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Chapter 3 

ABSTRACT 

The EGF-TM7 receptors CD97 and EMR2 are heptahelical molecules predominantly 
expressed on leukocytes. A characteristic of these receptors is their ability to interact 
with cellular ligands via the N-terminal epidermal growth factor (EGF)-like domains. 
The first two EGF domains of CD97 (but not EMR2) bind CD55 (decay accelerating 
factor), while the fourth EGF domain of both CD97 and EMR2 interacts with the 
glycosaminoglycan (GAG) chondroitin sulphate (CS). Using fluorescent beads, coated 
with soluble recombinant CD97 and EMR2 protein, and isoform-specific mAb, we have 
determined the cellular and molecular characteristics of the interaction with CS. The 
fourth EGF domain of CD97 and EMR2 is expressed on activated lymphocytes and 
differentiated myeloid cells whereas the ligand specifically found on B cells within the 
peripheral blood. The interaction between CD97/EMR2 and CS may therefore play a 
role in the interaction of activated T cells, dendritic cells, and macrophages with B cells. 

INTRODUCTION 

Membrane proteins that are involved in cell-cell interactions are critical for a normal 
immune response. These proteins can be divided into different categories, namely those 
involved in antigen recognition, costimulation, and cellular adhesion and migration.1 A 
group of receptors, which has recently been recognized to have a function in cell 
adhesion and/or migration is the EGF-TM7 family.2 4 The EGF-TM7 receptors belong to 
the adhesion class (LNB-TM7 family) of seven-span transmembrane (TM7) receptors.5 7 

Five predominantly leukocyte-restricted human EGF-TM7 receptors have been 
identified: CD97,89 Epidermal growth factor (EGF)-like module-containing mucin-like 
receptor protein (EMR) l,10 EMR2,11 EMR3,12 and EMR4.13 Whereas expression of 
EMR1-4 is restricted to myeloid cells,3 CD97 is more widely expressed on myeloid and 
lymphoid cells as well as smooth muscle cells.814,39 

The EGF-TM7 receptors are characterized by an extended extracellular region 
comprising N-terminal EGF-like domains.3 These EGF domains are coupled to the TM7 
part via an extended spacer region. As a result of alternative RNA splicing, receptor 
isoforms possessing variable numbers of EGF domains are expressed. 

The EGF domains of EGF-TM7 receptors have shown to mediate binding to 
cellular ligands. Two ligands for CD97 have so far been identified. Whereas EGF 
domain 1 and 2 facilitate binding to CD55,41517 EGF domain 4 interacts with the 
glycosaminoglycan (GAG) chondroitin sulphate (CS).18 CD97 has three isoforms 
containing three (EGF1,2,5), four (EGF1,2,3,5), or five (EGF1,2,3,4,5) EGF domains.9 

While all isoforms can bind CD55, only the largest isoform, containing EGF domain 4, 
interacts with CS. The affinity for CD55 differs between the different CD97 isoforms 
and is highest for the three EGF domain-containing isoform.1617 The largest isoform 
possessing five EGF domains has the lowest affinity for CD55. 

Ligand specificity for CS is shared by EMR2, whose EGF domain region is 
highly similar to that of CD97. Only six out of 236 amino acids differ within the five 
EGF domains.11 Despite this small difference, EMR2 does not bind to CD55.1117 Four 
isoforms have been described for EMR2, containing two (EGF1.2), three (EGF1,2,5), 
four (EGF1,2,3,5), or five (EGF1,2,3,4,5) EGF domains. As for CD97, only the largest 
isoform binds CS.18 
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In a recent in vivo study, we demonstrated an essential role of CD97 in the 
migration of neutrophilic granulocytes.4 In experimental colitis, homing of adoptively 
transferred neutrophils to the colon was significantly delayed when cells were 
preincubated with CD97 mAb. The consequences of this defect in neutrophil migration 
for host defense became apparent in a model of pneumococcal pneumonia. Application 
of CD97 mAb impaired the recruitment of neutrophils to the lungs thereby significantly 
reducing bacterial clearance and survival. 

