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The innate and adaptive immune response

Humans have several lines of defense to protect them against the huge repertoire of
microorganisms that may cause disease. As soon as a pathogen crosses an epithelial barrier it
can immediately, without prior infection, be recognized by cells of the innate immune system
like granulocytes, macrophages, mast cells and natural killer (NK) cells !. This will lead to the
secretion of cytokines and other inflammatory mediators and to phagocytosis and destruction
of the invading pathogen. Macrophages can function as professional antigen-presenting
cells (APC) and are as such important in the induction of the adaptive immune response’.
Pathogen recognition by dendritic cells is mediated by Toll-like receptors (TLR) that are
expressed on the cell surface. Signaling via TLR is essential for dendritic cell maturation,
the expression of co-stimulatory molecules like CD80 and/or CD86 and thus for priming of
naive T-cells 2. Whereas the innate immune response directed against a new antigen is swift,
the adaptive immune response requires the clonal selection of B and T lymphocytes, which
takes several days to accomplish 3. The antigen-driven adaptive immune response can be
divided in a T-cell mediated cellular branch and an antibody mediated humoral branch and
provides immunological memory. Re-encounter with the same pathogen will then lead to a

quicker and stronger immune response.

1.1 Antigen independent B-cell differentiation

B-cells are generated out of haematopoietic stem cells in the bone marrow throughout life.
Although early B-cell development in humans is not as extensively investigated as in mice,
several differentiation stages have been identified (Figure 1)*°. The common lymphoid
progenitor (CLP) is the first cell that shows lineage-commitment. /n vitro experiments
showed that stimulation of mice CLP induces differentiation into lymphoid cells (B-cells,
T-cells, Natural killer cells and dendritic cells) but no longer into myeloid or erythroid cells®”.
Knock-down experiments in mice showed that differentiation of the CLP into pro-B cells is
critically dependent on the transcription factors E2A, EBF and PAX5 7. E2A and EBF act
synergistically to induce the expression of PAXS5 and thus B-cell specific genes like RAGI,
RAG2, TdT, mb-1 (Iga) and the surrogate light chain genes A5 and VpreB 8. It is postulated
that differentiation of CLP into pro-B-cells goes via an early B-cell intermediate. The CD19-
negative early B-cells are characterized by the RAG-induced ordered rearrangement of D and
J,, gene segments at the immunoglobulin heavy chain (IgH) locus *. D- J, rearrangement can
be detected in later differentiation stages as well °. In pro-B cells V, to D.J, rearrangement
occurs '“!". Of note, other reports describe that V,-D.J, transcripts are not detectable until the
pre-Bl stage °. LeBien reports that a functional ¥, D.J, rearrangement is the prerequisite for
differentiation into a pre-BI cell *. At this stage of B-cell differentiation, the rearranged /g
heavy chain combines with the invariant surrogate light chains VpreB and A5 to form a pre-
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BCR 2. Surface expression of a pre-BCR acts as a key checkpoint for further differentiation.
The pre-BCR* cells downregulate RAGI and RAG2 and undergo several rounds of
proliferation °. In the pre-BII cells, RAG1 and RAG2 are re-expressed for recombination of
the immunoglobulin light chain (/gL) genes. After successful ¥, to J, rearrangement of the
Igx and/or g/ locus, the light chain covalently binds to the /g x# heavy chain and forms a
BCR “#¢. B-cells that fail to produce a functional BCR will undergo apoptosis. Furthermore,
experiments using transgenic mice showed that cross-linking of the BCR from immature B
cells can have different outcomes. High-affinity interactions with membrane-bound antigen
lead to clonal deletion of the particular B cell whereas lower affinity interactions with soluble
antigen either makes the B-cell non-responsive (anergic) or will result in rearrangement of
the BCR (receptor editing) in order to prevent migration of auto-reactive B cells into the
periphery 7.

Bone marrow
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Figure 1: Human early B-cell development. Schematic representation of human B-cell differentiation stages
in the bone marrow and the expression of components of the (pre-) BCR, RAG1, RAG?2 and several transcription
factors. GL; germline configuration, HSC; haematopoietic stem cell 4:6:9-

1.2 Antigen-dependent B-cell differentiation

B-cells can be activated in a T-cell independent manner by bacterial polysaccharides and
other microorganism-derived Toll-like receptor ligands, which results in a rapid antibody
response through the generation of extra-follicular short-lived plasma cells. Alternatively,
within the secondary lymphoid organs B-cells can engage in a T-cell dependent immune
response leading to differentiation into memory B cells and long-lived plasma cells to
produce high-affinity antibodies.

