cells may follow this developmental progression,
the separation of lymphoid and myeloid developmental
pathways may not be as absolute as the model suggests. For
example, bi-potential B macrophage progenitors are found
in adult bone marrow of mice [7,8], indicating that a devel-
opmental relationship between the B cell and macrophage
lineages is retained during postnatal haematopoiesis. In
addition, residual B cell precursor activity associated with
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the CMP has been described [6,9]. Numerous questions exist
regarding the B cells generated from CMPs. In particular,
whether the characteristics and functional potential of CMP-
derived B cells are distinct from CLP-derived B lymphocytes
has not been addressed. Addressing this issue is relevant to
understanding the potential heterogeneity of B cell develop-
mental programmes.

In order to compare the developmental characteristics and
functions between B cells generated from different progeni-
tors, we performed adoptive transfer studies utilizing highly
enriched populations of CLPs and CMPs from the bone
marrow of congenic mice and examined the kinetics by
which they led to mature B lymphocyte development and the
functional potential of these cells. Our results indicate that,
in contrast to CLP, CMP-derived B cells exhibited dimin-
ished responsiveness to LPS and CpG stimulation and pro-
duced lower levels of not only IgM but also proinflammatory
cytokines such as interleukin (IL)-6 and IL-10. Taken
together, these data suggest that bone marrow progenitors
produce functionally distinct populations of B cells.

Materials and methods

Animals

C57BL/6 (B6 Ly5·2) and congenic C57BL/6-Ly5·1-Pep3b (B6
Ly5·1) mice were obtained from the Jackson Laboratory (Bar
Harbor, ME, USA). B6 Ly5·1 were bred in the University of
California at Davis animal facility. All mice were maintained
under specific pathogen-free conditions and used at
8–12 weeks of age for these studies.

Antibodies

Fluorescein isothiocyanate (FITC)-conjugated Sca-1 (E13-
161·7), phycoerythrin (PE)-conjugated CD19 (1D3), CD43
(Ly-48, S7), CD127 (IL-7Ra, A7R34), allophycocyanin
(APC)-CD19 (1D3), purified CD4 (GK1·5) and CD11c
(HL3) antibodies were purchased from BD PharMingen
(San Diego, CA, USA). FITC-conjugated Ly5·2 (CD45·2,
104), PE-conjugated IgM (II/41), CD23 (B3B4), biotin-
conjugated natural killer (NK)1·1 (PK136), CD21/35 (CR1/
CR1, eBio8D9), IgD (11–26), Ly5·1 (CD45·1, A20),
PE-Cy5·5-conjugated Ly5·1 (CD45·1, A20), Ly5·2 (CD45·2,
104), APC-conjugated c-kit (CD117, 2B8), CD11b (Mac-1,
M1/70); purified CD3 (17A2), CD8a (53–6·7), CD19
(MB19-1), B220 (CD45R, RA3–6B2), CD11b (Mac-1,
M1/70), Gr-1 (Ly6-G, RB6–8C5), TER119 (TER119) and
CD16/32 (FcgIII/IIR, 93) antibodies were purchased from
eBioscience (San Diego, CA, USA). APC-conjugated B220
(CD45R, RA3–6B2), biotin-conjugated T cell receptor
(TCR)a/b (H57-597), PE-Cy5·5 and tri-colour-conjugated
streptavidin were purchased from Caltag Laboratories (Bur-
lingame, CA, USA). All isotype controls were obtained from
BD PharMingen.

