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Our group is interested in regulatory mechanisms in adaptive immune responses at the 
dendritic cell (DC) – T cell interphase. We have a longstanding experience in the molecular 
and functional analysis of cells of the human phagocyte lineage, in particular DCs. It is our 
long-term goal to understand how phagocyte development and function is regulated by 
exogenous (pathogen) and endogenous (inflammatory) danger signals and to characterize 
novel and functional relevant receptors on DCs and T cells via which adaptive immunity can 
be turned on or off. In order to find such regulatory mechanisms we utilize commensal 
pathogens as pathfinders. Commensal microbes such as human rhinoviruses or the fungus 
Candida albicans are typically harmless for most healthy individuals. Thus, the strategies 
used by the host to limit infectivity are necessarily efficient and, in return, such microbes have 
developed their own elaborate tactics to circumvent these defense mechanisms. By decoding 
these tricks we want to find new routes to modulate immune responses in humans. 
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Induction of IL-35+ regulatory T cells by human rhinoviruses 
The major research interest of my group is to unravel the immune evasion mechanisms used 
by human rhinoviruses (HRV) in order to identify molecular checkpoints of the immune 

system and to better understand the 
pathogenesis of the common cold, one of the 
most frequent infectious diseases in humans. 
We have recently reported that cocultivation of 
DCs with HRV-14 (R-DCs) induces the 
expression of inhibitory receptors B7-H1 (PD-
1L, CD274) and sialoadhesin (Sn, Siglec-1, 
CD169), a sialic acid binding lectin, without 
affecting the expression of stimulatory 
receptors such as CD80 or CD86. The 
consequence of this altered accessory 
repertoire on R-DCs is that cocultured T cells 
acquire a deep anergic state. We now 

demonstrate that R-DCs induce suppressor function in cocultured T cells via induction of a 
novel cytokine, IL-35. IL-35, a heterodimer of EBV-induced gene 3 (EBI3) and the p35 
subunit of IL-12, has been recently identified 
as an inhibitory cytokine produced by natural 
regulatory T cells in mice but not in humans. 
R-DCs induce IL-35 production and release, 
as well as suppressor function in CD4+ and 
CD8+ T cells from human peripheral blood 
but not in naïve T cells from cord blood. 
Induction of IL-35+ T cells by R-DCs was 
Foxp3-independent but blocking of B7-H1 
(CD274) and sialoadhesin (CD169) on R-
DCs with mAbs against both receptors 
prevented the induction of IL-35. Thus, a 
combinatorial signal delivered from DCs to T 
cells via B7-H1 and sialoadhesin is critical for 
the induction of human IL-35+ regulatory T 
cells. These results demonstrate a novel 
pathway and its components for the induction 
of immune-inhibitory T cells.   
 
Expressional and functional studies of CKLF1 during dendritic cell maturation 
In cooperation with Prof. Han and Luning Shao (Center for Human Disease Genomics, 
Department of Immunology, School of Basic Medical Sciences, Peking University, China) we 
have analyzed the impact of a novel soluble factor on DCs, CKLF1. Chemokine-like factor 1 
(CKLF1) was the first member of the CKLF-like MARVEL transmembrane domain containing 
member (CMTM) family to be discovered. Its expression level is increased clearly in 
peripheral blood lymphocytes upon phytohemagglutinin stimulation, but little is known about 
the expression and function of CKLF1 in dendritic cells (DCs), which are the most potent 
antigen-presenting cells. In the present study, we showed that CKLF1 was highly expressed 
in monocytes. During differentiation from monocytes to immature DCs, CKLF1 was increased 
dramatically on day 2 and then decreased from day 3 to 5. Upon maturation with different 
stimuli, CKLF1 was down-regulated. Two peptides of CKLF1, C19 and C27, stimulated the 
effect of immature DCs (imDCs) on T-cell proliferation and IFN-gamma production. Further 
study on DC maturation showed that C19 and C27 up-regulated HLA-DR expression and IL-
12 secretion, with no obvious effects on CD80, CD83 or CD86. Thus, CKLF1-C19 and -C27 
can stimulate antigen-presenting capability of imDCs. 