There are three subsets of mature B cells in mice; Bl cells, marginal zone B cells and

follicular B cells. These B cells differ from each other in their characteristic distribution
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throughout the lymphoid system, their surface phenotype and their propensity to engage
in a T-cell dependent or independent immune response. In humans CD5" B-cells that share
other phenotypic characteristics with murine B1 exist, but a human B1 population has as yet
not been defined. Antibodies produced by B1 cells show reactivity with common bacterial
antigens and self-antigens. MZ B cells share the capacity with B1 cells to be involved in the
rapid T-cell independent immune response raised against blood-borne antigens '*. MZ B-cells
and B1 cells both have self-renewal capacity whereas follicular B cells continuously develop
from progenitor cells in the bone marrow. Recirculating naive follicular B cells can encounter
blood-borne antigens in the bone marrow '* and spleen and can there participate in the T-cell
independent immune response, or alternatively can be activated by antigen presented by APC
in secondary lymphoid tissues which requires T cell help °. Homing of the naive B cells into
the primary follicles in lymph nodes and spleen is mediated by the CXC receptor 5 (CXCRS5)
and its ligand CXCL13 (BLC) which is expressed by FDC and other, less differentiated,
stromal cells'®.

1.3 The germinal center

Germinal centers are specialized microenvironments within secondary lymphoid organs that
are essential for the generation of B-cells that produce high affinity antibodies of different
isotypes and for the generation of memory B-cells !. Naive B cells, which are [gM*1gD*CD38-
CD23" or CD23- differentiate into GC B cells, which are IgD-CD38"CD10"CD71" via
recently discovered pro-GC IgD*CD38CD10-CD71'CD23- and pre-GC IgM*IgD*CD38"
subpopulations . Germinal centre B-cells are further characterized by the expression of the
B-cell specific transcription factor BCL6 and Activation induced cytidine deaminase (AID)'3.
Histologically, a fully developed germinal center can be divided into two compartments: the
dark zone and the light zone. Several chemokines have been described to play a role in the
formation these compartments. Experiments in knock-out mice showed that the interaction
between CXCR4, which is highly expressed by centroblasts and its ligand SDF1/CXCL12 is
essential for GC dark zone formation. whereas the interaction between CXCRS and its ligand
CXCL13 is important in light zone localization '®.

Cross-linking the BCR of naive B cells in combination with accessory signals provided by
T-cells can result in either direct differentiation of the B-cell into an IgM secreting plasma
cell, or alternatively, participation in the germinal centre reaction '°. Due to the upregulation
of CCR?7, a shift in the balance of chemokine responsiveness and re-localization of the B cells
from the primary follicle to the B/T-zone boundary occurs. After processing and presentation
of the antigen in MHC class II on the B cells, interaction of a T-cell receptor (TCR) with
MHC results in activation and clonal expansion of the antigen-specific T cells. This process

is dependent on co-stimulatory signals derived from CD28-CD86 interactions. On their
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turn, primed antigen-specific CD4" T cells express CD40L and CD28/CD152 which will
activate CD40, CD80 and CD86 on Ag-activated B-cells, resulting in the initiation of the
germinal centre reaction . The rapid proliferation of the CD77° GC centroblasts, does not
seems to be driven by C-MYC or NFkB '®. But the molecules produced and presented by
FDCs, such as IL-15, 8D6 (CD320), BAFF and hepatocyte growth factor (HGF), may have
a role in centroblast proliferation and/or survival 22, The proliferating centroblasts push
the IgM'IgD" naive B cells from the primary follicle aside, which then forms the follicular
mantle zone. It now seems clear that not only antigen-specific naive B cells but also memory
B cells can enter the GC reaction 5%,

