
(19) United States 
US 20080025957A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0025957 A1 
Lapidot et al. (43) Pub. Date: Jan. 31, 2008 

(54) STEM CELLS SUITABLE FOR (86). PCT No.: PCT/ILO4/O1018 
TRANSPLANTATION, THEIR PREPARATION 
AND PHARMACEUTICAL COMPOSITIONS S 371 (c)(1), 
COMPRISING THEMI (2), (4) Date: Feb. 5, 2007 

(75) Inventors: Tsvee Lapidot, Ness Ziona (IL); (30) Foreign Application Priority Data 
Joy Kahn, Ramat Beit Shemesh 
(IL) Nov. 13, 2003 (IL) .......................................... 1588.68 

Correspondence Address: Publication Classification 
MARSHALL, GERSTEIN & BORUN LLP (51) Int. Cl. 
233 S. WACKER DRIVE, SUITE 6300, SEARS A6II 35/28 (2006.01) 
TOWER A6IR 48/00 (2006.01) 
CHICAGO, IL 60606 A6IP 43/00 (2006.01) 

CI2N 5/86 (2006.01) 
(73) Assignee: Yeda Research and Development CI2N 5/06 (2006.01) 

S. Ltd. P. O. Box 95, Rehovot (52) U.S. Cl. ...................... 424/93.21: 435/325; 435/455 

(57) ABSTRACT 
(21) Appl. No.: 10/578,291 

The present invention relates to stem cells suitable for 
(22) PCT Filed: Nov. 8, 2004 transplantation and to methods for their preparation. 



Patent Application Publication Jan. 31, 2008 Sheet 1 of 8 US 2008/0025957 A1 

  



Patent Application Publication Jan. 31, 2008 Sheet 2 of 8 US 2008/0025957 A1 

1. 

: 

30 
20 

5 O 

C 
S. 

3. 

Isotype 2 
control CXCR4 -O- 

  

  



Patent Application Publication Jan. 31, 2008 Sheet 3 of 8 US 2008/0025957 A1 

control CXCR4 

s 

  

  

  



Patent Application Publication Jan. 31, 2008 Sheet 4 of 8 US 2008/0025957 A1 

Figure 4 

35 
3.5 -O-control S. CBO control MPB 

- CXCR4 S 30 
3 5 

a 2 
3. 2S 5 

s 2 20 
es r 
St 1.5 : 15 
S. 10 

A. 
OS a. 5 
O O * , 

O 15 30 60 O 125 O 25 
Time (s) SDF-1 concentration (ng/ml) 

  



Patent Application Publication Jan. 31, 2008 Sheet 5 of 8 US 2008/0025957 A1 

Figure 5: 

-O control 
2.01 -- CXCR4 

CTRL 
OSDF-1 desensitization 

40 

  



US 2008/0025957 A1 Jan. 31, 2008 Sheet 6 of 8 

MPB 

  

  



Patent Application Publication Jan. 31, 2008 Sheet 7 of 8 US 2008/0025957 A1 

Figure 7 

12G5 

  



Patent Application Publication Jan. 31, 2008 Sheet 8 of 8 US 2008/0025957 A1 

Figure 8 

  



US 2008/0025957 A1 

STEM CELLS SUITABLE FOR 
TRANSPLANTATION, THEIR PREPARATION 
AND PHARMACEUTICAL COMPOSITIONS 

COMPRISING THEMI 

FIELD OF THE INVENTION 

0001. The present invention relates to stem cells suitable 
for transplantation and to methods for their preparation. 

BACKGROUND OF THE INVENTION 

0002 Clinical and experimental hematopoietic stem cells 
(HSC) transplantation procedures mimic the physiological 
process of HSC migration from the circulation into the bone 
marrow (BM) occurring during late embryonic development 
and steady state hematopoiesis in adults throughout life'. 
Gene transfer into human HSC may serve as a promising 
tool in the correction of a wide variety of hematopoietic and 
genetic disorders. HSC transplantation can be used to dura 
bly deliver these genetically modified cells to the BM, which 
in turn will release mature cells with the corrected gene into 
the circulation throughout life. 
0003) Enhanced efficacy of stem cell engraftment could 
improve the outcome of clinical transplantations as well as 
gene therapy protocols, and might be achieved by modulat 
ing the ability of stem cells to home to and repopulate the 
recipient BM. For this purpose, a better understanding of the 
mechanisms, which regulate these processes, is necessary. 
0004 Interactions between the chemokine stromal-de 
rived factor-1 (SDF-1) also referred to as CXCL12, and its 
receptor CXCR4 play an essential role in stem cell seeding 
of the BM during murine embryonic developments''. 
Previously, the present inventors were able to show, using 
immune deficient NOD/SCID mice as recipients, that both 
the short term in vivo migration (homing) and high-level 
multilineage repopulation of the murine bone marrow by 
human CD34" enriched cells are dependent on SDF-1/ 
CXCR4 interactions''. In support of these data, it has 
been shown that either high levels of CXCR4 expression on 
human CD34" cells, or high SDF-1 induced directional 
motility in vitro, correlates with faster recovery in both 
allogeneic and autologous clinical transplantations with 
positive selection of CD34" cells''7. 
0005 CXCR4 expression is a dynamic process, which is 
regulated by environmental factors such as cytokines, 
chemokines, stromal cells, adhesion molecules, and pro 
teolytic enzymes'. In hematopoietic stem and progenitor 
cells of human origin, CXCR4 can be upregulated from 
intracellular pools by short term (~40 hr) in vitro cytokine 
culture or stimulation of cord blood (CB) CD34" with 
proteolytic enzymes such as MMP-2 and MMP-9'.This 
Subsequently enhances their in vitro migration towards an 
SDF-1 gradient' as well as their in vivo homing and 
repopulation capacities in transplanted NOD/SCID and seri 
ally transplanted B2 minull NOD/SCID mice''', linking 
stem cell self renewal and development with motility. A 
recent report demonstrated that longer culture periods with 
a cytokine cocktail results in a decrease in cell Surface 
CXCR4 expression on human CB CD34" enriched cells’ 
and reduced repopulation was documented with human 
progenitors cultured in vitro for longer periods’. Recently, 
the present inventors showed that CB CD34"/CXCR4 
sorted cells harbor low levels of intracellular CXCR4, 
which, following short term in vitro cytokine stimulation, 
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can rapidly be functionally expressed on the cell Surface to 
mediate SDF-1 dependent homing and repopulation of trans 
planted NOD/SCID mice In addition to their central role in 
mediating directional migration of human and murine stem 
cells, SDF-1/CXCR4 interactions are also involved in 
other stem cell functions. Of importance, SDF-1/CXCR4 
interactions are also involved in retention of stem and 
progenitor cells in the BM'''. This hypothesis has also 
been confirmed by other studies which demonstrated the 
involvement of SDF-1/CXCR4 interactions in the anchorage 
of human HSC injected directly into the murine BM cav 
ity'. Interference of these interactions induces release/ 
mobilization of both human and murine progenitors from the 
BM into the circulation'. 
0006 Transgenic mice overexpressing human CD4 and 
CXCR4 on their CD4 T cells have increased levels of these 
cells in their BM and only very low levels in the circula 
tion'. Therefore, overexpression of CXCR4 on human 
CD34" progenitor cells may facilitate their homing and 
repopulation potential. 
0007 Lentiviral vectors have been used to introduce 
transgenes into SCID repopulating cells (SRCs)'', due to 
their unique ability to transduce non-dividing cells'. Fur 
thermore, a significant clinical breakthrough in gene therapy 
was made in patients with human severe combined immu 
nodeficiency (SCID)-X1 resulting in full correction of dis 
ease phenotype", proving that gene therapy can work in 
practice. However, emerging evidence exists for impaired 
homing and low engraftment of retrovirally-transduced 
human CD34" cells. 
0008. It is well documented that low concentrations of 
SDF-1 in Synergy with other early acting cytokines enhance 
proliferation of both human CD34" cells and murine stem 
and progenitor cells, suggesting a role for this chemokine in 
progenitor cell survival’’, while high levels of SDF-1 
induce quiescence of proliferating human long term culture 
initiating cells (LTCIC) and primitive human fetal liver 
CD34" stem cells capable of serial repopulation of trans 
planted NOD/SCID mice '''. 
0009. One of the disadvantages of BM transplantation is 
the long lasting reduced levels of immature progenitors, 
Such as long-term culture initiating cells (LTCIC), (1 log 
reduction) in the BM of transplanted patients compared to 
healthy individuals''. 
0010 Long-term culture-initiating cells (LTC-IC) are 
hematopoietic progenitors able to generate colony-forming 
unit-cells (CFU) after 5 to 8 weeks (35 to 60 days) of culture 
on bone marrow (BM) stroma and represent progenitors 
currently detectable in vitro. It has been reported that 
long-term cultures initiated with CD34+CD38 - cells from 
human BM or cord blood are able to continue generating 
CFU for at least 100 days, i.e., beyond the standard LTC-IC 
period. Single-cell cultures from cord blood were used to 
study whether the subpopulation of CD34+CD38 - cells is 
able to generate CFU beyond 60 days (“extended long-term 
culture-initiating cells' or ELTC-IC). In contrast, to LTC-IC 
cord blood, ELTC-IC proliferate later in culture and are a 
more quiescent progenitor population. ELTC-IC generates 
threefold to fourfold more progeny than did LTC-IC (P<0. 
002). This is a functional hierarchy of progenitors in long 
term culture, which correlates with their level of quiescence. 
(Blood. 1996 Nov. 1; 88(9): 3306-13 Crooks G M et al. 
0011. In view of the ever-expanding use of stem cell 
therapy, it is highly desirable to enhance the levels of 
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CD34+CD38-cell in the population of stem cells to improve 
the efficiency and Success rate of cell replacement therapy. 

