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B CELL DEVELOPMENT
Overview of hematopoiesis

-Hematopoietic stem cells (HSC) in bone marrow are source of all blood cell lineages


-long term reconstitution potential (bone marrow transplants)


-ability to “self renew” = long term reconstitution

-Diff.. due to loss of reconstitution and differentiation potential (ex:MPP can differentiate but not self renew)

1. Antigen Independent Differentiation

-generate large pool of B lymphocytes with unique antigen receptor (diversity generator) (bone marrow)

-weed out B cells that react against self (bone marrow and peripheral lymphoid organs, spleen)

2. Clonal Selection

-antigen exposure selects few B cells to mount an immune response

Step 1: Generating the Repertoire

CD 19 marker of beginning differentiation (only IL-7 does this alone)
-Common Lymphoid progenitor (CLP) expresses IL-7Rα (last multipotent progenitor)
-Pre-Pro B cells-(committed) –needs E2A and EBF gene expression (1st Ig gene rearrangements)

Accessibility Hypothesis

all rearrangeable genes cant be acted upon by recombinase machinery b/c of chromatin strucute constraints

-constrains can be removed by enhancers/promoters and regulated by cis acting sequences
-rearrangement mediated by several proteins RAG1/RAG2

-RAGs recognize and cleave recombination signal sequence (RSS) associated with rearranging gene segments


IgH locus   1)D(J
2)V(DJ

NO V(D


IgH genes rearrange first followed by IgL genes!

Fraction A/B (pre-pro-B cells) D(J
1st step of Dh(DJh occur when CLP receive an IL-7 signal and the cells express E2A and EBF

-When Dh and Jh gene segments are accessible to recombinase machinery, Vh genes are inaccessible


5’DhRSS(INVERSION


3’DhRSS(Deletion (most)

-Domain turned on by (1) Eμ enhancer between Jh and Cμ



           (2)Pq promoter (5’ of 3’ most Dh gene segment)

-However can be deleted and still have recombination: SOMETHING ELSE ACTIVATES DOMAIN

Note: D(J recombination not a hallmark of cells committed to B lineage (Doesn’t ensure B cell lineage)
Fraction C (late-pro B cells) V(DJ

-5’ and 3’ end of V locus are independently regulated 

Evidence

1. proximal V favored in fetus but “swamped out” by more numerous distal (5’) V gene in the adult (needs IL-7)

2. differential regulation of prox. and distal V genes in Pax-5 and Ezh-2 deficient mice


Note: Pax5 transcriptional factor necessary for commitment of developing cells to B lineage but not for 


         initiating B cell development (activates B specific genes/suppresses myeloid specific genes)


        Ezh-2 encodes a histone methyl transferase to methylate K27 of histone H3




K/O have normal D(J but reduced Vdistal(DJ 

-chromatin structure of distal V gene under control of IL-7!!

-D(J signal to turn on these genes (DJ brings proximal V genes under +ve reg. influence of JC part of the locus:
-Proximal Vh gene activation is allele specific

3. V gene recombination susceptible to feedback inhibition (allelic exclusion)

Selection of Functional IgH rearrangements (v. non functional rearrangements)
-VDJ recombination is not precise (out of frame) so many pro-B cells cant make IgH proteins.

Making Immunoglobulin (H + L) is a hallmark of B cells
-Only cells able to express IgH will be selected from pool for further differentiation (done by pre-BCR)

-VpreBCR has surrogate light chain (λ5 and Vpre B)= not rearranged waiting to test heavy chain recombination

-randomly produced IgH also “judged” by association with signal transducing proteins Igα and Igβ

Signals from  pre-BCR  CHECK POINT IN B CELL DEVT 
-doesn’t require ligand b/c hooked up to cytosolic components
1. Rescue from apoptosis

2. Proliferation (through Ras/Erk pathway) (down regulates SLC/IL-7R, which inhibit proliferation)
Same signal that increases IL-7R responsiveness also decreases it???
3. Stop IgH rearrangements (feedback inhibition) 

-degrade RAG proteins in S phase, then make IL-7R refractory
-loss of IL-7 signals render them inactive in pre-B cells to stop recombination