Centroblasts express low amounts of surface BCR (sBCR) and undergo somatic hypermutation
of their variable-region (IgV,) gene segments *’. The process of somatic hypermutation
introduces mostly point mutations, which will alter the affinity of the BCR for its antigenic
epitope. Centroblasts then exit the cell cycle, re-express their sBCR and migrate to the light
zone of the GC to become centrocytes. Here, they are in close contact with a network of FDC,
expressing the FcyR-1IB, complement receptors such as the long splice variant of CD21
and CD35, and the adhesion molecules VCAM and ICAM 2. FDC are specialized antigen-
presenting cells and competition of the B-cells for the presented antigen will result in the
survival of those centrocytes expressing BCRs with the highest affinity for the antigen, a
process commonly referred to as affinity maturation. B cells that express a non-functional
BCR or a low-affinity BCR will undergo programmed cell death, called apoptosis 3. Two-
photon microscopy in mice showed bi-directional migration between the dark and light
zones, suggesting that multiple rounds of proliferation and selection take place '%*. Next to
the FDC, CD40L-expressing T cells present in the light zone also play an important role in
the centrocyte selection. Blocking antibodies against CD40L can disrupt established GC in
mice. Mutations in the genes encoding either CD40 or CD40L result in an immunodeficiency
syndrome called the hyper-IgM syndrome (HIGM 1), which is characterized by the impairment
to switch Ig isotypes, and the absence of GC and memory B-cells .

In addition to SHM, a second IG diversification process takes place: class switch
recombination (CSR). CSR occurs within the GC light zones and involves the coordinated
deletion of /g constant region genes what will result in the expression of a different Ig
isotype. Switching of the constant region alters the effector function of the antibody without
altering its antigenic specificity. The constant region determines the biological activity of
the antibody and determines how antigens are removed from the body. There are several
constant region genes i.e. W, 9, v, € and a encoding IgM, IgD, IgG, IgA and IgE antibodies
respectively, each specialized in the clearance of antigens in specific body compartments.

In short, IgM antibodies form pentamers, are mainly present in the blood and are very
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potent complement activators. IgG antibodies are present in the blood and in the tissues,
can opsonize pathogens and bind Fcy-receptors on phagocytic cells. IgA antibodies are the
principal antibodies present in secretions, like gastro-intestinal fluids and tears. They are
less potent activators of complement or phagocytic cells and function mainly as neutralizing
antibodies. Finally IgE antibodies provide protection against parasitic nematodes, and play
an important role in allergy '. Class switching is initiated by cytokine-induced transcription
of the switch regions that are located upstream of the constant region genes, called sterile or
germline transcription. Germline transcripts are further processed by RNA splicing that fuses
the I exon to the C exon thereby deleting the switch region. Both germline transcription and
the subsequent splicing of the germline transcripts are required for CSR . In vitro analysis
revealed that when transcription of the highly repetitive guanine-rich switch regions occurs,
the transcribed RNA hybridizes with the template DNA to form a stable DNA-RNA hybrid,
termed an R-loop, in which the non-templated DNA strand is looped out as single-stranded
DNA (ssDNA) 3. ssDNA can be targeted by AID, the enzyme essential in both SHM and
CSR (see below) 3*3, Switch regions are rich in RGYW motifs (where R denotes an A or
G, Y denotes an C or T and W denotes an A or an T) which are preferential target sites of
AID*. During CSR double stranded DNA breaks are observed in the switch regions, but how
exactly AID can target the opposing strand to create the double stranded nick is not quite
clear yet 3. Substituting mice switch regions with Xenopus switch regions, which forms
no R-loops, but does contain palindromic AGCT sequences, (a subset of the RGYW motif)
still resulted is CSR in vivo, indicating that CSR can also occur via an R-loop independent
mechanism ¥’. The joining of the two cleaved switch regions is mediated by non-homologous
end joining (NHEJ) and results in looping out of the intervening DNA and the expression of
a different constant region gene *°.
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Figure 2: The germinal centre reaction. The interaction of antigen-specific naive or memory B cells with antigen
specific T-cells can result in either direct differentiation into an IgM-producing plasma cell or the initiation of
the GC reaction. CD77" centroblasts proliferate rapidly within the GC dark zone, thereby pushing aside the naive
B-cells, which then form the GC mantle zone. Within the GC light zone, antigen presented by FDCs (black stars)
and CD40L expressed by T-cells are essential for the process of affinity maturation. Massive apoptosis occurs (small
grey circles). Only the centrocyte that express a high affinity, antibody will differentiate into either a plasma cell of
memory cell. Multiple rounds of proliferation and selection can take place as indicated by the curved arrow. B; B
cell, CB; centroblast, CC; centrocyte, DZ; dark zone, M; memory B cell, MZ; mantle zone, PC; plasma cell, LZ;
light zoneT; T cell.