Transplantation of progenitor cells

CLPs and CMPs were purified by procedures described else-
where [5,6] with some modifications. Briefly, whole bone
marrow cells (BMCs) were collected from the femora
and tibiae of B6 Ly5·2 mice. The low density (LD) cells
(r = 1·077) were washed and incubated with a predeter-
mined optimum dilution of rat monoclonal antibodies
(mAbs) against lineage-specific markers CD3, CD4, CD8,
CD11c, CD19, B220, CD11b, Gr-1 and TER119, followed by
sheep anti-rat IgG-conjugated magnetic-beads (Dynabeads®,
Dynalbiotech, Lake Success, NY, USA) to deplete the
antibody-bound cells. The lineage-negative (Lin–) cells were
stained with FITC-anti-CD34, PE-anti-CD16/32, PE-Cy5-
anti-IL-7Ra, APC-anti-c-kit and biotin-anti-Sca-1 anti-
bodies, followed by APC-Cy7-streptavidin, and subjected
to flow cytometric assisted purification. The CLPs were cell
sorter purified as IL-7Ra+Sca-1lowc-kitlow expressing cells;
CMPs were cell sorter purified as IL-7Ra–Sca-1–c-
kithighCD34+CD16/32lo expressing cells and HSCs were cell
sorter purified as IL-7Ra–Sca-1+c-kithigh expressing cells uti-
lizing a 10-parameter MoFlo cell sorter (Cytomation, Fort
Collins, CO, USA). The purity of sorted cells was greater
than 97% (data not shown).

For transplantation of progenitor cells, female B6 Ly5·1
recipient mice were irradiated with 6 Gy 7–8 h before
transfer. The sorted CLPs (3 ¥ 104) and CMPs (3 ¥ 104) from
B6 Ly5·2 mice were injected intravenously (i.v.) into the
recipient mice. Animals were maintained in a pathogen-free
environment and aqueous antibiotics were added to the
drinking water after transfer.

At several intervals after transplantation, recipient mice
were killed. Cells from spleen, BM and other organs were
collected. For detection of donor-derived B cell populations,
the LD cells were stained with FITC-anti-Ly5·2, PE-anti-
CD19, APC-anti-CD11b and PE-Cy5·5-anti-Ly5·1 anti-
bodies. The stained populations of cells were analysed
utilizing a dual-laser fluorescence activated cell sorter
(FACScalibur) using CellQuest software (BD Biosciences).

Isolation and culture of splenic B cells

Three weeks after transfer with CLPs or CMPs, spleen cells
were collected from recipient mice. The LD cells were washed
and incubated with a predetermined optimum dilution of
rat mAbs against lineage-specific markers CD3, CD4, CD8,
CD11c, CD11b, Gr-1 and TER119, followed by sheep anti-
rat IgG-conjugated magnetic-beads (Dynabeads) to deplete
the antibody-bound cells. The lineage-negative cells were
stained with FITC-anti-Ly5·2, PE-anti-CD19, APC-anti-
B220 and PE-Cy5·5-anti-Ly5·1. After washing, progenitor-
derived Ly5·2+Ly5·1–CD19+B220+ cells were sorted by a
10-parameter MoFlo cell sorter (Cytomation). The purity of
sorted cells was determined by reanalysing an aliquot of the
collected cells and was greater than 98%.
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All cell cultures were performed in RPMI-1640 culture
medium (Invitrogen, Carlsbad, CA, USA) supplemented with
10% fetal calf serum (FCS), 100 mg/ml streptomycin and 100
units/ml penicillin (Invitrogen). Aliquots of 1 ¥ 105 B cells
purified as described above were cultured in 200 ml of RPMI-
1640 medium in a round-bottomed 96-well plate with or
without lipopolysaccharide (LPS; 10 mg/ml, purchased from
Sigma-Aldrich, St. Louis, MO, USA) or CpG-1826 (1 mM,
purchased from Invitrogen, San Diego, CA, USA). After
3 days in culture, supernatants were collected and analysed by
enzyme-linked immunosorbent assay (ELISA) kit for levels of
IgM (purchased from ZeptoMetrix, Buffalo, NY, USA), and
levels of proinflammatory cytokines utilizing the CBA kits
(BD Biosciences) as we have described previously [10].

Statistical analyses

Differences in the amount of cytokine synthesized by the B
cells generated from different progenitors were analysed
using the unpaired Student’s t-test (Statview); P-values
< 0·05 were considered to be statistically significant.

