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Chapter 4 

ABSTRACT 

The CXC chemokine interleukin (IL)-8 induces rapid (15-20 minutes), neutrophil-
dependent, mobilization of hematopoietic stem and progenitor cells (HSC) in both mice 
and monkeys. CD97 is broadly expressed on hematopoietic cells, including neutrophils, 
and is involved in neutrophil migration. Here, we studied a possible role for CD97 in 
IL-8-induced stem cell mobilization. BALB/c mice were treated with a single i.p. 
injection of 500 |ig CD97 mAb or control immunoglobulin (clg). After 24 hours, mice 
were mobilized with a single i.p. injection of IL-8 or saline. No mobilization of HSC was 
observed in mice receiving CD97 mAb followed by IL-8, whereas animals treated with 
control immunoglobulin followed by IL-8 exhibited a mean 11-fold increase in HSC in 
the peripheral blood. CD97 mAb alone did not induce HSC mobilization in vivo, nor 
did it inhibit GM-CSF-induced colony formation in vitro. Cell sorting and subsequent 
culture experiments indicated that CD97 is not expressed on colony-forming cells. Our 
results show that 1) CD97 is involved in IL-8-induced stem cell mobilization and 2) the 
prevention of mobilization by CD97 mAb is not mediated by a direct effect on HSC. We 
hypothesize that the absence of HSC mobilization after CD97 mAb administration is 
due to its effect on neutrophil function. 

INTRODUCTION 

Transplantation with mobilized progenitor cells is increasingly applied in the treatment 
of a variety of hematological disorders. The use of blood-derived stem cells is associated 
with a more rapid restoration of the marrow function in comparison with autologous 
bone marrow (BM) transplantation.1-3 Mobilization of hematopoietic stem cells to the 
peripheral blood can be achieved by the administration of various growth factors such 
as granulocyte colony-stimulating factor (G-CSF),4 granulocyte-macrophage colony-
stimulating factor (GM-CSF),1 interleukin (IL)-l5 or IL-8.67 

Previously, we have demonstrated that IL-8 induces rapid mobilization of 
hematopoietic stem cells (HSC) in mice and monkeys within 15 to 30 minutes.67 

Neutrophils play an essential role in this process. IL-8-induced HSC mobilization is 
prevented in neutropenic mice and could be restored by infusion of neutrophils.8 IL-8 
induces shedding of L-selectin and the upregulation of the (32-integrins LFA-1 and Mac-
1 resulting in firm adhesion of the neutrophil to the endothelium.9 As a consequence of 
the entrapment of circulating neutrophils in the lungs, BM, and probably other organs, 
an instant neutropenia occurs. Neutrophils attached to the endothelium degranulate 
following activation by IL-8 and release matrix metalloproteinase (MMP)-9 (gelatinase 
B) and other proteases. When released in the BM this likely results in degradation of 
the basement membrane and extracellular matrix molecules (gelatins), followed by the 
disruption of adhesive interactions with stromal cells to which the HSC were attached, 
resulting in mobilization of HSC to the blood.10 

The involvement of cell surface adhesion molecules expressed on neutrophils 
in IL-8-induced mobilization was shown by complete inhibition of mobilization after 
injection of mAb to LFA-1 and Mac-1.1112 These mAb effectively blocked neutrophil-
endothelium adhesion rather than directly interfering with HSC adhesion. The 
importance of neutrophil-degranulation and subsequent release of proteases was shown 
by the prevention of IL-8-induced stem cell mobilization in the presence of MMP-9 
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mAb in non-human primates.13 Conversely, MMP-9 deficient mice showed normal 
mobilization indicating that other proteases may compensate for the loss of MMP-9.8 

Mobilization induced by G-CSF results in increased HSC numbers in the blood 
peaking at levels 10- to 100-fold above baseline between 4 and 7 days after initiation of 
G-CSF administration. As for IL-8-induced HSC mobilization, disruption of adhesive 
interactions between the extracellular matrix (ECM) and the HSC is a crucial step in the 
mobilization process. Recently neutrophil-derived proteases were also found to have an 
essential role in this process.14"16 