1.4 Somatic hypermutation

The process of SHM has been shown to exhibit several characteristics *. SHM is restricted to a
1-2kb region downstream of the gV, promoter, which results in the specific targeting of /gl
but protects the constant region. Furthermore, the amount of /gV,, mutations is proportional
to the transcription rate of that locus. SHM occurs at a rate of 10~ mutations per base pair per
cell division and introduces mostly point mutations into the IgV, genes, although insertions
and deletions of single nucleotides have been described as well. Specific motifs in which
mutations occur more often are the RGYW motif or its reverse complement WRCH (where
R denotes an A or G and H denotes an T, C or A) ¥*°. Transitions (purine (G and A) to purine
and pyrimidine (C and T) to pyrimidine) occur twice as frequent as transversions (purine to
pyrimidine and vice versa) and there is a clear strand bias *'. Considerable efforts have been
made to address this issue of targeting of the SHM machinery. Duplication of the Ig promoter
upstream of an /Gk constant region transgene resulted in SHM of this constant region, which
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suggested a role for the promoter in the targeting of the SHM machinery *. In addition,
substitution of the IgV, gene with a variety of sequences all lead to SHM of the sequence
located between the V promoter and an intronic enhancer . However, replacement of the V
promoter by the B-globin promoter still showed mutations in the /gV, gene * indicating that
the targeting does not require sequence specific motifs within the /gV, promotor. Several
papers have outlined the importance of IGH and IGk enhancers for the targeting of the SHM
machinery although the results are conflicting **. In SP6 hybridoma cell lines deletion of the
core Ep enhancer severely diminished SHM, as did deletion of its flanking matrix attachment
regions (MAR). However, deletion of Ep together with its MAR restored SHM, and in Ep
knock-out mice SHM was completely unaffected, which indicates that these elements exert
both positive and negative regulative properties **. Finally with the discovery of the enzyme
AID a new set of data became available. It became clear that overexpression of this enzyme
in B-cells and non B-cells induced SHM in non-Ig genes, suggesting that the targeting of
SHM can occur even without the presence of Ig regulatory elements 354648,

Epigenetic alterations have been implicated in the targeting of SHM as well. Histone
acetylation of the IgV/, region has been described to be correlated with SHM in the Burkitt
lymphoma cell line BL2 #. Contradictory, in vivo experiments using IgH transgenic mice
showed that H3 and H4 acetylation of the endogenous VA gene was similar to that of the CA
gene, both in naive and GC cells. Within the same mouse model phosphorylation of histone
2B tightly correlated with both SHM and CSR *. In addition, methylation of CpG repeats
seemed to protect ssDNA in vitro against AID-mediated deamination 3'.

1.5 Activation-induced cytidine deaminase

In the human genome Aicd is located at 12p13, it is composed of 5 exons and encodes a 24
kD protein that consists of 198 amino acids 2. The AID protein has the highest sequence
homology to the RNA editing enzyme apolipprotein B mRNA editing catalytic polypeptide 1
(APOBEC-1). Based on this homology, several structural and functional domains have been
assigned. The N-terminal part of the protein is composed of a helix domain with a nuclear
localization signal (NLS) *. Although this NLS has not been identified by all groups®,
mutations in this region result in confinement of AID to the cytoplasm and a complete loss
of its function **. The active site of the protein also at N terminal part of the protein, contains
a cytidine deaminase motif ° and the amino acids essential for dimerization of the protein,
which has been shown to be essential for its function *. The C-terminal part of the protein
is composed of an APOBEC-like domain that contains the pseudoactive site and an nuclear
export signal 3, A three dimensional structure of AID is predicted based on crystallographic
analysis of yeast cytosine deaminase D1 but the crystal structure of AID itself is not published
yet 7.
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AID was first identified after subtraction of cDNA libraries from a CSR-induced and non-
induced B-cell lymphoma cell line . Targeted deletion of AID was shown to abolish both
SHM and CSR in mice *°, and gene conversion in chicken . Lack of intact AID expression in
humans leads to the hyper-IgM syndrome 2 (HIGM2), a rare immunodeficiency characterized
by elevated serum IgM levels with absence of IgG, IgA or IgE, the lack of gV, mutations
and an increased susceptibility for infections . Enforced expression of AID in fibroblasts *7
and bacteria * confirmed its essential role in SHM and CSR. Mutations introduced in these in
vitro experiments exhibited the same key features (such as a preference for point mutations,
transitions over transversions, the strand bias and specific targeting of certain nucleotide
motifs) as those found in vivo in mice and men %3547,