Results

Bone marrow-derived CMPs generate CD19+ cells
in vivo

A previous report from our laboratory demonstrated that
following direct intrasplenic transfer of Lin–IL-7Ra–Sca-1–c-
kit+ enriched cells, a small number of CD19+B220+ cells were
generated 10 days thereafter [11]. To determine whether this
putative B cell progenitor activity was associated with a
myeloid progenitor, we tested the potential of purified Lin–

IL-7Ra–Sca-1–c-kit+CD34+CD16/32lo CMPs to produce B
cells in vivo. As a positive control, Lin–IL-7Ra+Sca-1loc-kitlo

CLPs and Lin–IL-7Ra–Sca-1+c-kithigh HSCs were injected
intravenously and analysed in parallel. All donor cells were
from B6 Ly5·2 mice and were transplanted intravenously
into six Gy-irradiated congenic B6 Ly5·1 mice. Mice were
killed at various times post-reconstitution and B cell devel-
opment was assessed.

As shown in Fig. 1a, at 1 week after transfer almost 90% of
the spleen cells generated from CMPs were CD11b+ myeloid
cells. However, 1 week later CMP-derived cells that expressed
CD19+ were observed. The production of CD19+ cells from
the transfer of 3 ¥ 104 GMP and MEP was never detected
(data not shown), indicating that myeloid progenitors
derived from CMP have lost the potential to generate B
lineage cells. As expected, the progeny of both CLP and HSC
included CD19+ cells. CLP-derived CD19+ cells were abun-
dant as early as 1 week post-transplantation, and myeloid
progeny developing from CLP were rare.

Figure 1b presents a more detailed analysis of the produc-
tion of CD11b+ and CD19+ cells from CMP. As in Fig. 1a,
CMPs rapidly generated myeloid cells that dominated at

week 1 post-reconstitution. However, CMP-derived CD19+

cells were detected readily by 10 days post-reconstitution,
and their frequency increased thereafter so that by 1 month
post-transplantation nearly all the CMP-derived cells in the
spleen were CD19+.

This pattern of CMP differentiation contrasted in two
ways from the cells that differentiated from CLPs. First, CLP-
derived B cells were detected readily by 7 days post-
reconstitution. More significantly, the total number of B cells
generated by CLPs was 100-fold greater than those derived
from a comparable number of CMPs (Fig. 1c). Thus, CMP
produce B cells far less efficiently than do CLP. In addition,
while both CD4+ and CD8+ T cells were generated in the
spleen 3 weeks after the transfer of CLPs and HSCs, T cells
were undetectable in the CMP group (data not shown). This
confirmed that the B cell generation from CMPs is not
contaminated from CLPs or HSCs in our cell transfer
experiments.

CMP-derived progeny populate the bone marrow

To determine if bone marrow supports the maturation of
CMP and/or their progeny into B lymphocytes, we analysed
that tissue for the presence of B cells and their precursors at
various times after reconstitution. As shown in Fig. 2a and b,
CMP-derived CD19+CD43+ pro-B cells were detected in the
marrow by day 7 post-reconstitution. Surface IgM+ cells were
not observed at this time-point but were present on day 14
post-reconstitution. In contrast, while the number of CLP-
derived CD19+CD43+ pro-B cells was significantly lower at
day 7 compared to CMPs, a higher percentage of pro-B cells
generated by CLPs appeared as early as 3 days after transfer
(Fig. 2b). Therefore, while the production of CD43+ pro-B
cells and IgM+ mature B cells from CLPs and CMPs follow
similar kinetics, the initiation and cessation of pro-B cells
from CLPs occurs 4 days sooner than that of CMPs.

The IL-7 receptor (CD127) is expressed on developing B
lineage cells, and the generation of conventional B cells in the
bone marrow of mice has been shown to be dependent upon
IL-7 stimulation. However, alternative, IL-7-independent B
cell developmental pathways have also been described [12].
To determine whether CD127 is expressed on CMP-derived
B lineage cells, we collected BM and spleen cells from recipi-
ents reconstituted with CLPs or CMPs. As shown in Fig. 3,
CMP-derived cells were CD127+, and the pattern of expres-
sion was similar to that of CLP-derived progeny.