Supercolor
Page is color controlled with Supercolor 1.0.50Copyright 2002 Heidelberger Druckmaschinen AGTo view actual document colors and color spaces, please download free Supercolor Viewer Plug-In from:http://www.heidelberg.comApplied Color Management Settings:Output Intent (Press Profile): OffsetEuro U360 K85 V25PO4.icmRGB Image Profile: ECI_RGB.iccRGB Graphic Profile: RGB2CMYK.iccTurn R=G=B Graphic into Gray: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: noTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: noRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:All Colors to knockout: noPure black to overprint: noTurn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesEnable Overprint in Device CMYK: yes



DIVISION OF IMMUNE REGULATION 

24 

The soluble cytoplasmic tail of CD45 (ct-CD45) induces a non-canonical form of 
anergy in T cells  
  
CD45 is a key signaling receptor in leukocytes. We have recently discovered that 
cytoplasmic tails of CD45 molecules (ct-CD45) are proteolytically cleaved and released upon 

activation of human phagocytes with fungi but 
not with other microbial stimuli. Soluble ct- 
CD45 was found to act on T cells as an 
inhibitory, cytokine-like factor that reduces T 
cell proliferation induced by allogeneic DC and 
also upon stimulation with plate-bound anti-
CD3 mAb. In this study, we demonstrate that 
ct-CD45 induces a novel form of anergy in 
human peripheral blood T cells. Ct-CD45 
inhibited the proliferation of purified CD4+ as 
well as of CD8+ T cells, cytokine production (IL-
4, IFN-γ, IL-10, IL-17, IL-13) and the induction 
of typical T cell activation markers (CD25, 
CD69). Co-stimulation via CD28 or CD63 failed 
to prevent this inhibitory signal. Moreover, we 
found that T cells activated via CD3/CD28 or 
CD3/CD63 in the presence of ct-CD45 failed to 

proliferate in response to restimulation which was reversible by the addition of exogenous IL-
2 or IL-7. Recent studies have clearly 
demonstrated that such a hypo-
proliferative or anergic state in T cells is 
not a simple loss of signaling molecules, 
but an active process where “anergy 
factors” are being induced and 
synthesized to establish and maintain the 
unresponsive state. Classical anergy-
associated genes encode, among other 
proteins, transcription factors (early growth response protein 2 and 3, EGR2, EGR3), E3 
ubiquitin ligases (e.g. Casitas B cell lymphoma b, CBL-b), and diacylglycerol kinases (e.g. 
DGK-α). However, when we analyzed the gene expression profile of ct-CD45-induced 
anergic T cells by microarray experiments and also by qPCR, we did not observe induction of 
any of these anergy factors. Thus, ct-CD45 triggers an anergy program in T cells which is 
reversible by exogenous IL-2. However, it acts independently of classical anergy factors.  
 
Activation of γ-secretase function in human phagocytes by NADPH oxidase complex 
formation 

The intramembrane protease complex γ-secretase (presenilin) is called the “proteasome of 
the cell wall” and degrades transmembrane proteins upon ectodomain shedding. In some 
cases such degradation products gain new biological purposes, prominent examples are 
Notch and CD46. Yet little is known about the regulation of γ-secretase activity. We have 
discovered that γ-secretase cleavage of CD45, leads to the release of the cytoplasmic 
domain of CD45 (ct-CD45), an intracellular fragment of 95 kDa. In this study we used ct-
CD45 formation as a model to study the regulation of γ-secretase activity. Ct-CD45 was 
found only in human phagocytes (monocytes, neutrophils), but not lymphocytes or DCs. 
Interestingly, only stimuli that induce a strong respiratory burst (PMA) and fungi derived 
stimuli (zymosan, ß-glucan), but not LPS, poly I:C or peptidoglycan, induce ct-CD45 
production. So we hypothesized that respiratory burst formation is involved in ct-CD45 
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generation. The respiratory burst in human phagocytes is mediated by the NADPH-oxidase, 
which is kept inactive by sequestering several of its cytosolic components (p47phox, 
p40phox, p67phox) in the cytoplasm. Apocynin is a reagent that blocks the oxidative burst by 
specifically inhibiting the assembly of the functional NADPH-oxidase at the plasma 
membrane by preventing p47phox translocation. It inhibits ct-CD45 generation and thereby γ-
secretase activity in activated phagocytes. With oxidized phospholipids, a second inhibitor of 
respiratory burst, which inhibits the enzymatic activity of the NADPH-oxidase but does not 
block NADPH-oxidase complex formation, we observed no inhibition of ct-CD45 formation. 
Thus recruitment of NADPH-oxidase cytosolic components to the cell membrane is important 
for γ-secretase activity and thereby for the generation of ct-CD45 in human phagocytes. 
 
