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I Abstract  

The predominant allergy type I (hypersensitivity reaction type I) poses an increasing health issue 

in industrialized countries over the last decades. A key mediator in the pathogenesis of 

hypersensitivity or allergic diseases is IgE and its interaction with the IgE-specific FcεRI. This 

makes IgE a promising target for the treatment of allergic disorders. Currently, immunotherapies 

of patients with severe allergies are based on neutralizing soluble IgE, which inhibits the IgE-

FcεRI association. This strategy, however, does not target IgE that is already bound, which is why 

the therapy has to be performed on a regular basis. Therefore, studies about IgE synthesis and 

its regulation are of great importance. In vivo studies of the biology of IgE, however, are difficult 

not only because of the scarcity of IgE+ B cells but also due to the difficulty to identify IgE+ B 

cells, since serum IgE also binds to FcεRs expressed on all B cells. The development of 

transgenic mouse models in the last decade, though, enabled the identification of mIgE-

expressing B cells and their further functional analysis. By analyzing murine and human mIgE-

BCRs in B cell lines, this thesis focused on its interaction with the B cell co-receptor CD19 and 

the IgE-specific receptor CD23.  

 

Previous studies, using murine in vitro B cell models, proposed that the murine mIgE-BCR 

appears to regulate the terminal differentiation of IgE-switched B cells into plasma cells in an 

autonomous way. In particular, CD19 appeared to play an essential role in this context, which 

implied a direct interaction with the murine mIgE-BCR. The first task of this thesis was to test this 

interaction. Despite the application of exactly the same affinity-purification approach, which was 

the base for the reported mIgE-CD19 interaction, such receptor interaction could not be revealed. 

The same could be observed through a more specified approach. The data presented herein hint 

to unspecific interactions between the used affinity-matrix and CD19, which might have falsified 

the reported interaction. Alternatively, the interaction between murine mIgE and CD19 may 

require additional, unknown intermediates not expressed in my cellular model system.  

 

Studies about the regulation of IgE are essential especially in regard to the potentially life-

threatening impact of IgE in anaphylactic reactions. A crucial factor in the regulation of IgE 

expression is CD23, as studies on transgenic mouse models lacking or overexpressing CD23 

have shown. This study reveals an association between the human mIgE-BCR isoforms and 

CD23, which appears to significantly inhibit the surface expression of the mIgE isoform, mIgE-S. 

In particular, basis for the inefficient surface expression of mIgE-S appears to be an impaired 

assembly of the Igα/Igβ heterodimer with mIgE as a result from the mIgE-CD23 assocation. The 

reduced surface expression of mIgE-BCR was accompanied by significantly hampered Ca
2+

 

signaling, observed in co-expression of CD23. Similar observations could be made in a human B 

cell model, expressing IgE in more physiological amounts by using its endogenous IgE heavy 

chain promotor. 



Introduction 

 
8 

 

II Introduction 

II.1 The Immune system at a glance 

During the immune system of vertebrates has developed to a complex defense system that 

provides reliable protection of the host from a variety of pathogens in the environment. 

Pathogenic microbes themselves are constantly evolving and threaten the host with a broad 

range of pathologic mechanisms [1]. Thus, a multitude of defense mechanisms is needed to 

efficiently recognize and eliminate such invading organisms. These mechanisms are based 

on a broad range of innate and adaptive defense reactions. Their common feature is the 

discrimination between self and nonself, which is essential for the subsequent elimination of 

the respective pathogen without injuring own tissue, also referred to as self-tolerance [1],[2]. 

Any failure in this ability can result in variants of autoimmune diseases, a subject that has 

been extensively worked on over the past decades. Thus, the innate as well as the adaptive 

immune system have developed specific procedures to avoid false reactions against the 

host’s own cells and tissues [3].       

 

 The innate immune system II.1.1

When it comes to host-pathogen interaction it is the innate immune system that is the earliest 

and most prevailing defense against pathogens [4]. It comprises physical barriers to provide 

an effective immune border between the internal and external environment. Such barriers are 

the epidermal surface of the skin with its sweat and sebaceous glands as well as the 

lysozyme rich saliva in the oral cavity. Additionally, the secreted mucus overlaying the 

epithelium in the respiratory and gastrointestinal tract, reproductive tract as well as the ears 

and nose traps dirt particles and microorganisms and support their removal [5].  

Besides the physical barrier there are also effective defenses built up by a variety of proteins. 

These may be either soluble and permanently expressed in endogenous fluids like 

complement proteins, defensins or ficolins [6],[7],[8]. Alternatively, they may be released by 

cells upon activation (e.g. cytokines and chemokines) which induce the inflammation and 

attract leukocytes to the site of infection [3],[4].  

An essential property of the innate immune system is the recognition and binding of 

pathogen typical patterns also referred to as pathogen-associated molecular patterns 

(PAMPs) [9]. These are, for instance, bacterial and fungal cell-wall structures like 

lipopolysaccharides (LPS), glycolipids, peptidoglycan (PGN), lipoteichoic acids (LTA) 

[10],[11] or viral nucleic acids [12]. The detection of PAMPs is mediated by pattern-

recognition receptors (PRRs) that are encoded in the host’s germline DNA. They are present 

on a large variety of cells and induce inflammatory responses as part of the innate but also 

adaptive host defense [2],[13],[14],[12]. Due to this dominant presence, an immediate 
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defense reaction can be initiated by the innate immune system after the encounter of 

infiltrating pathogens [3].  

 

 The Adaptive Immunity   II.1.2

In contrast to the innate immune system, the adaptive immune system has developed a high 

specificity for individual pathogenic molecules, collectively termed antigens. Main cellular 

components of the adaptive immune system are lymphocytes, which can be separated into 

two main lineages. T lymphocytes, whose maturation site is the thymus [15],[16], and B 

lymphocytes, which emerge in the bone marrow from hematopoietic stem cells and constitute 

the source of antibody producing plasma cells [17]. After completion of their developing 

processes in the primary lymphoid organs, i.e. the thymus and bone marrow, B  and T cells 

migrate to secondary lymphoid organs like the lymph nodes or the spleen, where the actual 

adaptive immune reactions take place [18]. Antigens, either circulating or bound by antigen - 

presenting cells (APC), are gathered there and recognized by the B and T cells. The antigen 

identification is based on antigen-specific receptors found on the cell surface of lymphocytes 

known as T cell and B cell antigen receptors, respectively [3],[17]. They are the result of a 

precise selection from a large array of germline - encoded gene elements that have 

undergone rearrangement processes upon antigen encounter. This assembly of individual 

antigen receptors facilitates the setup of a broad and highly specific antigen repertoire [19].  

 

Upon antigen encounter, B and T cells become activated and subsequently can differentiate 

to effector cells: B lymphocytes differentiate to antibody producing cells, called plasma cells, 

whereas T lymphocytes form subsets with regulatory or cytotoxic functions [15],[20]. 

Eventually, the effector T cells enter the circulation to reach the site of infection and 

implement their effector functions. The lymphocyte trafficking is enabled by a repertoire of 

chemokines and adhesion molecules [15], [21]. An exceptional feature of the adaptive 

immune system is its capability to develop an immunologic memory for pathogens that 

persists even after the pathogen has been cleared. This immunological memory is 

maintained by so-called memory lymphocytes, which develop in a primary response and 

subsequently remain in an inert state, ready to get re-activated after the reencounter of the 

same pathogen. This immunologic memory allows a more efficient defense in the event of re-

infection with recurrent pathogens [18],[22],[23].  

 

The innate and adaptive immune systems are considered to be the two separate branches of 

the general, host’s immune defense. However, it is their complementary interplay which 

results in an effective pathogen defense. The innate immune system as the first barrier 
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provides immediate defense measures against pathogenic agents, which are resumed after 

several days of clonal expansion of antigen specific B and T cells by the adaptive immune 

system [1],[3].  

 

II.2 The little cosmos of B lymphocytes  

 The discovery of Immunoglobulins and B Lymphocytes II.2.1

Since their discovery in the mid-1960s to early 1970s [24], [25], [26] , B lymphocytes have 

inspired and challenged the intellectual and experimental skills of natural scientists. B cells, 

also known as bursal or bone marrow derived lymphocytes can be defined as a cell 

population with a huge diversity of pathogen-specific antigen-receptors on their surface. In 

fact, their evolutionary history can be retraced back to the beginning of the development of 

the adaptive immune system in vertebrates, more than 500 million years ago [27],[28]. 

Behring and Kitasato et al. were the first to detect antitoxins (later known as 

Immunoglobulins) against diphtheria and tetanus [29]. It was the electrophoretic analysis of 

serum globulin [30] and the subsequent identification of antibodies as γ-globulins that 

marked the first milestone on the path of discovering antibody producing plasma cells [25]. 

This was further verified by Coons et al. [26] using immuno-fluorescence microscopy. At that 

point, the discovery of B lymphocytes was practically inevitable, resulting primarily from the 

almost coincidental discovery of the immunoglobulins (Igs). 

By applying innovative approaches for cell surfaces analysis or animal model systems M. 

Cooper and R. Good were the first to discover T and B lymphocytes simultaneously [24], 

[25], [26]. Both identified the chicken bursa and the thymus as essential sources for the 

immunologic competence of two distinct cell populations (i.e. T and B cells) of the adaptive 

immune defense. Shortly after, studies were published that elucidated the circumstances for 

B cell differentiation to antibody producing plasma cells [30], [31], [32].  

The structure and function of Igs have been investigated for more than a century. In general, 

Igs include two functions: first, they serve as cell-surface receptors for antigens on B cells, 

enabling cell survival, -signaling and –activation. Second, they exist as soluble molecules 

that can specifically recognize and bind an unlimited range of antigens. This capability of Igs 

to recognize individual antigen structures is based on a variety of complex processes, which 

modify or rearrange the DNA of developing B lymphocytes, a process termed somatic 

recombination or V(D)J recombination [33]. 
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 V(D)J-Recombination and Class - Switch - Recombination  II.2.2

About 15% of the leukocytes in the peripheral blood are B cells, which are characterized by 

the production of antigen-binding proteins i.e. Igs [3]. Typically, Igs have a heterodimeric 

structure and consist of two identical heavy (IgH) and two identical light (IgL) chains. The IgL 

locus encodes for both a κ or λ light chain, whereas the expressed IgL chain only expresses 

either chain type. The IgH and IgL chains can be further divided into a N-terminal variable (V) 

domain and a C-terminal constant (C) region [34].  

Main function of the V domains of both IgH and IgL chains is the recognition and binding of 

antigens. The adaptability of the Ig V domains to the various antigen structures is based on a 

gene rearrangement process called V(D)J-recombination [35]. From the genetic point of 

view, the V domains of the IgH locus are composed of V(variable), D(diversity) and J(joining) 

gene segments, whereas the V domains of the IgL locus are only encoded by V and J 

segments. These gene segments exist as multiple copies on the chromosome and their 

incidental recombination to complete VDJ-segments (or VJ-segments respectively) is the 

basis for the huge repertoire of antigen specificities in Igs.  

The V domains further contain three sequences of high variability; the so-called 

complementary-determining regions (CDRs), where these targeted mutation processes take 

place. Usually, the CDRs of the IgH and IgL form the antigen-binding portion and differ 

among Igs [33]. 

 

The C domains of the IgH chain determine the Ig specific effector functions like e.g. the 

interaction with Ig-specific receptors. In the mammalian IgH locus, the CH regions are 

encoded by various exon clusters located downstream of the V domain coding segments in 

the order Cμ, Cδ, Cγ, Cε and Cα (Fig. 1, upper panel) [32], These segments represent five 

distinct Ig isotypes: IgM, IgD, IgG, IgE and IgA [36] [37] [33]. Each of the indicated Ig variants 

has its own specific effector functions. Upon the first antigen-encounter, B cells mainly react 

with the production of IgM, which is important to combat the pathogen. In order to enable the 

immune system to accomplish defense responses, which are more specific for a pathogen, 

Ig class-switching recombination (CSR) takes place (Fig.1). This molecular process results in 

class-switching to a different Ig isotype. CSR is initiated by the enzyme activation-induced 

cytidine deaminase (AID), which is exclusively expressed in antigen-activated B cells 

[36],[31],[38],[37]. The AID is a single strand DNA (ssDNA) specific cytidine deaminase and 

belongs to the RNA/DNA editing enzyme family APOBEC. It converts cytosine (C) to uracil 

(U) by deamination [31],[39],[37]. This deamination reaction occurs at highly repetitive, GC-

rich DNA segments, so-called switch (S) regions that are located upstream (2-10 kb) of each 

CH gene segment (except for Cδ, that directly adjoins Cμ) [37].  
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The Cytosine deamination is recognized as base damage or U:G mismatch, therefore 

inducing either a base excision repair (BER) or a mismatch repair (MMR) process [36],[31]. 

During these repair mechanisms, double strand breaks are introduced between the S regions 

of Cμ and another selected CH segment (Cγ, Cε or Cα). This is followed by the excision of 

intervening segments and NHEJ of the two target S regions, resulting in a “switch” of the 

expressed Ig isotype [31],[40],[41]. 

 

 

 

 

In summary, V(D)J recombination and CSR both represent highly specific recombination 

processes, that extend the repertoire of Ig effector functions with enhanced antigen-

specificities and -affinities and therefore increase the efficiency of the immune response 

[31],[40].  

 

 

 The B cell antigen receptor and its antigen-induced signaling II.2.3

Igs also exist in a membrane-bound form (mIg) on the surface of B cells and serve as an 

indispensable part of the B cell antigen receptor (BCR), which ensures the positive selection 

of developing B cells as well as the survival and activation  of mature B cells [42] [43] [44]. 

The existence of Igs as membrane anchored antitoxins had already been proposed by P. 

Ehrlich more than a hundred years ago [45],[46]. Referring to the findings of Behring and 

Kitasato et al. [29], he suggested that these antitoxins could be ascribed to cells carrying 

receptors specific for toxic antigens. He assumed that, upon binding to antigens, these cells 

Figure 1: Schematic illustration of immunoglobulin class switch recombination (CSR) to the ε locus 

DNA repair mechanisms are induced by introduction of base pair mismatches in the switch regions of the µ 
locus and ε  locus by AID. These events culminate in double strand breaks followed by excision of intervening 
segments and non-homologous end-joining (NHEJ) of the two target switch regions. (adapted from [185]) 
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would produce more of these antitoxins carrying the same antigen specificity as the 

receptors on the respective cell [47] [41]. This idea was also addressed by Burnet in his 

clonal selection theory [48].  

According to the prevalent model, the BCR is defined as a symmetric transmembrane 

multiprotein complex. It contains a mIg molecule that is non-covalently associated to a 

heterodimer of two subunits Igα and Igβ (also referred to as CD79a and CD79b) via its 

membrane – proximal CH domain and its transmembrane (TM) domain[49] [50] [43]. This is 

also important for the efficient transport of the BCR complex from the endoplasmic reticulum 

(ER) to the cell surface [50] [44] [51] [52]. B cells carry BCRs on their cell surfaces that 

recognize and bind the respective antigens subsequently inducing intracellular signaling 

pathways. How antigen-binding actually initiates these processes is still being discussed [53]. 

The cross-linking model (CLM) served as an initial explanation. According to this model, the 

BCRs are distributed as monomers on the surface on resting B cells and are cross-linked by 

multivalent antigens. This would lead to the activation of intracellular signaling pathways [54]. 

Yang and Reth however reported about an intrinsic ability of the BCR to form oligomers on 

the surface of resting B cells and that their opening to monomers resulted in B cell activation 

[55] [56]. Based on these observations, Yang and Reth proposed the dissociation activation 

model. Results gained with various methods like super resolution microscopy or Fab-based 

proximity ligation assay (Fab-PLA) supported this hypothesis [57],[58].  

 

Whereas antigens are bound by the V domains of the BCR, the Igα/Igβ-heterodimer acts as 

an essential signaling subunit and initiates the subsequent intracellular pathways upon 

antigen-binding [39] [51] [59]. The cytoplasmic tail of Igα as well as Igβ contains an 

immunoreceptor tyrosine based activation motif (ITAM) with the consensus sequence 

D/ExxD/Ex7YxxI/Lx7YxxI/L that plays an important role for BCR signaling [60] [61]. Profound 

analysis has shown that this motif is interacting with various signaling components [42] [62] 

[63]. The encounter and specific binding of an antigen by the BCRs lead to the activation of 

protein tyrosine kinases (PTKs) like the Src kinase Lyn and the spleen tyrosine kinase Syk. 

Lyn is responsible for the phosphorylation of the tyrosine residues of the ITAMs, which then 

form docking sites for the SH2 domains of Syk [64],[65]. This leads to Syk’s subsequent 

recruitment to the BCR [53],[66],[67],[68]. Upon Syks’ phosphorylation, it recruits the adapter 

protein SLP-65, also referred to as BLNK [66] [67] [69]. This, in turn induces the formation of 

the calcium Ca2+ initiation complex consisting of Bruton’s tyrosine kinase (BTK) and 

phospholipase C-γ2 (PLCγ) [70]. Once activated PLCγ cleaves phosphatidylinositol-4, 5-

bisphosphate (PIP2) into the second messengers inositol-1,4,5-trisphosphate (IP3) and 

membrane-bound diacylglycerol (DAG). By binding of the IP3 receptor (IP3R) in the ER, IP3 

mediates the Ca2+ discharge into the cytosol. This leads to a rapid increase of the Ca2+ 
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concentration in the intracellular compartment and its binding to Calmodulin. Ca2+-bound 

Calmodulin subsequently activates the phosphatase Calcineurin that dephosphorylates and 

therefore activates the transcription factor NFAT. Eventually, NFAT enters the nucleus 

inducing B cell activation and differentiation [71] [72] [53]. In contrast, the second messenger 

DAG remains at the plasma membrane and directly interacts with Ras guanine nucleotide 

release protein (RasGRP). Consequently, this leads to the activation of the ERK/MAPK 

pathway that induces several downstream signaling processes ending in the activation of 

another essential transcription factor nuclear factor kappa of activated B-cell (NF-κB). NF-κB 

subsequently translocates to the nucleus inducing the expression of BCL-2 or Cyclin D and 

contributing to the survival and proliferation of the cell [73] [74] [75].   

Beside the described pathways, the network of all BCR signaling pathways comprises 

numerous other sub-processes that contribute to survival, cell death, proliferation or 

differentiation [56] [57] [76]. 

 

 Examples of BCR co-receptors and their impact on the BCR signaling II.2.4

Antigen-binding alone is not sufficient to induce B cell signaling. A combination of positive 

regulators, i.e. co-receptors such as CD19 or CD21 [77] [78] [79] and costimulatory receptors 

such as CD40, is required [80] [81].  

CD19 is a B cell specific co-receptor that is expressed by B cells in various developmental 

stages and amplifies BCR signaling [27],[82]. For instance, cross-linking of CD19 with the 

BCR reduces the internalization of the BCR, which happens upon antigen uptake and B cell 

activation, and therefore reduces the BCR activation threshold [83] [84] [85]. This property 

could also be observed for CD19 when forming a multi-protein complex together with the 

complement receptor CD21 (CR2) and CD81 in the plasma membrane of B cells. This BCR 

co-receptor complex binds and responds to complement-tagged antigens, which has been 

shown to significantly enhance the BCR signaling [86] [85]. CD19 is the primary signaling 

component in this complex: it is phosphorylated and functions as an adapter protein 

recruiting effector molecules like Lyn and phosphoinositide-3 kinase (PI3K) [86] [75] [79] [87]. 