CMP-derived CD19+ B cells are present in lymph node
but no B-1 B cells are present in the peritoneal cavity

The above data demonstrate that CMP-derived B lineage
cells are present in both the bone marrow and spleen. As
shown in Fig. 4a, a very low number of CMP-derived CD19+

cells could also be detected in the liver and the peritoneal
cavity and to a lesser extent in lymph nodes. Because the

Generation of CMP-derived B lymphocytes

351© 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 349–357



(b)

C
D

1
1
b

CD19

10 days 28 days21 days14 days7 days

89·44

0·15 0·13

96·48 97·46

0·32

55·0186·91

CLP

CMP

2·66 1·71
2·89

18·80

6·78

32·92

0

10

20

30

40

50

HSC CMP

D
o
n
o
r 

c
e
ll 

%

1 week

2 weeks

HSC

7 days

14 days

40·13

49·87 0·11

99·10 78·55

63·42

0·11

1·63

79·74

89·30

0·01

C
D

1
1
b

CD19

10·19

L
y
5
·1

Ly5·2

(a)

(c)

0 10 20 30
104

105

106

107

108

109
CLP/B cells

CMP/B cells

Days after transfer

B
 c

e
ll 

n
o
.

0 10 20 30
0

20

40

60

80

100

Days after transfer

%
 o

f 
B

 c
e
ll 

in
 d

o
n
o
r 

c
e
lls

CLP/B cells

CMP/B cells

CLP CMP

0·22 0·21 0·16

97·21 81·18

14·41 4·82 1·50

10·10 79·01 92·85 95·04

CLP

Fig. 1. Comparison of the potential of B cell production from different progenitors. Freshly sorted haematopoietic stem cells (HSCs), common

lymphoid progenitors (CLPs) and common myeloid progenitors (CMP) from B6 Ly5·2 mice were injected intravenously into B6 Ly5·1 congenic

mice. At various times post-transplantation, recipient spleen cells were collected and stained with fluorescein isothiocyanate (FITC)-Ly5·2,

PE-CD19, phycoerythrin (PE)-Cy5·5-Ly5·1 and allophycocyanin (APC)-CD11b. (a) Donor-type Ly5·2+Ly5·1– cells were analysed for CD19 and

CD11b expression. The numbers in the figure indicate the percentage of each population in the donor-type cells (left figure). The right panel shows

the percentage of donor-derived cells (Ly5·2+Ly5·1–) among total splenic low density (LD) cells. Each group included four mice. (b) CD19+

lymphoid and CD11b+ myeloid progeny from CLP and CMP at the indicated time-points. The numbers in the figure indicate the percentage of each

population in the donor-type cells. (c) Percentages and cell numbers of B cells generated from CLPs and CMPs at various time-points after transfer.

Each time point includes six to eight mice.
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Fig. 2. Common myeloid progenitor (CMP)

progeny are present in bone marrow. At serial

time-points after transfer of common lymphoid

progenitors (CLPs) and CMPs, bone marrow

(BM) cells from recipient mice were collected

and analysed by flow cytometry. Each

time-point includes four to six mice. (a) A

representative pattern of IgM and CD43

expression on gated donor-type (Ly5·2+Ly5·1–)

B220+CD19+ B cells after transfer. The numbers

in figure indicate the percentage of each

population. (b) Percentage of CD43+ pro-B cells

generated from progenitors. The data presented

in figure are the mean � standard deviation.
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bone marrow retains the potential to repopulate B-1 B cells
[13], we also examined the peritoneal cavity to determine
whether CMP could generate cells along that lineage. As
shown in Fig. 4b, no donor-derived CD19+ cells that
expressed CD11b or CD5 were generated from either CMP
or CLP.

CMP-derived B cells mature through transitional stages

Following their production in the bone marrow, newly pro-
duced B cells migrate to the spleen where they undergo
further maturation through various transitional stages. To
determine if CMP-derived B cells mature through similar
intermediates, we measured the expression of surface
markers that define transitional stages of splenic B
lymphopoesis. As shown in Fig. 5a, CMP-derived IgM+IgDlo

transitional type 1 (T1) and IgM+IgD+ T2 B cells were
detected as early as 10 days after transfer. Transitional stages
of splenic B cell maturation can be distinguished further by
the differential expression of CD21 and CD23. Follicular and
marginal zone B cells are CD21intCD23int and CD21hiCD23lo,
respectively [14,15]. As shown in Fig. 5b, both FO and MZ B
cells were produced from CMPs.

