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Single domain antibodies for the knockdown of cytosolic and nuclear proteins

Single domain antibodies (sdAbs) from camels or sharks comprise only the variable heavy chain domain. Human single 
domain antibodies comprise the variable domain of the heavy chain or light chain. SdAbs are stable, non-aggregating 

molecules in vitro and in vivo compared to complete antibodies and scFv fragments. They are excellent novel inhibitors of 
cytosolic/nuclear proteins, because they are correctly folded inside the cytosol in contrast to scFv fragments. SdAbs are unique 
because of their excellent specificity and possibility to target posttranslational modifications such as phosphorylation sites, 
conformers or interaction regions of proteins that cannot be targeted with genetic knockout techniques and are impossible to 
knockdown with RNAi. The most frequently selected antigenic epitopes belong to viral and oncogenic proteins, followed by 
toxins, proteins of the nervous system as well as plant-and drosophila proteins. It is now possible to select functional sdAbs 
against virtually every cytosolic/nuclear protein and desired epitope using synthetic single pot single domain antibody libraries 
without the need of immunization. In summary, cytosolic/nuclear sdAbs of camelid, shark and human origin can be applied to 
clarify the function of uncharacterized proteins such as virus proteins and host cell factors, oncogenic proteins and cofactors, 
proteins of the nervous system, intracellular enzymes involved in signaling, transcription factors and proteins involved in 
differentiation and development.
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Roles of regulatory B cells in autoimmunity

Extensive studies have demonstrated the prominent functions of B cells in antibody production and antigen presentation. 
However, certain B cell subsets have been recognized as immune regulators through cytokine production. Accumulating 

data indicate that IL-10-producing B cells possess a regulatory function in the development of autoimmune diseases, but 
microenvironmental factors and/or cytokines involved in inducing regulatory B cell differentiation remain to be identified. 
B cell-activating factor (BAFF), a member of TNF family cytokines, is a key regulator for B cell maturation and function. 
Our recent studies have identified a novel function of BAFF in the induction of IL-10-producing regulatory B cells. BAFF-
induced IL-10-producing B cells showed a distinct CD1dhiCD5+ phenotype mainly derived from marginal-zone B cells, which 
possessed a potent function in inhibiting T cell activation and cytokine production. In mice with collagen-immunized arthritis 
and experimental Sjogren’s syndrome, adoptive transfer of BAFF-induced IL-10-producing B cells markedly attenuated the 
disease severity and tissue damage of autoimmune diseases via suppression of Th17 cell response. Taken together, our findings 
have provided new insight in understanding the roles of BAFF and regulatory B cells in autoimmune pathogenesis, which may 
facilitate the development of therapeutic strategies for targeting autoimmune disorders.
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Regulation of diversification and affinity maturation of antibodies

B-lymphocytes can modify their immunoglobulin (Ig) genes to generate antibodies with a new isotype and enhanced 
affinity. Activation-induced cytidine deaminase (AID) is the key mutagenic enzyme that initiates these processes. How 

somatic hypermutation (SH) and class switch recombination (CSR) are targeted and regulated is key to understanding how we 
achieve good antibodies. The trans-acting factors mediating specific targeting of AID and thereby SH and CSR have remained 
elusive. No direct coupling between a transcription factor and the specific targeting of AID has been demonstrated, and how 
AID is recruited is still a big mystery. We show that mutant E2A with defect inhibition by the Ca2+-sensor protein calmodulin 
results in reduced B cell receptor- (BCR-), IL4- plus CD40 ligand-stimulated CSR to IgE. AID is shown to be together with 
the transcription factors E2A, PAX5 and IRF4 in a complex on key sequences of the Igh locus in activated mouse splenic B 
cells. Calmodulin shows proximity with them after BCR stimulation. Direct protein-protein interactions are shown to enable 
formation of the complex. BCR signaling reduces binding of the proteins to some of the target sites on the Igh locus, and 
calmodulin resistance of E2A blocks this reduction. Thus, E2A, AID, PAX5 and IRF4 are components of a CSR and SH complex 
that calmodulin binding redistributes on the Igh locus. We present also regulation of a “mutasome”, the protein complex that 
enables repair at high error rate of the uracils made by AID on Ig genes but not on most other genes.
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The combination of disease modeling, immunological profiling and the NSG-UC animal model leads 
to a better understanding of the mechanism underlying inflammation in UC

One reason for the lack of individualized therapies in ulcerative colitis (UC) may be that the conventional approaches are 
not adequate to understand the complexity of chronic inflammatory diseases. They mostly rely on the identification of 

certain cell types and cytokines associated with the disease phenotype, followed by verification of their roles in vitro and in 
vivo. This approach does not take into consideration that the observed pathologies might be the result of different causes. 
In addition, inflammatory responses are highly dynamic processes that require the cross talk of the immune-, epithelial-, 
endothelial-, muscle cells, and fibrocytes. The conventional approach further disregards the high plasticity of T-cells and 
monocytes, which both have the capacity to adopt their phenotype depending on the inflammatory milieu. Therefore, we took 
a more comprehensive approach and developed FACS, ELISA and autoantibody panels to portray individual inflammatory 
profiles. In addition, we developed a disease map of UC by computational modeling. Finally, we developed an animal model 
which enables us to proof the hypothesis generated by modeling and profiling. So far, we tested infliximab, adulizumab, 
sirolimus, anti CD1a antibodies, anti CCR4 antibodies and the IL-4Rα /IL-13α1 inhibitor pitrakinra in our mouse model. 
Results suggest that the animal model is highly reflective of the human disease, that therapeutic responses can be predicted by 
the computational model and that novel therapeutics emerge from this approach. 
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