Moreover, analysis of CD19 deficient murine B cells showed a defective immune response to 

membrane-bound antigens and an impaired antibody production. This observation 

highlighted the importance of CD19 for B cell function [88].  

Other co-stimulatory signals originate from the CD40 receptor that is expressed on the B cell 

surface. Its engagement with the CD40 ligand (CD40L), expressed on activated CD4 T cells, 

provides fundamental signals for the initiation of subsequent responses of B cells most 

protein antigens [81] [80].   
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 Plasma-cell differentiation and antibody production  II.2.5

The majority of B cells circulate through the lymphatic system where they encounter antigens 

and become activated as the result of a combination of signals as outlined above. Upon 

activation, B cells can develop in two ways: either, they start to proliferate and develop into 

short-lived plasma cells that produce low-affinity antibodies, which are mostly of the isotype 

IgM, Alternatively, a fraction of the activated B cells enter lymphoid follicles of the spleen and 

lymph nodes and generate so called germinal centers (GC) [17] [27]. A GC is a transient 

microenvironment and is the main site where the humoral immune response occurs, that is, 

for instance, the constant increase of the Ig antigen specificity and affinity [89]. Those B cells 

develop into long-living antibody secreting plasma cells and memory B cells that maintain the 

protection against pathogens and also extend the antigen affinity of antibodies upon 

reinfection [90] [89] [91].  

A process taking place in the GC is the CSR, which changes the production of IgM to other 

isotypes like IgG, IgE and IgA. Thus, this process enables an adaption of the Ig effector 

functions that are needed to eliminate the respective pathogen [92] [41]. For instance, IgG – 

as the predominant Ig isotype in the organism with the longest serum half-life among all Ig 

isotypes – performs essential tasks like the antibody-dependent cellular cytotoxicity (ADCC) 

during which IgG-coated antigens activate effector cells such as natural killer (NK) cells or 

monocytes. These cell types are responsible for the elimination of the IgG-bound targets. 

IgA is mainly found in the mucosal tissue and its secretions. Its main function is the 

protection of this tissue segment from toxins, viruses and bacteria [93] [87] [94]. IgE, in 

contrast, shows the lowest serum concentration and the shortest half-life. Due to the low 

quantity of IgE+ B cells in the circulation it is still challenging to analyze and visualize them, 

which is the reason why some of their cell-typical properties are still subject for research.  

 

 The discovery of the 5th Ig isotype and its role in allergy II.2.6

C. Prausnitz and H. Küstner have first reported about the passive transfer of allergen-specific 

response in the skin via serum [95] [96]. Subsequently, K. Ishizaka, G. Johnsson and H. 

Bennich identified the allergy-responsible molecule in the late 60s as the 5th Ig isotype, IgE 

[97] [98]. From all known Ig classes, IgE is the least abundant one and is tightly regulated. Its 

average serum concentration is 50-200ng/ml and the serum half-life is about 2 days in 

humans (for comparison: IgG and IgA have a serum concentration of about 3-10 mg/ml on 

average with a serum half-life of 3 weeks for IgG and 6 days for IgA) [99] [100] [101]. In fact, 

the minute quantity of serum IgE reflects the amount of B cells, which have undergone the 

class switching to the Ig ε – HC locus.  
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Compared to other Igs, IgE is mainly restricted to tissues of the mucosa, alveoli or the 

gastrointestinal tract. It is likely that IgE has evolved in order to contribute to the first immune 

defense against parasitic infections like helminths or ambient substances such as venoms or 

toxins. Today IgE is best known for its role as a key mediator in the pathogenesis of 

hypersensitivity or allergic diseases (such as asthma or atopic dermatitis), especially with 

regard to the dramatic increase of allergic diseases over the last decades [102] [99] [103]. An 

IgE-mediated allergic reaction is complex and involves various cell types, different molecules 

and inflammatory mediators [104]. In regards to the first encounter of an allergen, activated B 

cells undergo CSR to IgE and develop to IgE-secreting plasma cells. Subsequently, the 

majority of secreted IgE is irreversibly bound to the high-affinity IgE-specific receptor FcεRI 

that is constitutively expressed on mast cells and basophils. In contrast to soluble IgE, FcεRI-

bound IgE can persist for several weeks or months, which results in the sensitization of mast 

cells and basophiles [101] [105]. Upon second encounter of the same allergens the IgE-

FcεRI complex binds to them, leading to mast cell activation. This quickly culminates in the 

degranulation of highly inflammatory mediators such as histamine and the de novo 

syntheses of other allergic mediators like leukotriene and prostaglandin. These mediators are 

responsible for immediate allergy symptoms [99] [104] [106].  

Regarding the essential role of the IgE-FcεRI complex in mediating allergic responses, IgE 

represents a promising target for the treatment of allergic disorders. For quite some time, the 

only therapy against such diseases was the treatment with anti-histamines or cortisol, since it 

was difficult to identify therapeutics that could block IgE effects [96] [52] [107]. In vivo studies 

of IgE production and regulation were hampered not only because of the scarcity of IgE+ B 

cells and plasma cells but also because of the difficulty to identify IgE+ B cells, since serum 

IgE also binds to FcεRs expressed on all B cells [100]. To find suitable methods for the 

treatment of severe allergic disorders, the focus was on the neutralization of soluble IgE. This 

resulted in the clinical development of monoclonal humanized anti-IgE antibodies like 

Omalizumab [99] that binds and neutralizes serum IgE with high affinity and thus inhibits its 

interaction with FcεRI. To date, Omalizumab is applied in cases of allergic asthma and 

chronic spontaneous urticaria [108] [109] [107] [110].                                                                             

While soluble IgE attracted more attention over the last decades, not in the least because of 

its central role in allergic disorders, many functions of the membrane-bound form of IgE 

(mIgE) still need further research.   
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 The obscure IgE-switched B cell II.2.7

The mIgE shows a molecular structure similar to other mIg isotypes and is part of the BCR 

complex together with the signaling subunits Igα and Igβ on the B cell surface [102] [44] 

[111]. In contrast to its soluble form, mIgE consists of two to three additional structural 

elements encoded by two additional exons termed M1 and M2. The transmembrane domain 

is stabilizing the receptor and is involved in the interaction with Igα/β. Of note is also the 

cytoplasmic domain and the extracellular membrane-proximal domain (EMPD) consisting of 

52 amino acids and located between the transmembrane domain and the last constant Ig 

domain (CH4) [102]. The human mIgE-BCR, unlike the murine one, is expressed in two 

isoforms (Fig. 2)  that result of alternative splicing events in the penultimate M1 exon in the ε 

heavy chain transcript [112] [113] [114]. The main difference between these two isoforms is 

the presence of the EMPD [115]. The resulting mIgE isoforms are referred below as the long 

(EMPD+) mIgE (mIgE-L) and short (EMPD-) mIgE (mIgE-S). The reasons for the benefits of 

two mIgE isoforms in the human organism are still unclear. For instance, Zhang et al. [112] 

and Peng et al. [113] reported a greater expression of mIgE-L in IgE+ B cells, whereas 

Vanshylla et al. [116] described a greater abundancy of mIgE-S in comparison to the long 

isoform. In addition, according to the latter paper, the EMPD functions as an ER retention 

domain, restricting the surface expression of mIgE-L BCR in human B cells. Furthermore, the 

EMPD appears to function as a receptor intrinsic inhibitory domain that additionally hampers 

the intracellular signaling capacity of mIgE-L [116].  

 

 

 

Figure 2: Model of the mouse and human mature IgE transcripts 

The ε locus comprises four exons, each encoding an Ig-like domain. The transmembrane domain, the EMPD 
and the cytoplasmic tail are encoded by the two membrane (M1+ M2) exons. The M1 exon in humans carries 
additional 5′ DNA sequences (M1′) that encode for 52 extra amino acids in the EMPD. Alternative splicing 
events in this region result in a short or long EMPD, while mouse IgE has only a short EMPD. mIgE and 
secreted IgE are generated through the use of different polyadenylation sites (A) and alternative splicing. The 
internal polyadenylation site for secreted IgE has a consensus signal, while three atypical polyadenylation 
sites are located downstream of the M exons. Inefficiency in 3′ polyadenylation leads to preferential production 
of soluble IgE in IgE B cells. Eµ: enhancer of IgM; Sμ(γ1)ε and Sμ(γ)ε : switch (S) regions of the IgM, IgG or 
IgE gene locus ; (adapted from He et al. 2015) 
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The expression of IgE requires previous CSR to the ε locus. The switching to IgE happens 

during T cell-dependent immune responses and requires the cytokines IL-4 and IL-13 as well 

as CD40 [117]. IL-4 and IL-13 act through transcription factors like the signal transducer and 

activator of transcription 6 (STAT 6), which synergizes via the transcription factor NF-κB and 

promotes the Cε germline transcription [118] [119] [117]. Also the ligand for CD40 (CD40L), 

which is transiently expressed on antigen-stimulated T cells promotes the IgE class switching 

through NF-κB [120] . 

However, how class switching to IgE occurs is still a subject of in-depth discussions. 

Currently, there are two pathways of CSR to IgE proposed in literature: the “direct” switching 

from IgM to IgE and the “sequential” or indirect pathway occurring from IgM to an IgG1 

intermediate and eventually to IgE [117] [100]. Both pathways have been reported and 

discussed by several groups, but details regarding direct and indirect switching of the IgE 

isotype are not clear yet [121] [122] [123] [124]. For instance, according to Talay et al. [125], 

serum IgE originates from both IgE+ memory cells that develop into plasma cells and IgG1+ 

memory B cells, which undergo sequential CSR first, before differentiating to plasma cells. 

Similar findings were reported by He et al. [123]: IgE+ GC B cells develop from direct 

switching, whereas IgE+ plasma cells originate from sequential switching. Another hypothesis 

was presented by Erazo et al. [124]: studying immunized mice, they suggest that direct 

switching to IgE is connected to a very short GC phase with barely any interaction with the T-

cell zone. The latter one is important for the support of B cell maturation and Ig affinity 

maturation. These switched IgE+ B cells differentiate into plasma cells and rapidly leave the 

GC, displaying a minimal level of mutation with low allergen affinity. In contrast, the 

production of high-affinity IgE can be attributed to indirect switching through high-affinity 

IgG1+ cells, which have already undergone affinity maturation in the GC [124] [126].  

Whether a B cell switches directly or sequentially to IgE might be influenced by several 

factors [100]. For instance, the IgE switch region (Sε) is the shortest Ig switch region with the 

fewest nucleotide repeats [127] [128]. These usually form target motifs for the AID. The low 

number of these repeats likely hampers the binding of AID necessary for the induction of 

CSR [129] [32] [128]. For instance, Misaghi et al [130] could show that the replacement of 

the core Sε region by the larger Sµ region in mice resulted in an increased IgE production. 

This might be due to a preferential direct class switching to IgE rather than to IgG1. How the 

length of the Sε region exactly impacts direct class switching to IgE in physiological 

conditions remains to be clarified. Additionally, Sε is more distant from Sμ than Sγ1, which 

results in a more likely recombination with the Sγ1 than with the Sε [128]. Hence, the size, 

the sequence as well as the accessibility of the switch regions might have an important 

impact on how or whether IgE class switching occurs.  

 



Introduction 

 
19 

 

 mIgE as a critical mediator of IgE-responses in vivo II.2.8

The scarcity of IgE+ B cells made the functional analysis of this cell population challenging. 

However, the development of genetic mouse models in the last decade enabled their 

identification and further functional analysis [122]. In this context, it was reported that the 

selective deletion or alteration of mIgE domains like the transmembrane- or cytoplasmic 

domain results in a widely deficient production of serum IgE in vivo. This further, emphasizes 

the importance of mIgE surface expression in primary IgE responses [100] [121]. Two other 

studies, using a murine in vitro B cell model, showed that the murine mIgE-BCR appears to 

regulate the terminal differentiation fate of IgE-switched B cells to antibody producing plasma 

cells in an antigen-independent or autonomous way [131] [132]. Among the various BCR 

signaling adapter molecules examined, CD19 stood out as essential, since the antigen-

independent plasma cell differentiation was completely abrogated in CD19 deficient B cells in 

vitro [131]. Additionally, Haniuda et al. [133] observed an abundant co-purification of mIgE 

with CD19 in contrast to mIgM or mIgG1. This suggests a direct interaction between CD19 

and the murine mIgE-BCR, through which CD19 is being recruited to activate the 

downstream signaling of the mlgE-BCR. This process finally facilitates plasma cell 

differentiation.   

Notably, it remains unclear whether the human mIgE orthologue possesses a similar 

autonomous signaling activity. Currently, no data suggesting the opposite, exits.  

In summary, these studies reveal that the mIgE-BCR is an essential determinant in the 

differentiation fate of IgE-switched B cells and the production of soluble IgE. With regard to 

its role in hypersensitivity reactions it appears reasonable to assume that the mIgE 

expression might be tightly regulated. The low-affinity IgE-specific receptor, also referred to 

as FcεRII or CD23, takes part in such regulatory processes. Further details regarding its role 

in the regulation of IgE will follow. 

 

 Principles of the IgE-specific Receptor CD23 II.2.9

FcεRII or CD23 is an IgE-specific receptor and was first discovered in B cells [103]. 

Membrane-bound CD23 is a type II trans-membrane glycoprotein. The CD23 structure 

consists of three identical, extracellular, C-type lectin-like, IgE-binding “head” domains that 

are connected to a glycosylated coiled-coil stalk, followed by a short trans-membrane domain 

and ending in a N-terminal cytoplasmic domain [102] [103] [132]. Human and murine CD23 

exists in two isoforms CD23a and CD23b that are the result of alternative splicing events due 

to two transcription initiation sites in the CD23 gene and only differ in the first 6-7 N-terminal 

amino acids in the cytoplasmic domain [103] [134] [135]. In humans, CD23a is constitutively 

expressed on B cells [103] [136] [132], whereas in mice this isoform can also be found on 



Introduction 

 
20 

 

Follicular Dendritic Cells (FDCs) [137] [138]. In contrast to CD23a, the CD23b expression is 

usually upregulated by stimuli like IL-4 and IL-13 or the engagement of CD40 in B cells[137] 

[139] [140]. CD23b is expressed in FDCs or gut epithelial cells in mice and on a variety of 

hematopoietic cells like monocytes or eosinophils in humans [136].  

It is reported that both isoforms seem to have different functions: CD23a is involved in cell 

survival and endocytosis of IgE-immune complexes (IC) and facilitates the presentation of 

allergen fragments to T-cells in vivo and in vitro. Functions of CD23b include IgE-mediated 

phagocytosis and regulation of cell proliferation [132] [141] [135].  

Besides its expression on the cell surface fragments of CD23 are released into the circulation 

as soluble, IgE-binding proteins of different size and oligomeric state by proteolytic cleavage 

in the stalk of CD23. For this to occur, proteolytic activity is needed, originating from the 

disintegrin and metalloproteinase 10 (ADAM10) [142] [143] [144]. Its necessity for the 

cleavage of CD23 became apparent in human and murine B cell lines that were unable to 

express ADAM10. Accordingly, these cells exhibited an abrogated release of CD23 

[144],[145],[146].  

Compared to FcεRI, CD23 is often referred to as the “low-affinity” receptor, since its affinity 

for IgE is much lower [147] [148]. However, CD23 is a homotrimer and therefore can 

enhance the IgE-affinity to a level comparable to that of FcεRI [132] [149] [150]. The induced 

signaling processes, upon ligand-binding to these receptors, differ from each other: while 

binding of FcεRI results in mast cell degranulation, cross-linking of CD23 has a huge 

versatile impact on the IgE production in B cells [114] [116] [102].  

 

 Regulation of IgE synthesis by CD23 II.2.10

The interaction between CD23 and IgE occurs between the head domains of CD23 and the 

Cε3 domain of IgE-Fc, showing a 2:1 stoichiometry: i.e. two head domains of CD23 bind to 

the Cε3 domains in IgE with very little contribution of the Cε4 domain [151]. The IgE-CD23 

interface is composed of several salt-bridges and hydrogen bonds. There is also a reciprocal 

prevention of a simultaneous binding of IgE to FcεRI and CD23. This is brought about by the 

position of the respective binding sites for FcεRI or CD23 opposite to each other at the Cε3 

domain of IgE and due to allosteric mechanisms induced by the interaction with any of the 

IgE specific receptors. In this context, the interaction between CD23 and the Cε3 results in a 

conformational change, which makes the FcεRI binding site inaccessible and vice versa 

[152], [153]. 

In addition to IgE, CD23 interacts with other ligands like CD21 [154] [134]. CD21 is a 

complement receptor that binds antigen-bound complement protein C3d [79] [155]. It is 

expressed on B cells, FDCs and activated T cells. Its binding to CD23 in soluble or 
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membrane-bound form may occur in activated B cells resulting in extraordinary homotypic 

adhesions [132].  

The most common function of CD23 is its role as a regulator of IgE production and –

expression. Currently, there exist two models describing the regulatory mechanisms where 

CD23 is involved in [102] [140] (Fig. 2): these models feature the engagement of CD23 as a 

positive and negative regulator of the IgE synthesis depending on the given IgE 

concentrations. In this regard, provided that a high soluble IgE concentration exists, the 

cross-linking of CD23 and mIgE by IgE-allergen complexes leads to a negative regulation of 

the IgE-synthesis [140],[156]. Since this inhibitory effect could not be observed for soluble 

IgE, the cross-linking of CD23 is assumed to be, in fact, mandatory for the subsequent 

negative regulation of the IgE-synthesis [157].  

The negative regulative role of CD23 on IgE production could also be observed in several 

studies with transgenic mice. CD23 deficient mice exhibited an enhanced production of 

antigen-specific IgE after immunization with antigen-adjuvants [142]. Of note is that the 

development of both B and T cells is independent of CD23 expression since their maturation 

was broadly normal in CD23 knock-out mice [158] [142]. In contrast, mice that over-

expressed CD23 showed decreased levels of IgE titer and a significant reduction of the IgE-

production upon treatment with antigen-adjuvants, comparing to wt mice [149] [150]. In 

addition, cross-linking of CD23 by IgE-ICs appeared to reduce proliferation and plasma cell 

differentiation of B cells in response to BCR cross-linking and treatment with IL-4 or 

Staphylocuccus aureus Cowan I in vitro [156] [159]. The inhibitory effect of CD23 on the IgE 

synthesis can also be achieved by the application of anti-CD23 antibodies on CD23 [148] 

[160]. In fact, it has been reported that the binding of CD23 by soluble IgE or anti CD23 has a 

stabilizing impact on the surface expression of CD23, preventing the cleavage by ADAM10 

[140] [161]. Consequently, it is assumed that, low soluble IgE concentrations result in the 

release of soluble CD23 which in turn promotes the IgE-synthesis through cross-binding with 

mIgE and CD21 [157] [154] [162]. 
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So far, the extent of soluble CD23’s involvement in the positive or negative regulation of the 

IgE synthesis is not yet fully known. However, several studies report on the impact of soluble 

CD23 in regards to the up- or downregulation of the IgE production in stimulated B cells 

depending on their given oligomerization state and thus their IgE-affinity. Trimeric soluble 

CD23 shows a ten times higher IgE-affinity [103] and enhances the IgE-production via cross-

linking to the complement receptor CD21. In contrast, monomeric soluble CD23 showing a 

comparatively lower IgE affinity as trimeric CD23, inhibits this interaction and thus diminishes 

the IgE-synthesis [148] [157] [145] [162].  