In accordance with its function in SHM and CSR, AID is expressed by GC B-cells, but also
by scattered interfollicular large B-cells and single B-cells throughout the T-cell zone and
mantle zones 2. AID expression can be induced in vitro in human B-cells by IL4 and CD40L.
Several transcription factors are now known to regulate the expression of AID, in particular
PAXS and E47 %. A putative enhancer sequence has been described 24 kb 3’ of human Aicd,
which is essential for AID transcription *.

The high sequence homology of AID to the RNA-editing enzyme APOBEC-1 initially led to
the hypothesis that AID is an RNA editing enzyme **. This was supported by the findings that
AID possesses cytidine deamination activity just like APOBEC-1, and that both genes are
closely mapped on human and mice chromosomes. In vitro experiments showed that AID can
bind both RNA and ssDNA 3234656 However, ectopic expression of AID in E. coli induced
widespread mutations and since it is rather unlikely that humans and bacteria share the same
mRNA substrates, AID is now considered to be a DNA mutator “®. Indeed, AID-mediated
mutations are enhanced by a deficiency of uracil DNA glycosylase (UNG), and this has led
to the following DNA deamination model (Figure 2). Deamination of a cytidine by AID turns
it to a U (uracil). Direct replication of the DNA U - G mismatch will lead to C>T or G>A
transitions in 50% of the daughter cells. However, when the U-G mismatch is recognized
by the base-excision repair (BER) system, the uracil will be removed by the enzyme uracil-
DNA glycosylase (UNG). The remaining abasic site will be cleaved by an endonuclease
and normally a C will be reinserted. However, when DNA synthesis occurs, an error prone
polymerase can insert any nucleotide at the abasic site. Alternatively the U-G mismatch can
also be recognized by the mismatch repair (MMR) machinery. A single stranded DNA gap
is then created around the U-G mismatch, followed by “patch” repair by a translesion DNA
polymerase, resulting in A/T biased mismatches in the close vicinity of the previous U-G
mismatch 768,

According to this model, cleavage by the endonuclease may result in (temporary) DNA
breaks. Indeed double stranded DNA breaks (DSB) have been described in RGY W motifs of

16



IgV,, genes in B cells undergoing SHM 7. Of note, DSB have been described with the same
frequency and distribution in AID deficient cells, indicating that these breaks can also occur
independent of the process of SHM 7'
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Figure 3: AID in somatic hypermutation. DNA deamination model according to Neuberger et al "%, AID
deaminates a cytidine to a uracil. When direct replication takes place this will lead to a C>T or G> A transition in
50% of the daughter cells. Excision of the uracil by the BER will lead to unbiased or polymerase biased substitutions
whereas repair by the MMR pathway will lead to mutations of and around the original U/G mismatch. White and
grey rectangles indicate mutated nucleotides. BER; Base excision repair, MMR; mismatch repair, UNG; Uracil
DNA glycosylase, MSH2/MSH6; Mut S homologue 2 and 6.

Analysis of the AID gene of HIGM2 patients and other AID mutants showed that alterations
in the N-terminal region impaired SHM without affecting CSR 7, whereas alterations in
the C-terminal region abrogated CSR while leaving SHM activity intact *. This indicates
that different co-factors are necessary for execution of SHM and CSR. AID from activated
B-cells is phosphorylated by protein kinase A (PKA) and this phosphorylation is essential for
the interaction of AID with the co-factor Replication Protein A (RPA) 7. RPA is a ssDNA-
binding protein involved in DNA replication, recombination and repair ™. Although its
exact role in SHM is not completely clarified, it is hypothesized that the AID-RPA complex
binds to and stabilizes ssSDNA at small transcription bubbles. In addition, RPA may act as a
scaffolding protein for the entry of DNA repair proteins, such as members of the mismatch
repair machinery and BER, like UNG. /n vitro binding studies revealed that in contrast to
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typical transcription bubbles which are 14-17 nucleotides in size, AID binds preferentially
5-9 nucleotide bubbles, such as stem loop bubbles which are created during transcription
or replication of DNA due to local unwinding of the DNA 7. Interestingly, this study also
showed that although the cytidine deaminase event is sequence (WRC) specific, AID itself
binds the ssDNA transcription bubbles irrespective of its sequence, which means there are
other factors involved in the targeting of SHM. Another co-factor that has been described to
interact with AID is MDM2, a ligase that is involved in cytoplasmic p53 degradation, but the

role of this interaction in the process of SHM is not yet entirely understood *.