A molecule critically involved in neutrophil migration is CD97, a member of 
the EGF-TM7 family of class B seven-span transmembrane (TM7) receptors.1017-23 CD97 
is expressed on a broad array of hematopoietic cells including (activated) lymphocytes, 
neutrophils, monocytes, macrophages and, dendritic cells.23-24 The structure of CD97 is 
characterized by an extended extracellular region comprising several tandemly arranged 
EGF-like domains coupled to the TM7 region by a spacer. As a result of alternative RNA 
splicing three isoforms are expressed in human and mouse comprising different 
numbers of EGF-like domains.19"21 CD55 and chondroitin sulfate have been identified as 
cellular ligands for CD97.20-21-25,26 Ligand binding is mediated via the EGF-like domain 
region,27 where binding sites are located within domain 1 and 2 for CD55 and within 
domain 4 for chondroitin sulfate.22,2628 Accordingly, composition of the EGF-like 
domain region defines ligand specificity of the different CD97 isoforms. Whereas 
affinity for CD55 is significantly higher for the smaller isoforms,2728 chondroitin sulfate 
exclusively interacts with the largest isoforms.26 

We recently demonstrated a role for CD97 in neutrophil migration.22 In 
experimental colitis, application of CD97 mAb to adoptively transferred neutrophils 
caused a delay in homing to the colon. In mice intranasally inoculated with 
Streptococcus pneumoniae, treatment with CD97 mAb impaired the recruitment of 
neutrophils to the lungs thereby reducing resistance to pneumonia.22 

In the present study, we have used a mAb against murine CD97 to study the 
role of CD97 in IL-8 and G-CSF-induced stem cell mobilization. Administration of this 
mAb selectively blocked IL-8-induced mobilization whereas G-CSF-induced 
mobilization was not affected. We hypothesize that the prevention of mobilization by 
CD97 mAb is not mediated by a direct effect on HSC but rather involves neutrophils as 
an intermediate cell type. 

MATERIALS AND METHODS 

Mice 
Eight to 12 week old male Balb/c mice purchased from Charles River (Maastricht, The 
Netherlands) were used in all mobilization studies. The animals were fed commercial 
rodent chow and acidified water ad libitum and were maintained in the animal facilities 
of the Leiden University Medical Center under conventional conditions. All 
experimental protocols were approved by the institutional ethical committee on animal 
experiments. 

IL-8 
Recombinant human IL-8 was purified from Escherichia coli expressing a synthetic 
gene29 and generously provided by the Novartis Research Institute. IL-8 has no colony-
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stimulating activity, as reported previously.30 The concentration of endotoxin was less 
than 0.05 unit/mg as determined by the limulus amebocyte lysate assay. IL-8 was 
diluted in endotoxin-free phosphate-buffered saline (PBS) with 0.1% bovine serum 
albumin (BSA) immediately before use. 

Monoclonal antibodies 
Hamster anti-murine CD97 mAb (clone 1B2)22 directed against the first EGF-like 
domain of mCD97 was used for in vivo administration. CommerciaUy available hamster 
immunoglobulin (Ig) was used as control (control IgG; Rockland, Gilbertsville, PA). 

Mobilization assays 
Mobilization of HSC was induced by a single intraperitoneal (i.p.) injection of 30 ug of 
IL-8. After 20 minutes mice were sacrificed by CO2 asphyxiation and peripheral blood 
and BM were obtained. In blocking experiments, mice were pretreated with an i.p. 
injection of CD97 mAb (clone 1B2, 500 fig) or control IgG 24 h prior to IL-8 injection. 
Alternatively, mobilization was induced by injecting mice with 10 ug G-CSF i.p. for 2 
consecutive days. In blocking experiments, 500 ug CD97 mAb (clone 1B2) was given 24 
h before the first G-CSF injection and 30 minutes prior to each G-CSF administration. 
24 h after the last G-CSF injection, mice were sacrificed and colony-forming unit-
granulocyte macrophage (CFU-GM) were analyzed in peripheral blood, BM and spleen. 