SUMMARY OF THE INVENTION 

0012. The invention relates to a method for preparing a 
population of cells comprising stem cells with a high amount 
of immature primitive progenitors, the method comprising 
collecting stem cells and introducing into the cells a DNA 
fragment comprising the sequence of CXCR4. 
0013. In one embodiment of the invention, the population 
of cells exhibits improved CXCR4 signaling in response to 
low concentration of SDF-1. 
0014. In another embodiment of the invention, the popu 
lation of cells exhibits improved CXCR4 signaling in 
response to high concentration of SDF-1. 
0.015. In a further embodiment of the invention, the stem 
cells are hematopoietic stem cells, preferably, CD34+ 
enriched. 
0016. In a further embodiment of the invention, the 
immature primitive progenitors are of the CD34+/CD38 
-flow lineage. 
0017. In a further embodiment of the invention, the 
collection of the stem cells is effected after a stem cell 
mobilization procedure; and/or after a Surgical procedure. 
0.018. In a further embodiment of the invention, after 
collection, stem cells having CXCR4 levels above a prede 
termined threshold are isolated e.g. by FACS. 
0019. In a further embodiment of the invention, the stem 
cells of the invention are capable of differentiating towards 
the myeloid and erythroid lineages. 
0020. In a further embodiment of the invention, the 
amount of the immature primitive progenitors of the CD34+/ 
CD38-flow lineage are about 1-5% of the population. 
0021. In a further embodiment of the invention, the 
amount of immature primitive progenitors of the CD34+/ 
CD38-flow lineage are equal to or higher than about 3% of 
the stem cells. 
0022. In a further embodiment of the invention, the low 
concentration of SDF-1 is equal to or lower than about 50 
ng/ml. 
0023. In a further embodiment of the invention, improved 
signaling is manifested by enhancement of cell migration 
mediated by low concentrations of SDF-1. 
0024. In a another further embodiment of the invention, 
improved signaling is manifested by enhancement of cell 
proliferation mediated by low concentrations of SDF-1. 
0025. In a further embodiment of the invention, the high 
concentration of SDF-1 is equal to or higher than about 1 
microgram/ml. 
0026. In a further embodiment of the invention, improved 
signaling is manifested by a reduction in desensitization by 
SDF-1. 
0027. In one aspect, the invention provides a population 
of cells comprising stem cells comprising a high amount of 
immature primitive progenitors, and exhibiting improved 
CXCR4 signaling capability in response to low and/or high 
concentrations of SDF-1, prepared by introducing to the 
stem cells a DNA fragment comprising the CXCR4 
Sequence. 
0028. In one embodiment of the invention, the stem cells 
are hematopoietic stem cells. 
0029. In a further embodiment of the invention, the 
population of cells is capable of differentiating towards the 
myeloid and erythroid lineages. 
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0030. In a further embodiment of the invention, the 
hematopoietic stem cells are CD34+ enriched stem cells. 
0031. In a further embodiment of the invention, the 
immature primitive progenitors are of the CD34+/CD38 
-/low lineage. 
0032. In a further embodiment of the invention, the 
amount of CD34+/CD38 -/low is about 1-5% of the popu 
lation. 
0033. In a another further embodiment of the invention, 
the amount of CD34+/CD38-flow is about and above 3% 
of the population. 
0034. In a further embodiment of the invention, the low 
concentration of SDF-1 is about and below 50 ng/ml. 
0035. In a further embodiment of the invention, the high 
concentration of SDF-1 is equal to or higher than about 1 
microgram/ml. 
0036. In another aspect, the invention provides the use of 
the population of cells of the invention in the manufacture of 
a medicament for increasing homing of stem cells to a target 
tissue in a Subject in need. 
0037 Also, the invention provides the use of the popu 
lation of cells of the invention in the manufacture of a 
medicament for increasing repopulation of cells to a target 
tissue in a Subject in need. 
0038. In one embodiment of the invention, the target 
tissue is selected from the group consisting of bone marrow, 
blood vessel, heart, lung, liver, pancreas, kidney, nervous 
system, skin, bone and skeletal muscle. 
0039. In one embodiment of the invention, the population 
of cells of the invention is used to facilitate transplantation. 
0040. In a further embodiment of the invention, trans 
plantation follows chemotherapy protocols. 
0041. In another further embodiment of the invention, 
transplantation is autologous. In another further embodiment 
of the invention, the transplantation involves mobilization of 
autologous cells. 
0042. In another further embodiment of the invention, 
transplantation is heterologous. 
0043. In another further embodiment of the invention, 
transplantation is carried out with mobilized stem cells. 
0044. In addition, the invention provides a method of 
treating a disorder in a Subject, requiring cell or tissue 
replacement, the method comprising providing to a subject 
in need thereof a therapeutically effective amount of the 
population of cells according to the invention. 
0045 Also, the invention provides a method for prepar 
ing a population of cells comprising stem cells exhibiting 
CXCR4 with intact 6H8 epitope, the method comprises 
collecting stem cells and introducing to the stem cells a DNA 
fragment comprising the sequence of CXCR4. 
0046. In another aspect, the invention provides a popu 
lation of cells comprising stem cells comprising intact 
CXCR4 6H8 epitope prepared by introducing to the stem 
cells a DNA fragment comprising the sequence of CXCR4, 
and use of the population of cells in the manufacture of a 
medicament for transplantation in a Subject in need. 
0047. An additional aspect of the invention relates to a 
method for treating a disorder requiring cell or tissue 
replacement, the method comprises providing to a subject in 
need thereof a therapeutically effective amount of a popu 
lation of cells according to the invention. 
0048 Also, the invention provides a pharmaceutical 
composition comprising a population of cells comprising 
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stem cells exhibiting intact CXCR46H8 epitope prepared by 
introducing to stem cells a DNA fragment comprising the 
sequence of CXCR4. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049. The invention is herein described, by way of 
example only, with reference to the accompanying drawings. 
With specific reference now to the drawings in detail, it is 
stressed that the particulars shown are by way of example 
and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are pre 
sented in the cause of providing what is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to show structural details of the invention 
in more detail than is necessary for a fundamental under 
standing of the invention, the description taken with the 
drawings making apparent to those skilled in the art how the 
several forms of the invention may be embodied in practice. 
0050. In the drawings: 
0051 FIG. 1 shows a schematic representation of the 
lentiviral vector constructs. Only the relevant portions of the 
integrated provirus are depicted. The EF1-C, promoter is 
used to drive expression of either green fluorescent protein 
(GFP) clNA in the control vector (upper panel) or the 
CXCR4-IRES-GFP bicistronic cassette of the experimental 
vector (lower panel). SD-splice donor, SA=Splice acceptor, 
pA polyadenylation signal, SIN=Self-inactivating vector. 
0052 FIG. 2 shows cell surface CXCR4 expression on 
lentiviral-transduced human CD34+ cells. Following mock 
or lentiviral infection, cord blood (CB) and mobilized 
peripheral blood (MPB) CD34" cells were analyzed by flow 
cytometry for either GFP expression alone or GFP together 
with CXCR4 expression using an anti-hCXCR4-PE anti 
body. A. Data show a representative FACS analysis from CB 
CD34" cells. Numbers indicate percent of total CD34" cells. 
Forward scattered (FSC) indicative of the cell size. B. 
Results indicate percentage of CB and MPB CD34" cells 
expressing CXCR4 and represent mean tSE of 7 indepen 
dent experiments. * p-001 compared to control GFP-in 
fected cells C. Immunofluorescence detection of cell surface 
(upper panel) and intracellular (lower panel) CXCR4 
expression of GFP transduced (GFP), CXCR4 transduced 
(CXCR4) or isotype control cells. 
0053 FIG. 3 shows clonogenic progenitor content of 
transduced CB CD34+ cells. Lentiviral transduced CB 
CD34" cells were seeded in semisolid methylcellulose cul 
ture. A. GFP+ colony forming cell (CFC) colonies were 
analyzed by phase contrast microscopy at day 14. Upper 
panel indicates BFU-E (a) and CFU-GM (b) colonies from 
control vector transduced cells. Lower panel indicates 
BFU-E (c) and CFU-GM (d) from CXCR4 transduced cells. 
A representative experiment is shown. B. Data indicate total 
number of CFU-GM and BFU-E colonies. Numbers above 
bars indicate percentage of GFP+ colonies out of total 
colonies. Bars represent meansSE of three independent 
experiments. *p=0.004 compared to BFU-E colonies of 
GFP-transduced cells. C. CB and MPB CD34+ cells were 
labeled with human anti-CD34 and anti-CD38 mAbs. Num 
bers indicate percent positive cells from entire population. A 
representative experiment out of 3 is shown. 
0054 FIG.4 shows functionality of CXCR4 expressed on 
transduced CD34+ cells. A. CXCR4-transduced CB CD34 
cells were stimulated with SDF-1 (300 ng/ml) for the 
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indicated times and intracellular F-actin content was mea 
sured by FACS. Data indicates fold increase in F-actin 
content following stimulation with SDF-1 compared to 
unstimulated cells. Data represent mean tSE of three inde 
pendent experiments. B. CXCR4-transduced CB and MPB 
CD34+ cells were tested in a transwell migration assay for 
their migration towards different SDF-1 concentrations as 
indicated. Data indicate percent migrating cells to SDF-1. 
Bars represent mean tSE of five independent experiments. 
*pz0.04 (CB), *p=0.03 (MPB) compared to control GFP 
transduced cells at 125 ng/ml SDF-1. *p-0.05 (CB), *p-0. 
05 (MPB) compared to control GFP-transduced cells at 10 
ng/ml SDF-1. 
0055 FIG. 5 shows response of CXCR4-overexpressing 
CB CD34+ cells to different SDF-1 concentrations. A. 
Lentiviral transduced CB CD34" cells were incubated for 
seven days in serum free conditions with SDF-1 (50 ng/ml) 
in combination with SCF (50 ng/ml), FLT-3L (50 ng/ml) and 
IL-6 (50 ng/ml). Results are shown as fold increase in 
number of viable cells compared to cells incubated in the 
absence of SDF-1. Results represent mean SE of three 
independent experiments performed in duplicate. B. Len 
tiviral transduced CB CD34" cells were incubated overnight 
with 1 lug/ml SDF-1 and examined for (i) CXCR4 expres 
sion by immunostaining and (ii) SDF-1 (125 ng/ml) induced 
in vitro migration using a transwell migration system. Bars 
represent mean tSE of two independent experiments per 
formed in duplicate. p-0.05 compared to untreated cells 
(black bars). 
0056 FIG. 6 shows in vivo multilineage reconstitution 
and GFP expression of CXCR4 overexpressing SCID 
repopulating cells (SRC). CXCR4-transduced CB CD34+ 
cells were injected into sublethally irradiated NOD/SCID 
mice. Five weeks post transplantation mice were examined 
for the presence of human repopulating cells when com 
pared to control GFP-transduced cells. A. Murine BM (i), 
spleen (ii) and peripheral blood (PB) (iii) were analyzed for 
human cell engraftment by FACS analysis detecting % of 
human CD45+ cells. Bars represent mean SE of nine 
independent experiments performed in duplicate or tripli 
cate. p-0.005 compared to control GFP-transduced cells. 
B. Lymphoid and myeloid differentiation of human SRC in 
a representative NOD/SCID transplant recipient is shown by 
CD19 and CD33 antibody staining respectively. Numbers 
indicate percent of positive cells out of total live population. 
C. BM cells were stained for the human specific pan 
leukocyte marker CD45 and the B cell lineage differentia 
tion marker CD19 and analyzed by FACS. Numbers indicate 
percentage of CD19 cells calculated from total CD45 popu 
lation. Data show a representative experiment. D. Engrafted 
murine BM cells were stained with human specific anti 
CD34 and anti-CD38 mAbs and analyzed by flow cytom 
etry. Numbers indicate percentage of primitive, undifferen 
tiated CD34+/38-flow cells. Data show a representative 
experiment. E. Homing of enriched, immature CD34+ cells 
to the spleen was determined 16 h (MPB) or 2 h (CB) post 
transplantation by staining with human specific anti-CD34 
and anti-CD38 mAbs. Bars represent mean SE of 3 inde 
pendent experiments performed in duplicate. *p-0.05 com 
pared to control cells. 
0057 FIG. 7 shows a schematic illustration of CXCR4. 
0058 FIG. 8 shows that CXCR4 overexpression on CB 
CD34+ cells prevents deterioration of the 6H8 epitope in 
vivo. A. Transduced CD34+ cell were transplanted into 
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sublethally (375 R) irradiated NOD/SCID mice. Five weeks 
post transplantation, murine BM was harvested and analysed 
for the presence of human cells stained positive for the 12G5 
or 6H8 epitope of CXCR4. Numbers represent mean 
CXCR4 fluorescence. B. Representative histogram FACS 
analysis of the mean CXCR4 fluorescence as in A following 
staining of GFP (control) and CXCR4 overexpressing cells 
with 12G5 and 6H8 mAbs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0059. The present invention relates to stem cells enriched 
with immature primitive progenitors, and having improved 
CXCR4 signaling in response to low and high concentration 
of SDF-1, and to methods of generating and using the same. 
More specifically, the cells of the invention are capable of 
responding to low concentrations of SDF-1 and are less 
desensitized by high concentrations of SDF-1. Specifically, 
the present invention allows treatment of disorders requiring 
cell or tissue replacement. The present invention is based on 
results demonstrating that transgenic stem cells overexpress 
ing CXCR4 exhibit enhanced levels of CD34+/CD38-flow 
cell population and/or exhibit improved CXCR4 signaling 
capability in response to low and high concentration of 
SDF-1 and exhibit intact CXCR4 6H8 epitope. 
0060. The principles and operation of the present inven 
tion may be better understood with reference to the drawings 
and accompanying descriptions. 
0061 Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention 
is not limited in its application to the details set forth in the 
following description or exemplified by the Examples. The 
invention is capable of other embodiments or of being 
practiced or carried out in various ways. Also, it is to be 
understood that the phraseology and terminology employed 
herein is for the purpose of description and should not be 
regarded as limiting. 
0062. The use of cellular therapy is growing rapidly, and 

