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ABSTRACT T 

Too investigate whether the migratory ability of peripheral blood (PB) derived 
CD34++ cells of patients undergoing autologous peripheral blood stem cell 
transplantationn (PBSCT) is related to the homing efficiency of these cells, the 
migrationn in vitro of these cells was determined and correlated with in-vivo 
hematopoieticc recovery. Large inter-individual differences of the in-vitro migratory 
abilityy of the CD34+ cells were observed, ranging from 1.1% to 16.4% for 
spontaneouss migration and 6.2% to 40.8% for SDF-1-mduced (100 ng/mL) 
migration.. Significantly faster hematological recovery was observed in those 
patientss transplanted with CD34+ cells that showed high spontaneous and SDF-1-
inducedd migration in vitro (p<0.05). Moreover, CD34+ cells from healthy G-CSF 
mobilizedd donors exhibited a significantly higher spontaneous and SDF-1 -induced 
(pO.01)) migration than CD34+ cells from patients mobilized with chemotherapy 
andd G-CSF. The lower migratory capacity in vitro of patient-derived CD34+ cells 
wass not due to lower expression of CXCR-4, but probably reflects a decreased 
motogenicc behavior of the cells. Our results indicate that the migratory capacity of 
thee cells is important for hematopoietic recovery. The data suggest that in patients 
thee engraftment potential of autologous stem cells is more or less impaired, by the 
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treatmentt before or during the mobilization procedure and might possibly be 
restoredd by in-vitro manipulation of the cells. 

Inn addition, an exponential relation between CXCR-4 expression and the number of 
CD34++ cells that mobilized to the peripheral blood was found (pO.001). This 
suggestss that CXCR-4 expression plays a role in mobilization of CD34" cells. 

INTRODUCTION N 

Homingg of hematopoietic progenitor cells (HPC) can be considered as a multistep 
process,, in which various adhesion molecules present on both HPC and endothelial 
cellss are involved, similar to what has been found for transendothelial migration of 
leukocytess at places of inflammation.1 This multistep process, involving the 
differentt adhesion molecules that are activated by a range of modifiers, may 
explainn selective migration at specific places. Recently, the first powerful 
chemoattractantt for CD34+ cells was described, i.e. stromal cell-derived factor-1 
(SDF-1),, produced by stromal cells, including those from the bone-marrow 
(BM).~'""  It has also been shown that SDF-1 activates integrins on HPC and induces 
transendotheliall  migration of HPC in vitro.2A'y SDF-1 is classified as a CXC-
chemokinee and is also a chemoattractant for monocytes and lymphocytes.6 The 
receptorr for SDF-1 is a G-protein-coupled receptor, called Fusin, LESTR or 
CXCR-4.'""  In SDF-1 or CXCR-4 knock-out mice, hematopoietic precursors do 
nott shift to the bone-marrow during fetal development, suggesting that SDF-1 
playss an important role in the migration of HPC to the BM.11"13 Recently, Peled et 
al.. found SDF-1 and CXCR-4 to be critical for murine bone marrow engraftment 
byy SCID-repopulating stem cells.14 They also demonstrated that migration to SDF-
11 of CD34+CD38"0W cells to SDF-1 in vitro correlated with in-vivo engraftment 
andd stem cell function in NOD/SCID mice. 

Too investigate which factors may be involved in homing of CD34+cells derived 
fromm the peripheral blood (PB) of patients undergoing autologous peripheral stem 
celll  transplantation (PBSCT), we determined CXCR-4 expression and migration in 
vitrovitro of these cells. We hypothesized that reinfused CD34* cells that have a high 
migratoryy capacity might home more efficiently to the BM compartment, and that 
thiss may lead to a more rapid hematopoietic recovery after PBSCT. 

