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Antibody binding at the stalk region of the EGF-
TM7 receptor CD97 impairs rolling of neutrophilic 
granulocytes on TNFα-activated endothelial cells 
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ABSTRACT

Background: The EGF-TM7 receptor CD97 is abundantly expressed on granulocytes 
and has been implicated in neutrophil trafficking in mice. Human CD97 binds three 
cellular ligands: CD55, chondroitin sulfate B and CD49e (VLA-5, α5β1).
Objective: To study whether monoclonal antibodies (mAbs) directed against different 
functional regions of CD97 affect human neutrophil adhesion under flow conditions.
Materials and methods: Peripheral blood neutrophils were incubated with mAbs 
against CD97. Neutrophils were perfused over TNFα-activated human umbilical vein 
endothelial cells (HUVEC) in an in vitro flow chamber model and adhesion, clustering 
and rolling were measured.
Results: CLB-CD97/3, a mAb binding at the stalk region of CD97 significantly decreased 
the percentage of neutrophils rolling over HUVEC and augmented firm adhesion. CLB-
CD97/3 did not affect expression of L-selectin or β2 integrins on neutrophils. However, 
treatment of neutrophils with a blocking antibody against β2 integrins abolished the 
effect of CD97/3 mAb on neutrophils, implicating CD97 mAb may exert its effect by 
altering the activation state of β2 integrin. CLB-CD97/1, a mAb blocking the interaction 
with CD55, did not affect rolling, adhesion or clustering.
Conclusion: Antibody binding to CD97 at the stalk region impedes neutrophil rolling 
and increases firm adhesion to activated endothelial cells under flow conditions, 
possibly by altering the activation state of β2 integrins.
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Antibody binding at the stalk region of the EGF-
TM7 receptor CD97 impairs rolling of neutrophilic 
granulocytes on TNFα-activated endothelial cells 
under flow conditions

INTRODuCTION

CD97 is a member of the EGF-TM7 family1 of Adhesion-type G protein-coupled 
receptors (GPCRs).2,3 These predominantly leukocyte-restricted cell-surface molecules 
possess large extracellular regions containing multiple N-terminal epidermal growth 
factor (EGF)-like domains.1 Due to alternative RNA splicing, CD97 isoforms with three, 
four, and five EGF domains are expressed (figure 1).3 These isoforms interact with 
different cellular ligands (figure 1). All CD97 isoforms bind the complement control 
protein CD55 (decay accelerating factor, DAF) via the first two EGF domains4 and the 
integrin α5β1 (very late antigen-5, VLA-5), and possibly αvβ3, via the RGD motif in the 
stalk region.5 In addition, the largest CD97 isoform also interacts through EGF domain 
4 with glycosaminoglycan chondroitin sulfate B (dermatan sulfate).6-8

