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Chapterr 3 
CXCR44 IS SUFFICIENT FOR BONE MARROW 
SPECIFICC HOMING AND ENGRAFTMENT BY 

HEMATOPOIETICC PROGENITOR CELLS. 
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Abstract t 

Re-infusedd hematopoietic stem and progenitor cells selectively migrate to the 

bonee marrow by a process called homing. We investigated whether the chemokine 

receptorr CXCR4 is the sole determinant of the specific homing to and engraftment of 

thee bone marrow by human hematopoietic progenitor cells. 

Forr this purpose, we transduced a CXCR4-GFP fusion protein into the human 

progenitorr KGla cell line, which lacks endogenous CXCR4, transplanted these cells into 

sub-lethallyy irradiated NOD/SCID mice and analyzed the homing and engraftment 

potentiall in various organs. The results showed that KGla-CXCR4-GFP cells, but not 

controll KGla-GFP cells, home to and engraft the murine bone marrow but not to other 

organs,, with similar efficiency as did human CD34+ cells. These results demonstrate that 

CXCR44 triggers specific homing to and engraftment of the NOD/SCID bone marrow 

andd that the KGla cell line is a powerful tool for such studies. 

Introduction n 

Followingg hematopoietic stern cell harvesting and myelo-ablative therapy, 

intravenouslyy re-infused stem and progenitor cells home to the bone marrow (BM), and 

subsequentlyy restore the patient's hematopoiesis.1'2 The chemokine CXCL12 (SDF-1) and its 

receptorr CXCR4 play a central role in the homing of (subpopulations of) human CD34+ 

cells.3"55 CXCL12 is constitutively expressed on human BM endothelium in vivo and promotes 

thee arrest of CD34+ cells on the endothelium under physiological flow.6 We recently showed, 

usingg the human CD34+/CXCR4" cell line KGla, engineered to express a CXCR4-GFP fusion 

protein,, that CXCL12, immobilized on activated endothelium, induces polarization of CXCR4 

too lipid rafts in the leading edge of the migrating cell.7 In addition, CXCR4 expression 

restoredd SDF-1-induced arrest of KGla cells on endothelium under physiological flow, in line 
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withh the findings of Peled and co-workers.6'7 In-vivo experiments with the NOD/SCID mice 

modell  have shown that the engraftment of CD34+ cells depends on CXCR4.5 We previously 

foundd a significant correlation between SDF-1-induced migratory capacity of CD34+ cells of 

differentt patients and the time to hematological recovery after autologous stem cell 

transplantation.88 Based on these data, it is believed that the CXCL12/CXCR4 axis is crucial 

forr homing and engraftment of CD34+ cells to the BM, although the specificity of this process 

iss not fully understood.9 

Too analyze the role of CXCR4 in the homing of CD34+ cells to the BM, we used the 

CD34++ cell line model KGla, transduced with CXCR4-GFP.7 As controls we used KG la 

cells,, transduced with GFP, and primary human CD34+ cells. The various cells were 

transplantedd in NOD/SCID mice. The results show that CXCR4 is necessary and sufficient to 

mediatee the seeding to and engraftment of the NOD/SCID BM. 

Materialss and Methods 

Antibodies.Antibodies. Antibodies to human CD45, conjugated with allophycocyanin (APC), and to 

mousee CD45, conjugated to fluorescein isothiocyanate (FITC), were obtained from 

Pharmingenn (San Diego, CA, USA). ICAM-3 mAb conjugated to phycoerythrin (PE) was 

obtainedd from Beekman Coulter (Mijdrecht, The Netherlands). Control Abs to IgGl and 

IgG2aa were purchased from Sanquin (Amsterdam, The Netherlands). 

IsolationIsolation ofCD34+ cells. Cord blood was collected after delivery, according to the 

guideliness of Eurocord, and CD34+cells were isolated as described.7 

TransplantationTransplantation of NOD/SCID mice. Pathogen-free NOD/LtSz-scid/scid (NOD/SCID) 

micee were obtained from Jackson Laboratories (Bar Harbor, MA, USA) and housed as 

described.100 To determine the homing percentage of transplanted cells to a particular organ, 

i.e.. seeding, 5xl06 KGla-GFP cells, 5xl06 KGla-CXCR4-GFP or lxlO6 human CD34+ cells 

weree injected per mouse intravenously into the lateral tail vein of sub-lethally (3.5 Gy) 

irradiatedd mice, 3 mice per group. Twenty-four hours after transplantation, the mice were 

sacrificedd and femurs, lungs, liver, spleen and blood were harvested, processed to obtain cell 

suspensionss and analyzed by flow cytometry (FACScan, Becton Dickinson, Heidelberg, 

Germany).. Percentage seeding was calculated as described.11 To establish engraftment 

potential,, 30xl06 KGla-GFP cells, 30xl06 KGla-CXCR4-GFP or lxlO5 human CD34+ cells 

weree injected per mouse intravenously into the lateral tail vein of sub-lethally irradiated mice, 
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55 mice per group. Six weeks after injection, the mice were sacrificed and the above-

mentionedd organs were isolated, processed to obtain cell suspensions and analyzed by flow 

cytometry. . 

ImmunofluorescenceImmunofluorescence analysis. To determine the presence of human cells in the various 

organss of the NOD/SCID mouse, cell suspensions were stained with fluorescently labeled 

antibodiess to human CD45 (APC), human ICAM-3 (PE) and mouse CD45 (FITC). The 

incubationss were performed as described.12 Seven-aminoactinomycin D (7-AAD; Molecular 

Probes,, Eugene, OR, USA) was added to the samples to exclude dead cells. 