In summary, in reference to several studies [157] [143] [142] [163], CD23 in its soluble and 

membrane bound form seems to have an significant impact on the IgE synthesis, which 

makes it a promising target for the development of therapeutics.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Models for the regulation of the cellular IgE synthesis 

CD23 appears to have a bilateral role in the up- or downregulation of the IgE synthesis depending on the 
present IgE concentration. In this regard, a high concentration of soluble IgE results in cross-linking of mCD23 
and mIgE by IgE-Allergen complexes leading to a negative regulation of the IgE-synthesis and proliferation 
[140],[156]. In contrast, low amounts of soluble IgE diminish the stability of CD23, leading to its cleavage by 
ADAM10. Finally, the resulting soluble CD23 supports the IgE-synthesis through cross-binding with mIgE and 
CD21. (modified from [102]) 
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 Aims of this study II.2.11

Even though the role of lgE has been extensively studied in Immunobiology and allergic 

pathogenesis, details regarding the regulatory processes and other interaction partners 

controlling the IgE expression and its functionality are still mostly unknown. Several reports 

are suggesting that additional cell surface receptors have a regulative impact on the mIgE-

BCR functionality. 

In my PhD project, I investigated the receptor-receptor interactions of the murine and human 

mIgE-BCRs with the B cell surface molecules CD19 and CD23. 

 

Published studies reported on an abundant interaction of CD19 with the murine mIgE-BCR 

[131] [133]. I intended to test these reported findings by establishing a murine cell model 

expressing the murine mIgE-BCR and CD19 and subsequently analyze the mIgE-CD19 

interaction.  

 

Most proposed models describing the regulative impact of CD23 on IgE expression presume 

a condition where at least one component is available in a soluble form (Fig. 3). The question 

arises if also a regulatory process between CD23 and IgE exists in case of them being co-

expressed on the cell surface. Therefore, another focus of my thesis is on the investigation of 

the regulatory impact of CD23 on the expression and signaling of the human mIgE-BCRs. 

Using different human B cell models, expressing the human mIgE-BCRs as well as CD23, I 

intend to provide answers to the following questions: 

 

1) How does mIgE interact with CD23? 

2) Does this interaction have an impact on the expression of the human IgE-BCR 

isoforms? 

3) Does CD23 have a regulatory impact on the functionality of the human IgE-BCRs? 
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III Materials and Methods 

III.1 Materials 

 Chemicals, Commercially acquirable substances and Consumables III.1.1

 

Table 1: List of Consumables and solutions 

Consumables  Company  

Agarose universal Peqlab 

Albumin Fraction V Roth 

β-Mercaptoethanol PanReac Aplichem 

Blue Prestained Protein Standard, Broad 

Range 

New England Biolabs 

Bromphenolblue Roth 

Capture Select – LC lambda (mouse) 

Affinity Matrix 

Thermo Fischer Scientific 

Cell culture equipment (pipettes, tubes, 

culture dishes)  

Greiner Bio-one  

Cytofix Fixation Buffer  BD 

Doxycycline Clonetech 

Ethanol Roth 

GeneRulerTM 1 kb DNA ladder  Thermo Fischer Scientific 

dATPs NEB  

dNTPs NEB 

FCS  PAA  

FACS Clean 

FACS Flow 

BD 

FACS tubes  Sarstedt 

Filtropur filters 0,2µm Sarstedt  

Glycerin (86%) Roth 

Hexadimethrine Bromide (Polybrene)  Sigma  

Hydrogen Peroxide 30% Roth 

Hygromycine InvivoGen 
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Immersion oil  Merck  

Indo1-AM Invitrogen 

IPTG (Isopropyl-β-D-thiogalactopyranosid)  Sigma  

Luminol sodium salt Sigma 

Methanol Roth 

Microscope paper  neoLab  

Neubauer improved counting chamber  Brand  

Nitrocellulose membrane Hybond ECLTM  GE Healthcare 

4-Hydroxy-3-iodo-5-nitrophenylacetyl (NIP) 

-BSA-Biotin 

 

NP-40 (IGEPAL CA-630)  Sigma-Aldrich 

p-Coumaric acid Sigma 

Phosflow Perm Wash Buffer I BD 

Pluronic F127 powder Sigma 

Prestained Protein Marker, Broad Range   

(6.5-175 kDa)  

New England Biolabs 

Protease Inhibitor Cocktail (P2714)  Sigma  

Protein AG-Agarose  Santa Cruz Biotechnology 

Puromycin InvivoGen 

Sodium Pyruvat 100mM Gibco 

Syringe (5ml, 10ml, 20ml) BD 

Rotiporese Gel 30 (Acrylamidmix)  Roth 

RPMI 1640 (+Glutamax) Gibco  

Streptavidin-sepharose Beads GE Healthcare  

TransIT®-293 Transfection Reagent  Mirus  

TRIS Roth 

Trypsin/EDTA (0.05 %)  Gibco  

Tween 20 Roth 

Whatman Filter (folded) GE Healthcare 

Whatman Gel Blotting Paper  GE Healthcare 
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X-gal  (5-bromo-4-chloro-3-indolyl-beta-

Dgalacto-pyranoside)  

Roth  

 

 Buffers and Solutions  III.1.2

All chemicals and reagents used in this work were purchased from Carl Roth, Sigma,  

Merck or Invitrogen unless categorically specified. The Buffers as well as the solutions have 

been prepared with pure water.  

 

Table 2: List of used buffers and composed solutions 

Buffer/Solution  Composition 

Acid Buffer 85 mM NaCL, 5mM KCl, 10mM EDTA, 

50mM Na-Acetat; ph: 4,0 

1X Blotting buffer  39 mM Glycine, 48 mM Tris, 0.0375% 

(w/v)  

SDS, 0.01% (w/v) NaN3, 20% (v/v)  

Methanol, add. ddH2O  

Blocking solution  10% BSA, 0.001% NaN3, add. 1X TBST 

1X Tris buffer saline with tween (TBST)  20 mM Tris pH 7.6, 137 mM NaCl, 0.1%  

tween-20, add. ddH2O  

Enhanced chemiluminiscence (ECL)  

(Solution A)  

200 ml 0.1 M Tris pH 8.6, 50 mg luminol   

 

ECL solution B  50 ml DMSO, 55 mg para-

hydroxycoumaric acid  

FACS – Buffer  PBS, 2% FCS, 0,1 % NaN3 

1X Krebs ringer solution 140 mM NaCl, 4 mM KCl, 10 mM D- 

glucose, 10 mM HEPES pH 7.4,  

separate addition of 1 mM CaCl2 

2X Laemmli buffer  62.5 mM TrisHCL pH 6.8, 2% SDS, 20%  

glycerol, 5% β-Mercaptoethanol, 0.025%  

bromophenolblue, add. ddH2O  

NP-40  (B cell) Lysis Buffer 137.5 mM NaCl, 50 mM Tris pH 7.8, 1 

mM, Na3VO4, 0.5 mM EDTA pH 8.0, 

10% glycerol, 1X protease inhibitor 

cocktail, 1% NP-40 detergent, add. 

ddH2O 
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10% Resolving gel SDS-PAGE  375 mM Tris pH 8.8, 0.1% SDS, 10%  

Acrylamide and bisacrylamide, 0.00065%  

APS, 0.001% TEMED, add. ddH2O  

 

5% Stacking gel SDS-PAGE  125 mM Tris pH6.8, 0.1% SDS, 5%  

Acrylamide and bisacrylamide, 0.001%  

APS, 0.001% TEMED, add. ddH2O  

 

1X SDS-PAGE running buffer 25 mM Tris, 192 mM glycine, 0.1% (w/v)  

SDS, add. ddH2O  

1X Tris acetate EDTA (TAE)  

 

40 mM Tris-acetate pH8.0, 10 mM 

NaOAc, 1 mM EDTA, add. ddH2O 

 

 Commercial Kits  III.1.3

 
Table 3: Commercially available Kits 

Reaction systems  Application  Company  

TA Cloning® Kit  Cloning  Invitrogen  

QIAprep® Spin Miniprep  Plasmid-DNA purification  Qiagen  

Wizard® Plus SV Minipreps  

DNA Purification System  

Plasmid-DNA purification  Promega  

Pure YieldTM Plasmid 

Midiprep  

System  

Plasmid-DNA purification  Promega  

Wizard® SV Gel and PCR 

Clean-Up System  

PCR clean-up, gel 

extraction 

Promega  

 

 

 

 Mammalian Celllines  III.1.4

J558L: 

This cellline is a mouse plasmacytoma B cell line isolated from a BALB/C mouse myeloma. 

Their properties include an isotype class switch to IgA which is not expressed, even though 

they express endogenous Igβ and secrete a λ light chain [43] and was kindly provided by 

Michael Reth, Freiburg, Germany 
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J558L_mεmVNP_Wt: 

This J558L cellline were retroviraly transfected with a vector containing the murine ε heavy 

chain of the IgE immunoglobulin. The transfection efficiency could be checked via an IRES 

eGFP site. 

 

Platinum E (Plat-E): 

The cellline Plat-E (platinum retroviral packaging cell line) is a retroviral packaging cell line 

based on the HEK293T cells. It contains the stably integrated Moloney murine leukemia virus 

(MMLV) genes gag, pol and env which expression is driven by the strong EF1α promoter. 

High retroviral titers in these cells are facilitated by an internal ribosome entry site (IRES) site 

between the gag, pol and env genes and selection markers like blasticidin and puromycin 

[164]. 

For production of virus - in context of a retroviral transfection – which can infect non-murine 

cells Plat-Es are transiently transfected with a plasmid encoding for the glycoprotein of the 

vesicular stomatitis virus (VSV-G) enabling efficient infection [164].  

 

Ramos:  

The Ramos cellline is a Human Burkitt lymphoma B cell line originally established from the 

ascetic fluid of a 3-year-old boy with American-type Burkitt lymphoma in 1972. The cells were 

described as EBV-negative and carry the (8;14) IgH;MYC translocation and TP53 mutations. 

They express sIgM along with the λ light chain [165] and was kindly provided by Michael 

Reth, Freiburg, Germany. 

 

Ramos EB: 

This is a Ramos subline, which is equipped with an ecotropic receptor (EB) and thus enables 

the retroviral transfection with MMLV.Thus, additional transient transfection of Plat-E cells 

with VSV-G constructs is not necessary any more.   

 

Ramos H/L KO λ1-RFP: 

This Ramos cellline is deficient for the Ig heavy chain (H) and the Ig λ light chain (L). It was 

reconstituted with a mouse lambda-1 light chain by using a λ1-IRES-RFP construct and 

sorted for RFP positive cells. It was kindly provided by Kanika Vanshylla [52]. 
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 Cell culture Media for mammalian celllines  III.1.5

R10 Medium: The above-mentioned mammalian celllines were cultured in RPMI 1640 

(+GlutaMax) to which following ingredients were added: 

 

 10% heat inactivated fetal calf serum (FCS) 

 1% penicillin/streptomycin 

 50µm β-Mercaptoethanol 

 1mM sodium pyruvate 

 1mM L-glutamine 

 

R0 Medium: This Medium corresponds to R10 Medium but does not contain FCS. 

 

Freezing Medium: For freezing the cells for long-term periods, they are kept in freezing 

medium, which is prepared with 90% heat inactivated FCS and 10% DMSO. 

 

Selection markers: Within the scope of selection, the following selection markers and their 

concentrations were used in this project:  

 

 Hygromycin 0,6 mg/ml       

   

      Puromycin 

   

2 μg/ml       

   

 

 Bacterial strains III.1.6

TOP10F’: This E.coli bacterial strain – derived from Invitrogen - was used for standard 

cloning experiments and has the following genotype: 

F ́{lacIq Tn10 (TetR)} mcrA ∆(mrr-hsdRMS-mcrBC) Φ80lacZ∆M15 ∆lacX74 recA1 araD139 

∆(ara-leu)7697 galU galK rpsL endA1 nupG 

 

 

 Culture Medium and Agar plates for Bacteria III.1.7

Luria Bertani (LB) Medium: 

For the above mentioned E.coli strain TOP10F’ LB-Medium was used which was prepared 

after following protocol: 10 g/L Tryptone, 5 g/L yeast extract, 5 g/L NaCl, pH 7.0.  

The mixture was finally autoclaved at 121°C, 1.25 bar for 30 min. 
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Agar plates:  

Agar plates were prepared with autoclaved (121 °C, 1.25 bar, 30 min) LB-medium containing 

2 % (w/v) agar-agar. The required antibiotic was added to the cooled down Medium (approx.. 

60 °C), before casting the dishes. The Agar plates were stored at 4 °C.   

 

 Selection markers III.1.8

The Selection was performed using LB-medium with the following antibiotic end 

concentrations:  

      Ampicillin    100 μg/ml       

   

      Kanamycin    50 μg/ml       

   

 

 Antibodies and Conjugates III.1.9

The Following tables show the complete list of antibodies, which have been used for this 

study. 

 

Table 4: Antibodies used for FACS or AP 

Antigen Conjugate Clone Species Company 

Mouse λ light 

chain 
Biotin Polyclonal 

Goat  Southern 

Biotech 

IgM FITC polyclonal 
 

Goat F(ab)2 

Southern 

Biotech 

IgM Alexa Fluor 647 polyclonal 
 

Goat F(ab)2 

Southern 

Biotech 

IgE PE-Cy7 MHE-18 Mouse BioLegend 

IgE FITC Polyclonal Goat Vector Lab. 

IgE Biotin HP6029 
Mouse Southern 

Biotech 

CD19 APC 6D5 Rat BioLegend 

CD19 APC/Cy7 HIB19 Mouse BioLegend 

CD23 FITC EBVCS-5 Mouse BioLegend 

CD23 Brilliant Violet 

421 

EBVCS-5 Mouse BioLegend 
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CD23 APC-Cy7 EBVCS-5 Mouse BioLegend 

CD79a AL647 ZL7-4 Mouse BioRad 

CD79b PECy7 CB3-1 Mouse BioLegend 

Streptavidin  

Alexa Fluor 647 

   BioLegend 

 

 

Table 5: Antibodies for BCR Stimulation 

Antigen Species Company 

α-human IgE  Goat Abcam 

F(ab‘)2 Human IgM  

(Fc5μ fragment specific)  

Goat  Jackson ImmunoResearch 

 

 

Table 6: Primary antibodies for Western blotting  

Antibodies were mixed in TBS-T with 1 % BSA and 0.01 % NaN3 and used according to the 

manufacturer’s instructions.    

Primary 

antibody  

Conjugate Clone Species Company  

α-human IgE  unconjugated Polyclonal Goat  Abcam 

α-human IgM unconjugated polyclonal Goat Southern Biotech 

α-human CD23 unconjugated EBVCS-5 Mouse BioLegend 

α-human CD23 unconjugated polyclonal Rabbit Abcam 

α-human/mouse 

CD19  

unconjugated D4V4B Rabbit CST 

α-human CD79b unconjugated EPR6861 Rabbit Abcam 

α-mouse CD19  unconjugated ID3 Rat BD Pharmingen 

α-Aktin unconjugated I3E5 Rabbit CST 

α-mouse IgE unconjugated polyclonal Goat Novus 

α-mouse IgE Biotin polyclonal Rat BD Pharmingen 

α-mouse IgE Biotin RME-1 Goat BioLegend 
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Table 7: Secondary antibodies for Western Blotting 

Antibodies were mixed in TBS-T in dilution 1:10000. 

Secondary antibody  Species  Company  

α-mouse IgG1-HRPO  goat  Southern Biotech  

α-mouse IgG2a-HRPO  goat  Southern Biotech  

α-mouse IgG2b-HRPO  goat  Southern Biotech  

α-mouse IgG-HRPO  goat  Southern Biotech  

α-rabbit IgG-HRPO  goat  Southern Biotech  

α-goat IgG-HRPO Donkey (polyclonal)  Southern Biotech  

α-human-IgM-HRPO Mouse Thermo Fischer Scientific 

α-human-IgM-HRPO Goat Invitrogen 

 

 

 Enzymes and reaction buffers III.1.10

Table 8: List of enzymes and respective reaction buffers 

Enzymes  Company  

Calf intestine phosphatase (CIP) New England Biolabs, Frankfurt am Main 

Phusion DNA polymerase  New England Biolabs, Frankfurt am Main 

5x Phusion HF Reaction Buffer New England Biolabs, Frankfurt am Main 

Phusion HF DNA-Polymerase New England Biolabs, Frankfurt am Main  

T4 DNA ligase  New England Biolabs, Frankfurt am Main  

 

Taq-Polymerase New England Biolabs, Frankfurt am Main 

10x Taq-Puffer  New England Biolabs, Frankfurt am Main 

T4 DNA-Ligase Puffer (mit 10mM ATP) New England Biolabs, Frankfurt am Main 

10X NEBuffers 2.1/3.1/Cutsmart New England Biolabs, Frankfurt am Main 

6x DNA-loading buffer  New England Biolabs, Frankfurt am Main 
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 Ingredients for CRISPR/Cas9 Neon Transfection System III.1.11

Table 9: List of enzymes and respective reaction buffers for the Neon Transfection System 

Enzymes Company 

Alt-R® S.p. HiFi Cas9 Nuclease V3  Integrated DNA Technologies (IDT) 

Electrolytic Buffer E Invitrogen 

Nuclease Free - IDTE pH 7,5 (1x TE 

solution)  

Integrated DNA Technologies (IDT) 

Nuclease free Duplex Buffer   Integrated DNA Technologies (IDT) 

Nuclease free Duplex Water  Integrated DNA Technologies (IDT) 

Resuspension Buffer R  Invitrogen 

Alt-R® CRISPR-Cas9 tracrRNA   Integrated DNA Technologies (IDT) 

Alt-R® Cas9 Electroporation Enhencer  Integrated DNA Technologies (IDT) 

sgRNA sequence: 

For µ-switch region: 

CTGTGTCGGGCTGAGCCAAGCTGG 

For ε-switch region: 

CAGGTTGAGGTTAACTGAACTGGG 

 Integrated DNA Technologies (IDT) 

 

 Primer and Plasmids III.1.12

Synthetic DNA oligonucleotides were purchased from Eurofins Genomics and used 

according to the manufacturer’s instructions. 

