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 Immunoglobulin Immunoglobulin IsotypeIsotype ClassClass SwitchingSwitching
 There are several antibody heavyThere are several antibody heavy--chain isotypeschain isotypes
 Fig. 3.20
 highest lowest
 ��������Different IgDifferent Ig isotypesisotypes are needed for surveillanceare needed for surveillance
 at different sites in the bodyat different sites in the body
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 Arrangement of the Mouse and Human Ig Constant Region ExonsArrangement of the Mouse and Human Ig Constant Region Exons
 Human Ig Isotypes Differ in Structure and FunctionHuman Ig Isotypes Differ in Structure and Function
 Fig. 3.27
 Fig. 3.24
 The different Ig isotypes have different effector functionsThe different Ig isotypes have different effector functions
 Fig. 9.16
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 Fig. 9.14
 T cells release cytokines that induce isotype switchingT cells release cytokines that induce isotype switching
 Ig HeavyIg Heavy--Chain isotype switch recombinationChain isotype switch recombination
 V JD CµµµµSµµµµ
 SααααSµµµµ
 Sγγγγ1 Cγγγγ1 CααααSαααα
 CααααV JD
 Switching
 change effector function without changing specificitychange effector function without changing specificity
 ~500 kb away
 EnhEnh
 E
 3’Enh3’Enh
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 Isotype Switch RecombinationIsotype Switch Recombination
 �������� Preserves original antigenPreserves original antigen--specific binding domainspecific binding domain
 byby keepingkeeping VDJ and exchanging downstream CHVDJ and exchanging downstream CHexonsexons
 ��Switch recombination occurs upstream of each CH isotype Switch recombination occurs upstream of each CH isotype within the “switch” regions within the “switch” regions –– DNA is generally looped out DNA is generally looped out
 �������� SwitchSwitch--recombinase is different thanrecombinase is different than RAGs and is just RAGs and is just being characterizedbeing characterized
 �������� As with VAs with V--(D)(D)--J joining additional DNA repair factorsJ joining additional DNA repair factorssuch as such as DNADNA--PKPK and and Ku Ku proteins appear to be necessaryproteins appear to be necessaryfor repair of recombination productsfor repair of recombination products
 The mechanism of Ig switching resembles VThe mechanism of Ig switching resembles V--J joiningJ joining
 Fig. 3.26
 IgG3IgG3
 IgA productIgA productsecondary switchsecondary switch
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 cc--mycmycIg geneIg gene
 Rearraged AllelesRearraged Alleles
 Aberrant switch recombination events can lead to chromosome translocationsAberrant switch recombination events can lead to chromosome translocations
 In mice the 12;15 In mice the 12;15 translocation is translocation is
 detected in >90%detected in >90%of lymphocyte tumorsof lymphocyte tumors
 BB--cellcell
 Signal 1Signal 1
 Antigen +Antigen +or Bacterial LPSor Bacterial LPS
 IgMIgMIgDIgD
 Induction of Ig Class Switch Requires Several SignalsInduction of Ig Class Switch Requires Several Signals
 T cell contactT cell contact
 Induce ProliferationInduce Proliferation
 Induction of switch factors/enzymes?Induction of switch factors/enzymes?
 Signal 3Signal 3
 Mediate Switch Recombination Mediate Switch Recombination
 Lymphokine orLymphokine or INFINFγγγγγγγγoror TGFTGF--ββββββββ
 Signal 2Signal 2
 Prime Chromatin forPrime Chromatin forSwitching?Switching?
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 Specific BSpecific B--T interactions lead to BT interactions lead to B--cell proliferation and switch recombinationcell proliferation and switch recombination
 CD40L(TCD40L(T--cells)cells)-- CD40 (BCD40 (B--Cells) interactions are criticalCells) interactions are criticalfor B cell proliferation and differentiationfor B cell proliferation and differentiation
 Fig. 9.7
 Switch recombination requires TSwitch recombination requires T--cell contact and cytokinescell contact and cytokines
 T cells interact with APC and become activated “armed”T cells interact with APC and become activated “armed”
 TT--cell Zonecell ZoneBB--cell Zonecell Zone
 Fig. 9.5
 Ag specific B cells become trapped in the T cell zone whereAg specific B cells become trapped in the T cell zone wherethey encounter primed T cells they encounter primed T cells -- leading to clonal expansionleading to clonal expansion