As yet, it is not clear how the molecular interactions engaged by CD97 
contribute to cell migration. Whereas CD55 is a GPI-linked molecule that protects cells 
from complement-mediated damage by accelerating the decay of C3/C5 convertases,19 

CS is a GAG structure implicated in a wide range of physiological processes.2021 

Following the recent identification of CS as ligand of the largest isoform of 
CD97 and EMR2,18 we here investigated the cellular and molecular characteristics of 
this interaction. Soluble recombinant CD97 and EMR2 isoforms were generated and 
coupled to fluorescent beads in order to generate multivalent probes. Using these tools 
in combination with isoform-specific mAb, we analyzed whether the CD55-binding 
EGF domains 1 and 2 and the CS-binding EGF domain 4 cooperate in cellular contacts. 
In addition, we studied were physiological interactions between CS and EGF-TM7 
receptors can take place in the immune system. 

MATERIAL AND METHODS 

Cell culture 
Cells were cultured in Iscove's modified Dulbecco's medium (IMDM) supplemented 
with 10% heat inactivated foetal calf serum (FCS), 2 mM L-glutamine, 50 IU/ml 
penicillin and 50 ug/ml streptomycin. All cells were incubated at 37°C in 5% CCh, and 
95% humidity incubator. 

Production of biotinylated recombinant Fc proteins 
CD97 isoform sequences, encoding three (EGF1,2,5), four (EGF1,2,3,5), or five 
(EGF1,2,3,4,5) EGF domains and 48 amino acids of the stalk region, were amplified by 
PCR using primers KE5 (5'-GCTGGTACCATGGGAGGCCGCGTCTTTCTCG) and 
CD97BIO-3 (5'-ACGAATTCGATGACATTCTGGATGGT) and a pcDNA3.1(+) vector 
containing the CD97 isoforms as template.16 PCR products were ligated into pGEM-T 
easy vector (Promega, Madison, WI) and after digestion with Kpnl and EcoRI (sites 
introduced by primers, underlined) subcloned into a pcDNA3.1(+) vector (Invitrogen, 
Leek, The Netherlands). This vector contained C-terminal the CH3-CH2-hinge region 
sequence of mouse IgG2b linked to a peptide recognition sequence 
(DPNSGSLHHILDAQKMVWNHR) for the Escherichia coli biotin holoenzyme 
synthetase BirA. After translation, resulting soluble proteins comprised the CD97 EGF 
domains, part of the stalk region, truncated mouse IgG2b, and the BirA recognition 
peptide sequence. Generation of EMR2 constructs has been reported recently.18 Soluble 
biotinylated Fc proteins were produced as described earlier.22 Briefly, conditioned 
Optimem 1 medium (Life Technologies Ltd, Paisly, Scotland), containing soluble 
recombinant protein collected from transfected HEK293 cells was purified using a 
Protein A (Sigma, St. Louis, MO) column. After purification, recombinant protein 
derived from four transfected 225-cm2 cell culture flasks was concentrated to ~0.5 ml 
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using a 30-kDa molecular weight cut-off filter (Millipore, Bedford, MA), dialyzed 
against 10 mM Tris-HCl (pH 8) buffer, and incubated with 2 ul BirA enzyme and 
supplied substrates (Avidity, Denver, CO) overnight at room temperature. Excess biotin 
was subsequently removed by dialyses against 10 mM Tris-HCl (pH 7.3) buffer 
containing 10 mM CaCb. and 150 mM NaCl. The biotinylated proteins were then 
aliquoted and stored at -80°C after quantification by Bradfort assay. 

Flow cytometry using biotinylated protein-coupled fluorescent beads 
Cell binding assays using biotinylated Fc proteins coupled to fluorescent beads were 
performed as described previously.22 Briefly, 10 ul avidin-coated fluorescent beads 
(Spherotech Inc., Libertyville, IL) were washed with PBS/0.5% BSA and incubated with 
saturating amounts (> 1 ug) of biotinylated recombinant protein in a volume of 10 ul. 
After 1 h non-binding proteins were removed by washing with PBS/0.5% BSA. The 
bead-protein complexes were sonicated immediately before addition to the cells (0,5 x 
106 cells/50 ul PBS/0.5% BSA). For blocking studies, 1 ug of mAb was added to the 
bead-protein complexes and incubated for 10 min at 4°C before adding the complexes to 
the cells. The cell-bead mixture, in a 96-well flat bottom plate, was spun at 1000 x g at 
4°C for 10 min, incubated for another 50 min at 4°C, and finally resuspended in 300 ul 
of PBS/0.5% BSA for flow-cytometric analysis. All flow cytometry was performed on a 
FACSCalibur (Becton Dickinson, San Jose, CA). 