is gradually becoming an important therapeutic modality in 
treatment of various disorders. Hematopoietic stem cell 
(HSC) (e.g., from the bone marrow, umbilical cord blood or 
mobilized peripheral blood) transplantation is one example 
of a routinely practiced, insurance-reimbursed cellular 
therapy. However, many other cellular therapies are being 
developed as well, including immunotherapy for cancer and 
infectious diseases, chondrocyte therapy for cartilage 
defects, neuronal cell therapy for neurodegenerative dis 
eases, and stem cell therapy for numerous applications 
Forbes (2002) Clinical Science 103:355-369. 
0063. One of the problems associated with stem cell 
therapy is the difficulty of achieving long-term Successful 
engraftment of cells at the target tissue. Currently, patients 
who were successfully transplanted exhibit very low levels 
of stem cells and immature progenitors, which generate cells 
with the desired phenotype. 
0064 Treatment of CD34" progenitor cells with cytok 
ines such as HGF and MMPs has been previously shown to 
upregulate expression of CXCR4 and exhibit better response 
to SDF-1. However, under increasing concentrations of 
SDF-1, CXCR4 is internalized and the cells are less respon 
sive to SDF-1. Also, increasing the levels of SDF-1 induces 
desensitization and quiescence of proliferating human long 
term culture initiating cells (LTCIC) and primitive human 
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fetal liver CD34" stem cells capable of serial repopulation of 
transplanted NOD/SCID mice '''. 
0065 One of the problems of BM transplantation is the 
reduced levels of long lasting immature progenitors (1 log 
reduction) in the BM of transplanted patients compared to 
healthy individuals''. 
0066. The present inventors have found that transgenic 
hematopoietic stem cells overexpressing CXCR4 show 
unexpected high levels of the CD34+/CD38-flow cell popu 
lation. 
0067. The results obtained demonstrate that transgenic 
stem cells, such as CB and MBP CD34+ enriched cells, are 
Successfully transduced with lentiviral vectors expressing 
high levels of the CXCR4 transgene. For example in one 
embodiment transduced cells are 87+2.7% (CB) and 80+4% 
(MPB) positive for cell surface CXCR4 expression whereas 
only 28+3.1% of both CB and MPB CD34" cells infected 
with the GFP vector expressed endogenous CXCR4. 
0068. It is shown that transgenic cells overexpressing 
CXCR4 are not affected in their ability to differentiate 
towards the myeloid and erythroid lineages. In accordance 
with the the invention, it is demonstrated that transduced 
CD34" cells (both control and CXCR4) showed multilin 
eage differentiation into GFP+ CFC colonies such as burst 
forming unit-erythroid (BFU-E) and colony-forming unit 
granulocyte, macrophage (CFU-GM), scored by phase 
contrast microscopy at day 14 (FIG. 3A). 
0069. Unexpectedly, MPB CD34+ CXCR4 transduced 
cells demonstrated a higher percentage (2.9%) of CD34+/ 
CD38-flow population compared to 0.5% in control cells. 
This effect was not observed in CB CD34+ cells (FIG. 3C). 
CXCR4 transduction therefore support grow and/or preser 
vation of the CD34+/CD38-flow primitive population. 
0070 Also, unexpectedly, CXCR4 transduced stem cells 
show more intact CXCR4 6H8 epitope in the surface of the 
stem cells. 
0071 Transgenic cells overexpressing CXCR4 exhibit 
significantly increased response to SDF-1 mediated chemo 
taxis of 1.5+0.04 (p<0.001) fold for CB and 2.3+0.3 (p=0. 
03) fold for MPB when compared to control vector-trans 
duced cells (FIG. 4B). In addition transgenic cells 
overexpressing CXCR4 show increased actin polymeriza 
tion and/or increased cell motility mediated by SDF-1. It 
was found in accordance with the invention, that CD34" 
cells overexpressing CXCR4 show a 3+0.11 (p<0.001) fold 
increase in actin polymerization versus a 1.5+0.07 (p=0.002) 
fold increase in control cells when compared to unstimulated 
cells (FIG. 4A). 
0072 Thus, overexpression of CXCR4 on human pro 
genitor cells results in enhanced SDF-1 induced signaling, 
leading to an increase in cell motility and actin polymeriza 
tion. 
0073. Furthermore, on assessment of proliferation of 
CXCR4 overexpressing cells over a seven day period, it was 
observed that CXCR4-transduced CB CD34+ cells had 
almost doubled their seeded number, while control cell 
number, had decreased to below the original amount seeded. 
0074 CXCR4-transduced cells demonstrated increased 
engraftment of up to 4+0.7 (p=0.001) fold for CB CD34" 
cells when compared to control cells (FIG. 6A). Further 
more, a representative FACS staining with CD19 and CD33 
monoclonal antibodies demonstrates that multilineage 
hematopoiesis into lymphoid and myeloid populations 
respectively was maintained in transduced cells (FIG. 6B) 
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with a trend to more B-cell lymphopoiesis in mice trans 
planted with CXCR4-transduced cells (FIG. 6C), most prob 
ably since SDF-1 is also a Pre B cell growth factor. Fur 
thermore, an average of 36%+19% (range 7.5% to 77%) of 
the CD45 cells were found to express GFP (FIG. 6B). 
Transgene expression was also detected in both myeloid and 
lymphoid populations (FIG. 6B). Mice transplanted with 
CXCR4 overexpressing cells showed a four fold increase in 
the primitive CD34"/CD38'" cell population in the BM 
compared to mice injected with control vector-transduced 
cells (FIG. 6D), Suggesting that the higher engraftment 
levels of CXCR4-overexpressing cells are due to increased 
repopulation of the more primitive cell population. 
0075. It was observed that two hours (CB) or 16 h (MPB) 
post transplantation CXCR4-transduced cells showed a 
more than two fold increase in homing to the spleen com 
pared to their control counterparts (FIG. 6E). However these 
differences were not detected in their homing capacity to the 
BM (data not shown). These results suggest that CXCR4 
transduced cells may first home short term to the spleen 
before repopulating (5 weeks post transplantation) the BM 
as previously suggested (Papayannopoulou T. Curr Opin 
Hematol. 2003:10:214-219, Ref 18: Kollet O, Blood. 2001; 
97.3283-3291). 
0076. The present findings enable the generation of stem 

cells, which can be efficiently recruited to a target tissue and 
repopulate it, and as Such can be used in numerous clinical 
applications, such as in repair of liver injury and in liver or 
bone marrow transplantation. 
0077. Thus, according to one aspect of the present inven 
tion there is provided a method to get “extended long-term 
culture-initiating cells” or ELTC-IC or of increasing the 
primitive CD34"/CD38'” cell population. According to 
another aspect of the present invention there is provided a 
method to get ELTC-IC cells capable to respond to SDF-1 
even when exposed to increased SDF-1 concentrations. 
0078. As used herein, the phrase “stem cells' refers to 

cells, which are capable of differentiating into other cell 
types having a particular, specialized function (i.e., “fully 
differentiated” cells). 
0079. As used herein a “transgenic cell is a cell carrying 
an introduced gene or segment. 
0080. Non-limiting examples of stem cells, which can be 
used according to this aspect of the present invention, are 
hematopoietic stem cells (HSCs) and mesenchymal stem 
cells (MSCs) obtained from bone marrow tissue of an 
individual at any age or from cord blood of a newborn 
individual, embryonic stem (ES) cells obtained from the 
embryonic tissue formed after gestation (e.g., blastocyst), or 
embryonic germ (EG) cells obtained from the genital tissue 
of a fetus any time during gestation, preferably before 10 
weeks of gestation. Further description of stem cells, which 
can be used according to this aspect of the present invention, 
is summarized herein below. HSCs—Hematopoietic stem 
cells (HSCs) are the formative pluripotential blast cells 
found inter alia in fetal liver, umbilical cord blood, bone 
marrow and peripheral blood which are capable of differ 
entiating into any of the specific types of hematopoietic or 
blood cells, such as erythrocytes, lymphocytes, macroph 
ages and megakaryocytes. Typically, within the bone mar 
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row, HSCs reside in niches that support all the requisite 
factors and adhesive properties to maintain their ability and 
produce an appropriate balanced output of mature progeny 
over the life time of the organism. Whetton (1999) Trends 
Cell Biol 9:233-238; Weissman (2000) Cell 100: 157-168; 
Jankowska-Wieczorek (2001) Stem Cells 19:99-107: Chan 
(2001) Br. J. Haematol. 112:541-557). 
I0081 HSCs according to this aspect of the present inven 
tion are preferably CD34+ cells and more preferably 
CD34+/CD38-flow cells, which are a more primitive stem 
cell population and are therefore less lineage-restricted, and 
were shown to be the major long-term BM repopulating 
cells. 

I0082. MSCs—Mesenchymal stem cells are the formative 
pluripotential blast cells found inter alia in bone marrow, 
blood, dermis and periosteum that are capable of differen 
tiating into more than one specific type of mesenchymal or 
connective tissue (i.e. the tissues of the body that support the 
specialized elements; e.g. adipose, osseous, Stroma, carti 
laginous, elastic and fibrous connective tissues) depending 
upon various influences from bioactive factors, such as 
cytokines. 
I0083. Approximately, 30% of human marrow aspirate 
cells adhering to plastic are considered as MSCs. These cells 
can be expanded in vitro and then induced to differentiate. 
The fact that adult MSCs can be expanded in vitro and 
stimulated to form bone, cartilage, tendon, muscle or fat 
cells render them attractive for tissue engineering and gene 
therapy strategies. In vivo assays have been developed to 
assay MSC function. MSCs injected into the circulation can 
integrate into a number of tissues described hereinabove. 
Specifically, skeletal and cardiac muscle can be induced by 
exposure to 5-azacytidine and neuronal differentiation of rat 
and human MSCs in culture can be induced by exposure to 
B-mercaptoethanol, DMSO or butylated hydroxyanisole 
Tomita (1999) 100:11247-11256; Woodbury (2000).J. Neu 
rosci. Res. 61:364-370. Furthermore, MSC-derived cells 
are seen to integrate deep into brain after peripheral injection 
as well as after direct injection of human MSCs into rat 
brain; they migrate along pathways used during migration of 
neural stem cells developmentally, become distributed 
widely and start lose markers of HSC specialization Azizi 
(1998) Proc. Natl. Acad. Sci. USA95:3908-3913). Methods 
for promoting mesenchymal stem and lineage-specific cell 
proliferation are disclosed in U.S. Pat. No. 6.248,587. 
I0084 Epitopes on the surface of the human mesenchymal 
stem cells (hMSCs) such as SH2, SH3 and SH4 described in 
U.S. Pat. No. 5,486.359 can be used as reagents to screen 
and capture mesenchymal stem cell population from a 
heterogeneous cell population, Such as exists, for example, 
in bone marrow. Precursor mesenchymal stem cells, which 
are positive for CD45, are preferably used according to this 
aspect of the present invention, since these precursor mes 
enchymal stem cells can differentiate into the various mes 
enchymal lineages. 
I0085 Preferred stem cells according to this aspect of the 
present invention are human stem cells. 
I0086 Table 1, below provides examples of adult stem 
cells, which can be used to obtain the indicated phenotype 
in a target tissue of interest, according to this aspect of the 
present invention. 
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TABLE 1. 

Differentiated 
Stem cell phenotype Target tissue Reference 

Bone marrow Oval cells, Liver Petersen (1999) Science 284: 1168-1170 
Hepatocytes 

KTLS cells Hepatocytes Liver Lagasse (2000) Nat. Med. 6: 1229-1234 
Bone marrow Hepatocytes Liver Alison (2000) Nature 406: 257; Thiese 

(2000) Hepatology 32: 11-16 
Pacreatic exocrine Hepatocytes Liver Shen (2000) Nat. Cell Biol. 2: 879-887 
cells 
Pacreas Hepatocytes Liver Wang (2001) Am. J. Pathol. 158: 571-579 
Bone marrow Endothelium Liver Gao (2001) Lancet 357: 932-933 
Bone marrow Tubular epithelium, Kidney Poulsom (2001) J. Pathol. 195: 229-235 

glomeruli 
Bone marrow Endothelium Kidney Lagaaij (2001) Lancet 357: 33-37 
Extra renal Endothelium Kidney Williams (1969) Surg. Forum 20: 293-294 
Bone marrow Myocardium Heart Orlic (2001) Nature 410: 701-704 
Bone marrow Cardiomyocytes Heart Jackson (2001) J. Clin Invest. 

and Endothelium 107: 1395-1402 
Bone marrow Type 1 Lung Krause (2001) Cell 105:369-377 

pneumocytes 
Neuronal Multiple Marrow Bjornson (1999) Science 283: 534-537 

hematopoietic 
lineages 

Bone marrow Neurons CNS Mezey (2000) Science 290: 1779-1782 
Bone marrow Microglia and CNS Eglitis (1997) Proc. Natl. Acad. Sci. 

