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Chapter 9 

Since the start of the project described in this thesis, the EGF-TM7 receptor family has 
rapidly expanded and has, with the human genome sequenced, reached its final size. A 
recent review by us (chapter 2) integrated all available observations from our and 
several other laboratories. Below we will discuss several unresolved aspects of CD97 
function in addition to this. 

CD97 belongs to the adhesion class of heptahelical receptors 
EGF-TM7 receptors were originally classified class B (or II) seven-span transmembrane 
(TM7) receptors due to their homology in the TM7 region with the secretin receptor 
family of peptide hormone receptors.1 Based on a more refined phylogenetic analysis of 
almost 800 TM7 molecules in the human genome, Schiöth and coworkers recently 
proposed a new classification of TM7 receptors.23 They showed that EGF-TM7 
receptors together with other TM7 receptors, containing a large extracellular region and 
often possessing conserved protein modules, form a distinct group, apart from the 
secretin receptor family, which they named the adhesion class. This class comprises 
approximately 33 receptors of which a subclass is the EGF-TM7 receptor family. The 
EGF-TM7 family consists of five molecules predominantly expressed by the immune 
system. EGF module-containing mucin-like receptor (ETL), which, due to the structure 
of its extracellular region, has been classified previously as EGF-TM7 receptor, but is 
not expressed on immune cells, is now grouped into a different subclass. Based on their 
extracellular regions, adhesion class molecules are believed to promote cell- cell and 
cell-matrix interactions. They are expressed in various parts of the human body 
suggesting that they take part in a large variety of physiological functions. 

EGF-TM7 receptors are expressed as heterodimers 
Substantial evidence has been collected showing that the heterodimeric expression of 
adhesion class molecules results from proteolytic cleavage of the G protein-coupled 
receptor (GPCR)-proteolytic site (GPS) proximal to the first transmembrane segment. 
The minimal sequence requirements and exact location of the cleavage position within 
the GPS have been identified.4 7 Over 30 receptors (mostly belonging to the adhesion 
class) contain a GPS motif and improper proteolytic processing of this site can lead to 
impaired cell surface expression.6 Hampered GPS processing of polycystic kidney 
disease protein 1, an eleven-span transmembrane molecule, leads to polycystic kidney 
disease.8 

Recent data obtained for EMR2 shows that GPS processing is an 
autoproteolytic, intramolecular event (Lin and coworkers, Second EGF-TM7 
Workshop, Leipzig 2004). Cleavage is mediated, via several intermediate biochemical 
steps by the nucleophile amino acid histidine, positioned two amino acids N-terminal of 
the cleavage site. A comparable processing mechanism has been reported for N-terminal 
nucleophile hydrolases in which autocleavage of the proproteins in the endoplasmic 
reticulum results in activation of the enzymes. In addition, autoproteolysis of 
nucleoporin proprotein is thought to precisely regulate stoichiometry and delivery of 
the two resulting proteins to the membrane.9 Proteolytic processing of EGF-TM7 
receptors could have several functions. First, heterodimeric expression could be a 
mechanism to regulate the order of possible ligand interactions for the a- and p-
subunit. Ligand interactions with the N-terminal part may induce shedding of the a-
subunit allowing subsequent interactions of the (3-subunit with an additional 
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(unknown) ligand. Second, the noncovalent interaction between the a- and p-subunit 
could serve as a hinge, providing extensive flexibility to the extracellular part. Finally, 
proteolytic processing and expression as a heterodimer ensures the retention of the a-
subunit at the cell surface and routing of the (3-subunit to the cell surface. As the a-
subunit lacks a transmembrane region, it needs to pair with the p-subunit to be retained 
at the cell surface. In addition, the P-subunit has no signal peptide and is therefore 
dependent on the ot-subunit for routing to the cell surface. 

CD97 binds cellular ligands via its N-terminal region 
EGF-TM7 molecules are natural chimeras of cell adhesion proteins and TM7 receptors. 
Whereas the presence of EGF-like domains within the N-terminal extracellular part of 
EGF-TM7 receptors is indicative of an adhesive function, the TM7 part has homology to 
the transmembrane region of classical G-protein-coupled receptors. Recent data 
indicates that all EGF-TM7 receptors have at least one cellular ligand that binds to their 
EGF domain region (chapter 2). 