CD97 is expressed by a wide range of leukocytes, including granulocytes, monocytes, 
macrophages, dendritic cells and activated lymphocytes.9,10 It is rapidly upregulated 
after cell activation and expression of CD97 is increased at sites of inflammation.3,11 
In addition, CD97 is expressed on a variety of non-immune cells including (malignant) 
epithelial and smooth muscle cells.9,12,13
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Figure 1. Schematic diagram of 
human CD97 isoforms.
CD97 consists of an extended 
extracellular alpha chain 
comprising EGF domains 
and a stalk region and is non-
covalently linked to the seven-
transmembrane spanning beta 
chain. Alternative RNA splicing 
gives rise to isoform with (A) 
five, (B) four and (C) three 
EGF domains. The first EGF 
domain, present in all isoforms, is 
instrumental in the interaction with CD55 and is recognized by the mAb CLB-CD97/1. The fourth 
EGF domain, which is present only in the largest isoform of CD97, mediates binding to chondroitin 
sulfate and is recognized by the 1B5 mAb. A third mAb, CLB-CD97/3, binds to the stalk region.
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Previous research showed CD97 mAbs to impede migration of granulocytes in mice 
resulting in impaired innate immune responses. Neutrophils incubated with CD97 
mAb failed to home to the gut in a model of experimental colitis.14 In addition, in 
Streptococcus pneumoniae-induced pneumonia, CD97 mAbs treatment prevented 
neutrophil migration to the lungs and resulted in enhanced outgrowth of bacteria in 
the lungs.14 Furthermore, application of CD97 mAbs in collagen-induced arthritis, a 
mouse model for rheumatoid arthritis that is partially neutrophil dependent, proved 
beneficial.15,16 Finally, antibodies to CD97 inhibited interleukin-8-induced hematopoietic 
stem cell mobilization in mice, which depends on granulocytes.17 These data initially 
supported the idea that CD97 might interfere with neutrophil adhesion and migration 
processes. However, the effect of CD97 mAbs in mice has recently been linked to the 
depletion of granulocytes under inflammatory conditions.18 Independently developed 
CD97 null mice showed normal recruitment of granulocytes to sites of inflammation 
but developed a mild granulocytosis compared to wild-type mice19,20 Moreover, they 
developed less disease activity in actively and passively induced arthritis models.21 
The mechanism underlying this protective effect is currently not known.
Functional studies have implicated a role for human CD97 in angiogenesis, regulation 
of T cell function and tumor invasion.5,22,23 Neutrophil migration in humans appeared 
not to be affected by blockade of the CD97-CD55 interaction.24 However, blockade of 
other functional regions of CD97 has so far not been tested.
Based upon the abundant expression of CD97 on neutrophils, as well as the migration 
impeding effects of CD97 mAbs in mouse models, we decided to further explore the 
role of this molecule in adhesion processes of human neutrophils. To this end, the 
capacity of neutrophils to adhere to and roll on endothelial cells under flow conditions 
was studied in an in vitro flow model in the presence or absence of CD97 mAbs. We 
here show that CLB-CD97/3 antibody binding to the stalk region of CD97 on neutrophils 
resulted in an increase in firm adherent cells under flow conditions.

MATERIAL AND METHODS

Antibodies
For functional studies, the following mAbs were used: CLB-CD97/1 (directed against 
the first EGF domain of CD97 and EMR2; mouse IgG2a), CLB-CD97/3 (directed 
against the stalk region of CD97; mouse IgG1) and 1B5 (directed against the fourth 
EGF domain of CD97, only present on the largest CD97 isoform; hamster Ig) were all 
generated by hybridoma culture as described previously.4 DREG 56 (anti-L-selectin, 
CD62L), IB4 (anti-β2 integrin) and the control mAb W6/32 (anti-HLA-A, -B, -C) were 
isolated from the supernatant of a hybridoma obtained from the American Type Culture 
Collection (Rockville, MD). Purified hamster Ig (Tebu-bio, Heerhugowaard, The 
Netherlands) was used as control for 1B5.

Chapter 6



CD97 and neutrophilic granulocytes

107

For expression analysis, mouse anti-human fluorescent dye conjugated mAbs to the 
following molecules were used: CD62L-FITC, CD18-FITC, CD11b-APC, IgG1-PE and 
IgG2a-FITC (all BD biosciences, Verviers, Belgium).

Isolation of neutrophils
Neutrophils were isolated by using an isotonic Ficoll gradient (Pharmacia, Uppsala, 
Sweden). Venous blood was obtained from healthy volunteers using sodium heparin as 
anticoagulant (Greiner, Alphen a/d Rijn, The Netherlands). In short, blood was diluted 
2.5:1 with phosphate-buffered saline (PBS) containing 0.32% (w/v) sodium citrate 
and 4 g/l human pasteurized plasma-protein solution (GPO; Sanquin, Amsterdam, 
The Netherlands). Granulocytes were separated by centrifugation over Ficoll-Paque 
for 20 min at 2200 rpm. After lysis of remaining erythrocytes with isotonic ice-cold 
NH4Cl, granulocytes were resuspended in ice cold HEPES incubation buffer (20 mM 
HEPES, 132 mM NaCl, 6 mM KCl, 1 mM MgSO4, 1.2 mM KH2PO4, supplemented 
with 5 mM glucose and 0.5% human serum albumin) and kept on ice. All preparations 
contained > 95% neutrophils.