4. Activate light chain rearrangements

Allelic exclusion or Feedback Inhibition of IgH rearrangement

-Mature B cells express only one of 2 possible Ig H alleles

-Experiment creating transgenic mice with two different Ig H alleles


-2 different alleles in each cell, but each cell only makes one kind of Ab


-allelic exclusion, b/c of feedback inhibition sensored by preBCR


-loss of activation signal reverts the Vh locus to a less accessible state

Light chain gene recombination (pre B cells)
-Ig light chains come in two varieties:  қ and λ determined by the sequence of the constant region (Isotype)

-Variable regions generated by a single recombination event (Vқ(JL)   
Mice have more Vқ then V λ
-Monoallelic activation of Igk established in post implantation embryo.

-one step recombination to generate VL genes allows sequential recombination of upstream VLs to downstream JLs


-Each allele has several opportunities to produce functional LC so don’t waste pre Bcells

-If multiple recombinations don’t produce functional L chain, recombination switches to the other type! (k first)

-Functional k or λ gene rearrangement(production of k protein to associate with pre-existing IgH chain



(expressed on cell surface as sIgM (immature B cell)

-concludes random, non targeted generation of diverse B cells (note: must turn off surrogate light chain protein)

SHAPING THE REPERTOIRE

-Elimination of auto reactive clones starts in bone marrow and continues in spleen
ELIMINATION:  (1) Deletion

(2)Editing

(3)Anergy

Deletion (to prevent self recognition)

-immature B cells in bone marrow or spleen undergo apoptosis upon extensive cross-linking of BCR

Editing
-Functionally rearranged light chain allele undergoes secondary recombination (upstream VL to downstream JL)

-Possible at this Locus: Testing out along the way
(Raymond removed an image of VDJ recombination.)

Editing (continued)

-RAG expression essential and editing occurs b/c Rag expression not terminated when pre-B cell makes first LC

-BCR cross-linking in early cells slows down B cell differentiation with up regulation of RAG expression

-If autoreactivity is not eliminated, the continued cross-linking of BCR leads to apoptosis

Anergy

-BCR encounters antigen that doesn’t crosslink(anergy =refractory to BCR signals
-Anergic cells have reduced half lives and are eliminated

ONLY 10% of sIgM B cells made in the bone marrow actually exit!

B cell differentiation in the Periphery for more development (spleen)

T1=recent splenic emigrants (CD21- CD23- CD24+ IgMhi IgDlow)


-express low levels of RAG and are susceptible to deletion by BCR corss-linking  (found in PALS)

T1(T2 differentiation takes two days and is blocked by mutations in BAFF (TNF like)

T2= located in spleen follicles (CD2+ CD23+ CD24+ IgMhi IgDhi)

-no longer die from BCR signal in response to antigen!!

Strong(mature follicular




Weak(Marginal zone


Low IgM,  High IgD





High Igm   Low IgD

(Raymond removed images of B cell maturation in the bone marrow.)

T2 cells respond to BCR stimulation by activating survival and proliferative signals


-mediated by Btk/PKCβ dependent pathway to transcription factor NF-kB


-costimulatory signals from BAFF/BAFFr signaling pathway

-Further differentiation of T2 cells to mature B cells requires BCR signaling


Mutant Blocks: BtK, BLNK, PI3K, PLCγ2, Vav (normal T1 and T2, reduced mature B cells)

-Loss of BCR proximal signaling components (Igα(depletion of T1 cells)

Differentiation from immature B cells to mature B cells needs progressively higher BCR signaling!
-T2 cells target of B cell “+ve selection”-only cells with threshold of BCR affinity for self antigens in follicles differentiate further.

3 Subsets of Mature B Cells

1. FM (follicular mature)-reside in follicles, participate in germinal center rxn (somatic hypermut,, class switching)




   -present antigens to T cells, proliferate in response to BCR signals (poorly to TLR[innate]

2. MZ (marginal zone)-border of spleen, rapidly make IgM, don’t participate in GC rxn (T-independent)



-proliferate efficiently to TLR signals but not BCR(INNATE LIKE RESPONSE (no aff. Matur)

3. B1-B cells-peritoneal cavities (not spleen) but dev’t requires spleen.