Progenitor cell assay 
CFU-GM were cultured as described previously.5 Briefly, peripheral blood mononuclear 
cells were cultured in 3.5-cm dishes containing 5xl05 cells per ml in semisolid medium 
in the presence of murine GM-CSF (1.25 ng/ml). After 6 days of culture in a fully 
humidified atmosphere of 37°C containing 5% CO2, the number of colonies (defined as 
aggregates of > 20 cells) were scored using an inverted light microscope. 

Detection of circulating and cell-bound antibody 
Plasma was analyzed for the presence of free circulating CD97 mAb (clone 1B2) by 
incubating peripheral blood cells from untreated donors with plasma from CD97 mAb-
treated mice and control or non-treated mice for 30 minutes at 4°C. Subsequently, these 
cells were incubated with biotinylated CD97 mAb for 30 minutes at 4°C followed by 
PE-conjugated streptavidin and analyzed on a flow cytometer (FACScan, Becton 
Dickinson, Mountain View, CA). To detect cell-bound mAb, peripheral blood cells 
were obtained from CD97 mAb- treated mice and control or non-treated mice, 
subsequently labeled with biotinylated CD97 mAb followed by PE-conjugated 
streptavidin. The fluorescent intensity was analyzed using a flow cytometer. Reduced 
staining for anti-CD97 on peripheral blood cells of treated mice as compared to 
untreated mice was used to determine the presence of CD97 mAb in peripheral blood. 

Statistical analysis 
Differences were evaluated by using the Student f test. P values of <0.05 were 
considered statistically significant. 
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RESULTS 

CD97 antibody prevents IL-8-induced HSC mobilization 
To investigate the importance of CD97 in IL-8-induced HSC mobilization, Balb/c mice 
were injected with CD97 mAb prior to IL-8 injection (Figure 1). No mobilization of 
HSC was observed in mice receiving CD97 mAb followed by IL-8 (35.2 ± 26.8 CFU-GM 
per ml blood; n=7, i><0.01), whereas animals treated with IL-8 alone (792.0 ± 549.0 
CFU-GM per ml blood; n=4) or control IgG followed by IL-8 (383.4 ± 246.4 CFU-GM 
per ml blood; n=4) exhibited a mean 11-fold increase in HSC in the peripheral blood. 
CD97 mAb alone (15.0 + 15.9 CFU-GM per ml blood; n=5), or PBS alone (30.9 ± 17.2 
CFU-GM per ml blood; n=4), did not induce HSC mobilization in vivo. Combined 
administration of CD97 mAb or control IgG and IL-8 did not affect progenitor cell 
numbers in BM (data not shown). 

Saline/Saline 

Control IgG/Saline 

Anti-CD97/Saline 

Control lgG/IL-8 

Saline/IL-8 

Anti-CD97/IL-8 

0 200 400 600 800 1000 1200 1400 

CFU-GM/ml Blood 

Figure 1. Pretreatment with CD97 mAb prevents IL-8-induced mobilization of hematopoietic stem cells. 

Mice were pretreated with a single i.p. injection of 500 |jg anti-CD97 (clone 1B2), hamster control IgG or 

saline. The following day, 30 |jg of IL-8, or saline as control, was administered as a single i.p. injection. 

After 20 minutes peripheral blood was harvested and a CFU-GM assay was performed. Results are 

expressed as mean ± SD. * P<0.01 as compared with the control IgG-pretreated controls. 