 
Epigenetic regulation of DC by oxidized phospholipids: inhibition of IL-12 and 
induction of EGFR-L production  
Danger signals arising from acute infection and inflammation are recognized as potent 
stimuli, which up-regulate the T cell stimulatory capacity of DC. In contrast to that, little is 
known about regulatory signals for DC. We have recently demonstrated that oxidized 
phospholipids (ox-PLs), which are generated during infections, apoptosis and tissue damage, 
interfere with DC activation preventing their maturation. We observed that ox-PLs, 
dysregulate the differentiation of DCs. DCs generated in the presence of ox-PLs (Ox-DCs) 
upregulated the typical DC marker DC-SIGN, but did not express CD1a, CD1b and CD1c. 
Strikingly, Ox-DCs had a substantially diminished T-cell stimulating capacity after stimulation 
with TLR-ligands. TLR-ligand-induced production of IL-12 was also strongly diminished, 
whereas induction of CD83 was not altered. We found that ox-PLs strongly inhibit 
inflammatory stimuli-induced phosphorylation of histone H3, a key step of IL-12 production. 
Taken together, ox-PLs present during differentiation yielded DCs with a reduced capacity to 
become immunostimulatory mature DCs, in part by blocking histone modifications required 
for full activation of DCs.  
 

 
 
In contrast to IL-12 production, we found that OxPAPC-treated DC up-regulate the EGF 
receptor ligands (EGFR-L) amphiregulin, epiregulin, heparin-binding-EGF and TGF-α. Even 
augmented amounts of all four EGFR-L were synergistically induced by a combination of 
OxPAPC and different TLR ligands like Pam3CSK4, Poly I:C or LPS. Most remarkably 
activation with the Dectin-1 agonist beta- 1-3 glucan alone yielded a high amphiregulin 
production. In the signaling mechanisms responsible for EGFR-L expression in DC we found 
that Nurr1 and the cAMP pathway are involved. Finally supernatants of DC stimulated with 
OxPAPC and LPS were able to stimulate cell proliferation in an EGFR-dependent manner. 

Fig. 2: Impact of oxidized 
phospholipids on DCs  
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Thus, epigentic modulation in ox-DC shifts their functional properties from immune-
stimulatory cells towards a tissue repair mode. 
 
 
 
Role of Srec-I in the regulation of natural regulatory T cells by DCs 
Natural Tregs (CD4+CD25+) play an essential role in the peripheral control of adaptive 
immune responses. Scavenger receptor on endothelial cells I (Srec-I) is a new receptor on 
human natural Tregs, but not on resting CD4+CD25- T cells obtained from adult peripheral 
blood or on naïve T cells isolated from cord blood. This finding was obtained with the mAb 2-
98 that was generated in our laboratory. Most importantly, binding of mAb 2-98 to Srec-I on 
Tregs enhanced their suppressor function. Since mAb 2-98 is an IgM mAb, 2-98 was not 
suitable for a more detailed analysis of the function of Srec-I. Therefore, we generated within 
this project 21 new anti-Srec-I mAbs, which are mainly IgG mAbs. All mAbs were tested for 
their reactivity and most importantly for their functional capacity i.e. to up-regulate the 
suppressor function of natural Tregs. Two of the mAbs (named SREC-503 and SREC-572, 
both IgG1), fulfilled these criteria. SREC-503 and SREC-572 showed the typical reactivity 
profile with endothelial cells and dendritic cells (DCs). However, neither SREC-503 nor 
SREC-572 reacted with natural Tregs – in contrast to mAb 2-98 – although the enhanced the 
suppressor function of Tregs in an allo-MLR setting. This effect was also observed when DCs 
where pretreated with either SREC-503 or SREC-572 before adding them with Tregs Plus 
effector T cells. In contrast, mAb 2-98 pretreatment of Tregs or DCs reduced the proliferative 
response of co-cultured effector T cells. Thus, we concluded that mAbs SREC-503 and 
SREC-572 act via binding to Srec-I on DCs but not directly via triggering of the Tregs and 
that mAb 2-98 interacts with Srec-I on both cell types. Interestingly, addition of SREC-503, 
SREC-572 and mAb 2-98 to a DC-T-cell co-culture without Tregs did not influence the 
proliferative response of T cells. We also observed that all 3 anti-Srec mAbs failed to 
modulate the function of Tregs in an APC-free T cell proliferation protocol where effector T 
cells and Tregs were activated with anti-CD3/CD28 coated Dynabeads. Thus interactions 
between Srec-I from APC and Srec-I on Tregs may rather down-regulate the suppressive 
function of Tregs and blocking of this interaction with our anti-Srec mAbs seemingly 
interferes with this regulatory pathway leading to an enhanced inhibitory capacity of natural 
Tregs.  
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