58 8 



CD34'' cell migration and hematopoietic recovery 

MATERIA LL AND METHODS 

Patientt characteristics 
Thee CD34+ cells of 62 patients undergoing autologous PBSCT and of 6 healthy 
donorss for allogeneic transplantation were used in this study. The patients were 
treatedd for the following diseases: metastatic breast cancer (BC1), breast cancer 
withh 4 or more tumor-positive axillary lymph nodes (BC4+), multiple myeloma 
(MM),, ovarian cancer (OC), non-Hodgkin's lymphoma (NHL), Hodgkin's disease 
(HD),, acute lymphoid leukemia (ALL) , germ-cell cancer (TC), acute myeloid 
leukemiaa (AML) , paraganglioma, neuroblastoma and Ewing sarcoma. The mean 
agee of the cancer patients was 45 years (range 3-66 yrs). Six healthy donors for 
allogeneicc transplantation had a mean age of 34 years; (range 17-43 yrs) . 

Mobilizationn procedure, PBSC harvest and reinfusion 
Hematopoieticc progenitor cells from patients were mobilized by chemotherapy 
followedd by daily 5 pg/kg (leukemia patients 10 pg/kg) subcutaneous granulocyte 
colony-stimulatingg factor (G-CSF) (Filgastrim, Amgen Inc., Thousand Oaks, CA) 
untill  completion of the leukapheresis. The mobilization regimens, high dose 
regimenss and reinfusion procedures are only described for the 28 patients that were 
analyzedd for in vitro migration and in vivo recovery. In patients with breast cancer, 
thee chemotherapy regimen consisted of 5-fluorouracil (500 mg/m2), epirubicin (120 
mg/m2)) and cyclophosphamide (CY) (500 mg/m2) on day 1 with G-CSF started on 
dayy 2.15 In patients with ovarian cancer, PBSCs were mobilized by ifosfamide (4 
g/m22 on day 1) followed by G-CSF on day 2.16 Patients with MM were pre-treated 
withh vincristine 0.4 mg, doxorubicine 9 mg/m2 and dexamethasone 40 mg (VAD) 
ass initial therapy.17 Thereafter, cyclophosphamide 4 g/m2 was given and G-CSF 
wass started on day 4. Patients with HD were mobilized by G-CSF following 
dexamethasonn 40 mg/day 1-4, high dose Ara-C 4 g/m2 on day 2 and platinum 100 
mg/m22 on day 1 (DHAP). Patients with NHL were mobilized with different 
regimens:: cyclophosphamide 750 mg/m2, adriamycine 50 mg/m2, VM26 and 
prednisonee 50 mg/m2 (CHVmP) or DHAP followed by G-CSF. The patient with 
ALLL was mobilized by mitoxantrone 10 mg/m2 and Ara-C 2x3 g/m2. 

Healthyy donors were treated with G-CSF (2x5 ug/kg/day) for 4-5 days. When 
thee white blood cell (WBC) count exceeded 3.0xl09/L after G-CSF administration 
andd an unequivocal increase in CD34+ cell percentage was observed, leukapheresis 
proceduress were started. The leukaphereses were performed as an outpatient 
proceduree with a continuous-flow blood cell separator on 1-5 consecutive days, 
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dependingg on the number of CD34+ cells procured, which was determined at the 
endd of each pheresis day. The cells were cryopreserved in physiological saline 
solution,, containing 0.1% glucose, 0.38% trisodium citrate, 10% (w/v) human 
serumm albumin and 10% (v/v) dimethylsulfoxide at a cell concentration of about 
50xx 106 mononuclear cells/mL. After emptying the leukaphereses bags, the residual 
cellss left in the bags were collected and used in our experiments. The cell 
suspensionss were frozen at a controlled rate and were subsequently stored in the 
vaporr phase of liquid nitrogen until reinfusion. 

Patientss with non-hematological malignancies received high-dose 
chemotherapyy consisting of 1600 mg/m2 carboplatin, 480 mg/m2 thiotepa and 6000 
mg/m22 cyclophosphamide (CTC) intravenously, divided over four days.ls Patients 
withh malignant lymphoma received the regimen of carmustine 300 mg/m2, etopside 
8000 mg/m2, cytarabine 800 mg/m2 and melphalan 140 mg/m2 (BEAM).19 Patients 
withh MM were treated with cyclophosphamide 60 mg/kg on day -5 and -4, 
followedd by total body irradiation (TBI) 4.5 Gy on day -2 and -1 (CYTBI) before 
PBSCT.. The patient with ALL received busulfan 4 mg/kg on day -7 till -4 and 
cyclophosphamidee on day -3 and -2 (BUCY) before PBSCT. 