    

Table 10: List of Primer used for cloning 

Name  Sequence 5’-> 3’  

Eco_Bgl_Xho_fwd TACGAATTCTAGATCTCTCGAGGTTGGTGG 

hCD23RI_fwd GAATTCAAGCAGGACCGCCATG 

hCD23RI_rev GAATTCATGCTCAAGAGTGGAGAGG 

hIgE  BCR 

D409A_E412A_fwd 

CACCCGAGCCTGGATCGCGGGGGAGACC 

hIgE  BCR 

D409A_E412A_rev 

GGTCTCCCCCGCGATCCAGGCTCGGGTG 

mCD19_Xho_RV_fwd CAGCTCGAGGATATCTCAAGGCCCACCATGCCATC 

mCD19_Xho_RV_rev CAGCTCGAGGATATCTGGGCCCATGAGGCCTTACG 
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Table 11: Standard primers used for sequencing 

Name  Sequence 5’-> 3’  

M13fwd TGTAAAACGACGGCCAGT  

M13rev  CAGGAAACAGCTATGACC  

MSCVfwd  CCCTTGAACCTCCTCGTTCGACC   

MSCVrev  CAGACGTGCTACTTCCATTTGTC   

RetroXfwd AGGGCGCCTATAAAAGAGTGC 

RetroXrev TGACGGCCCTCCTGTCTTAG 

 

Table 12: List of Primers used for mutagenesis 

Name  Sequence 5’-> 3’  

hCD23 R188A_fwd CAGTGGGTCCACGCCGCGTATGCCTGTGAC 

hCD23 R188A_rev CGTCACAGGCATACGCGGCGTGGACCCACTG 

hCD23 R224A_fwd CCTGGATTGGCCTTGCGAACTTGGACCTGAAG 

hCD23 R224A_rev TTCAGGTCCAAGTTCGCAAGGCCAATCCAGG 

hCD23 H186A_Y189A_fwd CAGTGGGTCGCCGCCGCGGCTGCCTGTGAC 

hCD23 H186A_Y189A_rev GTCACAGGCAGCCGCGGCGGCGACCCACTG 

 

 

Table 13: List of Plasmids used for cloning 

Name  Source  

pCR2.1_Topo Invitrogen  

pMiRFP  L. König  

pMSCVpuro  Clontech  

pMSCVhygro  N. Engels  

pMiGRII Invitrogen 

pMiGRII_mem_VNP  K. Vanshylla  

pCR2.1_Topo_hγ2asHC wt N. Engels  

pRetroX_TetOne_Puro N. Engels 
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Table 14: List of Retroviral Expression vectors used for expression in mammalian cells 

Name  Insert  Source  

pCMV_VSV-G  VSV-G Manfred Juecker  

pMiRFP_mα Murine Igα  N.Engels 

pMiGRII_hεml_VNP ε heavy chain (HC) of 

human IgE-L BCR 

Produced in this study  

pMiGRII_hεms_VNP ε heavy chain (HC) of 

human IgE-S  

Produced in this study  

pMiGRII_hμHC_VNP μ heavy chain (HC) of 

human IgM BCR 

Produced in this study  

pMiGRII_mεm VNP_Wt ε heavy chain (HC) of 

murine membrane bound 

IgE 

K. Vanshylla 

pMSCV_mCD19 Murine CD19   Produced in this study  

pMSCV_hCD23m Wt_puro  Human membrane bound 

CD23 Wt 

Produced in this study  

pMSCV_hCD23mR188A_R224A

_puro  

Human membrane bound 

CD23 R188A_R224A 

Produced in this study  

pMSCV_hCD23mR188A_R224A_

H186A_Y189A_puro  

Human membrane bound 

CD23 R188A_R224A_H186A_Y189A 

Produced in this study  

pRetroX_TetOn_hCD23m 

Wt_Puro 

Human membrane bound 

CD23 Wt 

Produced in this study 

pRetroX_TetOn_hCD23m 

R188A_R224A_Puro 

Human membrane bound 

CD23 R188A_R224A 

Produced in this study 

pRetroX_TetOn_hCD23mR1

88A_R224A_H186A_Y189A_Puro 

Human membrane bound 

CD23 R188A_R224A_H186A_Y189A 

Produced in this study 
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 Instruments and Software III.1.13

Table 15: List of Instruments 

Instruments  Company  

Analytical balance MC1, 

                              TF 612  

Sartorius  

Bacteria incubator Heraeus Kelvitron®t  Heraeus  

Bacteria incubator Unitron  Infors AG 

Bio Photometer   Eppendorf  

Cell culture incubator HeraCell 150  Heraeus  

Cell culture safety cabinet Herasafe  Heraeus  

Centrifuge 5415D  Eppendorf  

Centrifuge Multifuge 3 S-R  Heraeus  

Centrifuge RC 3B Plus  Sorvall  

Centrifuge 5417R  Eppendorf  

Chemi Lux Imager  Intas  

Cytometer LSRII  BD  

Electrophoresis Power Supply  Amersham Biosciences  

FACS Calibur  BD  

Freezer HERAfreeze   Heraeus  

Freezer Platilab 340  Angelantoni  

Galaxy Mini centrifuge  VWR  

Gel Electrophoresis system  Peqlab  

Gel Imager  Intas  

Ice machine  Ziegra Eismaschinen  

Inverted microscope Axiovert 35  Zeiss  

Magnetic stirrer M21/1  Framo®-Gerätetechnik  

Mastercycler epgradient  Eppendorf  

MiniRocker MR-1  Peqlab  

NanoDrop 2000 Spectrophotometer  Thermo Fischer Scientific 

pH meter  InoLab  
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Platform shaker Duomax 1030/1040  Heidolph  

Platform shaker 3005  GFL  

Refrigerator Gastro Line, 

                    Comfort 

Liebherr 

Rotator SB3  Stuart  

SE 600 Ruby standard dual cooled vertical 

system (Electrophoresis unit) 

GE Healthcare  

Shaking Incubator Infors  Unitron  

TE77 semidry western blot transfer unit  GE Healthcare  

Thermomixer comfort  Eppendorf  

Ultra-low Temperature Freezer (-150 °C)  Panasonic  

Ultrasonic device Sonoplus  Bandelin  

UV illuminator  Intas  

Vortex-Genie 2  Scientific Industries  

Water bath  GFL  

Water purification system arium® G11  Sartorius  

 

 

Table 16: List of used Software  

Software Company 

Affinity Designer  Serif (Europe) Ltd, USA 

BD FACSDiva Software v 5.0.3.  Becton Dickinson, Heidelberg 

Clone Manager Sci-Ed Software 

FACS Diva 6.1.2 Becton Dickinson, Heidelberg 

1. Countess™ Automated Cell Counter Invitrogen 

FlowJo 7.6.5 (TriStar)  Flow cytometry data analysis  

GATCViewer™ für Windows 

 

GATC Biotech AG, Konstanz 

Graph Pad Prism 5 GraphPad, USA 

Leica Confocal Software  Imaging  

Mendeley Desktop 1.16.1 Mendeley Ltd, USA 
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Microsoft Office Excel 2010 

                         Power Point 2010 

                         Word 2010 

 

Microsoft, USA 

NCBI database NCBI 

Serial Cloner 2.6.1 SerialBasics, F 

Uniprot protein database Uniprot Consortium 

 

 

III.2 Methods 

 Cell Culture Methods III.2.1

III.2.1.1 Culturing mammalian cells 

As far as nothing else is mentioned all B cell lines were grown in 10 cm culture dishes using 

R10 Medium under 37°C and 5% CO2  in the HeraCell 150 incubator. The cells were 

passaged at a dilution of 1:10 every second to third day. 

The adherent Plat-E cells were cultured under the same conditions as the non-adherent B 

cell lines. For passaging these cells the medium was removed, washing was performed with 

1ml 1x PBS and incubated with 1 ml 0.05 % Trypsin-EDTA at 37°C for 3 min to detach the 

cells. Subsequently, the cells were re-suspended in 9ml additional R10 Medium and 1ml of 

the cell suspension was seeded onto a new dish. 

 

III.2.1.2 Freezing and thawing of mammalian cells 

For freezing, the cells were harvested at 400 g for 5 min at room temperature (RT), the 

supernatant was discarded and the cells were re-suspended in 1ml freezing medium (10 % 

DMSO in FCS). The suspension was subsequently transferred to cryo-tubes, kept on ice and 

stored at -140°C for long term- or -80°C for short term storage. 

Cells were thawed in a 37°C water bath, collected in prepared 12 ml R10 Medium and 

harvested at 400 g for 5 min at RT. After discarding the supernatant the pellet was taken up 

in 10ml and seeded on a 10 cm dish. 

 

III.2.1.3 Retroviral transduction of B cells 

For production of viruses carrying the DNA of interest, the Plat-E cells were used as a 

packaging cell line. Once this adherent cell line were grown to about 60-70% on a 10 cm 

dish, the medium was carefully replaced with 5 ml fresh, pre-warmed R10, the transfection 

solution was added and the culture grown at 37°C O/N.  
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The transfection solution was prepared as follows: 500µl R0 was mixed well with 16µl 

TransIT and incubated at RT for 15min. Subsequently, 6-8µg DNA was added also mixed 

well and incubated at RT for 30 min.  

The viral particles, which were produced by the packaging cell line, were used to infect the 

target B cell line that carried the murine ecotropic receptor which facilitates the recognition by 

the virus. Cells lacking the respective ecotropic receptor need the addition of the packaging 

vector pCMV-VSV-G to the transfection solution encoding the vesicular stomatitis virus-

glycoprotein and therefore enabling the infection. 

3,5ml fresh pre-warmed R10 was added the next day to the Plat-E culture and further 

incubated at 37°C O/N. Eventually, the supernatant was carefully collected and mixed with 

4g/ml Polybrene. Potentially detached Plat-E cells in the supernatant were pelleted by 

centrifugation. Simultaneously, about 2x106 Ramos or J558L cells were harvested, pelleted 

and re-suspended in 4 ml of the viral soup per approach. The cells were infected at 37°C for 

one day in a 6 cm dish, harvested afterwards and recovered in fresh R10 medium for 2 days 

in a 10cm dish. Eventually, the cells were put under selection with either Puromycin or 

Hygromycin. After a few days of selection, the infection efficiency was analyzed via FACS 

using flow cytometry based staining if it is about molecules, which are either fluorescently 

tagged (i.e. with GFP or RFP) or expressed on the cell surface and therefore can be 

detected with a corresponding antibody. 

 

III.2.1.4 Genome editing via CRISPR-Cas9 system using the Neon® 

Transfection System 

This Transfection System was performed to achieve the expression of the human mIgE from 

the endogenous immunoglobulin heavy chain promotor in Ramos EB cells, which normally 

expresses mIgM. That should be accomplished by induced immunoglobulin class-switch 

recombination (CSR), applied by CRISPR/Cas9 genome editing system. During CSR 

portions of the heavy chain locus are removed by double stranded breaks from the 

chromosome that are usually introduced by a B cell-specific enzyme called the activation-

induced deaminase (AID). The idea is to mimic the function of AID by using CRISPR/Cas9 

and a set of specifically adapted sgRNAs for the switching regions of the µ heavy chain and 

the ε heavy chain. The sgRNAs were ordered at Integrated DNA Technologies (IDT). In this 

context, I used the Neon® Transfection system established by IDT, which was further 

optimized by M. Münchhalfen. The howl procedure was performed under S2- and RNAse 

free conditions.  

At the beginning, the respective lyophilized sgRNAs were re-suspended in 10µl IDTE 7.5 

buffer to a final concentration of 200µM, were kept at RT for 25min and then stored at -20°C.  
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Meanwhile, a duplex mix was prepared for each used sgRNA in a PCR tube: accordingly, 

2.24 µl IDT duplex buffer, 0,88µl sgRNA and 0.88 µl tracrRNA were mixed together and 

incubated at 95°C in the PCR cycler with an eventual cool–down to RT.  

Additionally, the Cas9 mix was prepared separately in a PCR tube: this was done by mixing 

0.4µl buffer R and 0,6 µl of the Cas9 Nuclease. After that, 1µl of the Cas9 mix was mixed 

equally with 1µl of the previously prepared duplex mix in new PCR tubes. In this case, the 

two sgRNA were transfected into the target cellline at the same time. Hence, 1µl of the Cas9 

mix was mixed with 2 x 0.5 µl of the two duplex mixes, each containing either the sgRNA for 

the switching regions of the Ig µ heavy chain or the Ig ε heavy chain. This Cas9/duplex mix 

was incubated for 20min at RT.  

Meanwhile, the enhancer was diluted to an end-concentration of 10.8µM by applying 2µl of 

the 100µM stock solution to 16.5 µl nuclease-free water. Additionally R20 was prepared (i.e. 

RPMI-Medium with 20% FCS but without antibiotics), pre-warmed at 37°C and 500µl was 

distributed on a 24 well plate. Moreover, 1*106 of the target cells were harvested and pelleted 

in a 15ml falcon.  

Eventually, 4µl of the enhancer dilution was added to the Cas9/duplex mix in the PCR tubes. 

The cell pellet was diluted carefully in 16µl of Buffer R and finally added to the Cas9/duplex 

mix. At this step, it was important to avoid bubble formation. The cell mix was finally 

electroporated for 20ms, via 1400V through 2 pulses. Eventually, the cells were slowly 

transferred into the previously prepared, pre-warmed 500µl R20 in the 24 well plate. The 

media was exchanged by fresh R10 Medium about 7 days after transfection. Eventually, the 

cells have been sorted for negative IgM expression. 

The respective cells have been subsequently tested for IgE-expression. Only those showing 

an even IgE expression were used to generate an oligoclonal IgE-switched cell population 

(for procedures refer to II.2.1.6).  

 

III.2.1.5 Cell sorting 

The cells were sorted at the Cell Sorting Facility of the University Medical Center Göttingen 

via FACS with the technical assistance of Sabrina Becker. For preparation 5-8ml cell 

suspension of a 70-80% confluent dish were harvested, stained with corresponding 

fluorescently labeled antibodies if applicable, washed with 1x PBS and eventually re-

suspended in 500µl 1x PBS for cell sorting. If positive cells are GFP or RFP marked these 

were only harvested, washed and collected in 500µl 1x PBS. Sorted cells were generally 

collected in 5ml R10 medium, washed and re-suspended in fresh R10 medium. Depending 

on the amount of sorted cells these were first grown in multi-well plates and slowly expanded 

up to 10 cm dishes before using and storing. 
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III.2.1.6 Minimal Cell Dilution 

A minimal cell dilution was performed to separate and seed individual cells with different 

expression properties. The original cell suspension was counted and diluted to a minimum 

concentration of 4 cells/ml. From this dilution two to three 96 well plates were seeded with 

150µl R10 Medium per well, so that it is more likely that one clone is seeded per well. The 

plates have been incubated for ca. 7-14 days before screening the plates for small individual 

colonies. Wells displaying more than one colony were sorted out. Eventually, only those cells 

which showed a similar expression level of the protein of interest were collected to an 

oligoclonal cell population. 

 

 Protein biochemistry III.2.2

III.2.2.1 Preparation of Clear Cellular lysates 

For eventual protein analysis via Western Blot Clear Cellular Lysates (CCL) were prepared 

from human or murine B cell lines. The cells were grown in 35ml R10 total volume in a 15cm 

dish to about 80% confluence, harvested at 400 g at RT for 5min and washed once in 1x 

PBS. The cell pellet was re-suspended in 1x PBS and counted via Countess™ Automated 

Cell Counter. Accordingly, about 2,5x107 cells were collected per approach in 1ml 1x PBS 

and harvested at 400 g for 5min at 4°C in the tabletop centrifuge. The cells were than lysated 

in 1ml 1% NP40 Lysis Buffer for 5-10min on ice. Subsequently, the samples were centrifuged 

at 16000g at 4°C for 10min. The resulting CCLs were transferred into new 1,5 Eppendorf 

tube whereby the cellular debris was discarded. Per lysate sample 50µl aliquots were taken 

and mixed with 25µl 2x Laemmli Buffer, boiled at 95°C for 5min and stored at -20°C for long 

term storage. The rest of the lysates were used for affinity purification of the proteins of 

interest (see. II.2.2.2). Prior analysis via SDS-PAGE the respective CCLs were boiled again 

for 5 min and a lysate volume corresponding to 1x106 cells was applied on SDS-PAGE and 

further analyzed via Western Blot. 

 

III.2.2.2 Affinity purification via biotinylated peptides or antibodies 

In this study, I used either biotinylated peptides or purified antibodies for analyzing proteins 

of interest via affinity purification (AP).  

In case of purification of murine or human mIgE-BCR or CD19 from the cell surface, 2,5x107 

cells were harvested and counted, collected in 1ml 1xPBS and incubated with biotinylated 

peptides for 5min on ice after carefully vortexing. To remove unbound (biotinylated) peptides 

the cells were subsequently washed twice with 1xPBS via centrifugation in the tabletop 

centrifuge. The cell pellet was then re-suspended in 1ml 1% NP40 Buffer and lysated for 

5min on ice before centrifugation of the cell debris at 16000g at 4°C for 10min. The 
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supernatant was discarded, 50µl of the resulting CCLs were aliquoted and prepared as 

mentioned in 2.8 for later analysis via Western blot. The rest of the lysates was incubated 

with 40 µl of corresponding beads for purification for 2h at 4°C with mild agitation. The beads 

were than washed three times with 1% NP40 Buffer at 1800 rpm, 4°C for 3min, before 

addition of 50µl of 2x Laemmli buffer and boiling at 95°C for 5min. Eventually the samples 

were applied on SDS-PAGE and analyzed by Western Blot. 

For purification of the intracellular protein pool the remaining lysates following the surface AP 

were incubated with the biotinylated antibodies and corresponding beads for 2h at 4°C with 

mild agitation.  

In case of purification of the total stock of proteins of interest, the cells were first lysated as 

previously described in II.2.2.1 and the resulting CCLs were incubated with the biotinylated 

peptides together with the corresponding beads for 2h at 4°C with mild agitation. The beads 

were than washed three times with 1% NP40 Buffer at 1800 rpm, 4°C for 3min, before 

addition of 50µl of 2x Laemmli buffer and boiling at 95°C for 5min. Eventually the samples 

were analyzed via SDS-PAGE and Western Blot. 

The biotinylated proteins or antibodies and their corresponding purifying beads, which were 

used in this study, are additionally depicted in Table 17.  

 

Table 17: Combinations of biotinylated peptides and corresponding purifying beads 

Biotinylated 
Peptides 

Applied amount per 
2,5x107 cells: 

Purifying Beads Application 

NIP-BSA-Biotin 10µg Streptavidin-

Sepharose Beads 

Purification of 

surface or total 

murine mIgE-BCR 

Anti-mouse IgE 

Biotin 

5 µg Streptavidin-

Sepharose Beads 

Purification of 

surface or total 

murine mIgE-BCR 

Anti- human IgE 

Biotin 

5 µg Streptavidin-

Sepharose Beads 

Purification of 

surface or total 

human mIgE-BCR 

Anti-mouse λ light 

chain Biotin 

5 µg Streptavidin-

Sepharose Beads 

Purification of 

surface or total 

murine or human 

mIgE-BCR 

Anti-CD19 purified 

(Clone: D4V4B) 

0,04 µg/µl Protein A/G-Agarose 

Beads 

Purification of total 

murine CD19 
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III.2.2.3 BCR purification via anti - λ light chain beads 

Ramos or J558L cells were grown to about 80% confluence in 35ml R10 and if necessary 

prepared with 1µM Doxycycline 24h beforehand, if the respective BCR’s expression is 

regulated by a Doxycycline inducible promotor. The cells were harvested, 2,5x107 were 

counted and lysated as previously described in II.2.2.1. After centrifugation of the lysated 

cells at 16000g for 10 min at 4°C the debris was removed and the resulting CCLs were 

transferred to new 1,5 ml Eppendorf tubes. 50µl of the lysates were aliquoted and prepared 

as mentioned in 2.9 for later analysis via Western blot. The rest was prepared with 40µl of 

Capture Select – LC lambda (mouse) beads (Thermo Scientific) for purification of the total 

BCR amount and incubated for 2h at 4°C at the rotor. The beads where than washed three 

times with 1% NP40 Buffer at 1800 rpm, 4°C for 3min before addition of 50µl 2x Laemmli 

Buffer and eventually boiling for 5min at 95°C.  The beads as well as the CCLs were than 

either long-term stored at -20 °C or analyzed by applying on SDS-PAGE and subsequent 

immunoblotting. 

