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Abstract
B lymphocytes differentiate from hematopoietic stem cells 
through a series of distinct stages. Early B cell develop-
ment proceeds in bone marrow until immature B cells mi-
grate out to secondary lymphoid tissues, such as a spleen 
and lymph nodes, after completion of immunoglobulin 
heavy and light chain rearrangement. Although the infor-
mation about the regulation by numerous factors, includ-
ing signaling molecules, transcription factors, epigenetic 
changes and the microenvironment, could provide the 
clinical application, our knowledge on human B lympho-
poiesis is limited. However, with great methodological 
advances, significant progress for understanding B lym-
phopoiesis both in human and mouse has been made. In 
this review, we summarize the experimental models for 
studies about human adult B lymphopoiesis, and the role 
of microenvironment and signaling molecules, such as 
cytokines, transforming growth factor-β superfamily, Wnt 
family and Notch family, with point-by-point comparison 
between human and mouse.
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Core tip: There are several species differences between 
human and mouse, while the mouse studies precede 
those of human. Recent progresses of experimental tech-
niques have made it possible to understand the biology in 
human B lymphopoiesis deeply. Various phenotype mark-
ers, which can define the distinct developmental stages, 
and requirement of cytokines are distinguishable. More 
common issues are observed in the role of signaling mol-
ecules, including transforming growth factor-β superfam-
ily, Wnt family, and Notch family, which have been known 
the high conservation among mammals. The knowledge 
on niches for human hematopoietic stem cell and B cell 
development is still limited.
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INTRODUCTION
B lineage cells develop from hematopoietic stem cells 
(HSCs) in adult bone marrow (BM) through several well-
characterized stages before migrating to secondary lym-
phoid tissues such as a spleen and lymph nodes. Once 
HSC divides asymmetrically into one stem cell and one 
differentiating cell, it gives rise to progenitor cells that 
undergo lineage commitment and the production of  spe-
cific lineage blood cells starts. Multipotent progenitors 
(MPP), which lose the reconstituting capacity, differenti-
ate sequentially into lymphoid-committed progenitors, 
and B lineage-restricted progenitors originate from the 
lymphoid-primed multipotent/ early lymphoid progeni-
tors (LMPP/ELP), followed by common lymphoid pro-
genitors (CLP), pro-B cells, pre-B cells and immature B 
cells (Figure 1). Immunoglobulin gene rearrangements 



are required for the process of  B lymphopoiesis[1-3]. The 
activation of  the recombination enzymes, such as recom-
bination-activating gene (RAG)-1, RAG-2 and terminal 
deoxynucleotidyl transferase, promotes the D-to-J and 
V-to-DJ rearrangements in the immunoglobulin heavy 
(IgH) chain locus during the differentiation from CLP 
to pro-B stage. Signaling through the pre-B-cell antigen 
receptor (pre-BCR), composed of  IgH chains and sur-
rogate light (L) chains, induces VJL rearrangements and 
allelic excision at IgH chain locus leading the functional 
BCR expression on immature B cells. This rearrangement 
machinery is precisely regulated by several transcription 
factors including PU.1, E2A, early B cell factor (EBF) 
and Pax5[2,3]. For example, Pax5 activates the expression 
of  Cd19, Cd79a, Blnk, Igll5 (lamda5) and VpreB1 involv-
ing in the pre-BCR signaling. Although it was believed 
that the fate decision of  B cell commitment would occur 
after becoming CLP, recent studies have shown the lin-
eage skewing begins earlier than previously expected[3-7]. 
The expression of  lymphoid-lineage priming genes like 
Satb1 and Ikaros in HSC is recognized[8,9]. During the dif-
ferentiation from HSC to CLP, lymphopoiesis proceeds 
in asynchronous ways. These developmental procedures 
are regulated by signaling molecules, transcription factors, 
epigenetic changes and the microenvironment[6,7,10,11].