Endothelial cells
HUVEC were isolated from human umbilical cord veins according to Jaffe et al.25, 
with some minor modifications.26 The cells were cultured in Endothelial cell Growth 
Medium-2 (EGM-2; Biowhittaker, Walkersville, MD). Cell monolayers were grown to 
confluence in 5-7 days. Endothelial cells of the second or third passage were used in 
perfusion assays. HUVEC were activated with 100 U/ml TNFα for 5-7 h at 37°C prior 
to the perfusion experiments.27

Perfusion chamber
Perfusions under steady flow were performed in a modified form of a transparent 
parallel plate perfusion chamber.28 This microchamber has a slit height of 0.2 mm 
and width of 2 mm. The chamber contains a circular plug on which a coverslip (18 
mm x 18 mm) with confluent HUVEC was mounted. Immediately after mounting the 
activated HUVEC, the flow chamber was flushed with HEPES buffer for 2 min to wash 
out residual TNFα.

Neutrophil perfusion and evaluation
Neutrophils in suspension (4 x 106 cells/ml in incubation buffer) were incubated with 
mAbs (10 μg/ml) at 37°C during 20 min. Right before the experiments, the incubation 
buffer was diluted 1:1 with incubation buffer containing 2.0 mM CaCl2, so that the final 
concentration was 1.0 mM CaCl2 (perfusion buffer). Neutrophils were aspirated from 
a reservoir through plastic tubing and the perfusion chamber with a Harvard syringe 
pump (Harvard Apparatus, South Natick, MA). The individual runs occurred all in a 37°C 
temperature box. Perfusion experiments were recorded on video tape. The neutrophil 
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suspension was perfused during 5 min at shear stress 2.5 or 3 dyn/cm2. All experiments 
were performed in duplo or triplo. Analysis of rolling and firm adhesion was performed 
as described previously.29 Total number of surface-adhered neutrophils per mm2 was 
measured after 5 min of perfusion at a minimum of 30 randomized fields (minimal 
area was 1 mm2). Experiments were excluded from analysis if rolling of isotype control 
treated neutrophils was less than 10% or DREG56 (anti-CD62L) did not affect rolling 
(i.e. the positive control was negative).

Flow cytometry
Neutrophils were isolated and resuspended in perfusion buffer and incubated with 
W6/32 or CLB-CD97/3 for 20 min at room temperature. Control cells without mAbs 
were stimulated with 1 μM N-formyl-methionyl-leucyl-phenylalanine (fMLF) during 
5 min. Granulocytes were analyzed using a FACSvantage flow cytometer (Becton 
Dickinson, Mountain View, CA).

Generation of multivalent fluorescent probes
Generation of CD97-specific multivalent fluorescent probes was performed as 
described previously.6,7 In short, 10 μl avidin-coated fluorescent beads (Spherotech 
Inc., Libertyville, IL) were washed with PBS/0.5% BSA and incubated with saturating 
amounts (>1 μg) of biotinylated recombinant CD97-Fc protein. After 1 h, non-binding 
protein was removed by washing with PBS. The bead-protein complexes were 
sonicated immediately before use.

Binding assays with multivalent fluorescent probes
TNFα stimulated HUVEC slides were treated with acetone, washed in ice-cold PBS, and 
preincubated with human pooled serum to prevent non-specific binding. The different 
bead-protein complexes (10 μl complex plus 40 µl PBS) were added to the sections. 
After incubation for 1 h at 4°C, unbound protein-bead complexes were removed by 
washing with PBS. To determine the specificity of the binding, slides were pretreated 
with 50 μl CD55 mAb (CLB-CD97/L14 10 μg/ml), or 50 μl 5 mM EGTA for 30 min before 
addition of the beads. Slides were embedded in 100 μl of Vectashield (Vector) or Imsol-
Mount (Klinipath, Duiven, The Netherlands). 2 μl 4’,6-diamidino-2-phenylindole (DAPI) 
(5 mg/ml; Sigma, St. Louis, MO) was added per slide for nuclear staining.

Statistical analysis
Differences between different mAb treated neutrophils were analyzed by repeated 
measure ANOVA, and, if significant, subsequent student T tests for repeated 
measurements. Since no differences in data were observed between experiments 
performed at shear 2.5 or 3.0 dyn/cm2 data were pooled. Tests were performed using 
GraphPad Prism 5 software.