No effect of CD97 antibody on G-CSF-induced mobilization 
To assess whether CD97 also plays a role in G-CSF-induced HSC mobilization, mice 
were treated with CD97 mAb prior to G-CSF injection for 2 consecutive days (Figure 2). 
In contrast to IL-8-induced mobilization, treatment with CD97 mAb prior to G-CSF did 
not show any difference compared to animals treated with control IgG followed by G-
CSF (597.4 ± 247.7 CFU-GM per ml blood; n=6 versus 605.9 ± 218.9 CFU-GM per ml 
blood; n=4 respectively, Pnot significant) or saline followed by G-CSF (524.1 ± 269.5 
CFU-GM per ml blood; n=4) in two separate experiments. In addition control IgG (31.1 
± 17.4 CFU-GM per ml blood; n=4), CD97 mAb (63.1 ± 39.2 CFU-GM per ml blood; 
n=4), or PBS (56.2 ± 31.2 CFU-GM per ml blood; n=4) alone did not induce HSC 
mobilization. Combined administration of CD97 mAb or control IgG and G-CSF did not 
affect progenitor cell counts in BM (data not shown). 
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Figure 2. CD97 mAb has no effect on G-CSF-induced mobilization. Mice were mobilized with 10 ug G-

CSF i.p. for 2 days. Before the first G-CSF injection and 30 minutes prior to each G-CSF administration 

500 ug CD97 mAb (clone 1B2), hamster control IgG or saline was given. 24 h after the last G-CSF 

injection, mice were sacrificed and CFU-GM were analyzed in peripheral blood. Results are expressed 

as mean ± SD. 

Detection of circulating and cell-bound CD97 antibody 
Levels of free circulating- and cell-bound CD97 mAb were determined at the time of 
HSC mobilization (Figure 3). The concentration of free CD97 mAb in plasma 24 h after 
i.p. injection was sufficient to block staining with the same biotinylated mAb. In 
addition, besides free CD97 mAb in plasma, cell bound CD97 mAb could be detected on 
peripheral blood cells of mice that received CD97 mAb as shown by a reduced staining 
for CD97 on peripheral blood cells as compared to untreated control mice. This 
indicated that saturating amounts of CD97 mAb were present in the plasma at the time 
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Figure 3. CD97 mAb is present in the plasma 

and on cells of mice 24 h after i.p. antibody 

injection. (A) Peripheral blood cells from 

untreated control mice were incubated with 

control igG plasma from CD97 mAb, control IgG- and 

saline-treated mice. Subsequently, cells were 

stained with biotinylated CD97 mAb and 

streptavidin-PE. (B) To detect cell-bound mAb, 

peripheral blood cells were obtained from mice 

an«-cD97 treated with CD97 mAb, control IgG or saline, 

labeled with biotinylated CD97 mAb followed by 

PE-conjugated streptavidin. 
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of the experiment. In addition, CD97 mAb could also be detected on BM cells and in 
BM supernatant. Furthermore, we assessed the effect of CD97 mAb on the number of 
progenitor cells in the BM. Mice that were treated with a single injection of 500 ug 
CD97 mAb did not show a reduction in the number of progenitor cells in the BM (PBS-
treated mice 37203 + 11270 CFU-GM per femur; n=4, control IgG treated mice 38400 ± 
3849 CFU-GM per femur; n=3, and CD97 mAb treated mice 26618 ± 8001 CFU-GM per 
femur; n=5). 

CD97 is not expressed on colony forming cells 
HSC mobilization can be achieved by affecting different molecular pathways and cells. 
To determine whether the prevention of IL-8-induced mobilization was mediated by a 
direct effect of the antibody on HSC or via an intermediate cell type, we studied CD97 
expression on colony forming cells (Figure 4). BM cells were sorted according to their 
CD97 expression and tested for HSC-activity in a CFU-GM assay. The frequency of 
colony-forming cells in the CD97Ne« fraction (purity 85%; 7474 ± 6025 CFU-GM per 106 

isolated cells; n=7) was 34-fold increased in comparison with the CD97Hi«h fraction 
(purity 97%; 220 ± 182 CFU-GM per 106 isolated cells; n=16) and 22-fold increased in 
comparison with the CD97Low fraction (purity 98%; 341 + 430 CFU-GM per 106 isolated 
cells; n=16), indicating that CD97 is not expressed on colony-forming cells. This 
indicates that prevention of HSC mobilization by CD97 mAb is not mediated by a direct 
effect of the mAb on HSC but rather involves an intermediate cell type. 