It has been known that HSC are extremely hetero-
geneous. Those can be subdivided to long-term and 
short-term HSC based on reconstitution time periods in 
transplantation assays[12-16]. Recent studies suggest that 
HSC compartment also contains distinct subtypes with 
different developmental preferences[15-18]. Myeloid-biased 
HSC produce greater numbers of  myeloid than lymphoid 
lineage cells and tend to be quiescent. On the other hand, 
lymphoid-biased HSC generate more lymphoid cells and 
have shorter duration of  reconstitution than myeloid-
biased HSC. In aged mice, which reduce production of  
B and T cells and diminish function of  mature lympho-
cytes, the number of  myeloid-biased HSC increases[17,19,20]. 
The distribution of  HSC subsets is at least partly respon-

sible for homeostasis of  B lymphopoiesis.
The evidences about hematopoietic biology have 

been accumulated from murine experiments and primary 
deficiencies in humans. However, recent advances in bio-
logical analysis techniques including xenotransplantation 
model, in vitro clonal assays and flow cytometric analysis 
and sorting made great progress for understanding nor-
mal hematopoiesis in human. Mouse and human are ob-
viously different in size, ecology, and lifespan. It has been 
known that human B lymphopoiesis differs from that 
in mice with requirement of  cytokines and the role of  
microenvironment. To apply the findings about the regu-
lation of  B lymphopoiesis for clinical settings, studies in 
human are necessary.

In this article, we focus on common and distinct fea-
tures in human and mouse early B lymphopoiesis. First 
we discuss the differences of  adult B cell development 
from HSC between these two species. In the late sections, 
we describe the role of  microenvironment in BM includ-
ing the cellular components and signaling molecules, 
especially about members of  TGF-β superfamily, Wnt 
family, and Notch family, which have been known the im-
portance in regulating proliferation, differentiation, and 
survival.

HUMAN AND MOUSE B LYMPHOPOIESIS 
IN BONE MARROW
Methodological advances in human B lymphopoiesis 
studies (Figure 2)
As we mentioned above, there are several species differ-
ences in B cell lymphopoiesis between human and mouse. 
The development of  human study has been relatively 
slow with several reasons. The most critical one is the 
lack of  adequate experimental models for evaluating mo-
lecular mechanisms in vivo and in vitro. For murine studies, 
various in vitro assays, such as Whitlock-Witte long-term 
cultures, cultures of  BM cells with or without stromal cell 
lines, and colony assays for IL-7-responding progenitors 
are available[21,22]. However, cultures to generate human 
B lymphocyte have not been well established. Although 
murine stromal cell lines can support human B cell de-
velopment from hematopoietic stem/progenitor cells 
(HSPC), the species differences make the precise evalua-
tion about some necessary cytokines and interaction with 
the microenvironment difficult[23-26]. The establishment of  
new culture systems reported from our group and others 
hampered this problem[27-29]. We established co-culture 
with human mesenchymal stem cells (MSC) and stromal 
cell-free culture systems. Our co-culture or stromal cell-
free culture systems in the presence of  stem cell factor 
(SCF) and Flt3 ligand (Flt3L) are successfully produced 
CD10+ CD19+ B cells within 4 wk from human umbilical 
cord blood (CB) CD34+ CD38- HSC. Surface IgM+ im-
mature B cells begin to appear after 4 wk of  co-cultures. 
Although lymphocyte production from adult BM-derived 
HSC in the stromal cell-free culture is much more dif-
ficult than CB cells, both are responsive to granulocyte 
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Mouse

Human

Lin- Sca1+ cKit Hi (LSK)

Lin- CD34+ CD38- CD34+ CD38+ CD34- CD38+

HSC MPP LMPP/ELP CLP Pro-pro-B Immature BPro-B Pro-B

Figure 1  B cell development in bone marrow. B lineage cells are differenti-
ated from hematopoietic stem cells (HSC) through the several steps defined by 
the distinct surface phenotypes of positive (red) or negative (green) expression. 
The comparison between mouse (upper side) and human (lower side) is shown. 
MPP: Multipotent progenitors; LMPP/ELP: Lymphoid-primed multipotent/ early 
lymphoid progenitors; CLP: Common lymphoid progenitors; IL7Ra: IL-7 recep-
tor alpha.
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colony stimulating factor (G-CSF). Our data showed that 
human MSC can efficiently support commitment and dif-
ferentiation of  human HSC into B lymphocytes, and hu-
man does not require the direct interactions with stromal 
cells for B cell generation.