Forr reinfusion, the cryopreserved products were thawed rapidly by the bedside 
andd were reinfused via an indwelling subclavian catheter. Following 
transplantation,, patients received G-CSF 300 ug/day, irrespective of bodyweight, 
whichh was started on the day of PBSC transplantation and was continued until the 
WBCC count in the peripheral blood was higher than 5x 109/L. 

Followingg high-dose chemotherapy, a mean number of 11.4xl06 autologous 
CD34"cells/kgg (range, 3.5 to 31.8xl06 CD34+celIs/kg) was reinfused in 25 patients. 
188 of 25 patients had recovered to neutrophil counts of at least 0.1xl09/L at day 11 
afterr reinfusion, when the day of reinfusion is considered day 0 (n=25; mean 11 
days;; range, 7-30 days). No significant differences in the rate of neutrophil 
recoveryy were observed between the CTC or BEAM chemotherapy regimens. 
Recoveryy in patients after CYTBI was significantly delayed as compared to 
treatmentt with CTC and BEAM. No significant differences in the rate of neutrophil 
recoveryy were found between the various diagnoses, but the recovery in the group 
off  patients with MM (n=3) was significantly slower compared to the other 
diagnoses.. Consequently, we excluded the three MM patients from the engraftment 
study,, so the remaining group of patients consisted of 22 patients. In this group a 
meann of 10.9xl06 CD34+cells/kg (range: 3.5 to 31.8xl06 CD34~cells/kg) was 
reinfused.. From all 22 patients data on spontaneous migration were available. For 
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211 out of 22 patients, data on SDF-1-induced migration were available: the mean of 
reinfusedd CD34T cells in this group was ll. lxlO 6 CD34~cells/kg (range: 3.5 to 
31.8xl06CD34+cells/kg). . 

Neutrophill  recoveries were determined as the number of days needed for the 
neutrophilneutrophil counts in the patients to reach 0.1xlO9/L (=gran 100); the day of 
reinfusionn was considered day 0. Platelet recoveries were determined as the 
numberr of days needed to reach platelet-transfusion independency, i.e. when 
platelett counts reached 20x109/L (plat 20) without transfusion. We did not observe 
anyy correlation between migration in vitro and in-vivo platelet recovery. Most 
likely,, this is due to the fact that we could not correct for the number of reinfused 
CD347CD4TT cells which is known to strongly vary between patients and to be 
highlyy predictive for platelet recovery as we previously showed.20 

CD34++ cell purification 

Freshlyy obtained PB mononuclear cells were enriched by density gradient 
centrifugationn over Ficoll-paque (1.077 g/ml) (Pharmacia Biotech, Uppsala, 
Sweden).. Mononuclear cells were resuspended in PBE buffer, containing PBS, 
0.5%% (w/v) BSA and 5 mM EDTA. CD34" cells were isolated with a hapten 
labeledd CD34-antibody (QBEND 10) with the VarioMacs system according to the 
manufacturer'ss instructions (Miltenyi Biotec GmbH, Gladbach, Germany). At least 
95%% of the cells isolated from PB expressed CD34 as determined by FACS 
analysiss (Becton and Dickinson (B&D) Immunocytometry Systems, San Jose, CA). 

Flowcytrometricc analysis 

CXCR-44 expression was determined as mean fluorescence intensity (MFI) of all 
CD34++ cells and is given after correction for the PE-labelled IgG2a isotype control. 
CXCR-44 expression was determined by PE-labeled anti-human Fusin (12G5, 
Pharmingen,, Hamburg, Germany). In all cases a similar homogeneous distribution 
off  CXCR-4 was seen without an indication of sub-populations of extra bright or 
dulll  cells.21 