CMP- and CLP-derived B cells are functionally distinct

Both bacterial LPS and CpG motif-containing oligonucle-
otides (CpG ODN) are potent B cell mitogens [16–18]. Acti-
vation of B cells by LPS triggers immunoglobulin secretion
[18,19]. In efforts to determine if the functional properties of
the B cells derived from CMPs behave similarly to those
derived from CLPs, we measured the ability of B cells gener-
ated from different progenitors to secrete antibodies and
cytokines in vitro after stimulation with LPS and CpG1826.
As shown in Fig. 6a, following LPS or CpG stimulation, CLP-
derived B cells produced relatively higher levels of IgM than
CMP-derived B cells. These cells also produced higher rela-
tive amounts of IL-6 and IL-10, indicating that CMP-derived
B cells may be less able to respond to in vitro stimulation
than B cells generated from CLPs.

We also examined the expression of various
co-stimulatory molecules before and after LPS stimulation.
As shown in Fig. 6b, both CMP- and CLP-derived B cells
express CD40, CD80, CD86 and major histocompatibility
complex (MHC) class II cell surface antigens. Following LPS
stimulation, the expression of CD40, CD80 and CD86 was
up-regulated on both CMP- and CLP-derived B cells, sug-
gesting that differences in the ability of CMP- compared with
CLP-derived B cells to synthesize IgM and the cytokines were
not secondary to differential expression of the common
co-stimulatory molecules.

Discussion

According to the present models of haematopoiesis, hae-
matopoietic stem cells in the BM differentiate into CLPs.
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CLP progeny include pro-B and pre-B cells which, following
functional rearrangement and expression of immunoglobu-
lin genes, mature into B cells expressing surface IgM [20–22].
While the majority of B cells are, arguably, produced through
a CLP intermediate stage of development, alternative path-
ways for the production of B cells are emerging [7,8,13].
For example, the bone marrow contains bi-potential B cell/
macrophage progenitors, and the data in this report provide
evidence that CMPs indeed retain B cell potential. The aim of
the present study was to compare the developmental and
functional properties of B cells derived from CMP and CLP
populations.

Our data indicate that the developmental characteristics
of CMP- and CLP-derived B cells are similar. For example,
the bone marrow provides a supportive microenvironment
for the generation of B cells from both progenitors, and
development occurs through a phenotypically similar pro-B
cell stage. The cytokine response of CMP- and CLP-derived
B cell progenitors may also be similar, as they both express
the IL-7 receptor. Following maturation in the bone marrow,
newly produced B cells are functionally immature and
migrate to the spleen wherein they respond to antigenic and
microenvironmental signals that potentiate their develop-
ment into follicular or marginal zone subpopulations.
Similar to what has been described previously, CMP-derived
B lineage cells progress through well-characterized T1 and
T2 stages of development and their progeny can enter both
the MZ and FO compartments [23–25].

At least some B-1 B cells are generated from progenitors
that are produced preferentially during embryogenesis.
However, adult bone marrow retains the potential to gener-
ate B-1b and, to a lesser extent, B-1a B cells [3]. This activity
has been attributed recently to a rare population of lineage-
negative, CD45Rlow/neg CD19+ cells. In order to determine if
CMP might also be a source of B-1 B cells, we examined the
peritoneal cavity of recipient mice for such cells. The data

indicated clearly that no detectable donor-derived B-1 B cells
were generated from CMP (Fig. 4). Thus, the B lymphocytes
produced from CMP are conventional, B-2 B cells.

Taken together, our data indicate both CMP and CLP can
generate B cells. However, their properties are not identical.
For example, the data clearly indicate that the efficiency by
which CMPs produced B cells is significantly lower (Fig. 1)
than that of CLPs on a cell-for-cell basis. This is perhaps not
surprising, given that CLP are lymphoid-specified progeni-
tors while the primary fate of CMP is to generate myeloid
cells. It is unclear what proportion of B cells in the organism
are CMP-derived. That CMPs can be demonstrated to
produce B cells following injection into irradiated mice may
simply reflect selective pressures in an artificial environment,
and not a normal event under homeostatic conditions. Nev-
ertheless, the fact that CMPs are present at a 10-fold greater
frequency in BM than CLPs [5,6] raises the possibility that a
significant population of CMP-derived B cells could contrib-
ute to the peripheral B cell pool. However, in our transfer
model, the differences between B cells derived from lym-
phoid and myeloid progenitors may be based on the fact that
B cell development from CLP or CMP transplanted animals
were exposed to different milieus in vivo; this is reflected by
in vitro analysis of IgM and cytokine production. Thus, to
exclude environmental influences, it will be interesting to
reconstitute Ly5·1+/Ly5·2+ recipient mice with the same
number of Ly5·1+ CMPs and Ly5·2+ CLPs.