Concerning about in vivo studies, humanized mouse 
models were established around 1990s with the discovery 
of  the severe combined immune-deficient (Scid) mouse 
lacking B and T cells[30,31]. Since then, a variety of  xenograft 
models including nonobese diabetic (NOD)-Scid mice and 
NOD-Scid with either truncation (NOG) or deletion (NSG) 
in the IL-2 receptor common gamma chain have been gen-
erated to improve the efficiency of  human HSC engraft-
ment and long-term reconstitution[32,33]. With humanized 
model, we can observe multi-lineage reconstitution from 
human HSC in vivo. Newer generation of  transplantation 
methods are now being developed. To elucidate the role of  
cytokines which are not cross-reactive, transgenic mice pro-
ducing human cytokines such as thrombopoietin, IL-3 and 
GM-CSF, have been generated[34]. The viral integration site 
tracking system and the use in combination with massively 
parallel sequencing make it possible to track human HSC 
clones in transplanted Scid mice[35].

Another obstacle to studying human lymphopoiesis is 
genetic and biological diversity. Human BM samples are 
all different in age, sex, body size, genetic and epigenetic 
background and health condition when samples are col-
lected. The development of  highly purifying techniques 
with flow cytometry, single-cell assay methods and gene 
sequencing would help this problem solved[36].

Markers of hematopoietic stem cells and B progenitors
HSC is an extremely rare subset. The frequency of  HSC 

in human BM is only 1 in 106 cells[37]. In mice, lineage 
(Lin)-/Low Sca-1+ c-KitHi (LSK) fraction contains mul-
tipotent cells such as HSC and MPP[38]. Using CD34, 
Flt3, SLAM family markers (CD150, CD48, CD229 and 
CD244) and Hoechst 33342 efflux, HSPC in LSK cells 
can be resolved into several subsets with distinct level 
of  reconstituting potential and lineage preference[12,39-41]. 
According to c-Kit intensity decline, lymphoid commit-
ted cells are differentiated. Kondo et al[42] defined CLP in 
mice as Lin- IL-7 receptor alpha (IL-7Ra)+ Sca-1+ c-KitLow 
cells that appear to produce mainly B, T and natural killer 
(NK) cells. B lineage-restricted progenitors are frac-
tionated based on the developmental stage and surface 
expression of  CD45R/B220, CD19, CD24 (heat-stable 
antigen), CD43 and BP-1[43,44]. Mouse lymphopoietic hier-
archy with cell surface markers is shown in Figure 1. 

In human, HSPC markers are quite different from 
murine ones (Figure 1). Unlike mice, human HSPC can 
be enriched with CD34 expression although a very rare 
subset of  HSC are devoid of  that[45-47]. Other phenotypes 
of  HSC are Flt3+, CD38- and CD150-, in great contrast 
with the expression on murine one[48,49]. CD133 helps 
the isolation of  human HSPC and the rare CD34- HSC 
subset[46,50]. Recently, Dick and colleagues subdivided 
human Lin- CD34+ HSPC into long-term HSC, short-
term HSC/MPP, and 6 lineage progenitor subsets on the 
basis of  expression of  the markers CD34, CD38, CD90 
(Thy-1), CD49f, CD135 (Flt3), CD45RA, CD10, and 
CD7[51,52]. 