Statistics.Statistics. ANOVA parametric Tukey test for paired samples (two-tailed) was used for 

statisticall  analysis (GraphPath Instat). Data are depicted as mean (  SD), 

Resultss and Discussion 

CXCR4-GFPP and, as a control, GFP alone were expressed in the progenitor cell line 

KGG la, which lacks endogenous CXCR4. Stable expression of CXCR4-GFP and GFP was 

establishedd in approximately 90% of the cells. KGla-CXCR4-GFP cells showed full 

restorationn of responsiveness to CXCL12, as reported previously.7 To study the specific 

requirementt of CXCR4 for seeding and engraftment in the BM, KGla-CXCR4-GFP, KGla-

GFPP and, as a positive control, human CD34+ cells were transplanted in to NOD/SCID mice. 

Thee seeding experiment showed that 12% ) of the transplanted KGla-CXCR4-

GFPP cells was found in the BM after 24 hours, compared to only 1% ) of the KGla-GFP 

cellss (Figure 1). Since the total BM is around 2% of the total weight of a NOD/SCID mouse,13 

thiss indicates that there is no specific homing of the KGla-GFP cells to the bone marrow. 

Approximatelyy 13% ) human CD34+ cells were seeded to the murine BM within 24 hours 

(Figuree 1). Seeding to the liver was comparable among the cell types used, for the KGla-

CXCR4-GFPP 10% , KGla-GFP cells 7% ) and the human CD34+ cells 12% ) 

(Figuree 1). These data indicate that seeding to the liver is not CXCR4 dependent. The spleen 

andd lungs did not contain any significant numbers of transplanted human cells after 24 hours 

(dataa not shown). These experiments prove that CXCR4 expression is necessary for efficient 

seedingg of hematopoietic cells to the NOD/SCID BM in vivo. 

Sixx weeks after transplantation, the human CD34+ cells engrafted in the BM 

engraftmentt for 6% e 2). The KGla-CXCR4-GFP cells showed a similar BM 

engraftmentt efficiency of 6% , whereas a minimal number of KGla-GFP cells were 
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detectedd in this organ ) (Figure 2). These findings indicate that CXCR4 is not 

onlyy essential for specific homing to the BM, but also mediates engraftment in the BM. 

KOH-OTPP KGU-CXCR4-OFP 
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Figuree 1. Seeding of human cells in murine BM and liver. Five million KGla cells, transduced with CXCR4-

GFPP or GFP, were transplanted into the sub-lethally irradiated NOD/SC1D mice to study the seeding potential of 

thesee cells. As a positive control, lxlO6 human CD34+ cells were transplanted into irradiated NOD/SCID mice. 

KGla-CXCR4-GFPP cells and CD34+ cells migrated to the murine bone marrow (BM), whereas the KGla-GFP 

cellss did not. All cell types seeded to the murine liver with equal efficiency. Mean  SD of at least three mice. 

*p<0.011 (CD34+vs KGla-GFP). 

Humann CD34+ cells showed detectable engraftment in the spleen , which 

wass significantly different from spleen engraftment of KGla-GFP cells , but 

nott from KGla-CXCR4-GFP cells ) (Figure 2). Limited numbers of human cells 

weree found in other organs, i.e. lungs, liver and blood. These data indicate that the KGl a cell 

linee may not be a proper model to study engraftment in other organs than the BM. However, it 

mayy also suggest that CXCR4 is specifically involved in BM engraftment and promotes 

survivall  in the BM but not in the spleen or other organs. Other data underscore CXCR4 

involvementt in CD34+ cell survival.14'15 

Recently,, Kahn and colleagues have shown that CXCR4 overexpression in human 

CD34++ cells improves BM engraftment in vivo.3 However, in contrast to our seeding 

efficiencyy data, Kahn and colleagues did not observe an increased seeding to the BM of 

CXCR4-overexpressingg CD34+ cells. This may be due to the fact that their seeding data were 

obtainedd after 16 hours or less, while we studied the seeding efficiency after 24 hours, 

accordingg to Lahiri and colleagues.16 Nevertheless, these data add to earlier results published 

byy Peled and co-workers, which showed that blocking CXCR4 with antibodies prevented 
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homingg of human CD34+ cells to the murine BM  5 and by Kollet and colleagues, which 

demonstratedd efficient and rapid homing of human CD34+/CD38"/low/CXCR4+ cells to the 

murinee BM, and strongly indicate that CXCR4 is important for the homing process. 

Ourr present data provide additional evidence that CXCR4 triggers specific homing 

andd engraftment of human CD34+ cells to the BM in vivo. Moreover, the KGla-CXCR4-GFP 

celll  line appears to be a very powerful tool to be used in exploring the mechanism of homing 

andd engraftment of human hematopoietic progenitor cells in vivo. 
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Figuree 2. Engraftment of human cells in murine bone marrow. Thirty million KG la cells, transduced with 

CXCR4-GFPP or GFP, were transplanted into the NOD/SCID mice to study the engraftment potential of these 

cells.. As a positive control, O.lxlO6 human CD34+ cells were transplanted into the NOD/SCID mice. KGla-

CXCR4-GFPP cells and CD34+ cells engrafted in the murine bone marrow (BM), whereas the KGla-GFP cells 

didd not. CD34+ cells engrafted also in the spleen, but the KGla-CXCR4-GFP and the KGla-GFP cells did not 

showw engraftment. No engraftment was found in peripheral blood (PB), lungs and liver. Mean  SD of at least 

threee mice. *p<0.001; **p<0.01 (CD34+or KGla-CXCR4-GFP vs KGla-GFP). 
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