Flow cytometry using antibodies 
mAb against CD97 and EMR2 were described previously. CLB-CD97/323 and 2A124 

recognize the stalk region of CD97 and EMR2, respectively. CLB-CD97/115 recognizes 
EGF domain 1 of CD97 and EMR2, and 1B518 recognizes EGF domain 4 of CD97 and 
EMR2. 

Ab were obtained from Becton Dickinson (San Jose, CA) unless otherwise 
specified. CD3-PE, CD3-APC, CD4-PerCP, CD8-PerCP, CD14-PE, CD14-APC 
(PharMingen, San Diego, CA), CD16-FITC (CLB, Amsterdam, The Netherlands), CD19-
PerCP-Cy5.5, CD69-APC (Caltag Laboratories, Burlingame, CA), and biotinylated 
mouse IgGl (DAKO A/S, Glostrup, Denmark) were used. To characterize monocyte-
derived cell subsets, three-color flow cytometry was performed on human PBMC. 
PBMC were incubated in a first step with biotinylated 1B5, 2A1, or CLB-CD97/3, 
followed by a second step with mAb to CD14 (PE-labeled) and CD16 (FITC-labeled) 
and streptavidin-APC (PharMingen). To analyze 1B5 expression, human whole blood 
samples were incubated in a first step with biotinylated CLB-CD97/3, 2A1, 1B5, or 
control IgGl, followed by a second step with streptavidin-APC. Prior to flow 
cytometry, erythrocytes were lysed using FACS lysing solution (Becton Dickinson, San 
Jose, CA). Leukocyte populations were defined by forward- and side-scatter. 

Lymphocyte activation 
For lymphocyte activation studies, PBMC were cultured at 1 x 106 cells/ml in IMDM 
without or without 1 ug/ml phytohemagglutinin (PHA), 10 ng/ml phorbol 12-myristate 
13-acetate (PMA), or 1:1000 CD3 ascites (CLB-T3/3; CLB). After 0, 4, and 24 h, cells 
were harvested, washed, and analyzed by flow cytometry. 
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Glycosaminoglycan assays 
Cell binding assays were done as described above. Cells were treated with 
chondroitinase ABC (Sigma, 0.8 U/4 x 106 cells/ml) or heparinase III (Sigma, 4 U/4 x 106 

cells/0.3 ml) or incubated in buffer without enzyme as control. After enzymatic 
treatment, some samples were incubated for 10 min with 1 ug CD55 mAb (CLB-
CD97L/115) to block CD55-mediated binding. For GAG competition assays, 0.5 x 106 

cells were incubated in 10 ng/ml exogenous CS-A (C-8529, Sigma), CS-B (C-3788, 
Sigma), or CS-C (C-4384, Sigma) before addition of protein-bead complexes. 

RESULTS 

CD97-5EGF has a ligand specifically expressed on B cells 
A multivalent assay, developed by Brown and Barclay25 for the investigation of low-
affinity interactions between leukocyte cell surface molecules has recently proved 
successfully in studying EGF-TM7 receptors.12171822 This approach was therefore used to 
study the interactions of CD97 and its ligand. Soluble recombinant Fc proteins of the 
ligand-binding extracellular part of all naturally occurring splice variants of CD97 and 
EMR2 were generated in order to compare their ligand-binding capacity. These 
proteins were biotinylated and coupled to avidin-coated fluorescent beads, for use in 
flow cytometry. 

CD97-3EGF 
CD97-4EGF 
CD97-5EGF 
EMR2-2EGF 

nil >1 mil 11 mil 

Mean fluorescence intensity 

Figure 1. CD97 isoforms differently bind 

to PBMC. Binding of multivalent fluorescent probes 

as indicated to (A) PBMC and to (B) monocytes, B 

cells, T cells, and NK cells (defined by forward- and 

side-scatter and the expression of CD14, CD19, 

CD3, and CD56, respectively) was analyzed by 

flow cytometry. The smallest isoform of EMR2 was 

used as negative control for binding.19 Probe 

binding to CD4+ and CD8+ T cells was similar (data 

not shown). NK cells do not express CD55.20 (C) 