CD10 and CD45RA are often used as human-specific 
markers of  lymphoid progenitors at early stages. Dou-
latov et al[51] described CD34+ CD38- CD45RA+ CD10+ 
fraction as multilymphoid progenitor and CD34+ CD38+ 
CD45RA+ CD10- fraction as granulocyte and monocyte 
progenitor. It is known that CD34+ CD10+ cells have 
a strong bias toward B cell development with relatively 
little T or NK cell potential[53,54]. We previously reported 
CD34+ early lymphocyte progenitors differ in CD10 ex-
pression[53]. CD34+ CD10Hi and CD34+ CD10Low popula-
tions have unique patterns depending on their sources; 
CB, BM and G-CSF mobilized peripheral blood, and 
increasing level of  CD10 corresponds to expression of  
B lymphoid related transcription factors and markers, as 
well as loss of  proliferative potential. Recently, Kohn et 
al[55] reported that L-selectin (CD62L) is expressed at the 
earliest stage of  lymphoid priming before starting CD10 
positive. CD34+ CD45RA+ CD62LHi CD10- cells showed 
lymphoid skewing although they produced both of  my-
eloid and lymphoid cells in transplanted NSG mice. The 
differentiation potential and gene profiling indicated that 
CD34+ CD45RA+ CD62LHi CD10- cells are placed be-
tween HSC and CD34+ CD10+ lymphoid progenitors.

Requirement of cytokine signaling (Figure 3)
In mice, two cytokines, IL-7 and Flt3L, are known to 
be essential for adult B lymphopoiesis[56-58]. The loss of  
these receptors completely blocks B cell development. 
The up-regulation of  IL-7Ra with Flt3 signaling induces 
EBF expression in B lineage progenitors, and that al-
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Figure 2  Experimental models for human B lymphopoiesis. Experimental 
techniques for studying human B lymphopoiesis have incredibly advanced 
within these two decades. Now several culture systems with human mesenchy-
mal stem cells (hMSC) or without stromal cells are available. For in vivo stud-
ies, the generation of humanized mice has been developed after the discovery 
of severe combined immune-deficient mouse (Scid). NOG, nonobese diabetic 
(NOD)-Scid mouse with truncation in the IL-2 receptor common gamma chain; 
NSG, NOD-Scid mouse with deletion in the IL-2 receptor common gamma 
chain; hTPO knock-in, RAG-2-/- NSG mouse with humanization of thrombopoi-
etin.



There are several possibilities about the mechanism how 
G-CSF affects B lymphocyte generation in vitro. It might 
have direct effects on cultured cells. Another specula-
tion is that HSC or progenitors with the specific stage or 
lineage stimulated by G-CSF might regulate B genera-
tion indirectly. In B cell cultures, short-term expansion 
of  myeloid cells is observed before emerging B lineage 
cells[27,28]. 

Collectively, the essential key of  human B lympho-
poiesis is still remained unknown. The recent study with 
the depth of  single-cell mass cytometry and an algorithm 
analysis of  human BM showed the exclusive activation of  
STAT5, which phosphorylation is known to be induced 
by IL-7, in early B progenitors[75]. Using novel technolo-
gies, the precise biology could be unveiled in the near 
future.

ROLE OF MICROENVIRONMENT
In 1978, Schofield proposed the hypothesis that a special-
ized niche in BM preserves the reconstituting and differ-
entiating ability of  HSC, but could not prove that[76]. It is 
believed that bone marrow contains specialized niches for 
differentiation of  specific lineage progenitors[77-79]. With 
the great advances of  gene-modified mice generation and 
imaging techniques, the anatomical location and cellular 
components of  HSC niches have been elucidated since 
2000s, although our understanding is still incomplete and 
novel analysis tools are needed[80,81]. In parallel, the roles 
of  molecular and environmental factors in the niches 
have been extensively studied. Niches make specialized 
environments, consisting of  soluble or surface-bound 
signaling factors, cell-cell contacts, extracellular matrix 
(ECM) proteins, and local mechanical environments such 
as the concentration of  oxygen and calcium. 