Figure 4. CD97 is not expressed on 

colony-forming cells. BM cells were sorted 

into 3 fractions according to their CD97 

expression. CD97HW, CD97Low and 

CD97Ne9 cells were cultured for CFU-GM 

and colony-forming capacity was 

compared with total, sorted, BM. Results 

are expressed as mean ± SD. 

BM CD97"o» CD97L-~ CD97N-8 

DISCUSSION 

Stem cell mobilization can be induced by a variety of cytokines and chemokines such as 
G-CSF, SCF, Flt-3 ligand and several IL, among which IL-8 (31 and references therein). 
These mobilizing agents have different kinetics and act upon different cellular targets 
including stromal cells, lymphocytes or neutrophils. 
In this study we report an essential role for CD97 in IL-8-induced stem cell 
mobilization. In contrast, CD97 is not critically involved in G-CSF-induced stem cell 
mobilization. We hypothesize that the prevention of IL-8-induced mobilization by 
anti-CD97 antibody is mediated by its effects on neutrophils (Figure 5). Several lines of 
evidence support this concept. Firstly, expression analysis and progenitor cell assays 
showed that CD97 is not expressed on colony forming cells (figure 4), indicating the 
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A 

Rolling Firm adhesion 

Figure 5. Role of neutrophils and CD97 in IL-8-induced HSC mobilization. (A) Upon administration of 

IL-8 peripheral blood neutrophils are activated resulting in upregulation and conformational change of 

the 62-integrins LFA-1 and Mac-1. Rolling neutrophils attach firmly to the endothelium and degranulate, 

releasing several basement membrane and ECM degrading enzymes. Adhesive interactions between 

the HSC, stromal cell and ECM are disrupted which results in HSC mobilization to the peripheral blood. 

(B) CD97 mAbs may prevent IL-8-induced mobilization by preventing neutrophil migration into the BM. 

CD97 could serve as an adhesion molecule, mediating the rolling or firm adhesion of neutrophils to 

endothelium via interaction with CD55 and/or chondroitin sulfate. Alternatively, CD97 binds chondroitin 

sulfate and can therefore bind to the ECM, which could facilitate binding of ECM-attached molecules 

(IL-8) to their cellular receptors. These events could be prevented as a consequence of CD97 mAb 

binding, resulting in inhibition of HSC mobilization. 
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involvement of an intermediate cell type. Secondly, IL-8-induced HSC mobilization has 
shown to be dependent on neutrophils, as neutropenic mice failed to mobilize HSC 
following IL-8 administration.8 Finally, we have recently shown that CD97 is critically 
involved in the migration of neutrophils.22 Together these data strongly point to a role 
for neutrophils in the prevention of IL-8 induced mobilizaton by anti-CD97 antibodies. 

The exact molecular function of CD97 in IL-8-induced HSC mobilization and, 
more generally, in neutrophil migration remains to be investigated. Several cellular 
processes could be affected following CD97 mAb administration, resulting in the 
inhibition of mobilization. Firstly, CD97 could serve as an adhesion molecule, 
mediating the firm adhesion of neutrophils to endothelium via interaction with CD55 
and/or chondroitin sulfate. CD97 blockade may prevent attachment of PMN to the 
endothelium. This hypothesis is supported by the observation that blockade of 
neutrophil attachment with neutralizing mAb to LFA-1, Mac-1 and their ligand ICAM-
1 resulted in inhibition of IL-8-induced HSC mobilization.11 Secondly, CD97 mAb may 
prevent neutrophil activation, resulting in an inhibition of degranulation. However, 
this seems unlikely, since G-CSF-induced HSC mobilization is not prevented during 
CD97 blockade, suggesting that the neutrophils that are involved in G-CSF-induced 
mobilization are still capable of degranulation. Thirdly, CD97 mAb might interfere with 
chemokine (IL-8) recognition. IL-8 must be complexed with GAG to elicit direct 
neutrophil migration.32 This is supported by a study by Proudfoot et al., showing that 
the monocyte attractants MCP-1, MIP-ip and RANTES are devoid of their in vivo 
activity when GAG-binding sites are mutated.33 In addition, GAGs on the endothelial 
cell surface immobilize and enhance local concentrations of chemokines, promoting the 
presentation of these chemokines to their receptors.34 CD97 has the ability to bind 
chondroitin sulfate and can bind to the ECM, which could facilitate binding of ECM-
attached molecules (IL-8) to their cellular receptors. Furthermore, chemokine gradients 
in tissues can be formed by soluble GAG-chemokine complexes.35 CD97 may play a 
crucial role in the capturing of such complexes. 