Two cellular ligands have been identified for CD97, CD55 and chondroitin 
sulphate (CS) (chapter 3).1011 CD55, a GPI-linked molecule that protects cells from 
complement-mediated damage by accelerating the decay of C3/C5 convertases, is 
expressed on virtually all cells that come in contact with blood and lymphoid fluid. This 
includes leukocytes, erythrocytes, and endothelial cells. CS is a glycosaminoglycan 
(GAG) structure implicated in a wide range of physiological processes. The fine 
structure of CS is tightly regulated in a tissue- and cell type-specific manner fashion, 
generating high subregional heterogeneity of CS. CD97-binding CS is found on 
fibroblasts, B cells, and within the extracellular matrix (ECM) (chapter 3).n Whereas 
the broad distribution of CD97 and CD55 indicates that this interaction is of importance 
to many cell types, the B cell-restricted interaction with CS points towards a specific, B 
cell-associated function (chapter 3). 

Expression of CD97, EMR2, and their ligands has been thoroughly analysed in 
autoimmune diseases and malignancies. In rheumatoid arthritis (RA), synovial 
macrophages and dendritic cells abundantly express CD97 and EMR2 (chapter 6).12 

Using polyvalent probes, we were able to demonstrate high binding of the smaller 
isoforms of CD97 to the CD55+ fibroblast-like synoviocytes in the lining layer, adjacent 
to the CD97+ macrophages. CS, the ligand of the largest isoform of CD97 and EMR2, 
was expressed throughout the synovial sublining. These findings indicate that CD97 and 
EMR2 might be involved in the retention of inflammatory cells in the inflamed 
synovium. Interestingly, pretreatment of mice with CD97 mAb diminished 
inflammation of the joints in a mouse model of collagen-induced arthritis (E.N. Kop, 
personal communication). 

Aust and coworkers first described expression of CD97 on malignant cells. In 
thyroid carcinomas, expression levels of CD97 are negatively correlated with the 
differentiation state of the cells.13 Recent studies in intestinal carcinomas 1415 showed 
that expression levels of CD97 correlate with the in vitro migration and invasion 
capacity of colorectal tumour cell lines. In addition, scattered tumour cells at the 
invasion front of colorectal and gastric carcinomas express increased levels of CD97 
compared to tumour cells in solid formations of the same tumour. These observations 
strongly imply a role for CD97 in tumour cell migration and invasion. 
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CD97 has a role in leukocyte migration and haematopoietic stem cell mobilization 
The unusual structure of the a-subunit and the ability of this region to bind cellular 
ligands suggest a function for CD97 in cell adhesion and migration. Supporting evidence 
for this hypothesis was provided by investigations of CD97 in malignancies (see above). 
Recent experiments using CD97 mAb, which block the interactions between CD97 and 
its ligands, showed an essential role for CD97 in neutrophil migration. Homing of 
adoptively transferred neutrophils to the inflamed colon was markedly reduced when 
cells were preincubated with CD97 mAb. Furthermore, application of CD97 mAb 
resulted in severely hampered neutrophil migration to the lungs in a mouse model of 
Streptococcuspneumonjae-induced pneumonia.16 

Haematopoietic stem cells (HSC) normally reside in the bone marrow but can 
be mobilized into the peripheral blood by treatment with a diversity of stimulating 
agents, which include haematopoietic growth factors, cytotoxic agents, and certain 
chemokines. Whereas interleukin-8 (IL-8)-induced HSC mobilization is critically 
dependent on peripheral blood granulocytes and their adhesion to the endothelium, 
granulocyte colony-stimulating factor (G-CSF) is believed to mediate mobilization via 
bone marrow resident granulocytes. Interestingly, pretreatment with CD97 mAb 
completely prevents IL-8-induced HSC mobilization but had no effect on G-CSF-
induced HSC mobilization (chapter 4). This indicates that CD97 mAb block a specific 
interaction engaged on a restricted subset of neutrophils. 

Blockade of CD97-ligand interactions could interfere with leukocyte migration 
at two critical stages. Firstly, CD97-ligand interactions may play a direct role in the 
"rolling" or "firm adhesion" of leukocytes to the endothelium. Secondly, CD97-ligand 
interactions may have an indirect effect by influencing the interactions of other 
receptor-ligand pairs (discussed below). Blocking CD97-ligand interactions may prevent 
these events, resulting in impaired migration in(to) the inflamed tissue. The specific 
function of the different ligand interactions of CD97 remains to be elucidated. 

Absence of intracellular signalling for CD97 
Whereas adhesive interactions have been identified for several EGF-TM7 receptors, 
signalling has not been detected for any EGF-TM7 molecule. This could be due to 
several reasons. 

Firstly, EGF-TM7 receptors are capable to induce G-protein signalling but the 
appropriate trigger to induce G-protein signalling has not been applied. Sequence 
analysis of the adhesion receptor class revealed a three amino-acid motif (HLW) within 
the third transmembrane segment that is conserved between all murine and human 
adhesion class receptors.3 Intriguingly, a different three amino-acid motif (DRY) in 
transmembrane segment 3 of rhodopsin-like GPCR has an important role in keeping 
these receptors in an inactive conformation. It seems possible that the conserved amino 
acids in the third transmembrane segment of adhesion class receptors play a similar role 
in coupling to second messengers. 