 

 Flow Cytometry III.2.3

III.2.3.1 Analysis of protein surface expression by surface staining via flow 

cytometry 

Measurement of the surface expression of specific proteins was performed using appropriate 

fluorescently labeled antibodies against the proteins of interest. About 1x106 cells were 

harvested at 400 g, RT for 5 min, the supernatant discarded and the pellet re-suspended  in 

100 µl 1x PBS. 1-1,5µl of the corresponding antibodies were added to the solution, vortexed 

and incubated for 20min on ice in the dark. The cells were washed with 1ml 1x PBS and then 

collected 500µl 1x PBS for subsequent measurement at the BD LSRII. Unstained cells or 

cells negative for the protein of interest served as negative controls. Data was acquired via 

FACS Diva software and subsequently analyzed with FlowJo.  

 

III.2.3.2 Analysis of ectopically expressed proteins tagged with a fluorophore 

For analysis of proteins, which are fluorophore-tagged about 1x106 cells were harvested, 

washed once with 1x PBS and re-suspended in 500µl PBS before subsequent measurement 

at the LSRII. 

 

III.2.3.3 Intracellular staining analysis via flow cytometry 

About 1x106 cells were harvested and re-suspended in 100µl pre-warmed R10 and 100µl 

Cytofix Fixation Buffer. After vortexing the cells were than fixated by incubation at 37°C for 

10min before harvesting at 400 g for 5min at RT. Next, the cells were re-suspended in 400µl 
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of 1x Phosflow Perm Wash Buffer (1:10 in dH20) and incubated for 25 min at RT, before 

washing in additional 600µl 1x Perm Wash Buffer (400 g, 5 min, RT). After discarding the 

supernatant, the cells were stained in 200µl 1x PermWash Buffer with the respective 

antibodies in the dilution according to manufacturer’s instructions for 25 min at RT in the 

dark. Eventually, the cells were washed twice in 1ml 1x PermWash Buffer before re-

suspending in 500µl PermWash Buffer and measuring at the BD LSRII.  

 

III.2.3.4 Kinetics-analysis of surface and total expression level of human 

membrane-bound CD23   

The kinetics analysis of the expression level of CD23 in my Ramos B cell model is 

dependent from a Doxycycline inducible promotor that regulates its expression. Thus, 1µM 

Doxycycline has been individually added to the CD23 encoding celllines on three different 

time points (24 h, 10 h or 4 h) before they have been eventually analyzed via FACS.  

One day before measurement, each cellline has been seeded on 4 wells of a 6 well plate – 

three for each individual time point for Doxycycline addition and one for an untreated sample. 

The cells were applied in a volume of 5ml per well and a confluence of about 50%. 1µM 

Doxycycline has been added to the cells 24 h, 10h or 4h before harvesting and preparation 

for the eventual FACS analysis. Doublets of the respective samples have been prepared 

during harvesting. One-half of the samples served for the analysis of the surface pool of the 

respective proteins that have been prepared as described in II.2.3.1. The other half was 

prepared according to the instructions in II.2.3.3 for intracellular staining.  

 

III.2.3.5 Ca2+ Measurement with B cell lines expressing the mIgE-BCR 

The influx of Ca2+ into the cytosol was performed using Indo1-AM, a fluorophore, which shifts 

it emission maximum from 475nm to 400nm (e.g. from blue to violet) when bound to Ca2+. 

Thus, the increase of cytosolic Ca2+ can be observed based on the violet-blue ratio.  

First, the cells were grown to a density of about 90%. Up to 4*106 cells were harvested and 

re-suspended in 500µl R10 and transferred to a brown 1,5ml tube. Than a staining master 

mix was prepared: for each sample 200µl R10, 2µ 5% Pluronic F127 and 0,7µl Indo1-AM 

were mixed and vortexed. Subsequently, 200 µl of this master mix was added to each cell 

sample. The cell solutions were than vortexed and incubated at 30°C under mild agitation for 

30 minutes (e.g. in the Eppendorf ThermoMix at 700 rpm). After that, the cells were washed 

two times with Krebs Ringer (KR) solution containing 1mM CaCl2 for 1,5 min at 300 g at RT. 

Finally, the cells were re-suspended in 900µl KR + CaCl2 and left for resting at 30°C for at 

least 15 min to ensure a stable baseline signal. The tubes were inverted every 5 minutes to 

avoid deposition of the cells. Eventually, 300µl of each sample was transferred to a flow 
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cytometry tube and measured via LSRII flow cytometer (BD). The signal baseline was 

recorded by measuring the violet-blue ratio of Indo1-AM for 30sec. In the next step, to induce 

Ca2+ signaling of the BCR 20µg/ml anti-human IgE or 20µg/ml anti-human IgM F(ab)’2 

fragments were quickly added to the sample. After briefly vortexing the sample, the Indo1-

AM fluorescence was further recorded for 5 min. The data for the Ca2+ kinetics induced upon 

BCR stimulation was further analyzed using FlowJo software.   

 

III.2.3.6 Acid Treatment of Cells to detach passively bound proteins on the 

cell surface 

In case of the IgE-switched Ramos B cell line an additional treatment of the cells with an acid 

buffer was performed before staining in order to detach possibly bound soluble IgE from the 

cell surface and thus avoid false positive signals in the surface staining. The whole 

procedure was performed on ice and as quick as possible.  

The cells were harvested in 15ml falcons and re-suspended in 1ml Acid-Buffer by pipetting. 

The samples were than incubated on ice for exactly 1.5 min before addition of ice cold 500µl 

FCS. A second incubation for exactly 1.5 min was performed. Than the sample volume was 

filled up to 5ml with cold PBS and washed twice with 5ml FACS Buffer at 4°C. The samples 

were eventually filled up to 10-15ml with FACS buffer and centrifuged at 400g, 5min at 4°C.   

 

 SDS-PAGE III.2.4

The general approach for size based separation of proteins gained from previously prepared 

CCLs and AP samples (see chapter II.2.2) was the SDS-Polyacrylamide Gel Electrophoresis 

(SDS-PAGE). As previously described by Weber and Osborne [166] the separation 

according to the individual molecular weight of the proteins of interest could be performed 

after denaturation and boiling at 95°C for 5min with reducing Laemmli buffer. The preparation 

of the SDS-gel included a 5% polyacrylamide stacking gel and a 9% polyacrylamide 

resolving gel. The samples were applied on the stacking gel along with a pre-stained protein 

ladder and a sample containing only Laemmli buffer as a purity control. The gels were 

prepared with the tools from the SE600 Ruby system by GE Healthcare and eventually run in 

1x SDS running buffer at 7mA, 170V per gel.  

 

  Immunoblotting  III.2.5

The detection of the proteins of interest, which were previously separated via SDS-PAGE, 

was done by western blotting and subsequent detection via ECL solution. In this context, the 

proteins had to be first transferred onto a nitrocellulose membrane by semi-dry blotting as 

previously described [167] and performed in this study as covered below: 
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A blotting chamber was prepared with a layer of Whatman paper, the nitrocellulose 

membrane, the gel and a second layer of Whatman paper. All 4 sheets were presoaked in 

blotting buffer beforehand. After placing the second layer of Whatman paper on the gel the 

surplus buffer was carefully removed together with potential air bubbles by putting some 

pressure with a rolling glass pipette. This step is important for efficient blotting, The blotting 

reaction was performed at 16V, 240mA for 80min. Subsequently, the blot was blocked in 

10% BSA/TBST solution for 2h at room temperature on the shaker and eventually incubated 

exerting mild agitation O/N with a suitable primary antibody, which was specific for the 

protein of interest in a dilution according to manufacturer’s instructions. Afterwards, the 

membrane was shortly rinsed in 1x TBS-T before addition of a Horse radish peroxidase 

(HRP) labeled secondary antibody which was incubated for 1h at 4°C on the shaker. This 

antibody was specially recognizing the Fc-region of the previously used primary antibody and 

enables the visualization of the protein of interest in combination with the ECL detection 

system. Eventually the membrane was washed in 1x TBS-T for at least 2h on the shaker at 

RT before protein detection. The latter step was performed by mixing 4ml ECL solution A, 

1,2µl H2O2 and 400 µl ECL solution B which was then poured onto the membrane. In the 

following HRP-reaction, the included luminol is oxidized by HRP resulting in excitation of 

light, which was detected via the Chemi Lux Imager (Intas).  

 

 Molecular biology and Cloning techniques III.2.6

III.2.6.1  Mini-preparations of plasmid DNA 

For extraction of small scale plasmid DNA i.e. mini-preparation, 4ml LB-medium containing 

the appropriate antibiotic were inoculated with an E.coli colony for 17h at 37°C and 220 rpm 

agitation. The bacterial plasmid DNA was isolated via Qiagen QIAprepR Spin Miniprep kit 

according to manufacturer’s instructions. The DNA was eluted in 35µl Elution Buffer 

(attached in Miniprep Kit). 

 

III.2.6.2  Analyzing DNA quality and sequence 

The measurement of nucleic acid concentrations was generally performed using a NanoDrop 

2000. Sequencing analysis was carried out by SEQLAB Sequence Laboratories GmbH 

Göttingen. The sample preparation included 1200ng of purified DNA and 3µl of sequencing 

primer (10pmol/µl) in a total volume of 15 µl, adjusted by ddH2O. The sequencing data was 

evaluated by the Basic Local Alignment Search Tool (BLAST) from the NCBI database as 

well as the cloning programs Clone Manager and Serial Cloner. 
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III.2.6.3  Enzymatic digestion of DNA  

For generation of compatible sticky or blunt ends in PCR products, plasmids or vectors these 

were cleaved by specific endonucleases in respective NEBuffers. 1µg of DNA was incubated 

with 0,5-1µl restriction enzyme together with the appropriate NEBuffer and ddH2O according 

to the manufacturer’s instructions for 1 hour at 37°C. In context of cleaved and therefore 

linearized vectors 0,5 µl calf intestine phosphatase (CIP) was added for 1 additional 

incubation hour to remove phosphates from the  5’- and 3’- ends and thus prevent vector re-

ligation. Eventually, the samples were prepared with 6X DNA loading dye before running on 

an agarose gel and evaluating via Gel Imager. 

 

III.2.6.4  Agarose gel electrophoresis and purification of DNA fragments 

Agarose gel electrophoresis was performed using 1% agarose gels with 0,5 µg/ml ethidium 

bromide in 1x TAE buffer. The samples were mixed with 6x DNA-loading dye before loading 

on the gel. Depending on the size of the DNA fragments and the gel itself the electrophoresis 

was performed at 100-140V for 30-45 min and the DNA fragments were subsequently 

analyzed using the Gel Imager under ultraviolet light. To determine the size of the DNA 

fragments a 1kb DNA-ladder was used as a scale. The appropriate bands were separately 

cut out from the agarose gel and extracted using the Promega Wizard® SV Gel and PCR 

Clean-Up System. The purified DNA was eluted in 30µl ddH2O. 

 

III.2.6.5  Ligation of DNA Fragments 

The ligation of insert and vector was performed by mixing 1µl T4 DNA ligase, Insert and 

Vector in a  2:1 or 3:1 ratio, 1,5µl 10x T4 ligase buffer an ddH2O for adjusting the reaction 

volume to 15µl. The reaction was performed overnight (O/N) at 14°C. 

The next day 1µl of the ligation mix was transformed into competent E.coli TOP10F’ and 

plated onto LB-Amp agar plates (100µg/ml ampicillin). 

 

III.2.6.6  Transformation of plasmid DNA into competent bacterial cells 

The transformation of plasmid DNA into competent E.coli TOP10F’ was performed using a 

50 µl aliquot of competent E.coli TOP10F’ cells, which was incubated with 1-1,5 µl of the 

ligation reaction on ice for 30 min and subsequently heat shocked at 42°C for 42sec. The 

cells were then immediately put on ice for 5 min. Eventually, the cells were plated onto a LB-

agar plate, containing the required antibiotics, which was then incubated O/N at 37°C. 

In context of the TA-cloning strategy the transformation of TOP10F’ cells with the vector 

pCR2.1 were performed via blue-white screening. Thus, before plating the transformed cells 

on the agar plates the plates have been prepared with 50 μl X-gal (5-bromo-4-chloro-3-



Materials and Methods 

 
48 

 

indolyl-beta-D-galacto-pyranoside) (50 mg/ml in DMF) and 50 μl IPTG (Isopropyl-β-D-

thiogalacto-pyranoside) (0.1 M). 

 

III.2.6.7  Polymerase Chain Reaction (PCR) 

Specific cDNA fragments of genomic or plasmid templates were amplified via standard PCR 

reaction, which was carried out via Phusion High Fidelity Polymerase. A list of all primers 

used in this work can be found in chapter II.1.12. 

The PCR master mix with a total volume of 25µl was prepared as described in Table 18.   

 

Table 18: Standard PCR master mix 

Ingredient Amount 

DNA template ~ 200ng 

dNTPs (10µM) 1 µl 

Primer fwd (10µM) 1 µl 

Primer rev (10µM) 1 µl 

5x Phusion HF Reaction Buffer 2,5 µl 

Phusion HF DNA-Polymerase 1 µl 

ddH2O 18,5µl – Volume of template 

Total volume: 25 µl 

 
The annealing temperature was chosen according to the recommendations in the SnapGene 

software. The basic basic PCR program is depicted in Table 19. The resulting PCR products 

were applied on an agarose gel and further purified as described before. 

 

Table 19: Standard PCR reaction 

Step Temperature Time Cycle 

Initial denaturation 94°C 2 min 1 

Denaturation 94°C  30 sec  

Annealing  

 

Extension 

variable 1 min  

20 - 25 cycles  

68°C 

 

2 min /kb 

Final Extension 68°C 10 min 1 

 4°C hold  
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III.2.6.8 Site directed mutagenesis 

The introduction of specific mutation in the DNA sequence of a template plasmid required the 

design of primers containing the mutations of interest. Table 20 depicts the exact 

composition of the PCR master mix per approach. 

 

Table 20: PCR master mix for side directed mutagenesis 

Ingredients Amount 

Template DNA ~ 200ng 

10X Pfu Buffer  5 µl 

10 mM dNTPs  1 µl 

10 μM Primer Fwd  1 µl 

10 μM Primer Rev  1 µl 

Pfu Polymerase 1 µl 

ddH2O 41 µl – template volume 

Total volume: 50 µl 

 

Each approach was divided in half i.e. 2x 25 µl aliquots per approach. One aliquot was 

loaded on an agarose gel to test the PCR efficiency whereby the other one was prepared 

with 1µl DpnI at 37°C for 1h. DpnI is an endonuclease, which digests methylated DNA. Since 

DNA methylation occurs in bacteria and eukaryotes but not during in vitro PCR, the DpnI 

enables the digestion of the remaining template DNA but not the amplified (mutated) PCR 

products. The PCR products were directly transformed into competent E.coli for further 

amplification and quality analysis of the mutagenesis via sequencing. 

 

III.2.6.9  TA cloning - strategy 

To clone PCR products into the pCR2.1 vector, the TA cloning kit from Invitrogen was used. 

Accordingly, 20µl of the purified PCR product mixed with 2µl 10x Taq polymerase buffer, 1µl 

dATPs and 1µl Taq polymerase were incubated at 70°C for 25 min in order to add 3’ 

deoxyadenosine overhangs to the PCR products. The subsequent ligation with pCR2.1 was 

performed as described in II.2.6.5. For the eventual blue-white screening the respective agar 

plates containing the appropriate antibiotics had to be prepared with 50 µl X-gal and 50µl 

IPTG before plating 1-1,5µl of the ligation product on them. 

 

 



Results 

 
50 

 

IV Results 

IV.1 Biochemical interaction analyses between the murine mIgE-BCR and 

CD19 

 Properties of a murine B cell model used to analyze the interaction IV.1.1

between the murine mIgE-BCR and CD19 

In their studies about the role of the murine mIgE-BCR in the terminal differentiation of IgE- 

switched B cells to plasma cells, Haniuda et al. observed a direct interaction between the 

murine mIgE-BCR and CD19 that was not seen with other BCR isotypes [133]. To test these 

findings, I established a murine cell line model that I could genetically modify to meet my 

experimental needs. For this purpose, I used the murine myeloma B cell line J558L, which 

expresses a λ1 immunoglobulin light chain and Igβ, but lacks expression of  an endogenous 

immunoglobulin heavy chain and Igα [43]. I stably transfected these cells with a 4-hydroxy-3-

iodo-5-nitrophenylacetyl (NIP) – specific murine membrane-bound immunoglobulin (mIg) 

heavy chain of the ε isotype together with EGFP by retroviral transduction. EGFP expression 

was used as a marker to facilitate sorting of positive transfectants (Fig. 4A). NIP is widely 

used as a model antigen to study antigen-specific B cell responses and can be used in this 

case for mIgE-specific affinity approaches to facilitate the analysis of the mIgE interaction 

with CD19. Since it was reported that the murine mIgE-BCR depends on binding to Igα for 

the effective export from the endoplasmic reticulum (ER) [44], I generated J558L cell lines, 

which were additionally transduced with an Igα-IRES-RFP construct (Fig.4A). The 

transfected ε mIg heavy chain and the transfected Igα subunit pair with the endogenous Igβ 

subunit and λ light chain to form a functional BCR on the cell surface (Fig. 4C).  

The construct encoding murine CD19 was introduced into the cell lines lacking or expressing 

the Igα-subunit and the murine ε mIg heavy chain, resulting in the cell lines depicted in the 

cartoons in Figure 4B.  

 

Cell surface expression analysis of the mIgE-BCR in the different cell lines confirmed that 

mIgE needs expression of both Igα and Igβ to be transported to the cell surface (Fig. 4C).  

In contrast to mIgE, CD19 was stably expressed on the cell surface in the absence of Igα 

(Fig. 4C). In summary, these results indicate that neither Igβ alone nor CD19 support surface 

expression of murine mIgE and thus show that CD19 does not serve as an alternative for 

Igα. However, the surface expression of CD19 appeared to be independent from the 

expression of the mIgE-BCR. 
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Figure 4: Generation of a murine B cell model system to analyze the interaction between mIgE and 
CD19.  

A) Schematic illustration of the retroviral expression vectors used for transfection of J558L cells with either 
mIgE-IRES-GFP or Igα -IRES-RFP or both. B) Schematic illustration of the different J558L B cell lines that 
were generated to analyze the mIgE - CD19 interaction. The J558L cells were reconstituted with the NIP-
specific murine εm heavy chain by using an IRES-GFP construct resulting in cells expressing mIgE-BCRs with 
NIP-specificity. These cells were sorted for GFP-positive ones. The cells were further reconstituted with Igα by 
using an Igα-IRES-RFP construct and subsequently sorted for RFP-positve cells. Additionally, a construct 
encoding murine CD19 was introduced into the cell lines lacking or expressing the Igα and the murine ε mIg 
heavy chain. C) Flow cytometric analysis of the mIgE-BCR, Igα and CD19 in the different J558L cell lines. The 
grey tinted peaks represent unstained cells whereas the fully colored ones correspond to cells stained with the 
indicated antibodies. 
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 CD19 showed no direct interaction with the murine mIgE-BCR IV.1.2

A previous report showed the successful co-purification of the murine mIgE-BCR and CD19 

from lysates of B cells [133]. I used the exact same protocol to purify NIP-specific mIgE, 

which is based on labeling of the surface pool of the mIgE-BCR with biotin-conjugated NIP-

BSA, followed by subsequent purification of biotin-NIP-BSA-bound mIgE using a streptavidin 

(SA) matrix.  