Chapter 6



CD97 and neutrophilic granulocytes

109

RESuLTS 

TNFα-activated HUVEC express CD97 ligands
It has previously been reported that HUVEC express the CD97 ligands CD5530, 
dermatan sulphate and VLA-5.31 In order to confirm the presence of these molecules 
on HUVEC activated with TNFα in vitro, we used multivalent immunofluorescent beads 
coated with the extracellular part of the smallest or largest isoform, CD97(EGF1,2,5) 
(figure 2A) and CD97(EGF1,2,3,4,5) (figure 2B), respectively. Both constructs showed 
clear binding in situ, implicating CD55 as well as dermatan sulfate to be present, while 
no binding of control protein was found (figure 2C). Pre-treating the slides with CD55 
mAb abolished binding of the three EGF domain containing isoform CD97(EGF1,2,5) 
and reduced binding of the five EGF domain containing isoform CD97(EGF1,2,3,4,5) 
(data not shown). Since the recombinant CD97 proteins loaded on the beads lack the 
stalk region, VLA-5 binding could not be verified.

The stalk region specific mAb CLB-CD97/3 affects neutophil adhesion in vitro
To test if CD97 mAbs affect adhesion of neutrophils in vitro, a flow chamber model 
with activated endothelial cells was used. Neutrophils were incubated with control 
antibody (W6/32) or CD97 mAbs directed against the stalk region (CLB-CD97/3), the 
first EGF domain (CLB-CD97/1) or the fourth EGF domain (1B5). CLB-CD97/1 and 
1B5 block the interaction of CD97 with CD5532 and chondroitin sulfate6;8, respectively. 
CLB-CD97/3 does not inhibit binding of recombinant CD97 to VLA-5 on endothelial 
cells (K. Kelly, personal communication) suggesting binding of the mAb outside the 
VLA-5 interaction site. 
Total adhesion of neutrophils pre-incubated with CLB-CD97/3 to TNFα-activated 
HUVEC did not differ significantly from cells treated with control mAb (mean 
neutrophils per mm2 ± SD: W6/32 496 ± 161, CLB-CD97/3 432 ± 140; p = 0.4) (figure 
3A). Since total adhesion is the sum of rolling and firmly adherent cells, we calculated 