Secondly, CD97 (and other EGF-TM7 receptors) might have a G-protein-
independent mechanism to induce intracellular signalling. A growing number of 
nonclassical signalling cascades engaged by other TM7 receptors have been reported.17'18 

The intracellular part of the adhesion class member brain-specific angiogenesis 
inhibitor (BAI)-l binds intracellular signalling proteins called BAIl-associated protein 
1-31921 and latrophilin has been reported to associate with syntaxin.6 Interestingly, the 
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adhesion class receptor human epididymis-specifk protein 6 (HE6) interacts, via an 
intermediate molecule, with the cytoskeleton indicating a role for HE6 in cell motility 
(Obermann-Pless and coworkers, Second EGF-TM7 Workshop, Leipzig 2004). 

Finally, EGF-TM7 receptors might not induce intracellular signalling. Classical 
G-protein-coupled signalling is induced by conformational changes within the TM7 
region. The cellular ligand-binding domains of EGF-TM7 receptors are located most N-
terminally and are separated from the TM7 region by a stalk region. Therefore, ligand 
binding is unlikely to induce the conformational changes in the TM7 leading to signal 
transduction. Alternatively, EGF-TM7 interactions might be used to establish close cell-
cell or cell-matrix interactions (discussed below). 

A model for CD97 function 
Based on the ability of CD97 to bind CS on nonhaematopoietic and haematopoietic (B) 
cells and the in vivo effects of CD97 mAb on leukocyte migration, we propose a model 
according to which CD97 binds to ECM and thereby facilitates presentation of ECM-
attached molecules to their functional cellular receptors (Figure 1). CS (and other GAG) 
binds a diverse range of molecules including matrix molecules, growth factors, protease 
inhibitors, cytokines, chemokines, and pathogen virulence factors.22 It has been shown 
that GAG on the endothelial cell surface immobilize and enhance local concentrations 

Figure 1. Model describing a possible role of CD97-ligand interactions in cell migration. CD97 on the 

surface of leukocytes binds to ECM-expressed CD55 and/or CS. This establishes close cell-cell contact, 

which facilitates binding of ECM-attached chemokines (filled circles) to their functional cellular receptors 

(1). It seems possible, as depicted by a question mark, that ECM-attached ligands (triangle), in addition, 

engage the TM7 region of CD97 and induce intracellular signalling (2). In addition, extracellular CD97 

could be shed after establishment of close cell-cell contact. Together, this results in migration of 

leukocytes. 

of chemokines, thereby promoting the presentation of these chemokines to their 
receptors.23-24 In addition, several chemokines are devoid of in vivo activity when their 
GAG binding sites are mutated.2526 It seems possible that CD97 (and EMR2) play a 
crucial role in facilitating chemokine interactions by binding CD55 and CS in the ECM. 
In addition, soluble GAG-chemokine complexes can form chemokines gradients in 
tissue.27 CD97 could have a role in capturing these complexes. 
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The B cell-specific interaction observed for the largest isoform of CD97 and 
EMR2 suggests a B cell-related function. In line with the proposed model, the main 
function of CD97 could be the generation of formal adhesion with B-cell CS. This 
interaction could promote the migration of activated T cells, dendritic cells, and 
macrophages towards B-cell follicles in lymphoid organs.2830 It is tempting to speculate 
that CD97 (and EMR2) facilitates recognition of B cell-secreted chemokines, such as IL-
8, RANTES, MlP-la, and MIP-1(3, bound to the ECM.3132 Such "facilitating function" 
could have major influence on cell migration. 

Heterodimeric expression of CD97 could serve several purposes in this model. 
The noncovalent interaction between the a- and (3-subunit could serve as a hinge, 
providing extensive flexibility to the extracellular part. Alternatively, ligand binding 
could induce the shedding of the extracellular part of the molecule, a hypothesis that 
possibly could be tested in the mouse model of IL-8-induced HSC mobilization. Primary 
ligand binding at the EGF domain region could be followed by ligation of the TM7 
region by an ECM-bound ligand, an event that likely results in intracellular signalling. 

Concluding remark 
Although many aspects of CD97 function have been elucidated several questions still 
remain. Determining the exact role of CD97 in leukocyte trafficking, unravelling the 
pathway via which intracellular signalling is induced (if induced at all), and elucidating 
the role of the two-ligand interactions are three major questions. The generation and 
analysis of CD97- and CD55-deficient mice will hopefully be helpful in elucidating 
these important aspects of CD97 biology. 
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