Astrocyes USA 94: 4080-4085 

Abbreviations: 
SP-Side population cells; 
CNS-central nervous system; 

0087 As mentioned hereinabove the stem cells according 
to this aspect of the present invention are successfully 
transduced with lentiviral vectors with high expression of 
the CXCR4 transgene. 
0088. The terms “polypeptide and protein’ in the present 
specification are interchangeable. 
0089. The present invention also concerns muteins of the 
above CXCR4 protein of the invention, which muteins 
retain essentially the same biological activity of the CXCR4 
protein having essentially only the naturally occurring 
sequences of the CXCR4. Such “muteins’ may be ones in 
which up to about 20, preferably no more than 10 amino acid 
residues may be deleted, added or substituted by others in 
the CXCR4 protein respectively, such that modifications of 
this kind do not substantially change the biological activity 
of the protein mutein with respect to the protein itself. 
0090 These muteins are prepared by known synthesis 
and/or by site-directed mutagenesis techniques, or any other 
known technique suitable thereof. 
0091 Any such mutein preferably has a sequence of 
amino acids sufficiently duplicative of that of the basic the 
CXCR4 such as to have substantially similar activity 
thereto. Thus, it can be determined whether any given 
mutein has substantially the same activity as the basic 
protein of the invention by means of routine experimentation 
comprising Subjecting Such a mutein to the biological activ 
ity tests set forth in Examples below. 
0092 Muteins of the CXCR4 protein which can be used 
in accordance with the present invention, or nucleic acid 
coding thereof, include a finite set of substantially the 
CXCR4 corresponding sequences as Substitution peptides or 
polynucleotides which can be routinely obtained by one of 
ordinary skill in the art, without undue experimentation, 
based on the teachings and guidance presented herein. For a 
detailed description of protein chemistry and structure, see 

Schulz, G. E. et al., Principles of Protein Structure, Springer 
Verlag, New York, 1978; and Creighton, T. E., Proteins: 
Structure and Molecular Properties, W. H. Freeman & Co., 
San Francisco, 1983, which are hereby incorporated by 
reference. For a presentation of nucleotide sequence Substi 
tutions, such as codon preferences, see. See Ausubel et al., 
Current Protocols in Molecular Biology, Greene Publica 
tions and Wiley Interscience, New York, N.Y., 1987-1995: 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 
1989. 

0093 
the present invention are what are known as "conservative 
substitutions. Conservative amino acid substitutions of those 
in the protein having essentially the naturally-occurring 
CXCR4 sequences, may include synonymous amino acids 
within a group, which have Sufficiently similar physico 
chemical properties that substitution between members of 
the group will preserve the biological function of the mol 
ecule, see Grantham, Science, Vol. 185, pp. 862-864 (1974). 
It is clear that insertions and deletions of amino acids may 
also be made in the above-defined sequence without altering 
its function, particularly if the insertions or deletions only 
involve a few amino acids, e.g., under 50, and preferably 
under 20 CXCR4 and do not remove or displace amino acids 
which are critical to a functional conformation, e.g., cysteine 
residues, Anfinsen, “Principles That Govern The Folding of 
Protein Chains”, Science, Vol. 181, pp. 223-230 (1973). 
Muteins produced by such deletions and/or insertions come 
within the purview of the present invention. Preferably, the 
synonymous amino acid groups are those defined in Table A. 
More preferably, the synonymous amino acid groups are 
those defined in Table B; and most preferably the synony 
mous amino acid groups are those defined in Table C. 

Preferred changes for muteins in accordance with 
s 
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TABLE A 

Preferred Groups of Synonymous Amino Acids 

Amino Acid 

Ser 
Arg 
Leu 
Pro 
Thr 
Ala 
Wal 
Gly 
Ile 
Phe 
Tyr 
Cys 
His 
Gln 
ASn 
Lys 
Asp 
Glu 
Met 
Trp 

Synonymous Group 

Ser, Thr, Gly, Asn 
Arg, Gln, Lys, Glu, His 
Ile, Phe, Tyr, Met, Val, Leu 
Gly, Ala, Thr, Pro 
Pro, Ser, Ala, Gly, His, Gln, Thr 
Gly, Thr, Pro, Ala 
Met, Tyr, Phe, Ile, Leu, Val 
Ala, Thr, Pro, Ser, Gly 
Met, Tyr, Phe, Val, Leu, Ile 
Trp, Met, Tyr, Ile, Val, Leu, Phe 
Trp, Met, Phe, Ile, Val, Leu, Tyr 
Ser, Thr, Cys 
Glu, Lys, Gln, Thr, Arg, His 
Glu, Lys, ASn, His, Thr, Arg, Gln 
Gln, Asp, Ser, ASn 
Glu, Gln, His, Arg, Lys 
Glu, ASn, Asp 
Asp, Lys, ASn, Gln, His, Arg, Glu 
Phe, Ile, Val, Leu, Met 
Trp 

TABLE B 

More Preferred Groups of Synonymous Amino Acids 

Amino Acid 

Ser 
Arg 
Leu 
Pro 
Thr 
Ala 
Wal 
Gly 
Ile 
Phe 
Tyr 
Cys 
His 
Gln 
ASn 
Lys 
Asp 
Glu 
Met 
Trp 

Most Preferred Groups of Synonymous Amino Acids 

Amino Acid 

Ser 
Arg 
Leu 
Pro 
Thr 
Ala 
Wal 
Gly 
Ile 
Phe 
Tyr 
Cys 
His 

Synonymous Group 

Ser 
His, Lys, Arg 
Leu, Ile, Phe, Met 
Ala, Pro 
Thr 
Pro, Ala 
Val, Met, Ile 
Gly 
Ile, Met, Phe, Val, Leu 
Met, Tyr, Ile, Leu, Phe 
Phe, Tyr 
Cys, Ser 
His, Gln, Arg 
Glu, Gln, His 
Asp, ASn 
LyS, Arg 
Asp, ASn 
Glu, Gln 
Met, Phe, Ile, Val, Leu 
Trp 

TABLE C 

Synonymous Group 

Ser 
Arg 
Leu, Ile, Met 
Pro 
Thr 
Ala 
Wall 
Gly 
Ile, Met, Leu 
Phe 
Tyr 
Cys, Ser 
His 
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TABLE C-continued 

Most Preferred Groups of Synonymous Amino Acids 

Amino Acid Synonymous Group 

Gln Gln 
ASn ASn 
Lys Lys 
Asp Asp 
Glu Glu 
Met Met, Ile, Leu 
Trp Met 

0094. Examples of production of amino acid substitu 
tions in proteins which can be used for obtaining muteins of 
the protein for use in the present invention include any 
known method steps, such as presented in US patents RE 
33,653, U.S. Pat. Nos. 4,959,314, 4,588,585 and 4,737,462, 
to Mark et al; U.S. Pat. No. 5,116,943 to Koths et al., U.S. 
Pat. No. 4,965,195 to Namen et al; U.S. Pat. No. 4,879,111 
to Chong etal; and U.S. Pat. No. 5,017,691 to Lee et al; and 
lysine substituted proteins presented in U.S. Pat. No. 4,904, 
584 (Straw et al). 
0095. In another preferred embodiment of the present 
invention, any mutein of the CXCR4 protein for use in the 
present invention has an amino acid sequence essentially 
corresponding to that of the above noted CXCR4 protein of 
the invention. The term “essentially corresponding to’ is 
intended to comprehend muteins with minor changes to the 
sequence of the basic protein which do not affect the basic 
characteristics thereof, particularly insofar as its ability to 
the CXCR4 is concerned. The type of changes which are 
generally considered to fall within the “essentially corre 
sponding to language are those which would result from 
conventional mutagenesis techniques of the DNA encoding 
the CXCR4 protein of the invention, resulting in a few minor 
modifications, and screening for the desired activity for 
example increasing the sensitivity of stem cells to a 
chemoattractant. 
0096. The present invention also encompasses CXCR4 
variants. A preferred CXCR4 variant are the ones having at 
least 80% amino acid identity, a more preferred the CXCR4 
variant is one having at least 90% identity and a most 
preferred variant is one having at least 95% identity to 
CXCR4 amino acid sequence. 
0097. The term “sequence identity” as used herein means 
that the amino acid sequences are compared by alignment 
according to Hanks and Quinn (1991) with a refinement of 
low homology regions using the Clustal-X program, which 
is the Windows interface for the ClustalW multiple sequence 
alignment program (Thompson et al., 1994). The Clustal-X 
program is available over the internet at ftp://ftp-igbmc.u- 
strasbg.fr/pub/clustalX/. Of course, it should be understood 
that if this link becomes inactive, those of ordinary skill in 
the art could find versions of this program at other links 
using standard internet search techniques without undue 
experimentation. Unless otherwise specified, the most recent 
version of any program referred herein, as of the effective 
filing date of the present application, is the one, which is 
used in order to practice the present invention. 
0098. Another method for determining “sequence iden 
tity” is the following. The sequences are aligned using 
Version 9 of the Genetic Computing Group's GDAP (global 
alignment program), using the default (BLOSUM62) matrix 
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(values -4 to +11) with a gap open penalty of -12 (for the 
first null of a gap) and a gap extension penalty of -4 (per 
each additional consecutive null in the gap). After align 
ment, percentage identity is calculated by expressing the 
number of matches as a percentage of the number of amino 
acids in the claimed sequence. 
0099 Muteins in accordance with the present invention 
include those encoded by a nucleic acid, such as DNA or 
RNA, which hybridizes to DNA or RNA under stringent 
conditions and which encodes a the CXCR4 protein in 
accordance with the present invention, comprising essen 
tially all of the naturally-occurring sequences encoding the 
CXCR4 and sequences which may differ in its nucleotide 
sequence from the naturally-derived nucleotide sequence by 
virtue of the degeneracy of the genetic code, i.e., a somewhat 
different nucleic acid sequence may still code for the same 
amino acid sequence, due to this degeneracy. 
0100. The term “hybridization” as used herein shall 
include any process by which a strand of nucleic acid joins 
with complementary Strand through a base pairing (Coombs 
J, 1994, Dictionary of Biotechnology, stokton Press, New 
York N.Y.). “Amplification is defined as the production of 
additional copies of a nucleic acid sequence and is generally 
carried out using polymerase chain reaction technologies 
well known in the art (Dieffenbach and Dveksler, 1995, PCR 
Primer, a Laboratory Manual, Cold Spring Harbor Press, 
Plainview N.Y.). 
0101 “Stringency' typically occurs in a range from about 
Tm-5°C. 5°C. below the melting temperature of the probe) 
to about 20° C. to 25° C. below Tm. 
0102 The term “stringent conditions' refers to hybrid 
ization and Subsequent washing conditions, which those of 
ordinary skill in the art conventionally refer to as “strin 
gent'. See Ausubel et al., Current Protocols in Molecular 
Biology, Greene Publications and Wiley Interscience, New 
York, N.Y., 1987-1995; Sambrook et al., Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y., 1989. 
0103) As used herein, stringency conditions are a func 
tion of the temperature used in the hybridization experiment, 
the molarity of the monovalent cations and the percentage of 
formamide in the hybridization solution. To determine the 
degree of Stringency involved with any given set of condi 
tions, one first uses the equation of Meinkoth et al. (1984) 
for determining the stability of hybrids of 100% identity 
expressed as melting temperature Tm of the DNA-DNA 
hybrid: 