Recently, Pelus et al. demonstrated that neutrophils are also essential mediators 
of G-CSF-induced HSC mobilization.16 Several other observations point towards a 
crucial role for neutrophils in G-CSF-induced mobilization as well. Expression of the G-
CSF-receptor on HSC and stromal cells is not required for G-CSF-induced HSC 
mobilization pointing towards a role for an intermediate cell type.36 In addition, 
neutrophil elastase and cathepsin G have been shown to play an essential role in G-CSF-
induced mobilization by cleaving VCAM-1 and by inactivating and degrading SDF-1 in 
the murine BM.1415 

These findings suggest that activation of PMNs and subsequent release of 
proteases may represent a final common pathway in IL-8- and G-CSF-induced stem cell 
mobilization, albeit with different kinetics. Whereas IL-8 induces HSC mobilization 
within 20 minutes, G-CSF-induced mobilization requires several days. G-CSF-induced 
HSC mobilization may depend on BM resident neutrophils, whereas IL-8-induced HCS 
mobilization may depend on peripheral blood neutrophils. As CD97 mAb affects IL-8-
but not G-CSF-induced HCS mobilization, CD97-mediated attachment of circulating 
neutrophis may be specifically involved in IL-8 induced mobilization. 

The CD97 mAb 1B2 binds to the first EGF-like domain of CD97 and inhibits its 
interaction with CD55, the effect on chondroitin sulfate binding is unknown. Therefore 
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it is unclear whether the inhibiting effect of CD97 mAb on IL-8-induced HSC 
mobilization is the result of inhibiting the interaction of CD97 with CD55, chondroitin 
sulfate or both. In a previous in vivo study, were the 1B2 mAb but also a mAb directed 
against the predicted chondroitin binding site was used, similar results were found for 
both mAbs.22 This indicates that either both ligands are indispensable for the same 
cellular function or that both mAb block (sterically) the same interaction(s). 

In conclusion, we show that CD97 mAb differentially affects IL-8- and G-CSF-
induced HSC mobilization. This is not due to a direct effect of CD97 mAb on HSC but 
rather involves an intermediate cell type. Elucidating the exact molecular function of 
CD97 will provide important clues about the (different) molecular pathways engaged in 
HSC mobilization following IL-8 and G-CSF administration. 

ACKNOWLEDGEMENTS 

M.J. Kwakkenbos is supported by grant no. 901-07-208 from the Netherlands 
Organization for Scientific Research (NWO). J.Hamann is a fellow of the Royal 
Netherlands Academy of Arts and Sciences. 

REFERENCE LIST 

(1) Gianni AM, Siena S, Bregni M et al. Granulocyte-macrophage colony-stimulating factor to harvest 
circulating haemopoietic stem cells forautotransplantation. Lancet. 1989;2:580-585. 

(2) To LB, Roberts MM, Haylock DN et al. Comparison of haematological recovery times and supportive 
care requirements of autologous recovery phase peripheral blood stem cell transplants, autologous 
bone marrow transplants and allogeneic bone marrow transplants. Bone Marrow Transplant. 
1992;9:277-284. 

(3) Sheridan WP, Begley CG, Juttner CA et al. Effect of peripheral-blood progenitor cells mobilised by 
filgrastim (G-CSF) on platelet recovery after high-dose chemotherapy. Lancet. 1992;339:640-644. 

