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1. Surface Molecules
1.1 BCR complex: mIgM, mIgD / CD79a(Igα),CD79b(Igβ)
1.2 CD19, CD21, CD81 / CD40, CD80, CD86
1.3 CR1(CD35, C3bR) / CR2(CD21,C3dR, EBV-R)
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2. B Cell Subsets
B-1: CD5+, mIgM+
B-2: CD5-, mIgD+
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B1a,B1b和B2细胞亚群的表型

表面标记
 

B1a B1b              B2
IgM +++                +++                    +

IgD +/- +/- +++

CD5 +                    - -

CD11                     +                   +                  -

CD23                     - - +  

CD44                     +                    +                 -

MHCⅡ
 

+++                +++                   ++
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3. The Development of B Lymphocytes

early-pro B cell:   rearrangement of D-J gene
late-pro B cell:    rearrangement of V-DJ gene
large-pre B cell:  express μ:λ5/VpreB
small-pre B cell:  express μ, rearrangement of V-J gene
immature B cell:  express mIgM
mature B cell:    express mIgM, mIgD
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B-Cell Development in the Bone Marrow
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Lineage commitment in the bone marrow. The position of the transcription factors on the 
scheme represents the stage at which their absence (based usually on knockout studies) 
leads to a developmental block. Proteins normally acting as inhibitors of the differentiation 
pathways are depicted in red. Physical interactions between transcription factors are 
indicated by double-pointed blue arrows. SC, stem cell; HSC, hematopoietic stem cell; CLP, 
common lymphoid progenitor;     Gene. 2004 Feb 18;327(1):1-23

Transcriptional control of B cell development and function

PU.1, E2A, EBF, Pax-5
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Immunity 26:719, June 2007

PU.1, E2A, EBF1, Pax-5
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:Oct4,Sox2,Klf4,c-Myc
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4. B-cell Tumor
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HEV

B cell maturation in the lymph node

SLC(CCL21) DC(CCR7)

Th2(CCR7)

5. Activation of B cell proliferation



16B cell maturation in the spleen
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B cell maturation in the spleen

Gene. 2004 Feb 18;327(1):1-23
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A, Pathways for the 
circulation of Ag in the LN.
1, Complement C3 opsonizes Ag in 
the presence of Ab. C3-ICs are 
formed by the deposition of 
complement proteins and IgG
on the surface of the Ag.
2, The retention of C3-ICs on the 

surface of the SSMs is CR3 and 
FcRIIb dependent.
3, B cells transport C3-ICs from the 
surface of the SSMs to the FDCs in 
a CD21-dependent manner. 
4, C3-ICs are transferred to FDCs. 
5a, Cognate B cells acquire small 
Ag drained via FRC conduits
directly or 
(5b) from the FDC surface.

B, Influenza virus uptake by SSMs
is MBL dependent.

The Journal of Immunology, 2010, 185:2659–2664.

SSM, 
subcapsular sinus-lining macrophage;
FRC, 
fibroblast reticular cell;
MBL,
mannose-binding lectins.



20Nature immunology, 2010; 11( 8): 682

Key B cell 
decisions after 
antigen exposure 
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Positive affinity selection Negative affinity selection

Nature immunology, 2010; 11( 8): 683
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6. B cell signal transduction
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Nature Reviews Immunology 2; 945-956 (2002); 
REGULATION OF B-CELL FATE BY ANTIGEN-RECEPTOR SIGNALS