form)-500/L 

where M is the molarity of monovalent cations, 9% GC is the 
percentage of G and C nucleotides in the DNA, 96 form is 
the percentage of formamide in the hybridization solution, 
and L is the length of the hybrid in base pairs. For each 1 C 
that the Tm is reduced from that calculated for a 100% 
identity hybrid, the amount of mismatch permitted is 
increased by about 1%. Thus, if the Tm used for any given 
hybridization experiment at the specified salt and formamide 
concentrations is 10 C below the Tm calculated for a 100% 
hybrid according to the equation of Meinkoth, hybridization 
will occur even if there is up to about 10% mismatch. 
0104. As used herein, “highly stringent conditions” are 
those which provide a Tm which is not more than 10 C 
below the Tm that would exist for a perfect duplex with the 
target sequence, either as calculated by the above formula or 
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as actually measured. “Moderately stringent conditions are 
those, which provide a Tm, which is not more than 20 C 
below the Tm that would exist for a perfect duplex with the 
target sequence, either as calculated by the above formula or 
as actually measured. Without limitation, examples of highly 
stringent (5-10 C below the calculated or measured Tm of 
the hybrid) and moderately stringent (15-20 C below the 
calculated or measured Tm of the hybrid) conditions use a 
wash solution of 2xSSC (standard saline citrate) and 0.5% 
SDS (sodium dodecyl sulfate) at the appropriate temperature 
below the calculated Tm of the hybrid. The ultimate strin 
gency of the conditions is primarily due to the washing 
conditions, particularly if the hybridization conditions used 
are those, which allow less stable hybrids to form along with 
stable hybrids. The wash conditions at higher stringency 
then remove the less stable hybrids. A common hybridiza 
tion condition that can be used with the highly stringent to 
moderately stringent wash conditions described above is 
hybridization in a solution of 6xSSC (or 6xSSPE (standard 
saline-phosphate-EDTA), 5xDenhardt’s reagent, 0.5% SDS, 
100 & micro; g/ml denatured, fragmented salmon sperm 
DNA at a temperature approximately 20 to 25 C below the 
Tm. If mixed probes are used, it is preferable to use 
tetramethyl ammonium chloride (TMAC) instead of SSC 
(Ausubel, 1987, 1999). Adult stem cells can be obtained 
using a Surgical procedure such as bone marrow aspiration 
or can be harvested using commercial systems such as those 
available from Nexell Therapeutics Inc. Irvine, Calif., USA. 
Stem cells utilized by the present invention are preferably 
collected (i.e., harvested) using a stem cell mobilization 
procedure, which utilizes chemotherapy or cytokine stimu 
lation to release of HSCs into circulation of subjects. Stem 
cells are preferably retrieved using this procedure since 
mobilization is known to yield more HSCs and progenitor 
cells than bone marrow Surgery. 
0105 Stem cell mobilization can be induced by a number 
of molecules. Examples include but are not limited to 
cytokines such as, granulocyte colony-stimulating factor 
(G-CSF), granulocyte-macrophage colony-stimulating fac 
tor (GM-CSF), interleukin (IL)-7, IL-3, IL-12, stem cell 
factor (SCF), and filt-3 ligand; chemokines like IL-8, Mip 
1C, Gro?, or SDF-1; and the chemotherapeutic agents 
cyclophosphamide (Cy) and paclitaxel. It will be appreci 
ated that these molecules differ in kinetics and efficacy, 
however, according to presently known embodiments 
G-CSF is preferably used alone or in combination such as 
with cyclophosphamide to mobilize the stem cells. Typi 
cally, G-CSF is administered daily at a dose of 5-10 ug/kg 
for 5-10 days. Methods of mobilizing stem cells are dis 
closed in U.S. Pat. Nos. 6,447,766 and 6,162,427. Human 
embryonic stem cells can be isolated from human blasto 
cysts. Human blastocysts are typically obtained from human 
in vivo preimplantation embryos or from in vitro fertilized 
(IVF) embryos. Alternatively, a single cell human embryo 
can be expanded to the blastocyst stage. For the isolation of 
human ES cells the Zona pellucida is removed from the 
blastocyst and the inner cell mass (ICM) is isolated by 
immunosurgery, in which the trophectoderm cells are lysed 
and removed from the intact ICM by gentle pipetting. The 
ICM is then plated in a tissue culture flask containing the 
appropriate medium, which enables its outgrowth. Follow 
ing 9 to 15 days, the ICM derived outgrowth is dissociated 
into clumps either by a mechanical dissociation or by 
enzymatic degradation and the cells are then re-plated on a 
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fresh tissue culture medium. Colonies demonstrating undif 
ferentiated morphology are individually selected by 
micropipette, mechanically dissociated into clumps, and 
re-plated. Resulting ES cells are then routinely split every 
1-2 weeks. For further details on methods of preparation 
human ES cells see Thomson et al., U.S. Pat. No. 5,843, 
780; Science 282: 1145, 1998; Curr. Top. Dev. Biol. 38: 133, 
1998: Proc. Natl. Acad. Sci. USA 92: 7844, 1995: Bongso 
et al., Hum Reprod 4: 706, 1989: Gardner et al., Fertil. 
Steril. 69: 84, 1998. 
0106. It will be appreciated that commercially available 
stem cells can be also be used according to this aspect of the 
present invention. Human ES cells can be purchased from 
the NIH human embryonic stem cells registry (<http://escr. 
nih.gov>). Non-limiting examples of commercially avail 
able embryonic stem cell lines are BG01, BG02, BG03, 
BG04, CY12, CY30, CY92, CY10, TE03, and TE32. 
Human EG cells can be retrieved from the primordial germ 
cells obtained from human fetuses of about 8-11 weeks of 
gestation using laboratory techniques known to anyone 
skilled in the arts. The genital ridges are dissociated and cut 
into Small chunks, which are thereafter disaggregated into 
cells by mechanical dissociation. The EG cells are then 
grown in tissue culture flasks with the appropriate medium. 
The cells are cultured with daily replacement of medium 
until cell morphology consistent with EG cells is observed, 
typically after 7-30 days or 1-4 passages. For additional 
details on methods of preparing EG cells see Shamblottet 
al., Proc. Natl. Acad. Sci. USA95: 13726, 1998 and U.S. 
Pat. No. 6,090,622. 
0107. It will be appreciated that enrichment of stem cell 
population exhibiting pluripotency may be preferably 
effected. Thus, for example, as outlined hereinabove, 
CD34+ stem cells can be concentrated using affinity col 
umns or FACS as further described hereinunder. 
0108 Culturing of stem cells under proliferative condi 
tions may also be effected in cases where stem cell numbers 
are too low for use in treatment. Culturing of stem cells is 
described in U.S. Pat. Nos. 6,511,958, 6,436,704, 6,280,718, 
6,258,597, 6,184,035, 6,132,708 and 5,837,5739. 
0109. Once stem cells are obtained, they are transfected 
with DNA comprising the sequence encoding CXCR4 or an 
active portion thereof. 
0110. The “transformed, transfected or transgenic' cells 
are cultured under suitable conditions, which allow the 
expression of the protein encoded by the polynucleotide or 
DNA 

0111. The stem cells can be transformed with a recom 
binant bacteriophage DNA, plasmid DNA or cosmid DNA 
expression vector comprising the CXCR4 coding sequence; 
lentiviruses systems are preferably used to express the 
CXCR4 or the active portion thereof. In any case, trans 
formed cells are cultured under effective conditions, which 
allow for the expression of CXCR4. Effective culture con 
ditions include, but are not limited to, effective media, 
bioreactor, temperature, pH and oxygen conditions that 
permit protein production. An effective medium refers to any 
medium in which a cell is cultured to produce the recom 
binant modified polypeptide of the present invention. Such 
a medium typically includes an aqueous solution having 
assimilable carbon, nitrogen and phosphate sources, and 
appropriate salts, minerals, metals and other nutrients. Such 
as vitamins. Cells of the present invention can be cultured in 
conventional fermentation bioreactors, shake flasks, test 
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tubes, microtiter dishes, and petri plates. Culturing can be 
carried out at a temperature, pH and oxygen content appro 
priate for a recombinant cell. Such culturing conditions are 
within the expertise of one of ordinary skill in the art. 
0112 In such cases, the expression construct includes a 
cis-acting regulatory element active in mammalin cells 
(examples above), which may be inducible, growth specific 
or tissue specific conditions. 
0113. Examples of cell type-specific and/or tissue-spe 
cific promoters include promoters such as albumin that is 
liver specific Pinkert et al., (1987) Genes Dev. 1:268-277), 
lymphoid specific promoters Calame et al., (1988) Adv. 
Immunol. 43:235-275; in particular promoters of T-cell 
receptors Winoto et al., (1989) EMBO J. 8:729-733 and 
immunoglobulins; Banerji et al. (1983) Cell 33729-740), 
neuron-specific promoters such as the neurofilament pro 
moter Byrne et al. (1989) Proc. Natl. Acad. Sci. USA 
86:5473-5477, pancreas-specific promoters Edlunch et al. 
(1985) Science 230:912-916 or mammary gland-specific 
promoters such as the milk whey promoter (U.S. Pat. No. 
4,873.316 and European Application Publication No. 264, 
166). The nucleic acid construct of the present invention can 
further include an enhancer, which can be adjacent or distant 
to the promoter sequence and can function in up regulating 
the transcription therefrom. 
0114 Preferably, the inducible cis-acting regulatory ele 
ment is regulatable by changes in the environment of the 
stem cells during the homing-implantation process. 
0115 The nucleic acid construct of the present invention 
can further include an IRES element, preferably EMCV 
IRES, which can be in between the CXCR4 gene and a 
marker or selection gene sequence and can function in up 
regulating the translation of the marker or selection gene. 
0116. Once CXCR4 or active portion thereof is overex 
pressed, stem cells exhibiting increased response to SDF-1. 
0117 Identification and isolation of such cells overex 
pressing CXCR4 according to this aspect of the present 
invention can be effected using a number of cytological, 
biochemical and molecular methods, which are well known 
in the art. 
0118 Analysis of receptor level can be effected by flow 
cytometry. This approach employs instrumentation that 
scans single cells flowing past excitation sources in a liquid 
medium. The technology can provide rapid, quantitative, 
multiparameter analyses on single living (or dead) cells 
based on the measurement of visible and fluorescent light 
emission. This basic protocol focuses on: measure fluores 
cence intensity produced by fluorescent-labled antibodies 
and ligands that bind specific cell-associated molecules. To 
isolate cell populations using fluorescence activated cell 
sorter stem cells of the present invention are contacted with 
anti CXCR4 commercially available from R&D. 614 McK 
inley Place NE Minneapolis, Minn. 
0119) Other cytological or biochemical methods for 
quantitatively assessing the level of the chemotactic receptor 
expression include but are not limited to binding analysis 
using a labeled (e.g., radioactively labeled) chemokine, 
western blot analysis, cell-surface biotinylation and immu 
nofluorescent staining. It will be appreciated that the recep 
tor expression levels can also be determined at the mRNA 
level. For example, CXCR4 mRNA may be detected in cells 
by hybridization to a specific probe. Such probes may be 
cloned DNAS or fragments thereof, RNA, typically made by 
in-vitro transcription, or oligonucleotide probes, usually 
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generated by Solid phase synthesis. Methods for generating 
and using probes suitable for specific hybridization are well 
known and used in the art. Quantification of mRNA levels 
can be also effected using an amplification reaction e.g., 
PCR, 'PCR Protocols: A Guide To Methods And Applica 
tions”. Academic Press, San Diego, Calif. (1990), employ 
ing primers, which hybridize specifically to the mRNA of a 
chemotactic receptor of interest. 
0120 A variety of controls may be usefully employed to 
improve accuracy in mRNA detection assays. For instance, 
samples may be hybridized to an irrelevant probe and treated 
with RNAse. A prior to hybridization, to assess false hybrid 
ization. 