Figure 2. TNFα stimulated HUVEC express the CD97 ligands CD55 and chondrotin sulfate.
Shown is the binding of immunofluorescent beads (green) coated with recombinant soluble proteins 
of (A) CD97(EGF1,2,5), (B) CD97(EGF1,2,3,4,5) or (C) the non-binding control EMR2(EGF1,2) 
to TNFα-activated HUVEC. Cell nuclei (blue) were stained with DAPI. Original magnification x 
250. Representative of 3 experiments.
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the number of firmly adherent cells separately. Experiments of neutrophils incubated 
with control mAb W6/32 showed an average of 48.6 % ± 30.7 (mean ± SD) rolling 
cells and thus 51.4% of firmly adhering cells. In the CLB-CD97/3-treated group 
the average rolling percentage was 31.8% ± 26.7, and thus the remaining 68.2% 
of the granulocytes was firmly adhering. Absolute numbers of firm adhesion were 
calculated as ((100 - percentage rolling cells) * adhesion number) / 100) i.e. 51* 496 
/ 100 = 253 firmly adhered cells (W6/32) and 68* 432/ 100 = 294 firmly adhered cells 
(CLB-CD97/3 mAb) (p<0.03). Thus, a significant difference in absolute firm adhesion 
between isotype control and CLB-CD97/3 was observed (figure 3B). Furthermore, the 
difference found in rolling between neutrophils incubated with CLB-CD97/3 antibodies 
and control antibodies was significant p<0.01) (figure 3C). To investigate whether cells 
have a preference for clustering on the surface, a read out for secondary tethering, 
the cluster index was measured. The cluster index per cell was set to be the difference 
between the measured and the expected number of cells inside an arbitrary area 
around the cell.33 CLB-CD97/3 did not affect clustering (mean ± SD: W6/32 1.2 ± 0.1, 
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Figure 3. CLB-CD97/3 increases firm adhesion and reduces rolling of neutrophils on TNFα 
stimulated HUVEC. 
(A) Effect of the stalk-specific mAb CLB-CD97/3 on total adhesion consisting of absolute firm 
adhesion ■ and absolute rolling □. CLB-CD97/3 increases firm adhesion (* p<0.03) (B) and reduces 
rolling (* p<0.01) (C). CLB-CD97/3 does not affect clustering (D). Each experiment was performed 
in duplo or triplo and mean values ± SD were counted for each experiment (n = 7). Lines connect 
data of the same experiment. Percentage rolling is depicted in the individual absolute rolling bars 
and is calculated as percentage of total adhesion.
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CLB-CD97/3 1.0 ± 0.1; p = 0.06) (n = 7) (figure 3D).
Ligation of CD97 at the CD55 binding region (CLB-CD97/1) did not affect total adhesion 
(mean neutrophils per mm2 ± SD: W6/32 652 ± 324, CLB-CD97/1 576 ± 195; p = 0.4) 
(figure 4A), firm adhesion (mean firmly adhered cells ± SD: W6/32 461 ± 196, CLB-
CD97/1 427 ± 172; p = 0.1) (figure 4B), rolling (mean percentage ± SD: W6/32 27.4 ± 
9.0, CLB-CD97/1 25.5 ± 12.9; p = 0.8) (figure 4C) or clustering (mean ± SD: W6/32 1.0 
± 0.3, CLB-CD97/1 0.9 ± 0.2; p = 0.1) (n = 4) (figure 4D).
1B5, directed at the CS binding site of CD97, appeared to reduce rolling and adhesion, 
compared to a mouse control mAb, however when compared to a hamster Ig no 
difference was observed (data not shown). Both 1B5 and hamster Ig reduced rolling 
and adhesion to the same extent, implicating that both hamster derived mAbs activated 
neutrophils. Indeed, mAb DREG (anti-CD62L), used as control, reduced rolling, 
adhesion and clustering as compared to hamster antibody treatment (p<0.001, n = 12) 
(data not shown).
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Figure 4. CLB-CD97/1 does not affect adhesion, rolling or clustering of neutrophils on TNFα 
stimulated HUVEC. 
(A) Effect of mAb CLB-CD97/1, directed against the first EGF domain, on total adhesion consisting 
of absolute firm adhesion ■, and absolute rolling □. CLB-CD97/1 does not affect firm adhesion 
(B), rolling (C) or clustering (D) of neutrophils on TNFα stimulated HUVEC. Each experiment was 
performed in duplo or triplo and mean values ± SD were counted for each experiment (n = 4). Lines 
connect data of the same experiment. Percentage rolling is depicted in the individual absolute 
rolling bars and is calculated as percentage of total adhesion.
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CLB-CD97/3 mAb does not affect selectin or integrin expression
Having found an impeding effect of CLB-CD97/3 mAb on granulocyte rolling, we decided 
to analyze whether incubation with CLB-CD97/3 mAb alters selectin and/or integrin 
expression on granulocytes. Granulocytes were incubated with control mAb W6/32 
or CLB-CD97/3 and subsequently CD62L, CD18 and CD11b levels were measured 
using flow cytometry. Incubation with CLB-CD97/3 did not affect CD62L, CD18 and 
CD11b expression on granulocytes (n = 4), implicating CLB-CD97/3 to exert its effect 
on rolling via a different mechanism. Addition of fMLF was used as positive control and 
was shown to reduce CD62L and to up regulate CD11b and CD18 significantly (figure 
5 A, B and C).