Migrationn assay 

Migrationn assays were performed in Transwell plates (Costar, Cambridge, MA) of 
6.55 mm diameter, with 5 urn pore filters, as previously described.5 The upper and 
lowerr compartment of the Transwells were separated by a filter coated overnight at 
4°CC with (bovine) fibronectin (FN) (obtained from Sigma, St. Louis, MO) at a 
concentrationn of 20 ng/ml in PBS. Before adding cells to the upper compartment. 
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thee coated Transwells were washed three times with assay medium (IMDM with 
0.25%% BSA [BSA, fraction V, Sigma ]). 20,000-100,000 freshly isolated CD34+ 

cells,, in 0.1 ml of assay medium, were added to the upper compartment and 0.6 ml 
off  assay medium in the presence or absence of SDF-1 (in indicated concentrations) 
wass added to the lower compartment. SDF-1 a was purchased from Strathmann 
Biotechh GmbH (Hannover, Germany). A 0.1-ml sample containing cells in assay 
mediumm was diluted with 0.5 ml of assay medium and was kept as an input control 
forr the quantitation of the number of migrated cells (see below). The Transwell 
platess were incubated at 37°C, 5% C02 for 4 hours. Preliminary experiments 
showedd that after 4 hours a substantial fraction of the CD34+ cells had migrated. 
Cellss that had migrated to the lower compartment were collected in a FACS tube to 
whichh a fixed number of control cell-line cells (HL-60) had been added labeled 
withh Calcein AM, according to the manufacturer's instructions (Molecular Probes, 
Leiden,, The Netherlands). The HL-60 cells were added to the FACS tubes just 
beforee FACS analysis. FACScan analysis was used to determine the ratio between 
labeledd cells and unlabeled cells, with characteristic light scatter parameters, in the 
migratedd fraction as previously described.5 By comparing this ratio to that in the 
inputt control, the number of migrated cells was quantitated. Using this method, we 
weree able to reliably determine a minimum number of 200 migrated cells. All 
migrationn assays were performed using freshly obtained CD34' cells. In a control 
studyy we did not observe any difference in migration betwreen purified fresh or 
cryopreservedd CD34+ cells (data not shown). 

Statisticall Analysis 

Forr normal distributed values the arithmetic mean and standard deviation were 
used.. Differences were tested by using the Student t-test. For multiple comparisons 
thee ordinary ANOVA with the Student-Newman-Keuls Multiple Comparisons 
post-testt (only performed when p<0.05) were used. Correlation was determined 
withh a Pearson test or linear regression analysis. A p value lower than 0.05 was 
consideredd significant. 

RESULTS S 

Migrationn of PB CD34+ cells from various patient-groups 
Migrationn assays were performed with mobilized PB CD34' cells obtained from 6 

healthyy donors, from 18 patients with non-hematological malignancies (BC1 (n=9), 

BC4++ (n=7) or OC (n=2)) and from 10 patients with hematological malignancies 
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Figur ee 1. PB CD34* cell s obtaine d fro m mobilize d patient s sho w reduce d spontaneou s and SDF-
1-induce dd migratio n acros s FN-coate d filter s compare d to PB CD34* cell s of health y mobilize d 
donors .. Spontaneous and SDF-1-induced migration (100 ng/mL and 300 ng/mL) of PB-derived CD34' 
cellss after 4 hours of 6 healthy mobilized donors (white bars), 18 patients with non-hematological 
malignanciess (hatched bars) and 10 patients with hematological malignancies (black bars). 
Spontaneouss migration and SDF-1-induced migration (100 ng/mL and 300 ng/mL SDF-1) of PB CD34* 
cellss derived from healthy donors was significantly higher than from patients with nonhematological or 
hematologicall malignancies (*=p<0.05. "=p<0.01 and ***= p<0.001). No significant differences in 
spontaneouss and SDF-1-induced migration were observed between the two patient-groups. Each bar 
representss the mean  SEM. 

(MMM (n=6). HD (n=l), NHL (n=2) or ALL (n=l) (see figure 1). The patients were 
dividedd into these groups, because the hematological patients had received higher 
cumulativee doses of chemotherapy, and in previous studies a correlation between 
stemm cell function after PBSCT and the prior use of stem cell-toxic drugs has been 
observed."""  Spontaneous migration and SDF-1-induced migration with 100 and 
3000 ng/ml SDF-1 over fibronectin-coated transwell filters were analyzed. The data 
representt the migration of the total CD34' ce!! population. There are currently no 
clearr indications that CD34" subsets differ in their migratory behavior (data not 