0121 Functional assays can also be used to determine the 
chemotactic receptor expression. For example, a chemotaxis 
assay, which employs a gradient of the chemotactic agent 
(e.g., SDF-1) and follows stem cell migration through a 
membrane towards the chemotactic agent can be utilized to 
identify and isolate stem cells exhibiting increased chemo 
taxis. If the cells do not express enough levels of the 
chemotactic receptor (e.g., CXCR4), then the majority of the 
cells will remain on the membrane. However, upon 
increased expression of the chemoattractant receptor of the 
present invention, cells will migrate through the membrane 
and settle on the bottom of the well of the chemotaxis plate 
(see Example 3 of the Examples section. It will be appreci 
ated that a functional homing assay can also be utilized by 
the method of the present invention. Such an assay is 
described in Kollet (2001) Blood 97.3283-3291. 
0122) Stem cells exhibiting improved CXCR4 signaling 
capability in response to low or high SDF-1 concentrations 
and/or stem cell exhibiting enhanced levels of immature 
primitive progenitors, such CD34+/CD38-flow population, 
can be used in a wide range of clinical applications. 
0123 Thus, according to another aspect of the present 
invention there is provided a method of treating a disorder 
requiring cell or tissue replacement. The method is effected 
by providing to a Subject in need thereof a therapeutically 
effective amount of transgenic stem cells overexpressing 
CXCR4 or an active portion thereof and thereby providing 
increasing levels of immature primitive progenitors such as 
CD34+/CD38-flow population with better response to 
SDF-1 even in an environment with increased concentra 
tions of SDF-1, to thereby treat the disorder requiring the 
cell or tissue replacement in the Subject. Disorders requiring 
cell or tissue replacement include but are not limited to 
various immunodeficiencies such as in T and/or B-lympho 
cytes, or immune disorders, such as rheumatoid arthritis. 
Such immunodeficiencies may be the result of viral infec 
tions, HTLVI, HTLVII, HTLVIII, severe exposure to radia 
tion, cancer therapy or the result of other medical treatment; 
Hematological deficiencies including but not limited to 
leukemias, such as acute lymphoblastic leukemia (ALL), 
acute nonlymphoblastic leukemia (ANLL), acute myelo 
cytic leukemia (AML) or chronic myelocytic leukemia 
(CML). Other such hematological deficiencies can be, but 
are not limited to, severe combined immunodeficiency 
(SCID) syndromes such as, for example adenosine deami 
nase (ADA) deficiency and X-linked SCID (XSCID). 
osteopetrosis, aplastic anemia, Gaucher's disease, thalas 
semia and other congenital or genetically-determined 
hematopoietic abnormalities; Other disorders requiring cell 
or tissue replacement include those associated with liver 
failure, pancretic failure, neurological disorders, those dis 
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orders requiring augmented bone formation Such as osteoart 
britis, osteoporosis, traumatic or pathological conditions 
involving any of the connective tissues, such as a bone 
defects, connective tissue defects, skeletal defects or carti 
lage defects. 
0.124 Preferred individual subjects according to the 
present invention are mammals such as canines, felines, 
ovines, porcines, equines, bovines and preferably humans. 
0.125. The stem cells according to this aspect of the 
present invention are preferably obtained from the subject to 
be treated. However stem cells may also be obtained from a 
Syngeneic, allogeneic and less preferably from a Xenogeneic 
donor. 
I0126. It will be appreciated that when allogeneic or 
Xenogeneic stem cells are used, the recipient Subject and/or 
cells are preferably treated to prevent graft versus host and 
host versus graft rejections. Immunosuppression protocols 
are well known in the art and some are disclosed in U.S. Pat. 
No. 6,447,765. 
I0127. It will be appreciated that the stem cells of the 
present invention can be genetically modified to express any 
therapeutic gene Such as an antiviral agent against hepatitis 
further described in U.S. Pat. No. 5,928,638. The stem cells 
are transplanted into the recipient Subject. This is generally 
effected using methods well known in the art, and usually 
involves injecting or introducing the treated stem cells into 
the subject using clinical tools well known by those skilled 
in the art (U.S. Pat. No. 6,447,765, 6,383,481, 6,143,292, 
and 6,326, 198). 
I0128. For example, introduction of the stem cells of the 
present invention can be effected locally or systematically 
via intravascular administration, Such as intravenous or 
intraarterial administration, intraperitoneal administration, 
and the like. Cells can be injected into a 50 mol Fenwall 
infusion bag using sterile syringes or other sterile transfer 
mechanisms. The cells can then be immediately infused via 
IV administration over a period of time, such as 15 minutes, 
into a free flow IV line into the patient. In some embodi 
ments, additional reagents such as buffers or salts may be 
added as well. The composition for administration must be 
formulated, produced and stored according to standard 
methods complying with proper sterility and Stability. 
I0129. Stem cell dosages can be determined according to 
the prescribed use. In general, in the case of parenteral 
administration, it is customary to administer from about 0.01 
to about 5 million cells per kilogram of recipient body 
weight. The number of cells used will depend on the weight 
and condition of the recipient, the number of or frequency of 
administrations, and other variables known to those of skill 
in the art. 
0.130. Further expansion of a CXCR4 overexpressing 
system may serve as an effective tool to improve the 
compromised homing and engraftment following gene 
therapy protocols. In addition, CXCR4 overexpresion on 
human CD34" cells may facilitate improved clinical CB 
CD34" transplantation as well as autologous mobilized PBL 
CD34" transplantation following chemotherapy treatment, 
which can both be limited due to low cell yield. Further 
more other cell types such as mesenchymal stem cells 
possess the ability to migrate to various organs, however 
their levels of engraftment are particularly low. Thus, devel 
opment of a system facilitating constitutive or transient 
CXCR4 expression on the cell surface together with induc 
tion of expression or administration of SDF-1 in the target 
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organ could be beneficial for directional migration in Vivo, 
as well as long-term repopulation and development of 
various cell types in the organ of interest in patients, as part 
of organ repair. We therefore Suggest overexpression of 
CXCR4 as a universal system for regulating stem cell 
function and development, which could improve the out 
come of many clinical protocols. 
0131. After administering the cells into the subject, the 
effect of the treatment may be evaluated, if desired, as 
known in the art. The treatment may be repeated as needed 
or required. 
0132) Additional objects, advantages, and novel features 
of the present invention will become apparent to one ordi 
narily skilled in the art upon examination of the following 
examples, which are not intended to be limiting. Addition 
ally, each of the various embodiments and aspects of the 
present invention as delineated hereinabove and as claimed 
in the claims section below finds experimental Support in the 
following examples. 

EXAMPLES 

0.133 Reference is now made to the following examples, 
which together with the above descriptions illustrate the 
invention in a non-limiting fashion. 
0134 Generally, the nomenclature used herein and the 
laboratory procedures utilized in the present invention 
include molecular, biochemical, microbiological and recom 
binant DNA techniques. Such techniques are thoroughly 
explained in the literature. See, for example, “Molecular 
Cloning: A laboratory Manual Sambrook et al., (1989); 
“Current Protocols in Molecular Biology” Volumes I-III 
Ausubel, R. M., ed. (1994); Ausubel et al., “Current Proto 
cols in Molecular Biology”, John Wiley and Sons, Balti 
more, Md. (1989); Perbal, “A Practical Guide to Molecular 
Cloning, John Wiley & Sons, New York (1988); Watson et 
al., “Recombinant DNA, Scientific American Books, New 
York; Birren et al. (eds) "Genome Analysis: A Laboratory 
Manual Series”, Vols. 1-4, Cold Spring Harbor Laboratory 
Press, New York (1998); methodologies as set forth in U.S. 
Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 
5,272,057: “Cell Biology: A Laboratory Handbook'', Vol 
umes I-III Cellis, J. E., ed. (1994): “Current Protocols in 
Immunology” Volumes I-III Coligan J. E., ed. (1994); Stites 
et al. (eds), “Basic and Clinical Immunology” (8th Edition), 
Appleton & Lange, Norwalk, Conn. (1994); Mishell and 
Shigi (eds), “Selected Methods in Cellular Immunology’. 
W. H. Freeman and Co., New York (1980); available immu 
noassays are extensively described in the patent and Scien 
tific literature, see, for example, U.S. Pat. Nos. 3,791,932: 
3,839,153; 3,850,752; 3,850,578; 3,853.987; 3,867,517; 
3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996.345; 
4,034,074; 4,098,876; 4,879,219; 5,011,771 and 5,281,521; 
“Oligonucleotide Synthesis” Gait, M. J., ed. (1984); 
“Nucleic Acid Hybridization’ Hames, B. D., and Higgins S. 
J., eds. (1985): “Transcription and Translation’ Hames, B. 
D., and Higgins S. J. Eds. (1984); "Animal Cell Culture' 
Freshney, R. I., ed. (1986): “Immobilized Cells and 
Enzymes' IRL Press, (1986): “A Practical Guide to Molecu 
lar Cloning Perbal, B., (1984) and “Methods in Enzymol 
ogy” Vol. 1-317, Academic Press: “PCR Protocols: A Guide 
To Methods And Applications'. Academic Press, San Diego, 
Calif. (1990); Marshak et al., “Strategies for Protein Puri 
fication and Characterization—A Laboratory Course 
Manual” CSHL Press (1996); all of which are incorporated 

Jan. 31, 2008 

by reference as if fully set forth herein. Other general 
references are provided throughout this document. The 
procedures therein are believed to be well known in the art 
and are provided for the convenience of the reader. All the 
information contained therein is incorporated herein by 
reference. 

EXAMPLE 1. 

CXCR4-transduced human CD34" cells have increased sur 
face CXCR4 expression. 
0.135 CXCR4 was overexpressed on human CB and 
MPB CD34" enriched cells using a HIV-derived lentiviral 
gene transfer system. Transduced cells were analyzed for 
CXCR4 surface expression. 
0.136. Materials and Experimental Procedures 
I0137 Human cells Cord blood (CB) cells and adult 
mobilized peripheral blood (MPB) cells were obtained after 
informed consent. CD34" cell enrichment was effected using 
magnetic bead separation as previously described Kollet 
(2001) Blood 97:3283-3291. CXCR4 expression was deter 
mined by flow cytometry using purified anti human CXCR4 
(clone 12G5, R&D, Minneapolis, Minn.) and secondary F 
(ab')2 fragment of goat antimouse IgG FITC (Jackson, West 
Grove, Pa.). 
0.138 Viral vector construction and production. The 
human CXCR4 gene lentiviral expression vector was con 
structed by isolating a 1.2 kb CXCR4 cDNA from human 
CB cells and linking it to the enhanced green fluorescent 
protein (GFP) gene via an internal ribosome entry site 
(IRES). The fragment containing the CXCR4-IRES-GFP 
was ligated with the EF-1C. promoter to generate a self 
inactivating (SIN) vector where the fragment containing the 
EF-1C-CXCR4-IRES-GFP bicistronic cassette was inserted 
into a pHR-SIN vector backbone (Woods et al. Blood. 2000 
December 196(12):3725-33.) kindly provided by Dr. Didier 
Trono, Geneva, Switzerland. The control vector lacks the 
CXCR4 gene and expresses only GFP (FIG. 1). Replication 
defective, self-inactivating HIV-derived lentiviral vector 
was generated by transient transfection of the 293T pack 
aging cell line by means of FuGENE 6 transfection reagent 
(Roche Diagnostics, Mannheim Germany), utilizing a three 
plasmid system: transfer vector pHR'-EF1C-GFP-SIN (con 
trol vector) or pHR'-EF1C-CXCR4-IRES-GFP-SIN for 
CD34+ cells or pHR'-CMV-GFP (control vector) or pHR'- 
CMV-CXCR4-IRES-GFP (experimental vector) for hMSCs, 
the envelope coding plasmid pMD.G and the packaging 
construct pCMVR8.91 (Zufferey R, i Nat. Biotechnol 1997: 
15:871-875Naldini L. Science. 1996:272:263-267). Twenty 
four hours post-transfection, the viral Supernatant was 
replaced with serum free medium supplemented with 2% 
BSA (Sigma, St. Louis, Mo., USA), 10 mg/ml Insulin 
(Biological Industries, Beit Haemek, Israel), 200 mg/ml 
Transferrin (Sigma), 0.1 mM 2-mercaptoethanol. 2 mM 
L-glutamine (Biological Industries), 100 mg/ml Streptomy 
cin (Biological Industries), and 10 mM Hepes (Biological 
Industries). Twenty-four hours later, viral Supernatant was 
collected, filtered (0.45 uM Minisart filter, Sartorius AG, 
Germany), and used for transduction of target cells. 
0.139 Transduction of CD34" cells Transduction of 
CD34" cells was performed using a double transduction 
protocol in HSC. CD34" cells (up to 4x10 per well) were 
pre-stimulated with SCF (50 ng/ml) in 400 ul serum free 
medium for 24 hours in a 12-well plate. Viral supernatant 
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(1.6 ml/35 mm well) supplemented with SCF (50 ng/ml), 
FLT-3L (50 ng/ml) both from R&D Systems (Minneapolis, 
Minn.), and IL-6 (50 ng/ml. Interpharm Laboratories, Ares 
Serono Group, Ness Ziona, Israel) was added to the cells 
with a viral load as much as 2x10 TU/ml (first infection). 
Transduction was repeated 24 hours later (second infection). 
Infection efficiency was determined according to cell 
expression of CXCR4 using specific antihuman CXCR4-PE 
(12G5, B D Pharmingen, San Diego, Calif.) and GFP (FL1 
channel) by flow cytometric analysis (Kollet 2002 blood vol 
100 page 2778) (FACSCalibur, Becton Dickinson (BD), San 
Jose, Calif.) 72 hours post transduction. Mock cells were 
cultured in the same conditions as transduced cells, without 
exposure to lentiviral vectors. 
0140. It was found that both CB and MPB CD34" cells 
showed high transduction efficencies as scored by flow 
cytometry, reaching 70% GFP positive cells in GFP vector 
(control) transduced cells and 50% in CXCR4-transduced 
cells (FIG. 2A-upper panel). Furthermore, CXCR4-infected 
CD34" cells were 87+2.7% (CB) and 80+4% (MPB) posi 
tive for cell surface CXCR4 expression whereas only 28+3. 
1% of both CB and MPB CD34" cells infected with the GFP 
vector expressed endogenous CXCR4, resembling levels of 
non-transduced cells (mock cells) (FIG. 2A-lower panel 
(representative) and B). Interestingly, CXCR4 transduced 
cells showed a higher mean fluorescence intensity (MFI) of 
89.4 compared to 10.2 of GFP vector transduced cells (FIG. 
2C). However, their intracellular CXCR4 expression was 
lower than their control (GFP) counterparts (FIG. 2C). 
Notably, cells transduced with the CXCR4 vector had less 
GFP+ cells, consistent with earlier reports showing reduced 
expression levels of genes which are placed downstream 
from an IRES51. 
0.141. These results demonstrate that both CB and MPB 
CD34+ cells can be successfully transduced with lentiviral 
vectors with high expression of the CXCR4 transgene. 