Blocking β2 integrins on neutrophils abolishes the effects of CLB-CD97/3 mAb
It is well known that not the mere expression but the activation state of the β2 integrins 
is important for firm adhesion.34,35 β2 integrins adopt different activation states, which 
can support rolling and when further activated mediate firm adhesion. We hypothesized 
that treatment of neutrophils with CLB-CD97/3 might increase the activation state of 
β2 integrins thereby decreasing the percentage of rolling cells. If this was the case, 
incubation with CLB-CD97/3 mAb in the presence of blocking antibodies against β2 
integrin would not decrease the percentage rolling cells. Blockade of CD18 with mAb 
IB4 resulted, as expected, in an increase in rolling neutrophils (mean percentage rolling 
± SD: control mAb W6/32 29.8 ± 3, W6/32 plus IB4 89.5 ± 1). Addition of CLB-CD97/3 
to IB4 treatment did not affect the percentage rolling significantly (78.0 ± 8; p = 0.1) (n 
= 3) compared to W6/32 plus IB4 (figure 6). Firm adhesion was, as expected, reduced 
after blockade of the β2 integrin (mean firmly adhered cells ± SD: W6/32 551 ± 87, IB4 
78 ± 7). Addition of CLB-CD97/3 mAb did not affect firm adhesion significantly after 
blockade of β2 integrin (n = 3) (data not shown), implicating CLB-CD97/3 mAb possibly 
exerts its effect on neutrophils by affecting β2 integrin function.
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Figure 5. CLB-CD97/3 does not affect selectin or integrin expression.
Preincubating neutrophils with CLB-CD97/3 did not affect expression of CD62L (A), CD18 (B), or 
CD11b (C), while activation with fMLF resulted in a significant loss of CD62L (mean fold increase 
± SD 0.08 ± 0.06, p<0.01) (A) and upregulation of CD18 (mean fold increase ± SD 2.5 ± 0.6, 
p<0.01) and CD11b (mean fold increase ± SD 8.2 ± 1.1, p< 0.01) (B,C). Data are expressed as 
fold increase (n = 4). Lines connect data of the same experiment. 
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DISCuSSION

In this paper, the effect of antibodies directed against different epitopes of the EGF-
TM7 receptor CD97 on neutrophil adhesion to TNF-a-activated endothelial cells was 
evaluated in vitro. We show that the CD97 stalk region specific mAb CLB-CD97/3 
caused a significant yet modest shift in the balance of cells that rolled towards more 
firm adhesion under physiological flow conditions. In contrast, the CLB-CD97/1 mAb 
directed against the CD55 binding first EGF domain of CD97 did not exert an effect on 
neutrophil adhesion.
Since CD97 directed antibodies inhibit inflammation and neutrophil influx in mouse 
models of arthritis and colitis, a role for CD97 in leukocyte trafficking has been suggested 
previously.14,15 Neutrophils leave the circulation through a cascade of extravasation 
steps that involve capture or tethering, rolling, activation, slow rolling, arrest, adhesion 
strengthening, intraluminal crawling, and finally paracellular or transcellular migration36 

(and references therein). Neutrophils express multiple adhesion molecules, of which 
L-selectin (CD62L), P-selectin glycoprotein ligand 1 (PSGL1), MAC-1 (CD11b/CD18, 
αMβ2 integrin) and LFA-1 (CD11a/CD18, αlβ2 integrin) are functionally the most 
important ones. CD62L is instrumental in capturing the neutrophils and in secondary 
tethering. Activated β2 integrins support slow rolling and induce neutrophil arrest and 
adhesion strengthening. Of the β2 integrins αLβ2 (LFA-1) is thought to play a role 
in initial firm adhesion whereas αMβ2 (MAC-1) has been shown to be involved in 
stabilizing firm adhesion and crawling of the neutrophils over the endothelium.37

In the present study, the ligation of CD97 at the stalk region impeded neutrophil rolling 
and increased firm adhesion to TNFα-activated HUVEC significantly, but expression of 
L-selectin, CD18 (β2 integrin) and CD11b (the αM subunit of MAC-1) was not affected. 
Therefore, CD97 ligation exerts its effects via a mechanism different from upregulation 
of these proteins. Integrins on circulating neutrophils are in a fairly inactive state under 
physiological conditions. Upon exposure to an appropriate external stimulus, functional 