(4) Bungart B, Loeffler M, Goris H et al. Differential effects of recombinant human colony stimulating 
factor (rh G-CSF) on stem cells in marrow, spleen and peripheral blood in mice. Br J Haematol. 
1990;76:174-179. 

(5) Fibbe WE, Hamilton MS, Laterveer LL et al. Sustained engraftment of mice transplanted with IL-1-
primed blood-derived stem cells. J Immunol. 1992;148:417-421. 

(6) Laterveer L, Lindley IJ, Hamilton MS, Willemze R, Fibbe WE. Interleukin-8 induces rapid 
mobilization of hematopoietic stem cells with radioprotective capacity and long-term myelolymphoid 
repopulating ability. Blood. 1995;85:2269-2275. 

(7) Laterveer L, Lindley IJ, Heemskerk DP et al. Rapid mobilization of hematopoietic progenitor cells in 
rhesus monkeys by a single intravenous injection of interleukin-8. Blood. 1996;87:781-788. 

(8) Pruijt JF, Verzaal P, van Os R et al. Neutrophils are indispensable for hematopoietic stem cell 
mobilization induced by interleukin-8 in mice. Proc Natl Acad Sci USA. 2002;99:6228-6233. 

(9) Rot A. Endothelial cell binding of NAP-l/IL-8: role in neutrophil emigration. Immunol Today. 
1992;13:291-294. 

(10) Fibbe WE, Pruijt JF, Velders GA et al. Biology of IL-8-induced stem cell mobilization. Ann N Y Acad 
Sci. 1999;872:71-82. 

(11) Pruijt JF, van Kooyk Y, Figdor CG et al. Anti-LFA-1 blocking antibodies prevent mobilization of 
hematopoietic progenitor cells induced by interleukin-8. Blood. 1998;91:4099-4105. 

(12) Pruijt JF, van Kooyk Y, Figdor CG, Willemze R, Fibbe WE. Murine hematopoietic progenitor cells 
with colony-forming or radioprotective capacity lack expression of the beta 2-integrin LFA-1. Blood. 
1999;93:107-112. 

54 



CD97 function is indispensable for IL-8-induced stem cell mobilization 

(13) Pruijt JF, Fibbe WE, Laterveer L et al. Prevention of interleukin-8-induced mobilization of 
hematopoietic progenitor cells in rhesus monkeys by inhibitory antibodies against the 
metalloproteinase gelatinase B (MMP-9). Proc Natl Acad Sci USA. 1999;96:10863-10868. 

(14) Levesque JP, Takamatsu Y, Nilsson SK, Haylock DN, Simmons PJ. Vascular cell adhesion molecule-1 
(CD106) is cleaved by neutrophil proteases in the bone marrow following hematopoietic progenitor 
cell mobilization by granulocyte colony-stimulating factor. Blood. 2001;98:1289-1297. 

(15) Levesque JP, Hendy J, Takamatsu Y et al. Mobilization by either cyclophosphamide or granulocyte 
colony-stimulating factor transforms the bone marrow into a highly proteolytic environment. Exp 
Hematol. 2002;30:440-449. 

(16) Pelus LM, Bian H, King AG, Fukuda S. Neutrophil-derived MMP-9 mediates synergistic mobilization 
of hematopoietic stem and progenitor cells by the combination of G-CSF and the chemokines 
GRO{beta)/CXCL2 and GRO{beta}T /CXCL2{Deltaj4. Blood. 2004;103:110-119. 

(17) Eichler W, Aust G, Hamann D. Characterization of an early activation-dependent antigen on 
lymphocytes defined by the monoclonal antibody BL-Ac(F2). Scand J Immunol. 1994;39:111-115. 

(18) Hamann J, Eichler W, Hamann D et al. Expression cloning and chromosomal mapping of the 
leukocyte activation antigen CD97, a new seven-span transmembrane molecule of the secretion 
receptor superfamily with an unusual extracellular domain. J Immunol. 1995;155:1942-1950. 

(19) Gray JX, Haino M, Roth MJ et al. CD97 is a processed, seven-transmembrane, heterodimeric receptor 
associated with inflammation. J Immunol. 1996;157:5438-5447. 