EXAMPLE 2 

CXCR4-overexpressing human CD34" cells maintain their 
in vitro differentiation potential and transgene expression. 
0142 Stem and progenitor cells are capable in vitro of 
multilineage differentiation into both myeloid and erythroid 
lineages when provided with the appropriate cytokine cock 
tail (Metcalf d recent results in cancer research 1977 vol 61 
page 1). We therefore assessed the effect of transgene 
expression on the ability of transduced cells to differentiate 
in vitro, in the differentiated lineages. 
0143 Experimental Procedures 
0144 CFU assay—In order to detect the levels of human 
progenitors as well as maintenance of transgene expression 
following transduction in ex vivo cultures, semisolid cul 
tures were performed as previously described. In brief, CB 
CD34" transduced cells (3x10 cells/ml) were plated in 
0.9% methylcellulose (Sigma), 30% FCS, 5x10M 2 ME, 
50 ung/ml SCF, 5 ng/ml IL-3, 5 ng/ml GM-CSF (R&D), and 
2 u/ml erythropoietin (Orto Bio Tech, Don Mills, Canada). 
The cultures were incubated at 37° C. in a humidified 
atmosphere containing 5% CO and scored 14 days later by 
phase contrast microscopy for GFP+ as well as myeloid or 
erythroid colonies by morphologic criteria. 
0145. It was found that transgene expression did not 
affect the ability of the cells to differentiate towards the 
myeloid and erythroid lineages. Transduced CD34" cells 
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(both control and CXCR4) showed multilineage differentia 
tion into GFP+ CFC colonies such asburst-forming unit 
erythroid (BFU-E) and colony-forming unit-granulocyte, 
macrophage (CFU-GM), scored by phase contrast micros 
copy at day 14 (FIG. 3A). The number of GFPCFC colonies 
transduced with the control vector was 2-fold higher than 
GFP CFC colonies transduced with the CXCR4 vector, in 
accordance with the lower percentage of GFP+ cells fol 
lowing transduction with this vector (FIG. 3B). Interest 
ingly, while both control as well as CXCR4-transduced cells 
produced the same number of CFU-GM colonies, there was 
a 25% (p=0.004) reduction in BFU-E colonies produced 
from CXCR4-transduced cells (FIG. 3B), confirming pre 
vious findings of Gibellini etal showing that SDF-1/CXCR4 
interactions suppress erythroid lineage differentiation. 
Furthermore, MPB CD34+CXCR4 transduced cells demon 
strated a higher percentage (2.9%) of CD34+/CD38-flow 
population compared to 0.5% in control cells. This effect 
was not observed in CB CD34+ cells (FIG. 3C). CXCR4 
transduction may therefore better preserve and/or expand the 
CD34+/CD38-flow primitive population. 

EXAMPLE 3 

0146 CXCR4 Expressed on Transduced CD34" cells is 
functional. 
0147 Chemokines induce cell motility by activating a 
cascade of intracellular events leading to cytoskeletal 
arrangements and particularly actin polymerization. As a 
means for determining functionality of the inserted receptor, 
we examined the effect of CXCR4 overexpression on SDF-1 
induced activation of the motility machinery. 

Experimental Procedures 

0148 Actin polymerization assay Transduced cells 
were stimulated with SDF-1 a (300 ng/ml, Peprotech, Rocky 
Hill, N.J.) in serum-free RPMI at 37° C. for indicated times. 
Reaction was stopped by adding 3 volumes of 3.7% 
paraformaldehyde at RT for 10 min, followed by washing 
with PBS and permeabilization on ice for 2 min with 0.1% 
Triton-Hepes (20 mM Hepes, 300 mM sucrose, 50 mM 
NaCl, 3 mM MgC12, 0.1% Triton). Cells were then stained 
with FITC-Phalloidin (2 mg/ml, Sigma) for 30 min at RT, 
washed and analyzed by flow cytometry. 
0149 Migration assay—RPMI (600 ul) supplemented 
with 10% FCS containing 125 ng/ml SDF-1C. were added to 
the lower chamber of a Costar 24-wells transwell (Corning 
(pore size 5um), N.Y.). 1x10 transduced CD34 cells in 100 
ul medium were loaded to the upper chamber and were 
allowed to migrate for 4 hours at 37°C. Migrating cells were 
collected from the lower chamber and counted for 30 
seconds using a FACSCalibur. Control spontaneous migra 
tion was performed without SDF-1C. in the lower chamber. 
(O150 We found that CB CD34" cells exhibited a peak of 
actin polymerization after 30s stimulation with SDF-1 (FIG. 
4A). At this time point, CXCR4 overexpressing cells dem 
onstrated a 3+0.11 (p<0.001) fold increase in actin polymer 
ization versus a 1.5-0.07 (p=0.002) fold increase in control 
cells when compared to unstimulated cells (FIG. 4A). In 
light of these results, we investigated the migration potential 
of CXCR4-transduced CB and MPB CD34" cells to a 
gradient of SDF-1 (125 ng/ml) in a transwell migration 
assay. Cells overexpressing CXCR4 demonstrated a signifi 
cantly increased response to SDF-1 mediated chemotaxis of 
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1.5+0.04 (p<0.001) fold for CB and 2.3+0.3 (p=0.03) fold 
for MPB when compared to control vector-transduced cells 
(FIG. 4B). All together, these data Suggest that overexpres 
sion of CXCR4 on human enriched CD34" progenitor cells 
results in enhanced SDF-1 induced signaling, leading to an 
increase in cell motility. 

EXAMPLE 4 

CXCR4 transduced CD34" cells are more responsive to low 
SDF-1 concentrations. 
0151. It was hypothesized that overexpression of CXCR4 
on CD34" cells may render them more responsive to low 
SDF-1 concentrations. In order to test this, in vitro migration 
of transduced cells was performed to different SDF-1 con 
centrations. Furthermore, low concentrations of the chemok 
ine SDF-1 in synergy with cytokines have been shown to 
enhance proliferation of human CD34" cells as well as both 
human and murine progenitor cell survival. Therefore 
the effect of SDF-1 at low concentrations on proliferation of 
CXCR4 overexpressing cells was monitored. 
0152 Experimental Procedures 
0153. Migration assay—as previously described (12). 
Briefly, RPMI (600 ul) supplemented with 10% FCS con 
taining either 10 ng/ml or 125 ng/ml SDF-1C. were added to 
the lower chamber of a Costar 24-wells transwell (Corning 
(pore size 5um), N.Y.). 1x10 transduced CD34 cells in 100 
ul medium were loaded to the upper chamber and were 
allowed to migrate for 4 hours at 37° C. Migrating cells were 
collected from the lower chamber and counted for 30 
seconds using a FACSCalibur. Control spontaneous migra 
tion was performed without SDF-1C. in the lower chamber. 
0154 Proliferation assay—Following a 96 hour transduc 
tion protocol, CB CD34" cells were cultured for 7 days in 
duplicates in serum free medium supplemented with SCF 50 
ng/ml, FLT-3L 50 ng/ml and IL-6 50 ng/ml in the presence 
or absence of SDF-1 50 ng/mil. Cells were counted daily and 
viability was evaluated by trypan blue exclusion. 
0155. It was found that already at low concentrations of 
SDF-1 (10 ng/ml), the migration of CB CXCR4-transduced 
cells had reached peak levels of 25%, similar to migration of 
these cells at a high SDF-1 concentration (125 ng/ml). As 
shown in FIG. 4B, at low concentrations of SDF-1 (10 
ng/ml) CXCR4-infected cells isolated from human CB 
showed up to 2.5 fold (p<0.05) increase in migration com 
pared to their control vector-transduced counterparts, while 
at higher SDF-1 concentrations (125 ng/ml) this increase 
was less significant (1.5 fold). Similarly, even though the 
percent of migrating cells was much lower than for CB 
CD34+ cells, CXCR4-transduced MPB CD34+ cells, 
showed a 2.6 (p=0.05) fold increase in migration to 10 ng/ml 
SDF-1 compared to a 2-fold increase to 125 ng/ml SDF-1 
(FIG. 4B). Furthermore, on assessment of proliferation of 
CXCR4 overexpressing cells over a seven day period, it was 
observed that CXCR4-transduced CB CD34" cells had 
almost doubled their seeded amount (p<0.05) already 48 
hours after seeding and this effect could be seen for up to 
seven days (p=0.001) in culture. Control cells, however, 
only increased their cell number on day five by up to only 
1.2+0.05 fold, and by day 7 their number had decreased to 
below the original amount seeded (FIG. 5A). Notably, this 
enhanced proliferative effect of CXCR4 overexpressing 
cells was not detected at higher (100 ng/ml) SDF-1 concen 
trations (data not shown). Longer time points in culture led 
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to cell differentiation, ruling out the possibility of cellular 
transformation following lentiviral transduction. Taken 
together, our results indicate that overexpression of CXCR4 
on CD34" cells, enhances their response to low SDF-1 
concentrations, increasing both their motility and prolifera 
tion/survival, with a lesser response to high concentrations 
when compared to control cells. 

EXAMPLE 5 

CXCR4 overexpressing cells are less responsive to SDF-1 
induced desensitization. 

0156. It has been documented that SDF-1 at high con 
centrations (1 lug/ml and above) induces desensitization and 
internalization, via endocytosis, of the cell surface CXCR4 
molecule, which eventually can be recycled to the cell 
surface. We therefore tested the effect of high SDF-1 
concentrations on cells overexpressing CXCR4. 
(O157 Experimental Procedures 
0158 CXCR4 cell surface expression CXCR4-trans 
duced CB CD34" cells were incubated overnight with 1 
ug/ml SDF-1. Cell surface CXCR4 expression was deter 
mined by labeling of cells with antihuman CXCR4-PE 
(12G5, BD Pharmingen, San Diego, Calif.) and analyzed by 
flow cytometry (FACSCalibur, Becton Dickinson (BD), San 
Jose, Calif.). 
0159 Migration assay RPMI (600 ul) supplemented 
with 10% FCS containing 125 ng/ml SDF-1C. were added to 
the lower chamber of a Costar 24-wells transwell (Corning 
(pore size 5 um), N.Y.). 1x10 transduced CD34" cells in 
100 ul medium were loaded to the upper chamber and were 
allowed to migrate for 4 hours at 37°C. Migrating cells were 
collected from the lower chamber and counted for 30 
seconds using a FACSCalibur. Control spontaneous migra 
tion was performed without SDF-1C. in the lower chamber. 
(0160 CXCR4-transduced CB CD34" cells were incu 
bated overnight with 1 lug/ml SDF-1 and analyzed for 
CXCR4 cell surface expression. Unexpectedly, there was 
only a 40% (p<0.05) decrease in cell surface receptor 
expression in CXCR4 overexpressing cells, whereas in 
control cells there was up to 90% (p<0.05) receptor inter 
nalization (FIG. 5Bi). Following this desensitization, cells 
were also assayed in vitro for directional migration towards 
an SDF-1 (125 ng/ml) gradient. Control cells showed a 
significant (p<0.05) decrease in SDF-1 mediated migration, 
while the migration of CXCR4-transduced cells was hardly 
affected (FIG. 5Bii). This suggests that the internalization of 
CXCR4 is compensated for by constant overexpression of 
the receptor, which continuously remains functional. 