""  A broad range in percentages of migrated CD34" cells was observed, 
varyingg not only within, but also between the three groups. For all three groups 
togetherr a mean of 6.6% spontaneous migration (range 1.1-19.0%), 24.8% SDF-1 -
inducedd migration by 100 ng/mL SDF-1 (range 6-61%) and 36% by 300 ng/mL 
(rangee 13-72%) was observed. When tested in the Student-Newman-Keuls multiple 
comparisonss test it was found that in all experimental settings the PB CD34* cells 
fromm mobilized healthy donors migrated significantly better than PB CD34' cells 
harvestedd from patients with either non-hematological or hematological 
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Figur ee 2. The migrator y capacit y of patient-derive d PB CD34* cells . The migratory capacity of 
patient-derivedd PB CD34* cells was determined by subtracting the percentage of migration induced by 
1000 ng/mL SDF-1 from the percentage of migration induced by 300 ng/mL SDF-1. A positive correlation 
(r=0.5,, p<0.01) was observed between the increment in migration and the percentage migration induced 
byy 100 ng/mL SDF-1 fora group of 27 patients. 

malignanciess (p<0.05). No significant differences were detected between the two 

patientt groups in the three migration assays, although CD34' cells from patients 

withh hematological malignancies seemed to migrate less than those from patients 

withh non-hematological malignancies (figure 1). 

Becausee the higher percentage of SDF-1-induced migrated cells in healthy 

donorss might be the result of a higher level of CXCR-4 expression on these cells, 

thee CXCR-4 expression on CD34~ cells obtained from the different groups was 

determined.. CXCR-4 expression, defined by the mean fluorescence intensity 

(MFI),, on CD34+ cells did not significantly differ between the three groups 

(healthyy donors 33-17, patients with nonhematological malignancies 1 and 

patientss with hematological malignancies . Also the percentage of CD34' 

cellss from each group that are positive for CXCR-4 did not significantly differ 

betweenn the groups of mobilized healthy donors . patients with 

nonhematologicall  malignancies ) and patients with hematological 

malignanciess (77:rl9%). Freeze-thawing and DMSO exposure did not influence 
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CXCR-44 expression on CD34+ cells (mean MFI fresh 24+8, mean MFI of these 

cellss after cryopreservation , n=9). 

Correlationn between CXCR-4 expression and migration 
Too determine whether the broad range in percentages of migrated CD34* cells 
couldd be explained by a variable expression of the CXCR-4 receptor, we correlated 
dataa from the migration assay to the MFI of CXCR-4 receptor of the CD34+ cells. . 
Firstly,, the group of healthy mobilized donors was investigated. As expected, no 
correlationn between CXCR-4 expression and spontaneous migration was observed 
(dataa not shown). A very strong correlation between CXCR-4 expression and 
migrationn towards a concentration of SDF-1 of 100 ng/mL or 300 ng/mL was 
foundd (r=0.82 and r=0.92 respectively, p<0.05 and pO.OI, data not shown). In 
contrast,, no correlation was observed between the CXCR-4 expression and the 
SDF-1-inducedd migration when the CD34+ cells of a group (n=27) of mobilized 
cancerr patients was analyzed. The lack of correlation between migration in vitro 
andd CXCR-4 expression on CD34+ cells from mobilized patients, suggests that the 
differencess in sensitivity for SDF-1 form just one of the factors responsible for 
variancee in SDF-1-induced migration between patients. In a previous study it was 
foundd that maximal migration of PB CD34+ cells is induced by 600-1000 ng/mL 
SDF-1,, without much differences between patients.5 The concentrations of 100 and 
3000 ng/mL are both in the linear part of the dose-response curve and were therefore 
usedd during this study to obtain insight in possible differences of dose-response 
curvess between patients. The migratory capacity of patient-derived PB CD34+ cells 
wass determined by subtracting the percentage of migration induced by 100 ng/mL 
SDF-11 from the percentage of migration induced by 300 ng/mL SDF-1. Had a 
decreasedd SDF-1 response been only due to a shift to the right of the dose-response 
curve,, then the increment in migration would have been the same for all patients. 
However,, as shown in figure 2 for a group of 27 patients, more increment was 
observedd for CD34+ cells which show a relatively higher migration towards 100 
ng/mLL SDF-1 (r=0.5, pO.01). This results indicate that the migratory ability of the 
CD34++ cells is increased for cells with a relatively high migration towards 100 
ng/mll  SDF-1 rather than that in these patients the sensitivity of the CD34' cells for 
SDF-!!  is increased. 