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 Various Cytokines Regulate the Switching ProcessVarious Cytokines Regulate the Switching Process
 Fig. 9.8
 ILIL--10 + CD40 stimulates switching to IgG1 and IgG310 + CD40 stimulates switching to IgG1 and IgG3
 Activation of recombination involves chromatin alterationActivation of recombination involves chromatin alteration
 sterile transcripts denote activation of regions
 Cµµµµ
 Cµµµµ
 Cµµµµ
 Cµµµµ
 switch toswitch toγγγγγγγγ1 or 1 or εεεεεεεε
 switch toswitch toγγγγγγγγ2b or 2b or αααααααα
 LPSLPSinducedinducedprolifer.prolifer.Induced transcription levels
 +LPS
 +LPS+IL-4
 +LPS+TGFββββ Fig. 9.9Fig. 9.9
 sterile transcripts
 Enh Enh
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 Cµµµµ
 switch toswitch toγγγγγγγγ1 or 1 or γγγγγγγγ3 3 CD40
 +IL-10
 γγγγ1γγγγ3
 CD40CD40--CD40L signal collaborates with ILCD40L signal collaborates with IL--4 and IL4 and IL--10 to stimulate switching10 to stimulate switching
 sterile transcripts denote activation of regionssterile transcripts denote activation of regions
 Cµµµµ
 switch toswitch toγγγγγγγγ1 or 1 or εεεεεεεεCD40
 +IL-4
 Sγ3γ3γ3γ3
 Sγ1 γ1 γ1 γ1 Region
 “Closed” Chromatin“Closed” Chromatin
 “Open” Chromatin at Specific Switch Region“Open” Chromatin at Specific Switch Region
 SSγ1 γ1 γ1 γ1 γ1 γ1 γ1 γ1 promoter is activated by CD40+ILpromoter is activated by CD40+IL--44
 SwitchSwitch--Recombination is BRecombination is B--cell Specific (Ig+ stage)cell Specific (Ig+ stage)
 Cγ1 γ1 γ1 γ1 exons
 “Switching Complex”“Switching Complex”
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 CD40LCD40L
 BB--T interaction T interaction viavia MHCII/Ag lead to induction of CD40MHCII/Ag lead to induction of CD40--CD40L interactions CD40L interactions
 Additional signaling molecules areAdditional signaling molecules aresubsequently activated like B7subsequently activated like B7--CD28CD28
 InduceInduceCD40LCD40L
 CD40LCD40L
 CD40CD40
 B7B7
 InduceInduceB7B7
 CD40LCD40L
 CD40CD40
 InduceInduceCD28CD28
 B7B7
 CD28CD28
 APC
 • Receptor molecule expressed by B cells and a few othercells
 • anti-CD40 antibodies + IL-4 induces proliferation andclass switching to Cγγγγ1 and Cεεεε
 • anti-CD40 + IL-10 induces IgA, IgM and IgG synthesis
 • CD40 x-linking induces CH region sterile transcripts
 CD40
 and leads to rapid activation of protein kinases andphosphorylation of multiple intracellular proteins
 • Targeted disruption of CD40 leads to profound defectsTargeted disruption of CD40 leads to profound defectsin GC formation and serum Ab levelsin GC formation and serum Ab levels--due to defectivedue to defectiveIg isotypeIg isotype--class switching.class switching.
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 Hanissian and Geha (1997). Immunity 6: 379-387.
 Crosslinking of CD40 leads to rapid phosphorylation of multiple proteinsCrosslinking of CD40 leads to rapid phosphorylation of multiple proteins
 Phosphorylation Phosphorylation of multiple proteinsof multiple proteins
 Western blot probed Western blot probed with antiwith anti--phosphotyrosinephosphotyrosine
 antibodiesantibodies
 antianti--pTyrpTyr
 CD40CD40 LigandLigand (CD154)(CD154)
 lymphoid follicles where helper function and lymphoid follicles where helper function and
 •• Expressed nearly exclusively by CD4+ T helper cells Expressed nearly exclusively by CD4+ T helper cells located inlocated in
 isotype classisotype class--switching takes place.switching takes place.
 •• Induced after TH activationInduced after TH activation
 •• Involved in B cell activation leading to proliferation andInvolved in B cell activation leading to proliferation anddifferentiationdifferentiation intointo AbAb--secreting cellssecreting cells
 Humans with defective CD40Humans with defective CD40--CD40L show immunoCD40L show immuno--deficiency due to inability to induce isotypedeficiency due to inability to induce isotype--switchingswitching
 ••
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 Insect cellsInsect cells
 expressing CD40Lexpressing CD40L
 Insect cells (S19)Insect cells (S19)
 unstimulatedunstimulated
 resting Bresting B--cellscells
 Test for Proliferation (Test for Proliferation (33HH--T incorporation)T incorporation)
 Analysis of CD40Analysis of CD40--CD40L effects on resting B cell proliferationCD40L effects on resting B cell proliferation
 B + CD40L(S19)B + CD40L(S19)
 B + CD40L(S19)B + CD40L(S19)
 B + S19B + S19
 +IL4+IL4-- IL4IL4
 Warren and Berton (1995). J.Immunol.