Cellular components
In marrow, there are many types of  non-hematopoietic 
cells including mesenchymal stem/progenitor cells, os-
teoblastic lineage cells, adipocytes, endothelial cells, re-
ticular cells, pericytes, fibroblasts and nerve cells[80,81]. The 
effects of  several molecular regulators produced by niche 
cells, such as chemokines like CXCL12, cytokines (SCF, 
thrombopoietin, angiopoietin-2, and angiopoietin-like 3), 
Wnt, Notch, TGF-β and hedgehog signaling, and ECM 
proteins (osteopontin, decorin, and tenascin C) have been 

lows differentiation with the consequent expression of  
B cell-specific genes[10,11]. Moreover, recent studies have 
shown that the expression of  IL-7Ra denotes the transi-
tion from LMPP to CLP, and Flt3L regulates the survival 
and proliferation of  MPP/LMPP with commitment to B 
lineage fate[42,59,60]. The combination of  crucial cytokines 
changes during ontogeny. Studies using IL-7 knockout 
mice showed that only adult but not fetal or neonatal B 
development is inhibited[61]. Thymic stromal lymphopoi-
etin (TSLP) regulates IL-7-independent fetal B lympho-
poiesis. SCF and chemokines recognized by the CXCR4 
receptor also affect the differentiation[62].

In contrast, IL-7 is not required for human B cell 
development[63-66]. Crucial transcription factors includ-
ing E2A, EBF and Pax5 are expressed during the dif-
ferentiation from HSC to B lineage progenitors before 
acquisition of  CD19, in the same manner as mouse B 
lymphopoiesis[67]. The importance of  SCF and CXCL12 
for B cell development has been recognized[68-70]. In hu-
man, Flt3L is critical to cell survival and proliferation of  
HSPC as well as to B lymphopoiesis[68,69]. Several groups 
reported that human HSPC could develop B lineage cells 
independently of  IL-7 stimulation, and IL-7 induces little 
increase of  B production in co-cultures[64]. Moreover, 
patients with disruption of  the human IL-7 receptor 
spared B lymphopoiesis while development of  T and 
NK cells was severely impaired[65,66]. Some groups ques-
tioned about the interpretation because in these studies 
fetal materials or murine stromal cells might influence the 
consequences[71,72]. However, we found that addition of  
neutralizing antibody to IL-7 or TSLP has no effect in 
stromal cell-free cultures we established[28,29]. In our study, 
hMSC conditioned medium could support human B 
lineage generation, indicating the existence of  unknown 
stromal cell-derived factors facilitating B lymphopoiesis. 
Interestingly, we and others reported that G-CSF pro-
motes human B production from HSC in vitro[23,28]. G-CSF 
is originally cloned as a glycoprotein which stimulates 
the production of  granulocytes, and now is known the 
important role in HSC proliferation and mobilization, 
and bone resorption. For now, nothing has been reported 
about the influences on early B lymphopoiesis in vivo 
while clinical studies showed a higher proportion of  Th2 
cells present in peripheral blood cell grafts from G-CSF-
stimulated donors and T cell hyporesponsiveness in asso-
ciation with increase of  Th2-inducing dendritic cell[73,74]. 
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Figure 3  The role of signaling molecules in B lym-
phopoiesis. Several cytokines, such as stem cell factor 
(SCF), Flt3 ligand and IL-7, show the various effects 
depending on the developmental stages. There are sev-
eral species differences in the role of cytokines between 
human and mouse. IL-7 is required for adult mouse 
B lymphopoiesis, but not for that of human. Recent 
studies indicate that Flt3 signaling plays a crucial role 
in lymphoid, but not in HSC or myeloid development in 
mouse, while human Flt3 ligand affects the survival of 
hematopoietic stem/ progenitor cells as well as B cell 
differentiation. HSC: Hematopoietic stem cells; MPP: 
Multipotent progenitors; LMPP/ELP: Lymphoid-primed 
multipotent/early lymphoid progenitors.



reported. Based on the concept of  HSC niche, the cellu-
lar components are supposed to neighbor with HSC, and 
more importantly, the influence on HSC maintenance 
should be direct. 