BCR-induced signal-
transduction pathways.
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BCR-induced signal-transduction pathways. After antigen ligation, three main 
protein tyrosine kinases (PTKs) — the SRC-family kinase LYN, SYK and the TEC- 
family kinase BTK — are activated. Phosphatidylinositol 3-kinase (PI3K) and 
phospholipase C 2 (PLC 2) are important downstream effectors of B-cell receptor 
(BCR) signalling. B-cell adaptors, such as B-cell linker (BLNK) and BAM32 (B- 
lymphocyte adaptor molecule of 32 kDa), fine-tune BCR signals by efficiently 
connecting the kinases with the effectors. A PI3K product, phosphatidylinositol- 
3,4,5-trisphosphate (PtdInsP3), recruits some BCR signalling components 
through their pleckstrin-homology domains, and also activates downstream 
kinases such as AKT. Activation of PLC 2 leads to the release of intracellular 
Ca2+ and activation of protein kinase C (PKC) — both of which are crucial for the 
activation of mitogen-activated protein kinases (MAPKs), such as extracellular 
signal-regulated kinase (ERK), c-JUN NH2-terminal kinase (JNK) and p38 MAPK, 
and transcription factors, including nuclear factor- B (NF- B) and nuclear factor 
of activated T cells (NFAT). The profiles of these outputs determine B-cell fate. 
DAG, diacylglycerol; Fc RIIB, low-affinity Fc receptor for IgG; GSK3, glycogen 
synthase kinase 3; IKK, inhibitor of NF- B (I B) kinase; PIRB, paired 
immunoglobulin-like receptor B; SHIP, SH2-domain-containing inositol 
polyphosphate 5' phosphatase; SHP1, SH2-domain-containing protein tyrosine 
phosphatase 1. …………………………………………………………………………………
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Immunity, Vol 22, 9-18, January 2005 
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Andreas Radbruch, …..Nature Reviews Immunology 6, 741-750 (October 2006)

①

③

④
②
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⑧

⑥

⑦

7. Ontogeny of plasma cells
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The heritage and the dynamics of plasma-cell life in humoral immune responses are 
shown. B cells that are generated in the bone marrow exit as precursor B cells (pre-B 
cells), which are immature and express IgM. These cells further mature into naive B 
cells and then into either marginal-zone B cells or follicular B cells. When activated, 
these marginal-zone and follicular B cells can differentiate into plasmablasts (not 
shown) and short-lived plasma cells, both of which can secrete antibody. Alternatively, 
with the help of T helper cells, follicular B cells can also differentiate into memory B 
cells, which are long-lived, and express antibodies of switched class and high affinity 
for antigen. When reactivated by antigen, memory B cells can differentiate into 
plasmablasts, which are competent to become long-lived plasma cells. ①A small 
proportion of these plasmablasts stay in the secondary lymphoid organ (the spleen or 
the lymph node) where they were generated. ②Most of the plasmablasts migrate either 
to inflamed tissue, under the control of interferon- -induced expression of CXC- 
chemokine receptor 3 (CXCR3; which binds CXC-chemokine ligand 9 (CXCL9), CXCL10 
and CXCL11), ③or to the bone marrow, under the control of chemotaxis towards 
CXCL12 (which binds CXCR4). All three tissues have finite numbers of plasma-cell 
survival niches. Plasmablasts that succeed in the acquisition of such a niche 
differentiate into plasma cells and become immobile. ④Resolution of inflamed tissue 
after a successful immune response terminates the survival niches in the tissue and 
therefore eliminates the resident plasma cells, and this is the peak of the immune 
response. In the bone marrow, and to a lesser degree in secondary lymphoid organs, 
l o n g - l i v e d  p l a s m a  c e l l s  s u r v i v e  a n d  p r o v i d e  h u m o r a l  m e m o r y .       
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8. Antibody production

Claman
 

experimentation:
T/B cooperation

Miller experimentation:
antibody production by B cell

Benacerraf experimentation:
hapten-carrier effect, H-C-E

Mitchison
 

experimentation:
adoptive transfer carrier effect

Raff experimentation:
T cell is the carrier-reactive cell
B cell is the hapten-reactive cell
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Claman
 

Experimentation(Denver,1965): T/B cooperation

SRBC response positive

SRBC response negative

SRBC injection

no cells transferred
Thymus cells 

bone marrow cells

spleen cells

thymus + bone 

marrow cells

X-ray 
irradiated 

SRBC response positive

SRBC response negative

SRBC response negative

Claman, H. N., Chaperon, E. A. & Triplett, R. F. antibody production. 
Proc. Soc. Exp. Biol. Med. 122, 1167–1171 (1966)

①

③

②
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Miller experimentation(Melbourne,1965): 
Antibody production by B cell

Miller, J. F., De Burgh, P. M. & Grant, G. A. Thymus and the production of 
antibody-plaque-forming cells. Nature,208, 1332–1334 (1965).
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Spleen cells
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Y
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thymocyte
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SRBC
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anti-x Ab
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②