Binding of multivalent fluorescent probes to spleen 

cells, treated with CD55 mAb or in the presence of 

EGTA (EGF domains in EGF-TM7 receptors are 

stabilized by Ca2* ions) as indicated. Splenic 

lymphocytes mainly consist of B cells. 
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As depicted in figure 1A, the three CD97-isoform probes displayed different 
binding to PBMC. In general, the CD97-3EGF probe showed the highest binding to 
PBMC, the CD97-4EGF probe intermediate levels, while the CD97-5EGF probe caused 
only a modest shift in fluorescence. This is in complete concurrence with the reported 
affinities of the different isoforms of CD97 for CD55.1617 Binding of the CD97-3EGF and 
CD97-4EGF probes could be prevented entirely by preincubating the cells with a mAb 
against CD55, demonstrating the CD55 specificity of these interactions (data not 
shown). 

Surprisingly, costaining of PBMC with cell type-specific markers for monocytes 
(CD14), B cells (CD19), T cells (CD3, CD4, and CD8), and NK cells (CD56) revealed that 
CD97-5EGF probe binding to B cells exceeded the binding of the CD97-3EGF probe to 
these cells (Figure IB). In a similar test, specific binding to B cells was also observed for 
EMR2-5EGF. Preincubation of B cells with CD55 mAb only slightly reduced CD97-
5EGF probe binding and did not affect EMR2-5EGF binding indicating the interaction 
with a different structure on B cells (Figure 1C). 

CD97-5EGF binds chondroitin sulfate B on B cells 
We previously showed that CS expressed on fibroblastic cell lines is a ligand for the 
largest isoform of EMR2.18 To evaluate the contribution of B-cell GAG to CD97-5EGF 
binding, B cells were treated with GAG-degrading enzymes (Figure 2A). Whereas 
heparinase III treatment had no effect (data not shown), chondroitinase ABC digestion 
of B-cell strongly diminished CD97-5EGF binding and completely blocked EMR2-5EGF 
binding. Treatment with either enzyme did not affect CD97-3EGF probe binding, 
indicating that binding to CD55 is not influenced by the GAG expression of the cell. 

A Spleen cells 

Figure 2. CD97-

5EGF binds to CS present 

on primary B cells. (A) 

Binding of multivalent 

fluorescent probes to 

spleen cells, treated with 

chondroitinase ABC and 

CD55 mAb as indicated, 

was measured by flow 

cytometry. (B) Effect of 

exogenous CS on CD97 

ligand binding. Bars 

represent binding of 

multivalent fluorescent 

probes to spleen cells. 

Data shown are mean 

fluorescence intensity ± 

SD in percent from three 

separate experiments. 

a) 
ü 

B 

c 
0 

1= 
CD 
U 

Mean fluorescence intensity 

no addition Chondroitinase ABC 
Chondroitinase ABC + CLB-CD97/L1 (anti-CD55) 

Spleen cells 

CD97-3EGF CD97-5EGF EMR2-5EGF 

• medium Q CS-A > C S - B • CS-C 

36 



Specific binding of CD97 and EMR2 to chondroitin sulphate on B cells 

To determine which type of CS binds CD97-5EGF on B cells, the different 
types of soluble CS were used as blocking agents. CS-A (chondroitin-4-sulfate), CS-B 
(dermatan sulfate), or CS-C (chondroitin-6-sulfate) were added to the probes before 
addition to the cells. As can be seen in Figure 2B, CS-B reduced the binding of the 
CD97-5EGF probe to B cells to approximately 60%. A similar effect on binding of the 
EMR2-5EGF probe was observed. The discrepancy in blocking efficiency, seen between 
chondroitinase ABC and purified CS is likely due to heterogeneity of animal-derived 
GAG preparations (see Discussion). In conclusion, the EGF domains of largest isoforms 
of CD97 and EMR2 bind to CS-B expressed specifically on B cells. 