 IIγγγγγγγγ11 Cγγγγ1
 Iγγγγ1
 IL4 = 13XIL4 = 13X
 CD40L= 3XCD40L= 3X
 CD40L+ IL4= 35XCD40L+ IL4= 35X
 CD40CD40--CD40L interaction leads to activation of CCD40L interaction leads to activation of Cγ1 γ1 γ1 γ1 γ1 γ1 γ1 γ1 sterile sterile transcriptstranscripts
 Fig.3
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 RT-PCR
 CD40L+IL4CD40L+IL4induces Iinduces Iεεεεεεεεexpressionexpression
 55--15X15X
 CD40CD40--CD40L + ILCD40L + IL--4 leads to significant activation of C4 leads to significant activation of Cεεεεεεεε transcriptstranscripts
 11B11 = anti-IL-4
 Iε ε ε ε
 ~~~~~~~~
 CD40 Signal transduction induces CD40 Signal transduction induces NFNF--κκκκκκκκB B
 NFNF--κκκκκκκκBBfactorsfactors
 IIκκκκκκκκBB
 Induces steriletranscripts
 NF-κκκκB
 kinaseskinases
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 Proposed Functions of the Switch Recombinase ComplexProposed Functions of the Switch Recombinase Complex
 �������� Specifically Recognize Switch Recombination Signals Specifically Recognize Switch Recombination Signals (SRS) (SRS) Probably notProbably not
 �������� Cleave Switch Recombination SignalsCleave Switch Recombination Signals??
 �������� LigateLigate Recombined DNA Recombined DNA ??
 µµµµµµµµ motif distribution betweenmotif distribution between
 mammalian speciesmammalian species
 TGAGCTGGGN
 b
 TGGGGTGGGCTGGGATGGGTTAGGGTAGGA
 TGAGC TGAGCTGAGC TGGGNTGGGN TGAGCTGGGN TGGGN
 44341386720
 1210111
 18223910
 2055
 1930
 40507380
 21920912
 1255
 6700
 4991
 11518
 43281
 133
 1100
 1222121
 Mouse Human Pig Shrew
 Switch µ µ µ µ Regiona
 Switch motifs
 aNucleotide sequences used for this comparison were obtained from
 the National Center for Biotechnology Information.bN denotes any nucleotide at this position.Lyon and Aguilera, 1997
 Comparison of SComparison of S
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 Cloning of a putative “switch” factorCloning of a putative “switch” factor
 Muramatsu, M., et al., (1999). Specific expression of
 activation-induced cytidine deaminase (AID), a novel member
 of the RNA-editing deaminase family in germinal center B
 cells. J. Biol. Chem. 274, 18470–18476.
 Cloning of induced genes by subtractive hybridization Cloning of induced genes by subtractive hybridization
 uninduceduninduced InducedInduced(CD40+cytokines)(CD40+cytokines)
 Isolate mRNA
 make cDNA
 Hybridize cDNA with RNA
 Isolate unique cDNAs that do not Isolate unique cDNAs that do not hybridize to unhybridize to un--induced RNAinduced RNA
 Isolated a gene calledIsolated a gene called
 ActivationActivation--Induced Cytidine Deaminase (AID)Induced Cytidine Deaminase (AID)
 BB--cell line (CH12F3.2) that can be induced to switchcell line (CH12F3.2) that can be induced to switch
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 AID Mutant mice Fail to Switch AID Mutant mice Fail to Switch
 Muramatsu, M., et al., (2000). Class switch recombination and
 hypermutation require activation-induced cytidine deaminase (AID),
 a potential RNA editing enzyme. Cell, 102, 553–563,
 AID mutantAID mutant
 Sera from 10 day miceSera from 10 day mice
 control
 Immunization with Sheep RBC does not induce switching to IgG1Immunization with Sheep RBC does not induce switching to IgG1
 arrows indicatearrows indicateimmunizationsimmunizations
 AID MutantAID Mutant
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 Ig levels from cultured splenic BIg levels from cultured splenic B--cellscells
 OO=cells treated with LPS=cells treated with LPS=cells treated with LPS+IL4=cells treated with LPS+IL4=cells treated with LPS+TGF=cells treated with LPS+TGF
 GerminalGerminal--Center (GC) Status of Spleen Sections from AID miceCenter (GC) Status of Spleen Sections from AID mice--//--
 (a–d stained for GC with PNA-FITC, anti-IgM-Texas Red)
 SRBC-Immunized
 AID+/-
 AID-/-
 GCGC IgG+ cellsIgG+ cells
 +/-
 -/-
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 “AID appearsAID appears
 ’’
 AID appears to be an RNA editing EnzymeAID appears to be an RNA editing Enzyme
 HOW DOES AID WORK ?HOW DOES AID WORK ?
 AND WHAT DOES IT DO?AND WHAT DOES IT DO?
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 Heavy chain gene “switching” does not utilize the RAG recombinase
 Current Model for Switch RecombinationCurrent Model for Switch Recombination
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 Sterile Transcripts Play a Role In Recombination
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 Cytidine Deamination Triggers DNA Cleavage
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 The Mre11–Rad50–Nbs1 (MRN) complex functions in the repair of DNA double-strand breaks
 Uracil-DNA
 glycosylase (UNG)
 Apurinic/apyrimidinic
 endonuclease (APE)
 Switch Recombination Relies on DNA Repair
 Ataxia telangiectasia mutated
 NonNon--Homologous End Joining Alternative End Joining Homologous End Joining Alternative End Joining
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