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Summary 

SUMMARY 

Molecular cloning of CD97 revealed a seven-transmembrane (TM7) receptor that is 
preferentially expressed by cells of the immune system and has a remarkable structure. 
CD97 has an exceptionally large extracellular region that is coupled to a TM7 moiety. 
The N-terminus contains several tandemly arranged EGF-like domains that are 
involved in the binding of cellular ligands, as shown by their ability to bind CD55. 
CD97 is expressed as a heterodimer, resulting from cleavage of the CD97 proprotein in 
the endoplasmic reticulum followed by noncovalent reassociation of both subunits. In 
addition, soluble CD97 is found at sites of inflammation. Unlike many other TM7 
receptors, intracellular signalling has thus far not been detected for CD97. Based on 
these findings, a dual ligand hypothesis was postulated as described in chapter 1 
(Prologue). We proposed a model in which CD55 ligation induces the shedding of the 
extracellular part of CD97 after which a second ligand binds to the TM7 region and 
initiates intracellular signalling pathways. 

An overview of the EGF-TM7 receptor family, including many findings 
described in this thesis, is presented in chapter 2. With the human genome project 
completed, a total of five EGF-TM7 receptors, preferentially expressed by cells of the 
immune system, has been identified. These five receptors are located on the short arm 
of chromosome 19 and have a similar gene organization. As for CD97, these receptors 
are, most likely, expressed as heterodimers and cellular ligands have been localized for 
most of them. Recent experiments demonstrated a critical role for CD97 in leukocyte 
migration. 

Chapter 3 describes an analysis of CD97 ligand interactions in the peripheral 
blood. Multivalent fluorescent beads were loaded with soluble recombinant protein 
comprising the EGF-like domain region to detect low-affinity ligand interactions. 
Whereas the smallest isoform of CD97 interacts with CD55, the largest isoform of CD97 
interacts with chondroitin sulphate (CS). Specificity for CS is shared with EMR2, a close 
relative of CD97 with a nearly identical EGF-like region. Within the immune system, 
CD97 and EMR2 specifically interact with CS on B cells. In addition, low binding to 
CD55 could be detected for the largest isoform of CD97. Expression of the CS-binding 
epitope (either CD97 or EMR2) indicates that CS ligation might facilitate an interaction 
of B cells with activated lymphocytes and differentiated myeloid cells. 

The functional consequences of disrupting CD97-ligand interactions in a 
murine model of interleukin-8 (IL-8)-induced stem cell mobilization are discussed in 
chapter 4. IL-8 injection in BALB/C mice induces mobilization of haematopoietic stem 
and progenitor cells (HSC) to the peripheral blood. Interestingly, whereas animals 
treated with control IgG followed by IL-8 exhibited a mean 11-fold increase in HSC in 
the peripheral blood, mobilization was impaired in mice pre-treated with CD97 mAb. 
This was not mediated by a direct effect on HSC as we showed that CD97 is not 
expressed on colony forming cells. Interestingly, mobilization induced by G-CSF was 
not effected by CD97 mAb. IL-8-induced HSC mobilization is critically dependent on 
proper neutrophil function. Mice pretreated with CD97 mAb have reduced neutrophil 
migration, as shown in a previous study. Therefore, we hypothesize that CD97 mAb 
impair neutrophil function resulting in prevention of HSC mobilization. 

Based on its close relation with CD97, we analysed biochemical properties and 
expression of EMR2 as described in chapter 5. We generated an EMR2 specific mAb 
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(2A1) and found EMR2 to be expressed, like CD97, as heterodimeric receptor consisting 
of an extracellular a-part and a TM7/cytoplasmic (3-part. Analysis of EMR2 expression 
on primary blood leukocytes, on haematopoietic cells lines, and in situ revealed a 
myeloid-restricted profile. Highest expression levels were detected on the more mature 
CD16+ blood monocytes, on macrophages, and on myeloid dendritic cells, whereas little 
if any expression was found on granulocytes. Unlike CD97, no expression was observed 
on resting or activated lymphocytes. Different expression patterns and the inability of 
EMR2 to interact with the CD97 ligand CD55 indicate that the molecular twins EMR2 
and CD97 likely have nonredundant functions. 