CD97-5EGF has dual ligand specificity for CS and CD55 
It was noted that not all binding of the CD97-5EGF probe was prevented by 
chondroitinase ABC treatment of B cells (Figure 2A). Furthermore, a small shift in 
fluorescence was seen when B cells were preincubated with CD55 mAb (Figure 1C). 
This indicated that CD55 also contributed to CD97-5EGF binding to B cells. To test 
whether EGF domain 1 (binding CD55) and EGF domain 4 (binding CS) cooperate in 
cell binding, we used the human fibroblast cell line HEK293 (Figure 3). HEK293 cells 
express high amounts of both CD55 and CS, which facilitated detection of both 
interactions. CD97-3EGF, CD97-5EGF, and EMR2-5EGF probes all bound to HEK293 
cells. We made use of mAb against the first and the fourth EGF domain of both CD97 
and EMR2 to analyze the role of CD55 and CS in probe binding, respectively. Binding 
of CD97-3EGF to HEK293 cells was completely prevented when the probe was 
preincubated with CLB-CD97/1 (anti-EGF domain 1) whereas 1B5 (anti-EGF domain 4) 
had no effect. EMR2-5EGF showed the opposite. Probe binding was completely blocked 
by 1B5 (anti-EGF domain 4) while CLB-CD97/1 (anti-EGF domain 1) had no effect. For 
CD97-5EGF, a strikingly different pattern was observed. 37% of binding was blocked 
when the probe was incubated with CLB-CD97/1, showing the effect of loss of CD55 
binding. A reduction of 16% was seen when the CD97-5EGF probes were incubated 
with 1B5, which blocks the CS binding site. When both mAb were added, binding was 
completely abolished. This shows that CD97-5EGF can simultaneously bind CS and 
CD55 on the same cell. 

HEK293 

c a o 

o 
3 

ra 
CD 

D 

CD97-3EGF CD97-5EGF EMR2-5EGF 

control lg M CLB-CD97/1 • 1B5 • CLB-CD97/1 + 1B5 
(CLB-CD97/1: anti-EGF domain 1, 1B5: anti-EGF domain 4) 

Figure 3. CD97-5EGF can bind to 

both CD55 and CS present on one 

cell. Bars represent binding of 

multivalent fluorescent probes to 

HEK293 cells. Probes were 

preincubated with mAb to EGF 

domain 1 (CD55 binding site) and 

EGF domain 4 (CS binding site) 

as indicated. Data shown are 

mean fluorescence intensity + SD 

in percent from three separate 

experiments. 
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Monocytes 

Granulocytes 

:iüi"ïïïiïi'i 11 iirKilnpWiMi 

Lymphocytes 
Figure 4. Monocytes and granulocytes 

express the largest isoform of CD97 and 

EMR2. PBMC were analyzed by flow 

cytometry with mAb as indicated. 

Streptavidin-APC was used as a second-step 

reagent. Leukocyte lineages were defined by 

forward- and side-scatter. 

Mean fluorescence intensity 

CLB-CD97/3 (anti-CD97) 
2A1 (anti-EMR2) 

control IgG 

1B5 (anti-EGF domain 
4 of CD97 and EMR2) 

CD97-5EGF and EMR2-5EGF do not signal to B cells 
Several in vitro experiments were done to investigate the consequence of the 
CD97/EMR2-5EGF-ligand interaction on cellular B-cell responses. PBMC-derived B 
cells were stimulated through the B-cell receptor and/or CD40 and, in addition, 
triggered with CD97- or EMR2-coated beads. First, induction of cellular activation was 
monitored by analyzing CD69 expression levels after overnight stimulation. Second, B-
cell proliferation was measured after 5 to 7 days of culture. Third, Ig secretion and class 
switching were analyzed by measuring IgG and IgM levels after 7 days of stimulation. 
No effect of CD97 or EMR2 in any of these assays could be detected (data not shown). 

CD97-5EGF and EMR2-5EGF are expressed on myeloid cells and on activated 
lymphocytes 
To analyze the cellular distribution of the largest, CS-binding isoform of CD97 and 
EMR2, we used the mAb 1B5, which is directed against the fourth EGF domain of both 
molecules, in combination with CLB-CD97/3 (anti-CD97 stalk) and 2A1 (anti-EMR2 
stalk). Flow-cytometric analysis of PBMC is shown in Figure 4. CD97 is expressed on all 
cell types while EMR2 expression is restricted to myeloid cells. The CS-binding isoform 
of both receptors was detected only on monocytes and granulocytes. 

Next, we analyzed whether CD97-5EGF is upregulated during lymphocyte 
activation, as has been shown previously for CD97 with mAb that do not differentiate 
between isoforms.14-24 Cells were stimulated with PHA, PMA, or CD3 mAb and 
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Lymphocytes 

3000 

2400 
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0 

control Ig 
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Cl B-CD97/3 1 ^ 

(anti-CD97) 

_ 

,—, — _ i — M i—H 

CH/4 

(anti-CD69) 

H 

H Ü — • > - ' ! 