The most striking difference between CMP- and CLP-
derived B cells is functional. Both B cell populations can
respond to LPS and CpG in vitro to secrete IgM and cytok-
ines such as IL-6 and IL-10 (Fig. 6). However, the magnitude
of the response to these mitogens and the concentration of
cytokines produced by CMP-derived B cells was significantly
lower, suggesting that CMP-derived B cells are functional B
cells with distinct developmental characteristics. These dif-
ferences were not secondary to differences in kinetics in the

Fig. 5. Distribution and subsets of common
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lymphoid progenitor (CLP)-derived B cells. (a)

IgM/IgD expression on gated donor (Ly5·2+

Ly5·1–) CD19+ B cells in spleen 10 days and

21 days after transfer of progenitors.

Transitional type 1 (T1), (T2 and mature B cells

(M) are gated. (b) CD21/CD23 expression on

donor-derived (Ly5·2+ Ly5·1–) splenic CD19+ B

cells at indicted time-point after transfer.

Follicular (FO) and marginal zone (MZ) B cells

are gated as CD21intCD23int and CD21hiCD23lo,

respectively. The numbers in figures indicate the

percentage of each population.

CMP

(b)

14 days

28 days

42 days

CLP CMP

16·81

71·47

6·08

79·66

2·28

75·15

0·83

51·16

15·02

73·16

4·28

73·19

CD23

C
D

2
1

(a)

IgM

Ig
D

T1
21·7

M 3·9

T2
17·2

CLP

21 days

10 days

T1
15·4

M 27·6

T2
38·3

T1
13·4

M 24·2

T2
37·8

T1
31·0

M 6·5

T2
25·9

Generation of CMP-derived B lymphocytes

355© 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 349–357



synthesis of IgM and the cytokines (data not shown). The
molecular basis for these differences remains to be
elucidated. However, the fact that the CMP-derived B cells
are the progeny of a precursor that is clearly of the myeloid
lineage that is basically programmed for distinct functional
activity could contribute to the differences observed. It is also
important to consider the fact that the differences in the in
vitro potential of the CMP compared with the CLP-derived B
cells could be limited by the environment in which they are
being analysed. Thus, this lineage may function differently if
they are provided with cytokines/growth factors that are
potentially uniquely required by this cell lineage. Further
studies are required to address this issue.

The CMP-derived B cells in our transfer model were not
generated from CLPs or HSCs that contaminated our CMP
fraction for a number of reasons. First, we detected a signifi-
cant CD3+ T cell population in the spleen of recipients
3 weeks after transfer with CLPs and HSCs but not with
CMPs (data not shown). Secondly, while our CMP fraction
generated CD11b+ myeloid cells only transiently, the HSC
gave rise to a stable population of CD11b+ myeloid cells
(Fig. 1). Finally, CLP-derived B cells produced more IgM and
the proinflammatory cytokines in response to stimulation
with LPS or CpG, indicating that functional differences exist
within the CLP- and CMP-derived B cells in vitro (Fig. 6).
Confirmatory studies could be performed using allotype
congenic mice wherein the transferred CLP- and CMP-
derived donor progenitors could originate from allotype
congenic mice and the IgM synthesized by the B cells from
these two progenitors could be analysed for allotype-specific
IgM. There are multiple implications for these data and we
suggest that further study of precursor populations in both
thymus and bone marrow will be critical for understanding
not only differentiation, but also implications for human
autoimmune disease [26–28].
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CMP-derived CD19+B220+ B cells were sorted from the recipients as

described in Materials and methods, and aliquots of 1 ¥ 105 cells cul-

tured with or without lipopolysaccharide (LPS) or CpG-1826 at 37°C

for 3 days. The concentrations of IgM and cytokines were measured by
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