Correlationn between in-vivo recovery and in-vitro migration 
Recentlyy Peled et al. demonstrated that human stem cell engraftment and 

repopulationn of NOD/SOD mice is dependent on the ability of CD34~ cells to 
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Figur ee 3. Negativ e correlatio n betwee n spontaneou s migratio n in vitro and neutrophi l recover y 
inin vivo in patient s undergoin g autologou s periphera l stem cell transplantation . On the Y-axis is 
depictedd on which day the neutrophil count in the patients in circulation reached 0.1x10s cells/L (day 
Grann 100). The X-axis represents the spontaneous migration (% of input). A negative correlation (r=-
0.5.. p<0.05) was found between spontaneous migration in vitro and neutrophil recovery in vivo for a 
groupp of 22 patients. 

migratee towards SDF-l.14 Therefore, the in-vitro migratory capacity of CD34" 
cellss of mobilized patients was investigated and correlated to neutrophil recovery 
inn these patients after stem cell transplantation. Figure 3 shows the negative 
correlationn (r=-0.5, p<0.05) between spontaneous migration in vitro and neutrophil 
recoveryy (gran 100) in vivo for a group of 22 patients (i.e. the faster the cells 
migrate,, the sooner neutrophil recovery is reached). This was also observed if we 
analyzedd the same parameters obtained from 21 patients and compared these to 
SDF-l-inducedd (100 ng/mL) migration in vitro (r=-0.46, p<0.05) (see Figure 4). 
Similarly,, the correlation coefficient was -0.4 when the recovery was related to the 
migrationn towards 300 ng/mL SDF-l (p=0.07). The observed correlation between 
spontaneouss as well as SDF-l-induced migration in vitro and neutrophil recovery 
inin vivo was independent of the number of reinfused CD34" cells (data not shown). 

CXCR-44 expression during mobilization 

Itt has been suggested that the CXCR-4 expression is downregulated during 
mobilization,, because expression of CXCR-4 is significantly higher on BM CD34* 
cellss than on PB CD34' cells.'2'2'' Therefore, it was determined whether a 
correlationn existed between the number of mobilized CD34" cells and their CXCR-
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Figur ee 4. Negativ e correlatio n betwee n SDF-1-induce d migratio n in vitro and neutrophi l recover y 
inin vivo in patient s undergoin g autologou s periphera l stem cel l transplantation . On the Y-axis is 
depictedd on which day the neutrophil count in the patients in circulation reached 0.1x109 cells/L (day 
Grann 100). The X-axis represents the SDF-1-induced migration (% of input). A negative correlation (r=-
0.5,, p<0.05) was found between SDF-1-induced (100 ng/mL) migration in vitro and neutrophil recovery 
inin vivo for a group of 21 patients. 

44 expression during the first leukapheresis. For this purpose, CXCR-4 expression 
wass determined on the CD34~ cells from 54 patients undergoing autologous 
peripherall  stem cell transplantation. As shown in figure 5 an exponential relation 
betweenn CXCR-4 expression and the number of CD34+ cells that mobilized to the 
peripherall  blood was found by regression analysis (p<0.001). The higher the level 
off  CXCR-4 expression on mobilized CD34̂  cells, the lower the number of 
mobilizedd cells. However, only 26% of the variation in the number of mobilized 
CD34**  cells can be explained by this model, indicating that also other factors are 
involved. . 