③ ④

⑤
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Benacerraf experimentation(New
 

York,1966): 
Hapten-carrier effect, H-C-E

Paul, W. E., Siskind, G. W. & Benacerraf, B. Studies on the effect of the carrier molecule on 
antihapten antibody synthesis. II. Carrier specificity of anti-2,4-dinitrophenyl-poly-l-lysine 
antibodies. J. Exp.Med. 123, 689–705 (1966).
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Mitchison
 

experimentation(London
 

and Stockholm,1967):
 Adoptive transfer carrie

 
effect

Mitchison, N. A. in Antibodies (ed. Frisch, L.) 431–439 (Cold Spring Harbor Laboratory, 
Cold Spring Harbor, 1967).
Mitchison, NA . T-cell–B-cell cooperation. Nature reviews immunol,2004, APRIL, VOLUME 4, 
308-312
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Raff experimentation(London,1970):
 T cell is the carrier-reactive cell

 B cell is the hapten-reactive cell

Raff, M. C. Role of thymus-derived lymphocytes in the secondary humoral immune response 
in mice. Nature,226, 1257–1258 (1970).
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Nature Reviews Immunology 4; 308-312 (2004); doi:10.1038/nri1334 
T-CELL–B-CELL COOPERATION  by N. A. Mitchison
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Nature Reviews Immunology 4; 308-312 (2004)

Thymus-derived lymphocytes of the 
type that mediate transplantation 
immunity help bone-marrow-derived 
lymphocytes to produce antibody, by 
a-then-unknown mechanism. By 1969, 
the hapten and carrier were thought to 
form an antigen bridge between T and 
B cells recognizing the specific 
components of the antigen, as shown 
in the inset and adapted from Ref. 36. 
The bridge helps transmit the signal 
that activates the B cell to produce 
antibody. 

The ideas put forward in 1968 have 
largely stood the test of time. 
Antigenic stimulation induces CD4+ T 
helper (TH) cells that provide help to B 
cells recognizing an antigen linked to 
the peptide that activates the CD4+ 
TH cells. In addition, CD4+ TH cells 
provide help to the cellular immune 
response that is elicited by cytotoxic T 
lymphocytes recognizing other 
peptides from the same antigen. 

T–B cooperation as understood in 1968



37

Nature Reviews Immunology 4; 308-312 (2004)

Antigenic particles derived from allogeneic cells can be internalized by B cells expressing antigen- 
specific cell-surface antibodies. The internalized complex is degraded in the endosomal pathway and 
peptides generated during this process are loaded onto MHC class II molecules and presented at the 
cell surface. These peptide–MHC-class-II complexes are recognized by CD4+ helper T cells expressing 
a cognate T-cell receptor (TCR), and the resulting interface between the B and T cell is known as the 
immunological synapse. The multiple molecular interactions at this site lead to B-cell activation and 
production of antigen-specific antibodies. 

T–B cooperation in the response to allogeneic cells, as adapted from our knowledge in 1992.
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1986年(Mosmann 
和 Coffman ) :

发现Th1和Th2(Th2细

 胞分泌IL-4活化

 B细胞促进Ig类别转换)

2000年(Schaerli 
和 Breitfeld):

发现滤泡B辅助性

 T细胞(Tfh)

2008年(King, 
Vinuesa,Nurieva,     
Vogelzang):

确定Tfh是一个独

 立的CD4+T效应

 细胞亚群

T细胞的发现

免疫/造血干细胞

过继转移技术

1966年(Claman)

B细胞针对T细胞

 依赖抗原产生抗体

 需要T细胞辅助

1968年 (Miller):

T细胞克隆技术

相关细胞因子的

发现、克隆和检测

Trafficking分子

(CXCL13/CXCR5)

共刺激分子(ICOS等)

实验动物学(基因

敲除, 建立Sanroque
遗传突变小鼠)
IL-21
转录因子Bcl-6

T细胞辅助B细胞——40年研究历史
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Cecile King. Nat Rew Immunol,2009;9(11):757 
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9.Cytokine induction of B-cell proliferation
and class switching
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Cecile King. New insights into the differentiation and function of T follicular 
helper cells. Nat Rew Immunol,2009;9(11):757 
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10.Competency Signals in TI and TD Antigen Activation
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