Previously, increased expression of CD97 and colocalization with its ligand 
CD55 has been demonstrated in the intimal lining layer of synovial tissue of patients 
suffering from rheumatoid arthritis (RA). Using our newly generated EMR2 mAb 2A1, 
we analysed EMR2 expression in rheumatoid synovial tissue (Chapter 6). EMR2 
expression in the synovial sublining was mainly found on macrophages and dendritic 
cells and was significantly higher in RA compared to disease controls. Next, we 
evaluated the expression of EMR2 and CD97 ligands in rheumatoid synovium in situ. 
Binding assays were performed using multivalent fluorescent probes as described in 
chapter 3. The largest isoforms of EMR2 and CD97 broadly bound to CS throughout the 
entire synovial sublining. Whereas no ligands for other EMR2 isoforms were detected, 
the smaller isoforms of CD97 (especially CD97-3EGF) attached to CD55+ fibroblast-like 
synoviocytes in the intimal lining layer. These results suggest that EMR2- and CD97-
ligand interactions may facilitate the retention of activated macrophages in the 
synovium and thus participate in the ethology of the RA. 

Molecular cloning of EMR2 surprisingly unravelled a chimeric structure with a 
TM7 region closely related to EMR3 and an EGF-like domain region nearly identical to 
CD97. As outlined above, EMR2 and CD97 share ligand specificity for CS but not for 
CD55, which is exclusively bound by CD97. Chapter 7 describes a sequence-function 
analysis of the EGF-like domain region of chimpanzee and human CD97 and EMR2. 
Surprisingly, mutations, which prevent CD55 binding by human EMR2, emerged after 
human speciation. Although chimpanzee EMR2 can bind CD55, transcription of 
isoforms with high affinity for CD55 is diminished by alternative RNA splicing. Thus, 
different molecular mechanisms prevent CD55 binding by EMR2 in hominoids. In 
addition, we propose a model according to which EGF-TM7 receptors evolved through 
a series of segmental intrachromosomal gene duplications and provide evidence that 
EMR2 likely originated only recently in a common ancestor of Old World monkeys and 
hominoids. 

The EGF-TM7 family of receptors seems to have a rather young evolutionary 
history. The encoding genes of all human receptors are located within two 
neighbouring clusters on chromosome 19 and (on current evidence) nonmammalian 
homologues appear to be absent. There is growing evidence that EGF-TM7 molecules 
are still rapidly evolving in primates (see also chapter 7). In chapter 8 we report the 
identification of a novel human EGF-TM7 receptor, designated EMR4. EMR4 is 
localized on the short arm of chromosome 19 in close proximity to EMR1. Remarkably, 
due to a one-nucleotide deletion in exon 8, translation of human EMR4 would result in 
a truncated 232-amino acid protein lacking the entire TM7 region. This deletion is not 
present in nonhuman primates, including chimpanzees, suggesting that EMR4 became 
nonfunctional only after human speciation, about 5 million years ago. Thus, EMR4 
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surprisingly accounts for a genetic difference between humans and primates related to 
immunity. 

Chapter 9 (Epilogue) discusses the dual ligand hypothesis in the light of recent 
findings and other unresolved aspects of CD97 function in addition to this. Refined 
phylogenetical analysis of the TM7-receptor family indicates that EGF-TM7 receptors, 
together with other TM7 receptors with large N-termini, form a distinct group of TM7 
receptors (adhesion class) apart from the peptide hormone receptors. This implicates 
that they may have obtained characteristics uncommon to other TM7 receptors. The 
heterodimeric expression of most adhesion class receptors results from an 
autoproteolytic processing event at a G protein-coupled receptor proteolytic site (GPS), 
proximal to the first transmembrane segment. Although this process is recently defined, 
no functional consequence has been attributed to it yet. The extracellular part of most 
EGF-TM7 receptors binds a cellular ligand. Two cellular ligands, CD55 and CS, have 
been identified for CD97. Whereas CD55 is expressed on virtually all cells of the 
immune system and endothelial cells, expression of CD97-binding CS is restricted to 
extracellular matrix (ECM), to fibroblasts, and to B cells. This indicates that the 
interaction with CD55 is of importance to many cell types whereas the B-cell restricted 
interaction with CS point towards a specific, B-cell associated, function. Deregulated 
expression of CD97 and/or its ligands may influence (or even induce) the pathology of 
diseases that depend on cell migration like autoimmune disorders and tumour 
metastasis. Identification of the exact function of CD97 has been hampered by the 
inability to show intracellular signalling. As the ligand-binding domains of EGF-TM7 
receptors are located most N-terminally and are separated from the TM7 region by a 
stalk region, ligand binding is unlikely to induce conformational changes in the TM7 
region leading to signal transduction. Based on our findings and recent literature, we 
propose a model in which CD97-ligand interactions establish close cell-cell or cell-ECM 
contacts, which facilitate binding of ECM-attached molecules to their cellular receptors. 
As CD97 has a role in cell migration, a function related to chemokine recognition could 
be possible. Binding of an unknown ligand to the TM7 part could subsequently induce 
intracellular signalling. 
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