EXAMPLE 6 

CXCR4 overexpression improves SRC engraftment of 
NOD/SCID mice. 
0.161 To assess the effect of CXCR4 overexpression on 
the SDF-1/CXCR4-dependent engraftment of human CB 
CD34" cells, transduced progenitors were transplanted in 
NOD/SCID mice. 
0162 Experimental Procedures 
(0163 Mice. NOD/LtSZ-Prkdcscid (NOD/SCID) mice 
were bred and maintained as previously described 18. All the 
experiments were approved by the animal care committee of 
the Weizmann Institute. Eight ten week old mice were 
sublethally irradiated (375 c6y, from a 60 Co source) and 
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transplanted with human cells as indicated 2x10 cells/ 
mouse (engraftment) and 5x10 cells/mouse (homing) 24 
hours post irradiation. 
0164 Human cell engraftment and homing Mice were 
sacrificed around five weeks post transplantation and bone 
marrow and spleen cells were harvested and resuspended 
into single cell Suspension. Human cell engraftment was 
assayed by flow cytometry (FACSCalibur, BD) using spe 
cific antihuman CD45-APC mAb (BD Pharmingen). Lin 
eage analysis was performed by staining with anti-CD19-PE 
(BD Pharmingen), or anti-CD33-PE (BD). The more primi 
tive cell population was analysed using CD34-APC mAb 
(BD Pharmingen) together with anti-CD38-PE (BD). 
Human cells were also analysed for GFP expression (FL1 
channel). Human plasma and mouse IgG were used to block 
Fc receptors. Isotype control antibodies and cells obtained 
from mice that did not undergo transplantation were used as 
negative controls and human CB CD34" cells were used as 
positive controls. 
0.165. We found that CXCR4-transduced cells demon 
strated increased engraftment of human cells in the murine 
BM of up to 4+0.7 (p=0.001) fold for CB CD34" cells when 
compared to control cells (FIG. 6Ai). Similarly, CXCR4 
transduced cells showed a 2.7+0.8 (p=0.05) fold increase in 
repopulation of the spleen (FIG. 6Aii). Interestingly, no 
significant differences were observed in the numbers of 
circulating human cells in mice transplanted with control or 
CXCR4-transduced cells (FIG. 6Aiii). Furthermore, a rep 
resentative FACS staining with CD19 and CD33 mono 
clonal antibodies demonstrates that multilineage hemato 
poiesis into lymphoid and myeloid populations respectively 
was maintained in the murine BM (FIG. 6B) with a trend to 
more B-cell lymphopoiesis in mice transplanted with 
CXCR4-transduced cells (FIG. 6C), most probably since 
SDF-1 is also a Pre B cell growth factor. Furthermore, an 
average of 36%+19% (range 7.5% to 77%) of the CD45 + 
cells were found to express GFP (FIG. 6B). Transgene 
expression was also detected in both myeloid and lymphoid 
populations (FIG. 6B). Mice transplanted with CXCR4 
overexpressing cells showed a four fold increase in the 
primitive CD34"/CD38'" cell population compared to 
mice injected with control vector-transduced cells (FIG. 
6D), Suggesting that the higher engraftment levels of 
CXCR4-overexpressing cells are due to increased repopu 
lation of the more primitive cell population. 
0166 It has been previously demonstrated that homing of 
immature human CD34+38-flowCXCR4+ cells to the 
murine BM and spleen is dependent on CXCR4/SDF-1 
interactions!'. Therefore it was further examined whether 
overexpression of CXCR4 on human CD34+ cells could 
improve their homing to the BM and spleen of sublethally 
irradiated NOD/SCID mice. It was observed that two hours 
(CB) or 16 h (MPB) post transplantation CXCR4-trans 
duced cells showed a more than two fold increase in homing 
to the spleen compared to their control counterparts (FIG. 
6E). However these differences were not detected in their 
homing capacity to the BM (data not shown). These results 
suggest that CXCR4-transduced cells may first home short 
term to the spleen before repopulating (5 weeks post trans 
plantation) the BM as previously suggested . 

EXAMPLE 7 

Antigenic determinants on overexpressed CXCR4. 
0167. In a first set of experiments we analyzed the 
binding of the mab 6H8, specific for residues 22-25 of 

Jan. 31, 2008 

human CXCR4-a site located within the first N-terminal 
extracellular domain of CXCR4 (FIG. 7), to either control 
GFP transduced cord blood CD34+ cells or CXCR4 over 
expressing CD43+ cells. We found that GFP (control) trans 
duced CB CD34+cells, expressing only endogenous 
CXCR4, failed to bind the mab 6H8, despite binding the 
mAb 12G5 (not shown), which binds to the second extra 
cellular domain of human CXCR4, whereas CXCR4 over 
expressing CB CD34+ cells stained positive for both anti 
bodies 12G5 and 6H8. These data suggest that 
overexpression of CXCR4 partially prevents deterioration or 
cleavage of the 6H8 epitope which has been shown to play 
a role in the CXCR4 chemotactic function (Brelot et al., J 
Biol. Chem. 275:23736-23744). 
0.168. In a second set of experiments, we followed the 
binding of 6H8 and 12G5 mAbs to human cells isolated 
from the BM of NOD/SCID mice transplanted with either 
control or CXCR4 overexpressing CB CD34+ cells (FIG. 8). 
We found that human cells isolated from chimeric murine 
BM, harboring human CXCR4 overexpressing cells, 
showed higher percentage of cells positive for both 6H8 and 
12G5 than in chimeric marine BM harboring human control 
cells. Moreover, while control GFP bearing cells showed 
clear deterioration of the 6H8 epitope, there was no dete 
rioration in GFP bearing CXCR4 overexpressing cells, indi 
cating that there is also less deterioration in vivo of the 6H8 
epitope in the overexpressing cells. 
0169. Although the invention has been described in con 
junction with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, it is 
intended to embrace all Such alternatives, modifications and 
variations that fall within the spirit and broad scope of the 
appended claims. All publications, patents and patent appli 
cations mentioned in this specification are herein incorpo 
rated in their entirety by reference into the specification, to 
the same extent as if each individual publication, patent or 
patent application was specifically and individually indi 
cated to be incorporated herein by reference. In addition, 
citation or identification of any reference in this application 
shall not be construed as an admission that such reference is 
available as prior art to the present invention. 
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1. A method for preparing a population of cells compris 
ing stem cells with a high amount of immature primitive 
progenitors, the method comprising collecting stem cells 
and introducing into the cells a DNA fragment comprising 
the sequence of CXCR4. 

2. A method according to claim 1, wherein the population 
of cells exhibits improved CXCR4 signaling in response to 
low concentration of SDF-1. 
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3. A method according to claim 1, wherein the population 
of cells exhibits improved CXCR4 signaling in response to 
high concentration of SDF-1. 

4. The method according to claim 1, wherein the stem 
cells are hematopoietic stem cells. 

5. The method according to claim 4, wherein the hemato 
poietic stem cells are CD34" enriched. 

6. The method according to claim 1, wherein the imma 
ture primitive progenitors are of the CD34"/CD38 '" 
lineage. 

7. The method according to claim 1, wherein collecting 
the stem cells is effected after inducing stem cell mobiliza 
tion procedure; and/or comprises a Surgical procedure. 

8. The method according to claim 1, further comprising 
isolating by FACS stem cells having CXCR4 levels above a 
predetermined threshold. 

9. The method according to claim 1, wherein the stem 
cells are capable of differentiating towards the myeloid and 
erythroid lineages. 

10. The method according to claim 6, wherein the amount 
of immature primitive progenitors of the CD34"/CD38 ''” 
lineage are about 1-5% of the population. 

11. The method according to claim 6, wherein the imma 
ture primitive progenitors of the CD34"/CD38 ''” lineage 
are in an amount equal to or higher than about 3% of the 
population. 

12. The method according to claim 2, wherein the low 
concentration of SDF-1 is equal to or lower than about 50 
ng/ml. 

13. The method according to claims 2 or 12, wherein 
improved signaling is manifested as the enhancement of cell 
migration mediated by low concentrations of SDF-1. 

14. The method according to claims 2 or 12, wherein 
improved signaling is manifested as the enhancement of cell 
proliferation mediated by low concentrations of SDF-1. 

15. The method according to claim 3, wherein the high 
concentration of SDF-1 is equal to or higher than about 1 
microgram/ml. 

16. The method according to claims 3 or 15, wherein 
improved signaling signaling is manifested by a reduction in 
desensitization by SDF-1. 

17. A population comprising stem cells expressing a high 
amount of immature primitive progenitors, exhibiting 
improved CXCR4 signaling capability in response to low 
and/or high concentrations of SDF-1, prepared by introduc 
ing into the stem cells a DNA fragment comprising the 
sequence of CXCR4. 

18. The population of stem cells according to claim 17, 
wherein the stem cells are hematopoietic stem cells. 

19. The population of cells according to claim 17 or 18, 
being capable of differentiating towards the myeloid and 
erythroid lineages. 

20. The population of cells according to claim 19, wherein 
the hematopoietic stem cells are CD34 hematopoietic stem 
cells. 

21. The population of cells according to claim 17, wherein 
the immature primitive progenitors are of the CD34"/CD38 
''” lineage. 
22. The population of cells according to claim 21, wherein 

high amount of CD34"/CD38 '" is about 1-5% of the 
population. 

23. The population of cells according to claim 21, wherein 
the high amount of CD34"/CD'" is about and above 3% 
of the population. 
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24. The population of cells according to claim 17, wherein 
the low concentration of SDF-1 is about and below 50 
ng/ml. 

25. The population of cells according to claim 17, wherein 
the high concentration of SDF-1 is equal to or higher than 
about 1 microgram/ml. 

26. A method for increasing homing of stem cells to a 
target tissue in a subject in need thereof, comprising admin 
istering to said Subject a population of cells comprising stem 
cells expressing a high amount of immature primitive pro 
genitors, exhibiting improved CXCR4 signaling capability 
in response to low and/or high concentrations of SDF-1, 
prepared by introducing into the stem cells a DNA fragment 
comprising the sequence of CXCR4. 

27. A method for increasing repopulation of a target tissue 
in a Subject in need thereof, comprising administering to said 
Subject a population of cells comprising stem cells express 
ing a high amount of immature primitive progenitors, exhib 
iting improved CXCR4 signaling capability in response to 
low and/or high concentrations of SDF-1, prepared by 
introducing into the stem cells a DNA fragment comprising 
the sequence of CXCR4. 

28. The method according to claims 26 or 27, wherein 
said target tissue is selected from the group consisting of 
bone marrow, blood vessel, heart, lung, liver, pancreas, 
kidney, nervous system, skin, bone and skeletal muscle. 

29. The method according to claims 26 or 27, to facilitate 
transplantation. 

30. The method according to claim 29, wherein trans 
plantation follows chemotherapy protocols. 

31. The use method according to claim 29, wherein 
transplantation is autologous. 

32. The method according to claim 31, wherein the 
transplantation involves mobilization of autologous cells. 

33. The method according to claim 29, wherein trans 
plantation is heterologous. 

34. The method according to claim 29, wherein the 
transplantation is carried with mobilized stem cells. 

35. A method of treating a disorder in a subject requiring 
cell or tissue replacement, the method comprising providing 
to a subject in need thereof a therapeutically effective 
amount of a population of cells according to anyone of 
claims 17 to 25. 

36. A method of preparing a population of cells compris 
ing stem cells exhibiting CXCR4 with intact 6H8 epitope, 
the method comprising collecting stem cells and introducing 
to the cells a DNA fragment comprising the sequence of 
CXCR4. 

37. A population of cells comprising stem cells compris 
ing intact CXCR4 6H8 epitope prepared by introducing a 
DNA fragment comprising the sequence of CXCR4. 

38. A method for for transplantation in a subject in need 
thereof, comprising contacting said Subject with the popu 
lation of cells of claim 37. 

39. A method of treating a disorder requiring cell or tissue 
replacement, the method comprising providing to a subject 
in need thereof a therapeutically effective amount of a 
population of cells according to claim 37. 

40. A pharmaceutical composition comprising a popula 
tion of stem cells comprising stem cells exhibiting intact 
CXCR4 6H8 epitope prepared by introducing to the cells a 
DNA fragment comprising the sequence of CXCR4. 

k k k k k 