Figure 6. Blockade of β2 integrins abolishes the 
effect of CLB-CD97/3 on rolling of neutrophils 
on TNFα stimulated HUVEC. 
Effect of β2 integrin blockade +/- the stalk-
specific mAb CLB-CD97/3 on rolling. 
Pretreatment with IB4 (β2 mAb) alone increases 
rolling of neutrophils significantly (* p<0.01). 
Combining CLB-CD97/3 and IB4 does not alter 
rolling compared to IB4 alone (p = 0.1). Each 
experiment was performed in duplo or triplo 
and mean values ± SD were counted for each 
experiment (n = 3).
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activity of integrins is rapidly enhanced, resulting in increased adhesion that does not 
require changes in levels of integrin expression on the cell surface, but instead, affects 
the activation state of these integrins, a process called inside-out signaling.34,35,38 
Addition of a mAb directed against β2 integrins did abolish the effects of CD97 ligation 
on neutrophil rolling and adhesion. Therefore, the CLB-CD97/3 mAb most likely 
increased the activation state of β2 integrins thereby inducing a shift towards more 
firm adherent cells. Up to now, signaling has not been demonstrated for CD97 nor for 
any of the other EGF-TM7 family members. Therefore, the exact mechanism by which 
CD97/3 mAb exerts this effect remains to be elucidated.
In humans, we previously showed that CLB-CD97/3 mAb causes a small but significant 
reduction of allogenic T-cell proliferation in mixed lymphocyte culture, possibly by 
decreasing numbers of potentially alloreactive T cells entering the cell cycle.10 T cells 
incubated with CLB-CD97/3 mAb expressed less CD49d (VLA-4) and CD11a. While 
VLA-4 is not expressed by neutrophils CD11a, associated with CD18 (LFA-1), affects 
rolling of neutrophils and by binding ICAM-1 mediates firm adhesion and neutrophil 
arrest.36 It is tempting to speculate that CLB-CD97/3 affects LFA-1 function and/or 
expression in different cell systems.
Alternatively, interference with the interaction between the RGD motif in the CD97 
α-chain and VLA-5 might be responsible for the effects observed. VLA-5 is a β1 
integrin and functions, amongst others, as an adhesion molecule for binding to 
extracellular matrix and aiding neutrophil migration through the interstitial tissues.39,40 
VLA-5 is expressed on HUVEC31 and on neutrophils41. Therefore, hindrance of this 
interaction may have contributed to the observed effect. However, CLB-CD97/3 mAb 
does not inhibit binding of recombinant CD97 to VLA-5 on endothelial cells (K. Kelly, 
personal communication), making it less likely that interference with these receptors is 
responsible for the observed effects. Still, we cannot exclude that CLB-CD97/3 mAb 
may affect neutrophil function via a different mechanism not affecting L-selectin or β2 
integrins.
Blockade of CD97 at the CD55 binding site did not alter the capability of neutrophils to 
roll or adhere at shear 2.5-3.0 dyn/cm2. This is in concordance with previously published 
research by Yona et al.24 In that study, CLB-CD97/1 mAb was found not to affect rolling 
of neutrophils at shear 1.0 dyn/cm2. Next to being a ligand for CD97, CD55 (decay 
accelerating factor) is a regulator of the complement system. Lack of this molecule 
led to aggravation of (auto-)immune diseases in various models.42-44 Moreover, CD55 
is an apical epithelial ligand for neutrophils, promoting the release of neutrophils from 
the luminal surface after transmigration.45 This effect is probably mediated by CD55’s 
short consensus repeat domain 3 (SCR-3). CD97 interacts with the N- terminal SCR-1 
domain on CD55 and blockade of CD97 did not affect PMN transmigration or apical 
clustering involvement.45

In humans, CD97 expression levels correlate with migration and invasion in colorectal 
tumor cells lines23, suggesting that human CD97 affects migration. This notion is 
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strengthened by the fact that neutrophils incubated with mAbs to the stalk region of 
EMR2 (CD312), another EGF-TM7 family member, adhered and migrated better than 
control treated neutrophils under both static and shear stress conditions.24 CD312 is 
an EGF-TM7 family member, which is closely related to CD97. Its EGF domains are 
highly homologous (97% sequence identity) and its fourth EGF domain also binds 
chondroitin sulfate. It might therefore be possible that both receptors exert their effect 
via similar mechanisms.
Taken together, the results presented here support the view that CD97 can regulate 
neutrophil rolling and adhesion processes under physiological flow conditions.
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