Several immunofluorescence imaging studies showed 
that HSC is consistently located adjacent to the sinusoi-
dal vasculature[39,82]. In perivascular niches, mesenchymal 
stem/progenitors which express Nestin, leptin receptor, 
or fibroblast activation protein (FAP), CXCL12-abundant 
reticular cells, and endothelial cells are co-localized with 
HSC and secrete HSC supporting factors like SCF or 
CXCL12[39,83-86]. The sympathetic neurons, arteries, mac-
rophages such as osteoclasts and regulatory T cells in the 
niches affect the frequency, function and localization of  
HSC[87-91]. Surrounded by these cells and molecular com-
ponents, HSC can maintain the capacity of  self-renew 
and multipotent differentiation.

On the other hand, whether the osteoblastic lineage 
cells at the endosteal surface of  the bone, described first 
as the place where HSC reside, could be the niche is 
under debate[82,92]. Although osteoblasts may not to be 
adjacent to HSC, they do have the distinct influences on 
HSPC through the production of  CXCL12 and SCF, and 
expression of  adhesion molecules. It is known that HSPC 
frequently move out from their own niche[93,94]. Thirty 
percent of  IL-7Ra+ B progenitors are co-localized with 
bone-lining cells, and acute depletion of  them are ob-
served when osteoblastic cells are conditionally deleted[95]. 
Interestingly, the deletion of  CXCL12 from osteoblasts 
depletes early lymphoid progenitors, but not HSC or my-
eloerythroid progenitors[95,96]. These findings suggest that 
osteoblasts could be the niches for B lymphopoiesis in 
endosteal area (Figure 4).

Anatomical location
As well as the identification of  cellular components of  
niches, the anatomical localization of  HSC in BM has 
been the subject of  intense researches. The initial stud-
ies indicated that HSC might reside in the endosteum, 
adjacent cortical bones with osteoblasts[92]. With the great 
advance in immunostaining methods and understanding 
HSC characteristics, however, others showed that most 
of  accurate HSC localize adjacent to sinusoid vessels 
while less than 20% to bone-lining cells[82,84]. It is consis-
tent that HSC are found in the trabecular regions at me-
taphysis.

Inside marrow, HSC is mobile when HSC divides or 
starts to differentiate. Interestingly, it is known that HSC 
periodically leave and reenter the niches for circulation 
with circadian oscillation and in response to infection 
or G-CSF stimulation[87,91]. In vivo time-lapse imaging 
makes it possible to observe HSC motility and localiza-
tion of  activating HSPC. Another unanswered question 
is skeletal localization. In human adult, the sternum is 
active hematopoietic site while long bones are occupied 
by adipocytes with aging. The three-dimensional, whole-
mount confocal immunofluorescence imaging techniques 
showed the same is true in mice[89]. 

Niches in human
In clinical settings, hematopoietic stem cell transplanta-
tion offers patients with refractory hematological diseases 
a curative treatment option. Several types of  stem cell 
sources, CB, BM and G-CSF mobilized peripheral blood 
are used for the therapy, although differences among 
sources are still remained unclear[97]. After transplanta-
tion, HSC migrate, localize in niches and start to prolif-
erate and reconstitute all lineage bloods in the recipient 
BM damaged by the conditioning. A full understanding 
of  the whole process is critical for choosing the adequate 
strategy of  donor sources, conditioning and immunosup-
pressive therapy before or after transplantation.

Several types of  mesenchymal stem/progenitors, os-
teoblast, and endothelial cells in human have been report-
ed the supportive effects on HSC maintenance or specific 
lineage differentiation[27,98,99]. Imaging analysis using bone 
biopsy specimens to evaluate the actual distance between 
HSPC and niche component showed that human CD45+ 
CD34+ CD38- HSC localize in the trabecular area similar 
to mice HSC, while CD34+ CD38+ HPC are dispersed 
evenly in BM[99]. HSC in the trabecular area own better 
HSC functions compared to those in long bone area. 
There is no information about the niches for human B 
lymphopoiesis.