(20) Qian YM, Haino M, Kelly K, Song WC. Structural characterization of mouse CD97 and study of its 
specific interaction with the murine decay-accelerating factor (DAF, CD55). Immunology. 
1999;98:303-311. 

(21) Hamann J, van Zeventer C, Bijl A et al. Molecular cloning and characterization of mouse CD97. Int 
Immunol. 2000;12:439-448. 

(22) Leemans JC, te Velde AA, Florquin S et al. The Epidermal Growth Factor-Seven Transmembrane 
(EGF-TM7) Receptor CD97 Is Required for Neutrophil Migration and Host Defense. J Immunol. 
2004;172:1125-1131. 

(23) Kwakkenbos MJ, Kop EN, Stacey M et al. The EGF-TM7 family: a postgenomic view. 
Immunogenetics. 2003. 

(24) Jaspars LH, Vos W, Aust G, van Lier RA, Hamann J. Tissue distribution of the human CD97 EGF-TM7 
receptor. Tissue Antigens. 2001;57:325-331. 

(25) Hamann J, Vogel B, van Schijndel GM, van Lier RA. The seven-span transmembrane receptor CD97 
has a cellular ligand (CD55, DAF). J Exp Med. 1996;184:1185-1189. 

(26) Stacey M, Chang GW, Davies JQ.et al. The epidermal growth factor-like domains of the human EMR2 
receptor mediate cell attachment through chondroitin sulphate glycosaminoglycans. Blood. 2003. 

(27) Lin HH, Stacey M, Saxby C et al. Molecular analysis of the epidermal growth factor-like short 
consensus repeat domain-mediated protein-protein interactions: dissection of the CD97-CD55 
complex. J Biol Chem. 2001;276:24160-24169. 

(28) Hamann J, Stortelers C, Kiss-Toth E et al. Characterization of the CD55 (DAF)-binding site on the 
seven-span transmembrane receptor CD97. Eur J Immunol. 1998;28:1701-1707. 

(29) Lindley I, Aschauer H, Seifert JM et al. Synthesis and expression in Escherichia coli of the gene 
encoding monocyte-derived neutrophil-activating factor: biological equivalence between natural and 
recombinant neutrophil-activating factor. Proc Natl Acad Sci USA. 1988;85:9199-9203. 

(30) Zwierzina H, Holzinger I, Gaggl S et al. Recombinant human interleukin-8 restores function in 
neutrophils from patients with myelodysplastic syndromes without stimulating myeloid progenitor 
cells. Scand J Immunol. 1993;37:322-328. 

(31) Thomas J, Liu F, Link DC. Mechanisms of mobilization of hematopoietic progenitors with granulocyte 
colony-stimulating factor. Curr Opin Hematol. 2002;9:183-189. 

(32) Webb LM, Ehrengruber MU, Clark-Lewis I, Baggiolini M, Rot A. Binding to heparan sulfate or 
heparin enhances neutrophil responses to interleukin 8. Proc Natl Acad Sci USA. 1993;90:7158-7162. 

(33) Proudfoot AE, Handel TM, Johnson Z et al. Glycosaminoglycan binding and oligomerization are 
essential for the in vivo activity of certain chemokines. Proc Natl Acad Sci USA. 2003;100:1885-
1890. 

55 



Chapter 4 

(34) Middleton J, Patterson AM, Gardner L, Schmutz C, Ashton BA. Leukocyte extravasation: chemokine 
transport and presentation by the endothelium. Blood. 2002;100:3853-3860. 

(35) Li Q, Park PW, Wilson CL, Parks WC. Matrilysin shedding of syndecan-1 regulates chemokine 
mobilization and transepithelial efflux of neutrophils in acute lung injury. Cell. 2002; 111:635-646. 

(36) Liu F, Poursine-Laurent J, Link DC. Expression of the G-CSF receptor on hematopoietic progenitor 
cells is not required for their mobilization by G-CSF. Blood. 2000;95:3025-3031. 

56 