Besides the affinity purification (AP) of the cell surface fraction of mIgE-BCRs I also 

performed APs of the total mIgE pool (Fig. 5A, B). The AP of the mIgE surface pool worked 

only for those cells also expressing the Igα subunit (i.e. J558L_mIgE_ Igα and J558L_migE_ 

Igα_CD19) consistent with the previous observation that Igα is needed for an efficient 

transport of the murine mIgE to the cell-surface (Fig. 4C) and [44], [168]. Surprisingly, the AP 

of the total cellular mIgE pool was also dependent on expression of Igα, which may indicate a 

stabilizing role of Igα also on the intracellular (i.e. ER/Golgi-resident) mIgE pool. As shown in 

Figure 5A and 5B, the lysates of the CD19 expressing cell lines showed an extraordinary 

high CD19 expression, which also appeared uneven among these three cell lines: while the 

CD19 and IgE_C19-expressing cells showed a similar CD19 expression, that of the 

mIgE_Igα_CD19 triple-positive cells showed a lower CD19 expression. Co-purified CD19 

could be observed in the cell line expressing mIgE_Igα and to a lower extent also in the 

triple-positive cell line (Fig. 5A, B). Surprisingly, CD19 could also be purified with NIP-BSA + 

SA-matrix in the J558L cells expressing only CD19 but no mIgE-BCR. This questions the 

reliability of the observed CD19 purification in the cell lines expressing mIgE since it 

demonstrates an unspecific interaction between CD19 and ether NIP-BSA-biotin or the SA-

matrix. 

Thus, to determine the cause of this unspecific purification, I performed APs with or without 

addition of NIP-BSA-Biotin (Fig. 5C). CD19 unspecifically bound to NIP-BSA-Biotin but not by 

the Streptavidin Sepharose matrix.  

 

To overcome these unspecific interactions, I established an alternative affinity purification 

approch, which turned out to be more specific. Since the murine mIgE-BCR contains a λ light 

chain, I used an anti-mouse λ light chain matrix for purification of the mIgE-BCR complex 

(Fig. 6). These beads are covalently conjugated to an anti-mouse λ light chain nanobody. 

The purification of the mIgE-BCR worked in all J558L cell lines. As side note, the mIgE 

purification showed a variation in its signal strength: the band for mIgE appeared stronger 

when Igα is additionally expressed in the cell. This hints once more to a potential role of Igα    

in maintaining the stability of intracellular mIgE, which might be of interest for future 

investigations. 
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The erratic CD19 expression, which is shown in Figure 5A and 5B, was adjusted by cell 

sorting for low CD19 expression in mIgE_CD19 and mIgE_CD19_Igα cells (Fig. 6). Thus, the 

cellular lysates from these cells showed a strong and consistent CD19 expression. 

However, I could not detect any co-purification of CD19 with mIgE. Hence, with these data I 

could not confirm the findings about a direct interaction between the murine mIgE-BCR and 

CD19 as reported by Haniuda et al [133].    

 

Figure 5: Affinity Purification (AP) of the murine mIgE-BCR via NIP-BSA-Biotin and SA-Beads 

A) AP of surface or B) total mIgE pool. For purification of the surface mIgE fraction living cells were incubated 
with 10µg NIP-BSA-Biotin before preparing the lysates. For AP of the total mIgE pool, cells were lysated 
before addition of 10µg NIP-BSA-biotin. In both cases NIP-bound mIgE was purified from cellular lysates by 
addition of SA-beads. Cleared cellular lysates (CCL) were applied as input controls. Proteins were separated 
by SDS-PAGE and analyzed by western blot using antibodies specific for the ε HC and CD19. Blots incubated 
with anti-CD19 are depicted after longer (middle panel) and shorter exposure (lower panel) C) Specificity test 
of NIP-BSA-Biotin and SA-Beads. Total mIgE pool was purified separately ether with both NIP-BSA-Biotin and 
SA-Beads or only with SA-Beads. Proteins were analyzed as in A) and B). The molecular weight of marker 
proteins is indicated on the left in kDa.   
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IV.2 Both human mIgE-BCR isoforms interact with CD23 

As already introduced in the previous chapter there exist several models, which attribute a 

regulatory role in the synthesis of IgE to the low affinity receptor for IgE, CD23. The binding 

of soluble IgE to CD23 results in negative feed-back of the IgE synthesis, whereas cross-

linking of mIgE-BCR with CD21 via soluble CD23 enhances the production of IgE. This 

raises the question whether a similar feed-back mechanism also exists when the mIgE-BCR 

isoforms (e.g. either the mIgE-S or mIgE-L isoform) and CD23 are co-expressed on the cell 

surface. This question was addressed by creation of a human B cell model which co-

expresses CD23 and the mIgE-BCR. Since the CD23-induced regulation of the IgE synthesis 

is based on an interaction with IgE, the first step was to analyze, whether mIgE-BCR and co-

expressed CD23 also interact with each other.   

 

 Properties of a human B cell model for the expression of CD23 IV.2.1

For the planned receptor-receptor interaction analysis I used the human Burkitt lymphoma 

cell line Ramos. Ramos cells express an endogenous mIgM-BCR. I used a knockout clone of 

this cell line lacking the IgH and IgL chains, which was reconstituted with a mouse λ1 light 

chain_IRES_RFP construct (hereafter referred to as Ramos H/L -/- λ1_RFP) (generated by 

K. Vanshylla [52]) (Fig. 7A). These cells still express endogenous Igα and Igβ, which remain 

in intracellularly because of the absence of a mIg. This genetic background makes this 

Figure 6: AP of the murine mIgE-BCR via anti λ light chain beads 

For purification of the total mIgE pool, the cells were lysated and incubated with anti λ light chain beads. 
Cleared cellular lysates were used as input controls. Interaction between mIgE and CD19 was detected using 
SDS-Page and immunoblotting using antibodies against these proteins. Data are representative of three 
independent experiments. The molecular weight of marker proteins is indicated on the left in kDa 
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knockout cell line appropriate to introduce other mIgs for the analysis of their expression and 

functionality [52].  

I transduced these cells with the human εms heavy chain (mIgE-S) or εml heavy chain 

(mIgE-L) via retroviral transfection. The resulting cells expressed either one of the two 

human mIgE-BCR isoforms (schematically depicted as Ramos H/L -/- λ1 + huεmHC in 

Fig.7A). For comparison, I additionally generated cells which were transduced with the 

human µm heavy chain (mIgM) resulting in the expression of the human mIgM-BCR (Fig. 7B, 

last panel). A uniform expression of the various BCRs was ensured by sorting for the 

respective mIgs (Fig. 7B). It is known that the EMPD as part of the mIgE-L isoform acts as an 

ER retention domain and restricts its expression on the cell surface [116]. That explains the 

lower anti-IgE staining in comparison to the mIgE-S version (Fig. 7B).  

 

To enable the interaction analysis between the mIgE-BCR and CD23, I next transduced the 

mIgE and mIgM expressing cell lines with a CD23 construct, in which the CD23 expression is 

regulated by a Doxycycline-inducible promotor (schematically depicted as Tet-On promotor 

in Fig. 7A). To test the functionality of the inducible CD23 expression system, the cell lines 

expressing the various BCRs and also carrying the coding sequence for CD23 were 

incubated with 1µM Doxycycline for 24h or were left untreated (Fig. 7B+C). I could exclude 

any CD23 expression in absence of Doxycycline addition (Fig. 7B, right panel). Cells lacking 

the expression of a mIg but encoding the sequence of CD23 were used as a control (Fig. 7B-

D). Both, the CD23 and mIgE expression was tracked via FACS (Fig. 7B,D-G). 24h after 

addition of Doxycycline a major proportion of the cells were CD23 positive (Fig. 7C-G) and 

showed a uniform expression on the cell surface (Fig. 7C upper panel). Also with regard to 

the total CD23 pool, I could detect an even CD23 expression level among the cells (Fig. 7C 

lower panel). 

In summary, these data show that the Doxycycline inducible system is efficiently working. 
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 CD23 directly associates with both human mIgE-BCR isoforms  IV.2.2

In order to determine, whether there exists a direct association between the human mIgE-

BCR isoforms and CD23, I prepared lysates from mIgE_CD23 expressing cells which had 

been treated with Doxycycline for 24 hours or were left untreated, and used them to affinity 

purify the different BCRs using a matrix conjugated to anti-mouse λ light chain antibodies 

(Fig.8, right panels). I confirmed the successful and specific purification of the different mIg 

isoforms (Fig. 8 right panel). In addition, I verified the induction of the CD23 expression (input 

controls, Fig. 8 left panel). I observed an abundant co-purification of CD23 in the cell lines 

expressing mIgE but not in cells expressing mIgM. This indicated a direct isotype-specific 

interaction between the mIgE-BCR isoforms and CD23.  

 

 
 

 

 

 

Figure 7: Properties of a Doxycycline inducible expression system for the expression of CD23 
A) Experimental Setup: Ramos H/L -/- λ1_RFP cells were reconstituted with either human εms or εml heavy 
chains or the human µm heavy chain resulting in cells expressing either mIgEshort or mIgElong isoform or 
mIgM-BCR. These cells were further transduced with a CD23 construct, in which the CD23 expression is 
regulated by a Doxycycline inducible promotor. B) Flow cytometric analysis of surface mIgE, mIgM and CD23 in 
the generated Ramos cell lines in absence of Doxycycline. C) Surface and total CD23 expression in mIg empty, 
mIgE or mIgM expressing cells, either left untreated (tinted peaks) or treated with 1µM Doxycycline (Doxy) (fully 
colored peaks)  for 24h. The mean florescence intensity (MFI) is given on the right side of each panel. Data are 
representative of three independent experiments D-G) CD23 expression was induced by incubation with 1µM 
Doxycycline for 24h (right panel). It’s surface and total expression was eventually analyzed together with the 
respective BCRs via flow cytometry along with untreated cells (left panel). For analyzing the total protein pool 
the respective cells were harvested followed by fixation and permeabilization before staining against CD23 and 
the respective BCRs. 

Figure 8: CD23 directly binds to the human mIgE-BCR isoforms 

Anti – mouse λ light chain beads were used to purify the total pool of mIgE molecules. Cleared cellular lysates 
were used as input controls and volume corresponding to one million cells was applied for interaction analysis. 
Purified proteins were separated by SDS-PAGE and analyzed by immunoblotting with antibodies to the ε HC 
(upper panel), µ HC (middle panel) and CD23 (lower panel). Ramos cells lacking a BCR were used as 
negative control. Data are representative of three independent experiments.  
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Next, I performed a biochemical analysis of the observed mIgE-CD23 interaction in order to 

identify a direct association between these receptor types. Dhaliwal et al and Borthakur et al 

[152], [153], [169] gave detailed descriptions of the IgE-CD23 interface, which is mainly 

based on salt bridges and hydrogen bonds of specific amino acids in the head domains of 

CD23 and the Cε3 domain of IgE. Based on this knowledge, I generated double-mutants and 

quadruple-mutants of CD23 carrying alanine substitutions in two or four different amino acid 

positions in the IgE-binding site of the CD23 head domain. The resulting double-mutant of 

CD23 was characterized by alanine residues at position 188 (R188A) and 224 (R224A) and 

will be referred to as CD23_2xA. The quadruple-mutant additionally carried alanine 

substitutions at positions 186 (H186A) and 189 (Y189A) and will be referred to as 

CD23_4xA. The amino acid sequence of the human CD23 with its substituted amino acids 

and its alignment with other species is depicted in Figure 9A. These CD23 mutants were 

retrovirally transfected into the respective mIgE-BCR expressing cell lines. 

Upon Doxycycline addition CD23_4xA showed surface and total expression similar to that of 

CD23. The double-mutant was less efficiently expressed on the cell surface as well as 

intracellularly (Fig. 9B & C). To test the effect of the amino acid substitutions on the mIgE-

CD23 association, I purified the mIgE-molecules using anti-mouse λ light chain beads as 

before. The co-purification of CD23 in the double-mutants with both the mIgE-S- and mIgE-L-

BCR was strongly reduced compared to wild-type CD23 and was barely perceptible in the 

CD23_4xA expressing cell lines (Fig. 9D). The IgE-specific nature of this interaction was 

demonstrated by the purification of the mIgM-BCR, which did not show any association to 

CD23 (Fig. 9E). These results show that the observed mIgE-CD23 association occurs 

through the head domains of CD23. Additionally, mutagenesis of at least two of the 

mentioned amino acids in the IgE-binding site of CD23 strongly reduces this interaction 

emphasizing their essential role in the IgE-binding. 

Since the direct mIgE-CD23 interaction was observed by using the total mIgE pool, one 

cannot clearly state whether this complex is only occurring on the cell surface or already 

intracellularly. In order to determine where the mIgE-CD23 interaction is happening, I affinity-

purified the mIgE-BCR isoforms from different cellular compartments of the respective 

Ramos cell lines and determined the amount of co-purified CD23 (Fig. 10). Specifically, I 

purified mIgE from the cell surface and subsequently used the remaining lysates for 

purification of the intracellular pool (IC). Furthermore, cellular lysates were used to purify the 

total mIgE pool. For BCR purification, I used biotinylated anti mouse λ light chain antibodies 

and subsequently used SA-Beads for protein purification. Obviously, the co-purification of 

CD23 was much more efficient from the intracellular compartments in both mIgE-S and  
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mIgE-L expressing cell lines in comparison to the cell surface (Fig. 10A+B, lane 4-6). Hence, 

I concluded that the mIgE isoforms and CD23 had already bound to each other in the ER and 

that CD23 as part of this complex is less efficiently transported to the cell surface. 

Furthermore, the surface pool of mIgE-S ran at a higher molecular weight than its 

intracellular pool (Fig. 10A). This observation had already been made by Vanshylla et al [52] 

indicating that this, most likely, might be due to the more complex glycosylation of the 

surface expressed mIgE-S molecules. In contrast, mIgE-L showed a very faint glycosylation 

due to its retention in the ER. In fact, the lower glycosylation level of mIgE-S in the IC 

appeared to have no impact on its association with CD23. The same could be observed for 

the mIgE-L isoform that is retained in the ER (Fig. 10B, lane 4-6). As already observed in 

Figure 9, the introduction of two alanine substitutions in the IgE binding site of CD23 resulted 

in a clear reduction of co-purified CD23 in the intracellular compartments and was completely 

abrogated in case of the 4xA mutants (Fig. 10A+B, lane 7-12). As control, I performed the 

same experiment with mIgM-BCRs, which did not show any interaction with CD23 (Fig. 10C).  

In summary, these data show that the direct association between the mIgE-BCRs and CD23 

occurs mainly in the ER. 

 

 

 

 

 

 

Figure 9: The direct interaction between CD23 and mIgE-BCR is disrupted by mutagenesis 

A) Amino acid sequence alignment of the human, mouse and rat CD23 head domain segment from position 
181 to 240. The amino acids selected for side-directed mutagenesis are marked in red. B)+C) Surface and total 
expression of CD23 double-mutants (2xA) or quadruple-mutants (4xA) was analyzed by flow cytometry, 
untreated (tinted peaks) or treated with 1µM Doxycycline (Doxy.) for 24h (fully colored peaks). The mean 
florescence intensity (MFI) is listed on the right side of each panel. D) Anti – mouse λ light chain beads were 
used to purify the total pool of mIgE molecules from cells that had been treated with 1µM Doxy for 24h to 
induce the CD23 expression or left untreated. A volume corresponding to one million cells was applied as input 
controls. Purified proteins were separated by SDS-Page and analyzed by Western Blot with antibodies to the ε 
HC (upper panel) and CD23 (lower panel). E) AP of mIgM molecules was performed and analyzed as in D). 
Data is representative of three independent experiments.   
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Figure 10: The mIgE-CD23 interaction mainly occurs intracellularly 

A)+B) The two mIgE-BCR isoforms were affinity purified (AP) via biotinylated anti-mouse λ light chain 
antibodies and streptavidin sepharose from cells that had been labeled with the antibodies before lysis to 
purify the mIgE surface pool. The remaining lysates were used to purify the intracellular pool (IC) of mIgE 
molecules. Purified proteins were subsequently separated by SDS-PAGE and analyzed via Western Blot with 
antibodies to the ε HC (upper panel) or CD23 (lower panel). Ramos cells only expressing mIgE served as AP 
negative controls. The CD23 expression was induced by addition of 1µM Doxycycline to the cells 24h before 
performing the experiment. C) mIgM molecules were purified from the cell surface, IC or total cell lysates as 
mentioned in A)+B). Data is representative of three independent experiments. 
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 Induction of CD23 expression results in diminished mIgE-BCR induced IV.2.3

Ca2+ -mobilization and reduced mIgE-S surface expression 

Having shown that CD23 specifically binds to mIgE when co-expressed in the cell, the 

question arose, whether the mIgE-CD23 association might have an impact on the 

functionality of the mIgE-BCR. This was determined by analyzing the mIgE-BCR induced 

Ca2+-mobilization in absence or presence of CD23 (Fig.11).  

 

 

 

 

 

 

Figure 11: Induction of CD23 expression results in diminished mIgE-BCR induced Ca2+ -mobilization 

Comparison of the Ca
2+ 

mobilization of Ramos cell lines expressing CD23 (A-C) or CD23_4xA (D-F). The 
induction of CD23 expression was performed at various time points before measurement: 1µM Doxycycline 
was added 4h, 10h or 24h to the cells before starting the experiment. Untreated cells served as controls. 
Ca

2+ 
mobilization was analyzed using Indo-1-AM. The baseline for Ca

2+ 
levels were monitored for 30sec, 

following the addition of 20µg/ml stimulating anti-human IgE or anti-human IgM F(ab)’2 fragments (indicated 
by arrows). Data are representative of three independent experiments 



Results 

 
63 

 

In order to track the impact of the increasing CD23 expression on the mIgE-BCR induced 

Ca2+ flux over the course of 24h, I added Doxycycline to the cells on different time points 

(e.g. 4h, 10h and 24h) before measurement. I could observe a clear reduction in the Ca2+ 

response of the mIgE-BCRs already 4h after induction of CD23 expression (Fig. 11A & B, 

blue lines). 24h after induction of CD23, the mIgE expressing cells showed a strongly 

diminished Ca2+ mobilization (Fig. 11A & B, green lines). In contrast, the mIgM-BCR-induced 

Ca2+ response remained unaffected by the expression of CD23 (Fig. 11C & F). By contrast, 

expression of CD23_4xA did not affect Ca2+ mobilization in any of the analyzed cells (Fig. 

11D & E). Thus, this experiment revealed that the formation of mIgE-mCD23 complexes 

reduces the Ca2+ flux of activated mIgE-BCRs.  

 

Since the association between CD23 and the different mIgE isoforms affected the BCR-

induced Ca2+ response, I tested whether this effect correlated with a reduced mIgE-BCR 

surface expression. To this end, I analyzed the surface and total expression of both mIgE 

isoforms at various time points after induction of CD23 (Fig. 12). The surface expressed 

mIgE-S was significantly reduced 10h after induction of wild-type CD23 and was more than 

halved after 24h (Fig. 12A). Analysis of the total pool of mIgE-S revealed a trend towards 

reduced expression after induction of CD23, which however did not reach statistical 

significance. Notably, surface expression of the mIgE-L isoform was hardly affected by 

induction of CD23, whereas the total pool of mIgE-L was somewhat reduced, which – as for 

mIgE-S – did not reach statistical significance (Fig. 12A & B). The missing effects on the 

surface pool of mIgE-L may be due to its inefficient surface expression, which is caused by 

retention of this mIgE isoform in the ER [116]. Interestingly, the presence of the CD23_4xA 

mutant resulted in a mild but not statistically significant reduction of mIgE-S on the cell 

surface, whereas the surface pool of mIgE-L molecules remained unchanged as before (Fig. 