Too evaluate whether CXCR-4 expression changes under the influence of 
continuouss G-CSF stimulation, PB CD34" cells were obtained on subsequent days 
off  leukapheresis procedures from 8 patients receiving treatment for NHL (2), HD 
(2),, BCl (2), MM or paraganglioma. The CXCR-4 expression on the PB CD34~ 
cellss was determined starting on the first day of leukapheresis. In only l out of 8 
patientss (patient 1) a clear increase in CXCR-4 expression on the second day of 
leukapheresiss was observed (figure 6). In two patients (patient 4 and 6) a decrease 
inn CXCR-4 expression on day 2 followed by an increase on day 3 was measured. 
However,, no overall clear or consistent differences in CXCR-4 expression were 
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Figur ee 5. Correlatio n betwee n CXCR-4 expressio n and mobilizatio n of CD34* cel ls per kg body 
we igh tt dur ing the firs t cours e of leukapheresis . An exponential decrease of mobilized CD34* cells is 
observedd when the MFI of CXCR-4 on the CD34* is higher. Linear regression analysis was performed 
withh the natural logarithm (Ln) of the number of CD34' cells as a dependent variable and MFI of CXCR-
44 as independent variable. The following function; CD34=18.062xe ,"0033, ,CXCR"4" describes this model. 
Thee coefficient of CXCR-4 is significant different from 0 (p<0.0001). 

foundd during the several days of leukapheresis. These results indicate that G-CSF 
inducedd mobilization did not further downregulate or upregulate the CXCR-4 
receptorr on the PB CD34' cells. 

DISCUSSION N 

Duringg the process of homing of HPC to the bone marrow, the HPC must cross the 

bone-marroww endothelium to engraft. This migration process is a complex 

interplayy of transient interactions, directed by chemoattractants, mediated by 

variouss adhesion molecules and requires motogenic behavior of the HPC. 

Inn the present study we observed large differences between the in-vitro 

migrator)'' ability of the CD34* cells obtained from patients undergoing autologous 

peripherall  stem cell transplantation ranging from 1.1% to 16.4% for spontaneous 

migrationn and 6.2% to 40.8% for SDF-1-induced migration (100ng/mL). Peled et 

al.. have shown in the NOD/SCID model that only CD34* cells that are able to 

migratee towards SDF-1 have SCID repopulating activity.14 Consequently it was 

foundd relevant to investigate whether the observed differences in migratory ability 

off  CD34 cells of patients were correlated with their hematopoietic recovery after 

stemm cell transplantation. Indeed, a significantly faster neutrophil recovery was 

observedd in those patients transplanted with CD34' cells that showed a high SDF-

1-- induced migration percentage in vitro (p<0.05). This correlation was found. 

NN = 54 

68 8 



CD34'' cell migration and hematopoietic recovery-

160 0 

140 0 

120 0 

100 0 

t t 
C£ C£ 
( > > 
X X 

o o 

80 0 

bU U 

40 0 

20 0 

0 0 

patientt 1 
patientt 2 
patientt 3 
patientt 4 
patientt 5 
patientt 6 
patientt 7 
patientt 8 

dayy of leukapheresis 

Figur ee 6. CXCR-4 expressio n on PB CD34* cell s durin g mobilizatio n in 8 patient s undergoin g 
autologou ss periphera l stem cel l transplantation . On the y-axis the CXCR-4 expression in MFI of all 
CD34** cells is given after correction for the PE-labelled lgG2a isotype control. On the X-axis the day of 
leukapheresiss is depicted. 

despitee the fact that due to the high number of transplanted CD34' cells (3.5 to 

31.8x100 cells/kg) the hematologic recovery within the analyzed patient group was 

relativelyy fast and barely variable. Previously is shown, that because of the flat end 

off  the dose-effect curve it is hard to enhance neutrophil recovery by increasing the 

celll  dose.27'28 

CD34++ cells from healthy G-CSF mobilized donors exhibited a significantly 

higherr SDF-1-induced (pO.01) migration than CD34̂  cells from patients 

mobilizedd with chemotherapy and G-CSF. This may indicate that for the group of 

patientss with malignancies, the treatment before or duiing the mobilization 

proceduree is responsible for the lower migratory capacity of these cells. It has been 

shownn in other studies, that the exposure of stem cells to stem cell toxic drugs 

beforee mobilization affects the engraftment potential of PBSC grafts.2223 

Whatt causes the difference in migration between mobilized CD34* cells 

obtainedd from healthy donors and cancer patients and the differences between the 