1.6 Apoptosis

During the GC reaction only B cells expressing high-affinity antibodies that are not self
reactive will be selected to survive. Therefore, the majority of the B-cells will undergo
programmed cell death, also called apoptosis. Apoptosis is executed by the activation of
caspases. There are two major pathways that can activate caspases; the extrinsic and intrinsic
pathway 677,

The extrinsic pathway is induced upon activation of receptors belonging to the TNFR-super
family, such as Fas/CD95. A death inducing signaling complex (DISC) is then formed in
which the adaptor protein Fas-associated-death domain containing protein (FADD) bind to
the CD95 receptor, which causes the aggregation and activation of procaspases 8 or 10.
Signaling via the death receptors can be inhibited by FLICE-inhibitory proteins (FLIP).
Autocatalytic cleavage of procaspase 8 results in activation of effector caspases, which
carry out proteolysis on numerous vital and structural proteins and thus cause the controlled
demolition of the cell. A positive amplification loop is formed by the activation of initiator
caspases by the effector caspases. Caspase 8 can also engage the intrinsic apoptosis pathway
by activating the pro-apoptotic BH3-interacting-domain death agonist (BID)™.

Cytokine deprivation, hypoxia, DNA damage and cytotoxic drugs induce apoptosis via the
intrinsic pathway, also called the mitochondrial pathway. Both pro-and anti-apoptotic BCL2
family members control the release of mitochondrial cytochrome ¢ via proapoptotic BCL2
associated X protein (BAX)- and BCL2 antagonist/killer (BAK)— mediated disruption of the
mitochondrial membrane. Cytochrome C binds to the scaffolding protein apoptotic protease-
activating factor 1 (APAF-1). Binding of caspase 9 to Apaf-1 oligomers result in the formation
of the apoptosome and this will activate the effector caspases, again leading to cell death.
Crucial in the regulation of the intrinsic pathway are the BCL2 family members, which can
be recognized by their BCL2 homology (BH) domains. Based on their structure and function
three BCL2 subfamilies can be identified. The anti-apoptotic BCL2 family members, like
BCL2, BCL-xL, BCL-w, Mcll and A1/Bfi-1, the pro-apoptotic BAX/BAK-like proteins such
as BAX, BAK, BCL-xs and BOK and the pro-apoptotic BH3-only family members like Bad,

18



Bik, Bid, Bim, Hrk, Noxa and Puma. The BH3-only proteins exert their function by binding to
the anti-apoptotic BCL2-like proteins and require members of the BAX/BAK like subgroup
to trigger apoptosis. However, it is as yet not entirely understood how the interaction between
the BCL2-like proteins, the BAK/BAX like proteins and the BH3-only proteins control cell
death 7. Another group of proteins that regulate apoptosis are the inhibitors of apoptosis
(IAP), including XIAP, IAP1, IAP2, Survivin and Livin. These anti-apoptotic proteins act
downstream of the mitochondria by binding to caspases as competitive inhibitors. IAPs are
neutralized by mitochondrial proteins which can bind and sequester them .

Germinal centre B-cells express high levels of the apoptogenic CD95, Bax, the BH3-only
gene BIK and the proto-oncogene p53 %882, Tn addition, despite the CD40 stimulation within
the GC microenvironment, microarray analysis showed a lack of a NF«B signature 8% in
combination with absence of the anti-apoptotic proteins BCL2 and TOSO . Altogether GC
B-cells show a gene expression profile in favor of apoptosis. In addition, immunoprecipitation
of freshly isolated GC B cells showed the presence of a preformed DISC complex which
included FAS, FADD and pro-caspase 8. However, FAS-mediated apoptosis is thought to
be prevented by the simultancous presence of anti-apoptogenic caspase 8 inhibitor ¢-FLIP,
in this complex %. In vitro culturing of unstimulated GC B cells result in the rapid decay of
¢-FLIP, and the induction of apoptosis. This can be cou