12C). In summary, I discovered with these data that CD23, when co-expressed already in 

small amounts with the mIgE-S BCR, significantly reduces its surface expression.  

 

Taken together, I showed that there exists an association between co-expressed CD23 and 

mIgE-BCRs, which mainly occurs in the ER. This receptor-receptor interaction not only leads 

to an inefficient transport of CD23 to the cell surface but also negatively regulates the surface 

expression of the mIgE-BCRs. This discovery appears to be directly associated with 

diminished Ca2+ mobilization. However, I could not at this stage exclude the contribution of 

additional intermediates in this regulatory process. 
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Figure 12: CD23 significantly reduces mIgE-S surface expression 

Kinetics analysis of surface and total mIgE-expression after induction of CD23 (A+B) or CD23_4xA (C+D).The 
CD23 expression was induced by addition of 1µM Doxycycline to the cells, 4h, 10h or 24h before starting the 
experiment. Untreated cells served as controls. For analysis of the total mIgE-pool, the cells were fixed, 
permeabilized and stained with ant-human IgE PE-Cy7. The Mean fluorescence intensity (MFI) was determined 
by flow cytometry and the error bars indicate standard deviation of three independent experiments. 
Significances were calculated using two-way ANOVA followed by Tukey’s multiple comparison test. **: p˂0.01, 
*:p˂0.05, ns: not significant, a.u.: arbitrary unit 
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IV.3 Analysis of the interaction between endogenously expressed human 

IgE and CD23 

Since my results indicated that binding of CD23 to the human mIgE-BCR isoforms had an 

impact on both the surface expression as well as its signaling activity, the next important step 

was to compare this situation in B cells expressing the human mIgE-BCR isoforms using 

their endogenous promotor. That is important since so far I have been using expression 

vectors with promotors designed to overexpress cDNAs of the mIgE-BCRs. Thus, I induced 

the expression of the mIgE isoforms from the endogenous immunoglobulin heavy chain (IgH) 

locus in Ramos cells that normally express mIgM. This would enable a physiological mIgE 

expression on the plasma membrane. 

 

 Properties of a novel B cell model expressing endogenous IgE  IV.3.1

The generation of Ramos cells expressing mIgE in physiological amounts was accomplished 

by induced class-switch recombination (CSR), applied by the CRISPR/Cas9 genome editing 

system. During CSR, a part of the Ig heavy chain (HC) locus is removed from the 

chromosome, which is enabled by the induction of DNA double strand breaks, which are 

introduced by the B cell-specific enzyme AID. The idea was to mimic the function of AID by 

using CRISPR/Cas9 and a set of specifically adapted sgRNAs that bind to the μ switch 

region and the ε switch region, respectively. This enabled expression of the Ig ε HC under 

control of all endogenous, regulatory elements and therefore most likely results in natural 

amounts of mIgE expression on the plasma membrane. The detailed procedure is described 

in the Materials and Methods section in chapter II.2.1.4 and the experimental setup is 

additionally depicted in Figure 13A. In brief, the cell line Ramos was transfected with a 

mixture containing Cas9 and the respective sgRNAs via electroporation. Subsequently, the 

cells were sorted for lack of mIgM expression (Fig. 13A+B). The sorted mIgM-negative cell 

population had lost IgM expression in comparison to the pre-sorted culture (Fig. 13C). In 

order to eliminate stray mIgM-positive cells from the expanded cell population, the sorted 

cells were singularized by single cell dilution. Various sub-clones from this dilution were 

picked and screened for their surface and total IgE expression. I could barely detect mIgE or 

mIgM surface expression among the clones (Fig.13D, clones #35, #83 and #32, bright 

colored peaks). Consequently, I decided to base the identification of IgE+ clones on the 

staining results for the total IgE expression (Fig. 13D, clones #35, #83 and #32, dark colored 

peaks). The Clones #35, #83 and #32 display examples for an (m)IgE+ clone, an (m)IgM+ 

clone and a mixed population of (m)IgE+ and (m)IgM+ clones, respectively. From 30 

screened sub-clones, 17 were (m)IgE positive and were merged to an oligoclonal population 

that displayed a very low mIgE surface expression (Fig. 13E).    
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By comparing the mIgE surface pool of the IgE-switched cells with that of mIgE-S or mIgE-L 

expressing Ramos cells, I discovered that the amount of mIgE on the cell surface of IgE-

switched cells is even lower than that of the mIgE-L expressing cells (Fig. 13F, left panel). 

Staining of IgE in permeabilized cells, however, revealed that the total amount of IgE in the 

three different cell types was comparable (Fig. 13F, right panel). In summary, these data 

show that the CRISPR/Cas9-induced switch to the ε locus resulted in the successful (m)IgE 

expression, which might possibly reflect the natural expression on the cell surface.  

 

In order to identify the mIgE isoform expressed by the IgE-switched cell population, I purified 

the total IgE pool from these cells using biotinylated antibodies against the human ε heavy 

chain. To have a reference for the identification of the purified IgE-switched isoform, I 

performed the same approach with the mIgE-S and mIgE-L expressing cells, respectively. In 

this context, I observed that the IgE pool from the IgE-switched cells run at a lower molecular 

weight than the mIgE-S and mIgE-L isoforms (Fig. 14, lane 3-5). 

This result implied that the novel cell model is expressing soluble IgE. To test this 

hypothesis, I additionally performed the IgE purification approach with the respective cellular 

medium of these cells giving a band in the medium samples for the IgE-switched cell, but not 

for mIgE-S and mIgE-L expressing cells (Fig. 14, lane 7-11) thus showing that the IgE-

switched cells indeed produced soluble IgE. As a side note, the purified soluble IgE from the 

cellular lysates ran at a lower molecular weight in comparison to the secreted one in the 

medium. This is most likely due to the higher glycosylation of the soluble IgE after having left 

the intracellular compartment. In summary, these data show that the induced CSR resulted 

unexpectedly in cells preferentially expressing soluble IgE. In fact, similar observations about 

the preferential production of soluble IgE and a low membrane/ soluble IgE ratio were also 

made in murine B220+ IgE B cells upon previous stimulation [170], [123], [171] 

 

Figure 13: Properties of a novel B cell model expressing endogenous IgE 

A) Experimental Setup: Induced class-switch recombination (CSR) was performed in Ramos EB cells by 
application of CRISPR/Cas9 genome editing system (for procedure s. Materials and Methods section, chapter 
III.2.1.4). B) Obtained mix-culture of IgM+ and IgE-switched cells was sorted for IgM- portion. C) Flow 
cytometric analysis of sorted and expanded IgM- cells and was singularized via single cell-dilution. D). Sub-
clones were screened for IgE surface and total expression via flow cytometry. Clones #35, #83 and #32 display 
examples for an IgE+ clone, IgM+ clone and a mixed clone-population, respectively. 17 clones were screened 
IgE+ and gathered together as an oligoclonal population. Ramos EB cells were used as IgM positive controls 
and Ramos H/L KO/λ cells served as Ig negative control. Tinted peaks represent unstained samples, bright 
colored peaks depict surface Ig expression and dark colored peaks represent total Ig staining, respectively. E) 
Flow cytometric analysis of surface and total IgE expression in oligoclonal IgEswitch population F) compared to 
cell lines expressing mIgE-BCR isoforms. The MFI is listed on the right side of each panel. Gating on positive 
populations is indicated by vertical lines. 
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In order to analyze the impact of permanently expressed CD23 on both the IgE-switched 

BCR and the mIgE isoforms, I introduced CD23 into the IgE-switched cells via retroviral 

transduction. In this context, I used a CD23-encoding construct, which enabled constitutive 

CD23 expression in the cells. Comparing the generated IgE-switched cells with those 

additionally expressing CD23, I observed a significant increase in the IgE surface signal of 

the CD23 transduced cells (Fig. 15A & C). Regarding the specificity of CD23 for soluble IgE, 

the question arose whether this signal might be the result of passively bound soluble IgE, 

which was produced by these cells in significant amounts (Fig. 14). 

Figure 14: The IgE-switched B cells preferentially express soluble IgE 

Biotinylated anti human IgE antibodies and streptavidin sepharose beads were used to purify the total pool of 
mIgE-S, mIgE-L and IgE-switched cells (lanes 1-5). To purify soluble IgE in the cellular medium, 2ml of the 
medium of the respective cell lines was prepared with anti human IgE and straptavidin sepharose beads (lanes 
7-11). Cleared cellular lysates of 25x10

6
 cells were used as input controls and volume corresponding to one 

million cells was applied for analysis (lanes 13-17).  Purified proteins were seperated by SDS-Page and 
analyzed by immunoblotting with antibodies to the ε HC (upper panel), µ HC (middle panel) and CD19 (lower 
panel). Ramos EB and Ramos H/L KO/ λ cells served as negative controls. Data is representative of three 
independently performed experiments.  
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To address this question, I briefly treated the cells with acidic buffer to get rid of any 

passively bound soluble IgE on the cell surface. Indeed, the acid treatment of CD23-

expressing IgE-switched cells completely abrogated the IgE signal (Fig. 15B,D & E). This 

showed that the signal for IgE was caused by soluble IgE, which was passively bound to co-

expressed CD23. In order to prevent these IgE signals, the following flow cytometric 

analyses of the IgE-switched cells were performed after acidic treatment.  

 

 

 Co-expression of CD23 reduces mIgE-BCR surface expression and IV.3.2

signaling 

In the next step, I wanted to analyze whether the reducing impact of CD23 on the IgE surface 

expression can also be observed in Ramos cells expressing mIgE from the endogenous Ig 

locus, i.e. the IgE-switched cells. For this purpose, I used retroviral constructs encoding 

either CD23 or the CD23_4xA mutant, which enabled their constitutive expression in mIgE-

expressing cells. Additionally, for comparison, I also transfected mIgM-expressing cells with 

Figure 15: IgE-switched cells co-expressing CD23 give higher IgE signals than CD23 negative ones 

Flow cytometric analysis of IgE-switched cells A)+B) and IgE-switched cells co-expressing CD23 C)+D).The cells 
have been left untreated A)+C) or treated with Acidic buffer B)+D) to get rid of passively bound secreted IgE, 
which results in reducing the IgE signal. E) Mean fluorescence intensities (MFI) of anti-IgE surface staining of 
IgE-switched cells in absence or presence of co-expressed CD23, either with or without Acidic treatment. Error 
bars indicate standard deviation of three independently performed experiments. Significances were calculated 
using unpaired student t-test. *: p˂0,05, ns: not significant; a.u.: arbitrary unit; Data are representative for three 
independent experiments 
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the same CD23 variants. After sorting out CD23-negative cells from all transfectants, CD23 

expression was comparable among the cell lines (Fig. 16A-C and E-G, blue peaks in 

histograms). Further observations lead me to the assessment that CD23 expression in cells 

expressing the mIgE-BCR isoforms or the switched mIgE is 4 to 6 times higher in those 

expressing the CD23_4xA mutant in comparison to CD23 (Fig. 16, compare histograms A-C 

with E-G). This is consistent with the previous hypothesis that the IgE-CD23 complex is 

retained in the ER (Fig. 10), which hampers an efficient transport of CD23 to the cell surface.  

By contrast, CD23 expression remained unaffected in mIgM expressing cells (Fig. 16D & H).  

 

 

 

 

I subsequently  tracked the mIgE surface and total expression in absence or presence of the 

CD23 variants. The results are depicted in Figure 17. The BCR expression without CD23 is 

depicted in grey peaks whereas the colored peaks represent the respective BCR expression 

in the presence of CD23. Whereas the mIgE-L expression was not significantly affected by 

CD23 (Fig. 17B), I detected a significant reduction for the mIgE-S surface pool in the 

presence of CD23. Moreover, its total expression was more than halved (Fig. 17A). This 

inhibitory effect was abrogated when the IgE-CD23 interface was inactivated in the 

CD23_4xA mutant (Fig. 17E). Despite its low surface expression, also the BCR on IgE-

switched cells revealed a clear reduction upon CD23 expression on the cell surface whereas  

Figure 16: Intracellular IgE-CD23 association inhibits an efficient surface expression of CD23 

A)-D) Surface expression of CD23 and E)-H) CD23_4xA mutant in mIgE-BCR or mIgM-BCR expressing 
Ramos cells. The tinted peaks in the histograms represent unstained samples, the grey colored peaks depict 
the respective BCR expressing cells without CD23 and blue colored peaks correspond to CD23 expression 
after sorting. Gating on positive populations is indicated by vertical lines.  
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its total expression pool remained constant (Fig. 17C). Since, the IgEs-switched cells 

predominantly express soluble IgE (Fig. 13E & F, Fig. 14) one can conclude that their 

surface-expressed mIgE pool only represents a low proportion of their total IgE amount. This 

might be an explanation for their consistent IgE total pool in presence of CD23. In addition, 

the CD23_4xA mutant did not show a statistical significant impact on the total IgE-switched 

pool (Fig. 17G, orange bars). In contrast to the mIgE expressing cells, I could not detect 

significant changes in the expression of mIgM when co-expressed with CD23 (Fig. 17D & H). 

In summary, this data show that the direct interaction between CD23 and mIgE significantly 

diminishes the surface expression of mIgE-S. Similar findings could be observed for the IgE-

switched cells.  

 

It is well established that most mIgs need to associate with Igα and Igβ in order to get 

efficiently transported to the cell surface [43], [44], [170]. Hence, it was reasonable to 

assume that binding to CD23 impairs the assembly of mIgE-S with Igα/β, thus preventing the 

expression of a functional BCR on the cell surface. To test this hypothesis, I tracked the 

surface expression of both Igα and Igβ in the absence or presence of CD23 or CD23_4xA in 

mIgE-BCR expressing cells. Indeed, upon co-expression of CD23, the mIgE-S expressing 

cells showed a significant decrease in Igα and Igβ on the cell surface (Fig. 18A+B, blue and 

pink peaks and bars). However, this effect was lost in the presence of CD23_4xA (Fig. 

18C+D, blue and pink peaks and bars). By contrast, both the mIgE-L expressing and IgE-

switched cells obtained a constant Igα and Igβ expression independent of the co-expressed 

CD23 variants. In addition, CD23 also did not show any impact on the surface pool of both 

subunits in mIgM expressing cells. Thus, these data show that CD23 disrupts the association 

between mIgE-S and its subunits Igα and Igβ.  

 

 

 

 

 

Figure 17: Permanently co-expressed CD23 significantly reduces the mIgE surface expression 

Surface and Total mIgE expression was determined in Ramos cells expressing either mIgE-BCR or mIgM-BCR 
in absence (grey colored peaks and bars) or presence of CD23 A)-D) or CD23_4xA expression (colored peaks) 
E-H). The data are representative of three independent experiments. The tinted peaks correspond to unstained 
samples. For analyzing the total protein pool the respective cells were fixated and permeabilized before 
staining against IgE or IgM. The Mean florescence intensity (MFI) is listed on the right side of each panel. The 
statistics of the flow cytometric analysis are depicted in Bar graphs. The MFI was determined by flow cytometry 
and the error bars indicate the standard deviation of three independent experiments. Significances were 
calculated using unpaired student t-test. **: p˂0.01, *:p˂0,05, ns: not significant; a.u.: arbitrary unit  
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Figure 18: CD23 disrupts the association of Igα and Igβ subunits to the mIgE-S BCR 

The surface expression of Igα (blue) and Igβ (pink) was analyzed in cells expressing either mIgE-BCR or 
mIgM-BCR in absence (grey colored bars and peaks) or presence (bright colored bars and peaks) of 
permanent CD23 (A+B) or CD23_4xA expression (C+D) by flow cytometry. Data in A + C is pooled from three 
independent experiments and error bars represent standard deviation. The histograms in B+D are 
representative of three independent experiments. The Mean florescence intensity (MFI) is given on the right 
side of each panel. Significances were calculated using unpaired student t-test. **: p˂0.01, *:p˂0,05, ns: not 
significant;  
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Having observed that the reducing impact of CD23 also applies for the IgE expression in IgE-

switched B cells I was interested in its impact on the functional capabilities of the mIgE-

BCRs. I found that Ca2+ mobilization of mIgE-S or mIgE-L BCR-expressing cells in the 

presence of wild-type CD23 was strongly reduced as compared to CD23-negative cells (Fig. 

19A-C). This result is similar to the findings gained with the CD23 inducible system (Fig. 

11A+B). Interestingly, despite the extremely low amount of surface BCR in IgE-switched 

cells, I could observe a subtle but detectable Ca2+ signal in these cells, which is clearly 

showing that their BCR is functional. It’s induced Ca2+ signaling however disappeared with 

co-expression of CD23 (Fig. 19C). Since co-expression of the CD23_4xA mutant did not 

have an impact on the Ca2+ mobilization, it is reasonable to assume that the observed 

inhibitory effect of CD23 is based on its association to the mIgE-BCR (Fig. 19E-G). It is 

important to mention that mIgM-BCR induced Ca2+ signaling remained unaffected by CD23. 

This shows that the reducing impact of CD23 on the Ca2+ flux is IgE-specific (Fig. 19D+H).  

In summary, the findings in Figure 19 show that the reducing impact on the mIgE surface 

expression of CD23 not only applies to the functionality of both mIgE-BCR isoforms, but also 

for the IgE-switched cell model and is also dependent on an intact IgE-CD23 interface. With 

regard to the diminished Ca2+ mobilization, it was fair to assume that this was also the result 

from a possibly reduced surface expression of the mIgE-BCRs. 

 

In conclusion, I could show that CD23 also has a negative impact on the BCR signaling 

capability of endogenously expressed IgE. It is up to future investigations to find out, whether 

these findings are due to a direct association between the IgE-switched BCR and CD23. The 

results from the analysis of the Ca2+ mobilization would fit to this hypothesis. The reduced 

Ca2+ flux, which was observed for the IgE-switched BCR and the more abundantly expressed 

mIgE-S isoform, is probably due to a less efficient surface expression that might be based on 

a competitive binding of CD23 with the Igα and Igβ subunits.  
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Figure 19: Constitutively co-expressed CD23 reduces mIgE-BCR induced Ca
2+

 mobilization 

Comparison of the Ca
2+ 

mobilization kinetics of mIgE- or mIgM-BCR expressing cells in absence or presence 
of either CD23 A)-D) or the CD23_4xA mutant E)-H) Ca

2+
 mobilization was analyzed using Indo-1-AM. The 

baseline for Ca
2+

 levels were monitored for 30sec, following the addition of 20µg/ml stimulating anti-human 
IgE or anti-human IgM F(ab)’2 fragments (indicated by arrows). Data are representative of three independent 
experiments 
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V Discussion 

Due to the development of genetic mouse models that allow a deeper analysis of the 

functionality of mIgE-expressing B cells, our understanding regarding the biology of this 

scarce cell population has significantly improved [124], [125], [171]. IgE antibodies are 

principal mediators of most type I allergic reactions. Considering the fact that one third of the 

population of developed countries are effected by IgE-mediated allergic diseases, finding 

new and improving already existing strategies to inhibit IgE production or to block IgE-FcεRI 

complex formations is of great importance. In order to accomplish this goal, it is necessary to 

take a closer look at the processes, which regulate IgE expression and its functionality, as 

well as other protein interaction partners, which might have an impact on the mIgE-BCR 

functionality. In the course of my work I used murine and human B cell lines to investigate 

the receptor-receptor interactions of the murine and human mIgE-BCRs with the B cell co-

receptor CD19 and the low affinity receptor for soluble IgE, CD23. 