Figure 5. Expression of CD97-5EGF is upregulated on 

activated lymphocytes. PBMC were stimulated with PHA, 

PMA, or CD3 mAb. Expression of CD97 and EMR2 was 

analyzed at different time points by flow cytometry with mAb 

as indicated. Streptavidin-APC was used as second-step 

reagent. Staining for CD69 was used as positive control for 

cellular activation. Lymphocytes were defined by forward-

and side-scatter. 

[~1 mediL I PHA • PMA 

analyzed after 4 and 24 h (Figure 5). Increased staining with 1B5 was detected after 24 
h. As no upregulation of EMR2 expression on lymphocytes was detected, consistent 
with previous findings,24 1B5 staining solely reflects the upregulation of CD97-5EGF 
expression. 

Table I. Expression of the largest isoform of CD97 and EMR2 on peripheral blood monocyte subsets. 

mAb 

Common monocytes (CD14"CD16~) 

Macrophage-like monocytes (CD14"CD16*) 

Dendritic cell-like monocytes (CD14*CD16*) 

CLB-CD97/3 

(anti-CD97) 

100(1828) 

103 ± 8 

61 ± 1 4 

2A1 

(anti-EMR2) 

100(154) 

241 ± 61 

373 ±121 

1B5 

(anti-EGF domain 4 

of CD97 and EMR2) 

100(195) 

179 ±20 

216 ±36 

Results are mean fluorescence intensity ± SEM in percent of ten experiments. For monocytes, absolute 

numbers of mean fluorescent intensity are given in brackets. Blood monocytes, determined on the basis 

of forward- and side-scatter, were analyzed by three-color flow cytometry with directly labeled CD14 and 

CD16 mAb and biotinylated CD97 and EMR2 mAb as indicated. Streptavidin-APC was used as second-

step reagent. 
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Previously, EMR2 expression levels were found to increase during 
differentiation of myeloid cells.24 We determined whether expression of the CS-binding 
isoforms is specifically regulated within the myeloid lineage. Based on expression of 
CD 14 and CD 16, peripheral blood monocytes can be subdivided into common 
monocytes (CD14++CD16), monocytes with properties of tissue macrophages 
(CD14++CD16+), and monocytes that exhibit characteristics of dendritic cells 
(CD14+CD16+).26-27 CD16+ monocytes have an increased capacity to migrate and to 
secrete proinflammatory cytokines.2829 Analysis of 1B5 staining in these subpopulations 
revealed an increase of 1B5 staining on CD16+ populations compared to the CD16" 
population (Table 1). As CD97 expression was relatively stable and EMR2 expression 
increased, increased 1B5 staining likely reflected upregulation of EMR2-5EGF. 

DISCUSSION 

Previous studies have demonstrated that EGF-TM7 receptors bind cellular ligands. 
CD97 can interact through its first and second EGF domain with CD55. More recently, 
we reported that the fourth EGF domain of EMR2 and CD97 specifically binds the GAG 
CS.18 We here demonstrate that both interactions can be engaged cooperatively by the 
largest isoform of CD97. Furthermore, we show that the interaction with CS may play a 
role in the adhesion of activated lymphocytes and differentiated myeloid cells with B 
cells. 

We previously found that the EMR2-5EGF probe binds CS on fibroblast cell 
lines and within connective tissue and the extracellular matrix (ECM) of various 
tissues.18 In addition, binding was observed to areas within the white pulp of the spleen, 
suggesting that also leukocytes express the ligand. This study shows that also B cells, but 
no other leukocytes, express CS, bound by the fourth EGF domain of CD97 and EMR2. 
This B-cell specificity could be due to at least two potential mechanisms. First, the 
recognized CS is attached to a B cell-specific core protein. Second, the CS is modified in 
a B cell-specific manner. Variability in total length of the polysaccharide chain, in 
iduronic acid placement, and in sulphation dictate a high level of complexity of CS.30 