SIGNALING MOLECULES
Signaling molecule families like TGF-β, Wnt, Notch and 
hedgehog are highly conserved in mammals, and control 
proliferation or cell fate determination during embry-
onic development and adult homeostasis. In hemato-
poiesis, the specific ligand-receptor interactions regulate 
the maintenance of  HSC stemness and differentiation 
through direct and indirect effects via the affected micro-
environments. 

TGF-β superfamily
The TGF-β superfamily is composed of  more than 20 
members, including three TGF-βs, bone morphoge-
netic proteins (BMP), growth and differentiation factors 
(GDF), Activins, and Nodal. TGF-β signaling regulates 
HSC quiescence, and is reduced in aged HSC[88,100]. The 
activation is restricted although many cells can produce 
TGF-β ligands and express the receptors. For HSC main-
tenance, the latent type of  ligand is produced from the 
HSC microenvironment and activated by the nonmyelin-
ating Schwann cells ensheathing sympathetic nerves in 
contact with HSC[88]. We and others reported the effects 
of  TGF-β signaling for mouse and human B lymphopoi-
esis[27,101-103]. We showed that both Activin A and TGF-β1 
inhibit generation of  B cells from CB CD34+ cells in 
cultures. The receptors are expressed by not only CD34+ 
HSPC but also CD34- CD10+ cells, and we observed 
the same effects of  the signaling when the inhibitor was 
added at the later periods of  the co-cultures. These find-
ings indicate TGF-β superfamily might affect early B 
lymphocyte progenitors. Transition into IgM+ immature 
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B-cells was not influenced by the TGF-β superfamily in 
our culture systems.

Wnt family
Wnt is a large family of  glycoproteins. Canonical pathway 
used by Wnt3a has been most studied in hematopoie-
sis[104]. After Wnt3a binds Frizzled receptor, this canonical 
signaling stabilizes intracellular β-catenin by inhibition of  
GSK-3β, and then β-catenin translocates to the nucleus 
and interacts with transcription factors. The role of  Wnt 
for HSC maintenance has been a debatable issue. Consti-
tutively active β-catenin blocks their differentiation, but 
induces exhaustion by shifting HSC cell-cycling status, al-
though some of  conditional deletion of  β-catenin mouse 
have no abnormality in hematopoiesis[105,106]. However, 
now it is known that these discrepant results from stud-
ies using gain or loss of  functions reflect the sensitivity 
to the dosage[107]. Wnt5a associated with noncanonical 
pathway also regulates HSC maintenance and differentia-
tion[108-110]. Recent studies showed that noncanonical sig-
naling is balanced with canonical signaling under inflam-
matory and aging condition[109].

Our and other groups reported the inhibitory effects 
on B lymphopoiesis[108,110,111]. Wnt3a, using canonical 
pathway, inhibits B and pDC but not cDC development, 
and Wnt5a promotes B lymphopoiesis in vitro. The ob-
servations about canonical Wnt signaling can translate 
from mouse to human[111]. It is known that Wnt ligands 
and receptors are expressed in both of  hematopoietic 
tissues and the niche cells, and Wnt3a regulates mesen-
chymal lineage differentiation[111,112]. While hematopoietic 

cells themselves are Wnt responsive, we showed that the 
regulation of  niches by Wnt3a mediates the effects. Spe-
cifically, Wnt3a strongly induces the production of  ECM 
protein, decorin, which inhibits B lymphopoiesis and 
retains the HSC phenotype, from stromal cells. Decorin 
is a small leucine-rich proteoglycan secreted by MSC, 
and regulates TGF-β signaling, although the detailed 
mechanisms have not been elucidated[111,113]. Collectively, 
the findings suggest that Wnt signaling is important for 
maintaining not only hematopoiesis but also the niches.