 

V.1 Testing the association of the murine mIgE-BCR with CD19 – an 

incomplete story 

This chapter is dedicated to my work on testing a putative the direct interaction between the 

murine mIgE-BCR and the co-receptor CD19. Similar work has already been done and put 

on record in a previous publication of Haniuda et al., in which the authors reported about the 

role of the murine mIgE-BCR in the terminal differentiation fate of IgE-switched B cells to 

plasma cells. They observed in this context a direct interaction between the mIgE and CD19 

in contrast to the mIgM- or mIgG1-BCR [133]. This observation was based on the successful 

co-purification of the murine mIgE-BCR and CD19 from whole cell lysates of B cells. I have 

studied their affinity purification approach and tested this interaction in the established 

murine cell line model J558L, which I have stably transfected with the murine CD19 and the 

same NIP-specific murine mIgE-BCR as indicated in the respective paper. Despite 

performing the mIgE-BCR purification approach as indicated in their materials and methods 

section and using the same substances with their appropriate concentrations, I could not 

observe a specific interaction between CD19 and NIP-BSA. Even multiple iterations of this 

experiment lead to the same result. Using an anti-mouse λ light chain matrix enabled a more 

specific purification of the murine mIgE-BCR. However, I still could not detect any association 

of CD19 with mIgE.   

In their study, Haniuda et al [133] used a self-developed cell culture system in which splenic 

B cells derived from B1-8f Cγ1-Cre mice eventually express only a particular BCR of choice. 

It is conceivable that my cellular model system may not express unknown intermediates 

required as linkers for the interaction between CD19 and murine mIgE. For instance, CD19 is 
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also part of a multi-protein complex consisting of the complement receptor CD21 and CD81, 

where CD19 functions as a signaling-transducing element [75],[79],[87]. In this regard, it 

would be reasonable to assume that CD21 or CD81 might function as mediators of the 

interaction with the mIgE-BCR. 

Even though the interaction analysis between the murine mIgE-BCR and the co-receptor 

CD19 did not lead to conclusive results, my analysis of the interaction between the human 

mIgE-BCR isoforms and CD23, however, was more successful. 

 

V.2 New insights into the regulation of the human mIgE-BCR  

CD23 is part of a complex regulatory mechanism controlling IgE synthesis in B cells. Based 

on the data presended in this chapter of my study, I propose that CD23 directly associates 

with the human mIgE-BCR isoforms and, subsequently negatively regulates the surface 

expression and functionality of the human mIgE. Furthermore, CD23 might hamper the 

regular assembly of the Igα/Igβ subunits to the mIgE, which probably leads to the ER 

retention of mIgE resulting in a reduced surface expression and a subsequently diminished 

BCR induced Ca2+ mobilization. 

 

 CD23 can directly associate with the human mIgE-BCR isoforms V.2.1

Not long ago it was possible to identify the properties of the CD23-binding site in IgE via side 

directed mutagenesis and nuclear magnetic resonance (NMR) technique [153]. In my work I 

revealed for the first time that CD23 and the human mIgE-BCR isoforms directly associate 

with each other if co-expressed in the B cell. Side-directed mutagenesis of the amino acids 

Histidine 186, Arginine 188, Tyrosine 189 and Arginine 224 in the IgE binding site of CD23 

additionally indicated that this protein-protein interaction is based on the prevalent 

association between the CD23 lectin head domains and the Cε3 domain. Interestingly, I 

observed that this IgE-specific receptor association mainly occurs in the ER. Even though 

CD23 is part of the C-type lectin superfamily its association to IgE occurs in a carbohydrate 

independent manner (e.g. no lectin- like activity of the CD23 head domains is necessary) 

[92],[169],[172]. This correlates with my observation that mIgE-S, independent from its 

glycosylation, associates with CD23, which happens while passing the ER and the Golgi 

apparatus. This hypothesis is supported by mIgE-L, which could also associate with CD23 

but did not show differences in its glycosylation due to its ER retention [116].   

In contrast to the intracellular situation, the amount of surface-expressed mIgE and CD23 

was quite low hinting towards two possible explanations: first, the surface detected mIgE-S 

remained mostly unbound from CD23 and second, the mIgE-CD23 association resulted in an 

ER-retention of CD23 preventing its efficient surface expression. 
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The idea of an ER-retention of CD23 due to its association with mIgE corresponds to the 

FACS data presented in Figure 16 that shows that the mIgE expressing cells have a lower 

surface expression for CD23 in comparison to the CD23_4xA variant. It is currently unknown 

whether the IgE association might have a conformational effect on CD23. Therefore, future 

investigations of the structure of the CD23-mIgE association are required in order to make a 

clear statement in this regard.  

 

 The inhibitory impact of the mIgE-CD23 association on the mIgE V.2.2

surface expression and its functionality 

My further investigations regarding the consequences of the mIgE-CD23 association 

revealed a significant reduction of the surface expression of the mIgE-S isoform. This is in 

accordance with the reported inhibitory effect of IgE-crosslinked CD23 on the IgE expression 

in transgenic mouse models [149], [159], [160]. However, to my knowledge the inhibitory 

impact of CD23 has not yet been individually analyzed for each of the human mIgE-BCR 

isoforms. Based on my data, I came to the conclusion that the inhibitory effect of CD23 might 

be based on its association with mIgE occurring in the ER. This association was disrupted in 

cells co-expressing the CD23_4xA variant resulting in an unaffected IgE expression. One 

possible explanation for the less efficient surface expression of mIgE-S upon binding to 

CD23 is an incorrect assembly of mIgE-S with the subunits Igα and Igβ due to their 

displacement by CD23. Indeed, the surface expression of Igα and Igβ was significantly 

reduced in mIgE-S expressing cells upon expression of CD23. Similar to other mIg isotypes, 

the mIgE-BCR complex consists of mIgE together with the Igα/Igβ heterodimer 

[49],[44],[43],[111]. The mIg-Igα/Igβ complex must be assembled correctly in the ER to 

guarantee its efficient transport to the plasma membrane. Hence, a competitive binding and 

blocking of the Igα/Igβ subunits by CD23 in the ER would result in a defective mIgE-BCR 

complex formation and thus in its inefficient transport to the cell surface.  

Additionally, recent research showed that mIgE-S can be expressed on the B cell surface in 

the absence of the Igα/Igβ heterodimer, a property that depends on the cytoplasmic tail of 

mIgE [52]. In this context, analyzing how the absence of Igα/Igβ effects the mIgE-CD23 

association might be a good starting point for future investigations.  

 

Another possible explanation for the reduced surface expression of mIgE-S might be 

conformational changes arising from its association to CD23. In fact, the structural interaction 

between IgE and CD23 has been well documented and revealed that IgE-FC can exist in 

open and closed conformations with only the closed state being capable of binding CD23 

[153],[173],[174]. A detailed study of the crystal structure showed a high flexibility in the Cε3 
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helix. It includes the binding sites of both CD23 and the high-affinity IgE-specific FcεRI, 

however at opposite ends [173], [174]. Furthermore, it has been reported that despite the 

opposing binding position of the IgE-specific receptors on the IgE-Fc domain, they are 

allosterically coupled thus, resulting in a conformational change of IgE, which disables a 

simultaneous binding of FcεRI and vice versa. Hence, a coincidental binding of both IgE 

specific receptors at IgE is impossible due to reciprocal allosteric inhibition [153], [174], 

[175],[147]. Considering the huge conformational changes that are induced by the IgE-CD23 

interaction, one could assume that these structural alterations might also compromise mIgE-

S’s subsequent expression on the cell surface.  

However, the CD23-induced negative effects on the mIgE surface expression could barely 

be observed for the mIgE-L isoform. This may be due to its inefficient surface expression, 

which is caused by its retention in the ER through the EMPD [111],[116]. Even though I could 

not detect an effect on the surface expression of mIgE-L, CD23 may also have an impact on 

this isoform. Similar findings could be observed for the IgE-switched cells whose surface 

expression was even lower than that of mIgE-L. Whereas the mIgE surface pool on IgE-

switched cells showed a significant reduction upon CD23 expression, their total mIgE pool 

remained unaffected. A possible explanation may be that the majority of the total IgE pool in 

these cells is expressed intracellularly.  

 

A typical approach for monitoring B cell signaling is the analysis of BCR induced Ca2+ 

mobilization. Upon BCR stimulation, I observed that the mIgE-CD23 association resulted in a 

significant reduction of the Ca2+ flux for both human mIgE isoforms as well as the IgE-

switched cells. In case of mIgE-S this might be due to its significantly reduced expression. 

In this context, the impaired assembly of mIgE-S with the Igα/Igβ heterodimer due to the 

mIgE-CD23 association resulted in a reduced surface expression and thus a lower amount of 

mIgE-S BCRs that could be activated and monitored. The same may apply for the mIgE-L 

isoform and the IgE-switched BCR despite their low surface expression.  

Another explanation for the reduced BCR induced Ca2+ mobilization could be that CD23 

directly affects components of the mIgE-BCR signaling cascade. The mechanisms 

underlying the inhibitory impact of CD23 on the mIgE-BCR activation are still largely 

unknown. There already exist reports about the negative impact of murine CD23 on the  

phosphorylation of Bruton’s tyrosine kinase (BTK). BTK is an essential part of the Ca2+ 

initiation complex [176]. Since the phosphorylation of BTK requires a number of prior steps 

like the activation of kinase Syk, CD23 may actually have an impact on earlier stages and 

components of the BCR singling cascade [176]–[178]. Additionally, Btk activation can be 

enhanced by the co-receptor complex CD19/CD21/CD81 [179]. This suggests that CD23 

may be able to directly interfere with the Btk activation through its interaction with CD21 
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[134], [154] and thus restrict the assembly of a functional Ca2+ initiation complex. It is up to 

future investigations to find out whether and how the association between CD23 and mIgE 

affects the IgE signaling cascade. 

 

In order to find possible explanations regarding the impact of CD23 on the mIgE-BCR 

functionality, taking a look at the phosphorylation of CD23 may prove useful. Phosphorylation 

in lymphocytes is tightly associated with the regulation of protein expression, functionality 

and various cell signaling pathways [180]. CD23a is one of two existing isoforms of CD23 

and is constitutively expressed on B cells. It contains a tyrosine residue at position 6 and a 

serine residue at position 7 both of which are predictive sites for phosphorylation. In regards 

to the suppressive impact of CD23 on the IgE production in transgenic mice [142], [149], 

[150], it is reasonable to assume that phosophorylation of constitutively expressed CD23a, 

induced via its crosslinking with IgE might contribute to the regulation of the mIgE 

expression. It would be interesting for future investigations to analyze, whether CD23 is 

phosphorylated in association with mIgE and, if applicable, how this condition effects the 

expression of mIgE. 

  

V.3 What we can learn from the IgE-switched B cell model 

Over the course of my work, I managed to generate a human B cell model expressing IgE 

from its endogenous promotor using the CRISPR/Cas9 editing system. To my knowledge, 

this is the first one of its kind and may reflect mIgE expression in physiological amounts. 

Interestingly, this model revealed an unexpected preferential production of soluble IgE and a 

significantly lower mIgE-surface expression in comparison to my mIgE-L expressing cells. 

These properties can also be observed in another Burkitt-Lymphoma B cell line called DG75 

(data not shown) and are comparable to properties of a plasma cell, despite plasma cells 

normally lose the expression of mIg and switch to the production of soluble Ig. In addition, 

plenty of reports about mIgE expression in mouse and human plasma cells already exist 

[123], [124], [171], [181]. In fact, the low membrane IgE/soluble IgE ratio as implied in my B 

cell model, has already been observed previously in human and murine plasma cells in vivo 

[123],[182],[181], [171]. According to these reports, the discrepancy between both IgE forms 

may be the result of the inefficient polyadenylation of mIgE. Usually, the consensus AATAAA 

sequence represents the internal polyadenylation signal for soluble IgE in both human and 

mouse IgE genes. In contrast, there are three divergent polyadenylation sequences (AGTAA, 

AAGAAA, and ATTAAA) for mIgE located in the 3’UTR downstream of the M exons (see  

Fig. 2). These unusual polyadenylation signals hamper the necessary polyadenylation for 

mIgE and thus result in the preferential production of soluble IgE instead of mIgE [170],[182]. 
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This might serve as a proper explanation for the permanent difficulties in the past to 

successfully identify mIgE expressing B cells.  

Currently, most studies agree on a transient presence of mIgE expressing GC B cells and a 

long living pool of mIgE positive plasma cells [52],[123],[182],[181]. Studies of mIgE-positive 

B cells in mice reported that the majority of these cells were plasma cells [125], [183].  

Considering the preferable production of soluble IgE in my IgE-switched B cell model, it is 

reasonable to assume that mIgE positive B cells might already express plasma cell-like 

properties. An important aspect of B cell memory is the long-term production of soluble Ig by 

plasma cells, which result from a rapid expansion and differentiation of quiescent B cells 

upon antigen re-encounter [184]. In view of the preferential expression of soluble IgE by 

human and murine IgE positive B cells [123], [182] it appears questionable whether there 

exist such a quiescent state for IgE positive B cells. The existence of an IgE memory is still 

subject of in-depth discussions. The predominant consensus in this field is that IgE memory 

originate from mIgG1- positive B cells, which undergo sequential class-switching and 

differentiation to IgE producing plasma cells upon antigen encounter [123], [171]. This could 

be demonstrated by γ1 remnants in the switch regions of the ε locus. However, concrete 

details regarding molecular mechanisms behind the IgE memory is still largely unknown 

since most reports in this field are based on mIgG1 expressing B cells [52]. 

 

In conclusion, by applying this innovative IgE-switched B cell model I could show that 

induced isotype class switching to IgE might result in a preferential expression of soluble IgE 

and a low mIgE/soluble IgE ratio. Throughout numerous reports, it has been stated that the 

mIgE surface expression is a critical determinant for the differentiation fate of IgE-switched 

cells and the subsequent production of IgE antibodies [124], [125], [183]. Therefore, it 

appears reasonable to assume that the low expression of mIgE-BCR on the cell surface 

might represent another natural regulatory mechanism, which might have evolved to restrict 

the production of soluble IgE especially in regards to its powerful and harmful anaphylactic 

properties.  
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V.4 Conclusions  

The results of my PhD thesis reveal a mechanism by which CD23 interacts with the human 

mIgE-BCR isoforms and regulates their surface expression and functionality. So far, several 

models have been proposed explaining how CD23 regulates IgE synthesis. Whereas soluble 

CD23 enhances IgE expression, membrane CD23 suppresses IgE synthesis. It appears that 

a balance between the two CD23 forms may exist, which may regulate the level of IgE 

expression. However, in order to understand the mechanisms of IgE regulation and to 

develop therapeutics for IgE conditioned diseases, it is necessary to study the structure of 

CD23 and its interaction with IgE. Based on my results, CD23 is capable of directly 

associating to co-expressed human mIgE-BCRs in the ER, which leads to a less efficient 

surface expression of mIgE-S alongside a significant inhibition of the BCR-induced Ca2+ 

mobilization.  

As far as I know, this is the first analysis of the regulatory impact of CD23 on the human 

mIgE-BCR isoforms. Currently, immunotherapies of patients with severe allergies are based 

on neutralizing soluble IgE, which inhibits the IgE-FcεRI interaction. However, this therapy 

does not target IgE already bound to mast cells, which is the reason why the treatment has 

to continue throughout [140]. Therefore, strategies to block the IgE synthesis are of extreme 

interest. The data presented herein may provide the basis for future investigations focusing 

on the inhibition of IgE synthesis.  
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VII Appendix 

VII.1 Abbreviations 

 

A  Alanine or Adenine  

ADAM10 Disintegrin and metalloproteinase 10 

ADCC Antibody-dependent cell-mediated 

cytoxicity  

Ag  Antigen  

AID Activation-induced cytidine 

deaminase 

AP  Affinity purification  

APCs Antige-presenting cells 

BCR  B cell antigen receptor  

BER Base exicison repair 

Btk  Bruton tyrosine kinase  

C  Cysteine or Cytosine  

CD  Cluster of differentiation  

CD40L CD40 ligand 

CDRs Complementary-determining regions 

CLM Cross-linking model 

C-region Constangt  

CSR Class-switch recombination 

DAG  Diacylglycerol  

ddH2O  Double distilled water  

EB  EcoBlast (Ecotropic receptor and 

blasticidin resistance)  

EMPD  Extracellular membrane-proximal 

domain  

ER  Endoplasmic reticulum  

ERK  Extracellular signal regulated kinase  

F(ab’)2  Dimer of antigen binding fragment  

FACS  Fluorescence activated cell sorting  

FcεR  Fc epsilon receptor  

FDCs Follicular dendritic cells 

Fig.  Figure  

G  Glycine or Guanine  
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GC  Germinal center  

GFP  Green fluorescent protein  

GRP  Guanyl nucleotide-releasing protein  

GST  Glutathione S-transferase  

H  Histidine  

HC  Heavy chain  

HRP  Horse radish peroxidase  

I  Isoleucine  

IC Immune complex 

Ig(s)  Immunoglobulin(s) 

IgH Immunoglobulin heavy chain 

IgL Immunoglobulin light chain 

Igα  Immunoglobulin alpha  

Igβ  Immunoglobulin beta  

IP3  Inositol-1,4,5,-triphosphate  

IP3R  Inositol-1,4,5,-triphosphate receptor  

IRES  Internal ribosome entry site  

ITAM  Immunoreceptor tyrosine-based 

activation motif  

K  Lysine  

kDa  Kilo Dalton  

KO  knockout  

L  Leucine  

LPS Lipopolysaccharides 

LTA Lipoteichoic acids 

MAPK  Mitogen activated protein kinase  

MEK  Mitogen-activated protein kinase kinase  

MER Mismatch repair 

mIg  Membrane immunoglobulin  

NFAT  Nuclear factor or activated T cells  

NF-κB  Nuclear factor kappa of activated B cells  

NHEJ Non-homologous end-joining 

NK cells Natural killer cells 

NP-40  Nonidet P-40 or octylphenoxy-

polyethoxyethanol  

PAMPS Pathogen-associated molecular pattern 
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PBS  Phosphate buffered saline  

PGS Peptidoglycan 

phospho  Phosphorylation  

PI3K  Phosphoinositide 3-kinase  

PIP2  Phosphatidyl-inositol-4,5-bisphosphate  

PKC  Protein kinase C  

PLC-γ2  Phospholipase C-γ2  

PRRs Pattern recognition receptors 

PTKs Protein tyrosine kinase 

pY  Phospho-tyrosine  

R  Arginine  

Rag  Recombination activating gene  

RasGRP Ras guanine nucleotide release protein 

RFP  Red fluorescent protein  

RT  Room temperature  

S  Serine  

SH2  Src homology 2 domain  

SH3  Src homology 3 domain  

SLP-65  Src homology 2 domain containing 

protein of 65 kDa  

S-regions Switch regions 

ssDNA Single strand DNA 

STAT6 Signal transducer & activator of 

transcription 6 

Syk  Spleen tyrosine kinase  

Sε IgE switch region 

T  Threonine or Thymine  

TM  transmembrane  

U Uracil 

V-domain Variable domain 

V(D)J  Variable (V), Diversity (D), Joining (J) gene 

segments of the Ig heavy chain or Ig light chain  

WT  Wild-type  

Y  Tyrosine  

YA  Tyrosine to Alanine mutation  

α  Anti  
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λLC  Lambda light chain  

εm  Membrane immunoglobulin E  

εms / mIgE-S Membrane immunoglobulin E short isoform  

εml / mIgE-L Membrane immunoglobulin E long isoform 

µm  Membrane immunoglobulin M  
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