This fine structure is tightly regulated in a tissue- and cell type-specific fashion, 
generating high regional heterogeneity of CS. We previously reported binding of 
EMR2-5EGF probes to transfectants of the lymphoblastoid B-cell line ARH-77, stably 
expressing syndecan-1, -2, and -4 andglypican-1.18 In contrast to this, the CD97/EMR2-
5EGF probes did not bind to syndecan-1 when transfected into the Burkitt's lymphoma 
cell line Namalwa (data not shown). In addition, major CS-bearing molecules like 
syndecans are differentially expressed during B-cell development.3132 The CS bound by 
CD97/EMR2-5EGF, however, is rather evenly distributed on B cells as shown by similar 
probe binding to CD27-negative and CD27-positive (memory) B cells (data not shown). 
These observations suggest that CD97 and EMR2 bind B cell-specific CS rather than 
core protein-specific CS. The importance of glycosylation in shaping the specificity of 
molecular interactions is increasingly recognized. For example, cell-specific 
glycosylation determines whether ICAM2 and ICAM3 are recognized by the C-type 
lectin DC-SIGN.33 

In vivo studies with blocking mAb recently revealed a pivotal role for CD97 in 
the migration of neutrophils.4 Based on this study and the ability of CD97 to bind CS we 
proposed a model according to which CD97 binds to extracellular matrix (ECM) and 
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thereby facilitates binding of ECM-attached molecules to their cellular receptors. CS 
and other GAG bind a diverse range of molecules including, growth factors, protease 
inhibitors, cytokines, chemokines, and pathogen virulence factors.2021 It has been 
shown that GAG on the endothelial cell surface immobilize and enhance local 
concentrations of chemokines, promoting the presentation of these chemokines to their 
receptors.34 In addition, chemokines gradients in tissues can be formed by soluble GAG-
chemokine complexes.35 It seems possible that CD97 and EMR2 may play a crucial role 
in the capturing of such complexes. 

The cellular distribution of CD55 partially overlaps with that of CS. CD55 is 
found on endothelial cells and on virtually all types of leukocytes.19 Expression is 
upregulated during physiological and pathological conditions, as indicated by the 
presence on fibroblast-like synoviocytes and various malignant cells.314-36"38 In addition, 
CD55 is abundantly present in the extracellular matrix. Recent evidence that CD97 has 
a role in cell migration4 is not conclusive about the role of the different ligands. 
Neutrophil migration was similarly impaired by blocking of the CD55- and the 
presumed CS-binding site of mouse CD97 with mAb. 

The broad distribution of CD97 raises the question how ligand interactions are 
regulated. Expression of CD97 has been extensively analyzed.3814'3940 Whereas 
expression on myeloid cells is constitutive and hardly affected by activation or 
differentiation, CD97 on lymphocytes is rapidly upregulated during cellular stimulation. 
We found no evidence that expression of the binding sites for CD55 and CS is 
independently regulated. Consequently, activated lymphocytes and most myeloid cells 
can engage with both CD55 and CS through CD97. Thereby the interaction with CD55 
is mediated mainly by the smaller isoforms whereas CS binding is restricted to the 
largest isoform. The ability of the largest isoform to weakly interact with CD55 is likely 
to be of little physiological relevance since CD97+ cells usually express the smaller 
isoforms, which have a much higher affinities for CD55,4041 more abundantly.4041 In 
addition, CD55 expression levels on PBMC and on synovial fibroblasts (Kop et al , 
submitted for publication) are too low to allow for efficient binding of multivalent 
CD97-5EGF probes. 

We demonstrated that CD97 binding does not stimulate B cells towards 
proliferation, Ig synthesis, or class switching, independently of whether CD97 isoforms 
preferentially bind to CD55 (CD97-3EGF) or CS (CD97-5EGF). These findings suggest 
that a main function of CD97 could be the generation of adhesion contacts with B cells 
as well as the capturing of B cell-released ECM fragments. Such interactions might be 
engaged in the migration of activated T cells, dendritic cells, and macrophages towards 
B-cell follicles in lymphoid organs.42-44 These cell types are indispensable for activation, 
proliferation, maturation, and homeostasis of B cells. Dendritic cells and macrophages, 
could rely, in their contacts with B cells, on EMR2 as a second receptor. It is tempting 
to speculate that CD97 and EMR2 facilitate the recognition of chemokines secreted by B 
cells such as IL-8, RANTES, MlP-la, and MIP-lfi4546 In the future, the investigation of 
genetically targeted mice should provide the means to investigate the consequences of 
CD97 interactions with its ligands in detail. For EMR2, data will need to be extrapolated 
as this molecular twin of CD97 has no murine orthologue.3 
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