Notch family and hedgehog family
The ligands of  Notch signaling are membrane bound 
proteins, and the function depends on the type of  ligand, 
such as Delta-like and Jagged, and responsive receptors, 
Notch 1-3. Notch is essential for early T lymphopoiesis, 
and B lymphopoiesis is suppressed by the interactions 
between Delta-like and Notch1 to avoid B cell generation 
in thymus[114]. The precise role in adult HSC at physi-
ological levels is still controversial. Loss of  the function 
in HSC did not show any influences for reconstitution 
and differentiation in mice, while in vitro expansion of  
HSC is promoted by the signaling[115,116]. The same is 
true in human[117]. The two recent studies published in 
2013 emphasized the importance of  Notch signaling in 
the interaction between human HSC and the microen-
vironment. Human CD146+ perivascular cells maintain 
stemness of  HSC via Notch activation[98]. Bhatia and 
colleagues showed that in the trabecular bone area where 
HSC can hold the regenerative and self-renewing capac-
ity, 3-fold greater of  proportion of  mesenchymal cells 
express Jagged-1 compared to those in long bone area[99]. 
More recently, it is reported that Notch signaling in HSC 
stimulated after the activating mutation of  β-catenin in 
mouse osteoblasts induces the leukemogenesis[118]. The 
mutation induces Jagged-1 expression in osteoblast lead-
ing the Notch activation in HSC, and the inhibition of  
Notch signaling prevents the onset of  leukemia. Accord-
ing to this study, 38% of  patients with acute myeloid 
leukemia or myelodysplastic syndromes showed increased 
β-catenin in osteoblasts and increased Notch signaling in 
hematopoietic cells. The cooperation between Wnt and 
Notch is also reported in HSC maintenance[119]. Further 
study about the role of  Notch signaling is warranted.

Although hedgehog signaling is also important for the 
development, stem cell maintenance, and tumorigenesis 
in various organs, the detailed effects on hematopoiesis 
have remained unclear. In mice, hedgehog signaling in 
HSC is not required for hematopoiesis although several 
studies showed the effects on cell-cycle and differentia-
tion of  HSC[120,121]. The activation of  hedgehog signaling 
in stromal cells promotes B lymphopoiesis and HSC 
expansion[122]. Both of  cell-extrinsic and cell-autonomous 
effects might be critical.

CONCLUSION
B lineage commitment starts at the early stage of  HSC in 
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Figure 4  Motility of hematopoietic stem and progenitor cells in bone mar-
row. Hematopoietic stem and progenitor cells reside in their own specialized 
niches where they could preserve the reconstituting and/or differentiating ability. 
The cellular components and anatomical localization make specialized environ-
ments, consisting of soluble and surface-bound signaling molecules, cell-cell 
contacts, extracellular matrix proteins, and local mechanical environments. The 
niches for stem cell maintenance and differentiation are distinct. It is believed 
that hematopoietic stem cells (HSC) self-renew in their niches adjacent to the 
sinusoidal vasculature with mesenchymal progenitors, endothelial cells, sym-
pathetic neurons, arteries, and macrophages such as osteoclasts. Once the 
differentiating daughter cell is generated after asymmetrical division of HSC, it 
moves to the favorable space for undergoing specific lineage commitment. For 
B lymphopoiesis, progenitors are co-localized with bone-lining oseoblasts in 
endosteal area.



asynchronous ways. The fate decision and development 
are affected by the microenvironmental factors includ-
ing cellular niche components and signaling molecules. 
In this review, we described the common and different 
features in early B lymphopoiesis between human and 
mouse. The surface phenotypes on human HSC and B 
progenitors and requirement of  cytokines are distinct 
while many effects of  signaling molecules are consistent 
with mice. 

It is known that immune system can be harmed by 
malignant disease, chronic inflammation and normal 
aging. Many studies concerning impairments in cellular 
and humoral immunity have focused on regulation of  
mature lymphocyte function. Recent studies, however, 
revealed that the earliest stage of  B lymphopoiesis plays 
an important role in the immune decline. Understanding 
the precise mechanism in human and mouse BM, and the 
assessment of  species variations with novel technologies 
would make the potential applications to cancer immuno-
therapy and the discovery of  novel treatment for autoim-
mune diseases possible.
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