patients?? The activity of chemokines can be regulated by chemokine receptor 

expressionn and/or by modification of signaling pathways.29 The lower migratory 

capacityy in vitro of patient-derived CD34+ cells seemed not to be due to 

downregulationn of CXCR-4, because the mean CXCR-4 expression on the CD34" 

cellss of the various patient groups was not significantly different from the 
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expressionn on CD34" cells of healthy donors. Moreover, no correlation between 
CXCR-44 expression and SDF-1-induced migration was observed for PB CD34" 
cellss from mobilized patients. In contrast, a strong correlation between CXCR-4 
expressionn and SDF-1-induced migration was observed for CD34' cells derived 
fromm healthy G-CSF mobilized donors. Presumably, for CD34~ cells obtained from 
mobilizedd patients, the SDF-1-induced migration is not dependent on the CXCR-4 
expressionn level alone. We have previously described that CB-derived CD34* cells 
showw enhanced migration in comparison to BM-derived CD34+ cells, although 
theirr CXCR-4 expression was similar.3 Also for other cell-types it is known that 
receptorr expression is often not the sole determinant of responses to chemokines. 
Forr example, only a minority of CXCR-4 expressing T cells responds to SDF-1 
withh a rise in calcium influx.29 In developing human bone marrow B cells, SDF-1 
responsivenesss does not correlate with CXCR-4 expression levels.' This lack of 
correlationn between expression and function may be due to differences in CXCR-4 
functionn among the different cells. 

Ann alternative explanation might be that CXCR-4 signaling is identical between 
thee different cells, but that not all cells are equally capable of translating the 
CXCR-44 signal into a migratory response due to intrinsic differences in motility of 
thee cells. Recently, Pilarski et al studied RHAMM-mediated motility of HPC and 
observedd marked differences in motogenic behavior between mobilized CD34* 
cellss from different patients."1 Also our results support this latter explanation. 
Similarr to the SDF-1 -induced migration, also the spontaneous migration of patient-
derivedd CD34* cells was significantly lower (p<0.05) than that of CD34+ cells 
derivedd from healthy mobilized donors. Comparable with the SDF-1-induced 
migration,, also a correlation between spontaneous migration in vitro and 
hematopoieticc recovery in vivo was observed (p<0.05). Furthermore, CD34" cells 
thatt showed a relatively high percentage of migration towards 100 ng/mL SDF-1, 
alsoo had the capacity to show augmented migration to 300 ng/mL SDF-1. Thus, for 
CD34~~ cells from cancer patients, the intrinsic migratory capacity of the cells might 
bee of larger importance for the migratory response than CXCR-4 induced 
signaling.. Moreover, control of actin assembly and disassembly has been described 
too be important for cell migration.32 Our previous results indicated that SDF-1 -
inducedd actin polymerization is higher in the better migrating CB CD34* cells than 
inn BM CD34T cells.5 It is possible that the ability of the CD34+ cells obtained from 
mobilizedd patients to reorganize the cytoskeleton is diminished due to pretreatment 
withh various drugs. 
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Mobilizationn and homing can be seen as "mirror images" of each other: they 
differentiallyy utilize similar classes of molecules and receptors.33 Indeed, Lapidot et 
al.. suggested a role for SDF-1 in the mobilization of hematopoietic stem cells.34 

Ourr data support this presumed involvement of SDF-1, as a significant correlation 
wass observed between CXCR-4 expression and the number of mobilized CD34+ 

cells.. An exponential decrease in the amount of mobilized CD34+ cells per kg body 
weightt was observed when the cells expressed higher amounts of CXCR-4. 

Inn conclusion, the precise analysis of patient data in combination with 
functionall  in-vitro assays can give an insight into the mechanisms of stem cell 
homingg and mobilization.35 Our results indicate that the intrinsic migratory 
capacityy of the cells is important for hematopoietic recovery. This intrinsic 
migratoryy capacity seems to be influenced by pre-treatment of the patients with 
cytotoxicc drugs. These results suggest that the engraftment potential of stem cells 
obtainedd from pretreated cancer patients is more or less impaired. An improvement 
inn migratory capacity of CD34+ cells in autologous stem cell grafts, e.g. by in-vitro 
manipulation,, could possibly lead to an enhanced recovery or to the use of smaller 
grafts. . 
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