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Introduction: A number of potential cell adhesion molecules, which
mediate essential cell-to-cell or cell-to-matrix interactions, are
expressed on the surface of CD34+ hematopoietic progenitor cells
(HPCs), including integrins, CD44, and CXCR4. These molecules
are essential for homing process. In this study, we compared the
changes of expression of CD44 and CXCR4 on the CD34+
hematopoietic progenitor cells expanded on MSCs in the presence of
cytokines.

Material and Methods: Cord blood CD34+ cells were expanded
using human bone marrow mesenchymal stem cells and cytokines
(TPO, SCF, FLt-3, IL-6, and IL-3), and then expression of CD44 and
CXCR4 on CD34+ cells were evaluated by flow cytometric analysis.
Results: After 2 weeks of serum free culture of CD34+ cells in the
presence of cytokines, the expression of CXCR4 on CD34+ cells
was decreased 3.4 fold (p<0.05). In contrast, the expression of
CXCR4 on CD34+ cells expanded on hMSCs was increased
(p<0.05). The expression of CD44 on expanded CD34+ cells in both
methods did not differ significantly.

Conclusions: Our results indicated that co-culture of cord blood
stem cells on hMSCs significantly increased CXCR4 expression on
cord blood CD34+ cells.
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Introduction

Hematopoietic reconstitution after stem cell
transplantation depends on the successful
homing and proliferation of sufficient
primitive repopulating cells within the bone
marrow. Homing and retention of
hematopoietic stem cells within the bone
marrow matrix depend on a variety of
adhesion receptors (ARs), a process similar
to transendothelial migration of leukocytes to
inflammation sites (1). Initially, the cells are
attracted to the marrow  capillary
endothelium by the chemokine stromal cell-
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derived factor-1 (SDF-1), produced by bone
marrow stromal cells (2). Interactions
between stem cells and endothelial cell
ligands then facilitate their transmigration
from the circulation into the marrow.
Migration experiments (3, 4, 5) and in vivo
studies (4, 6, 7) have implicated very late
antigen-4 (VLA-4), VLA-5, P-selectin, E-
selectin, platelet endothelial cell adhesion
molecule-1, CD44, and CXCR4 as crucial
factors for homing and engraftment of stem
cells.
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In vitro expansion of CD34+ cells with
cytokines is clinically important in cord blood
(CB) transplantation and for retroviral gene
therapy. However, cytokines not only induce
cell division, but also drive stem cells to
differentiate into more mature cells lacking
the ability to repopulate (8, 9, 10). In phase |
clinical studies, in vitro-expanded peripheral
blood stem cells infused into myeloablated
patients resulted in long-term engraftment
failure (11). However, further research has
indicated that the correct choice of cytokine
combinations is crucial for the maintenance
of cells repopulating the marrow. The use of
stem cell factor (SCF), Flt-3-ligand (FIt-3),
and thrombopoietin (TPO) has produced
strong in vitro expansion of cytokine-cultured
NOD/SCID mouse repopulating cells (12,
13). Even if repopulating cells are
maintained in culture, engraftment defects
will still occur if they cannot home correctly
to the bone marrow or have reduced
proliferative potential after homing. There is
evidence of a dramatic reduction in the
homing of colony-forming cells from
cytokine-expanded cultures in  animal
models (14, 15, 16), together with altered
adhesive characteristics (17, 18). These
data point to an alteration in AR function in
cultured stem cells. Joy Kahn et al reported
that cells over-expressing CXCR4 exhibited
significant increases in SDF-1-mediated
chemotaxis and actin  polymerization
compared to control cells. A major
advantage of CXCR4 over-expression was
demonstrated by the ability of transduced
CD34+ cells to respond to lower, physiologic
levels of SDF-1 when compared to control
cells, leading to improved SDF-1-induced
migration and proliferation/survival, and
finally resulting in significantly higher levels
of in vivo repopulation of nonobese
diabetic/severe combined immunodeficiency
(NOD/SCID) mice including primitive
CD34%/CD38""  cells. These results
suggest CXCR4  over-expression for
improved definitive human stem cell motility,
retention, and multilineage repopulation,
which could be beneficial for in vivo
navigation and expansion of hematopoietic
progenitors (19).

This paper describes persistently increased
expression of CXCR4 on CD34+ cells during
co-culture of non-enriched cord blood
progenitor/stem cells with MSCs and
cytokines. These methods may be useful for
hematopoietic reconstitution and successful

homing and proliferation of sufficient
primitive repopulating cells after cord blood
stem cell transplantation.

Material and Methods

Umbilical cord blood cells (UCB)

UCB was collected after obtaining consent
from patients (n=13) scheduled to undergo
Cesarean section. On average, 60 ml UCB
was collected by gravity into a sterile
container after cutting the distal end of the
cord. Heparin (1000 U) was added to
prevent coagulation. White blood cells
(WBCs) were counted with hemocytometer
using trypan blue. The sample was diluted
with an equal volume of Hank's balanced
salt solution (HBSS) (Sigma, St. Louis, MO),
and layered onto Ficoll-Hypaque
(Pharmacia-Amersham, Piscataway, NJ;
d=1.077 g/ml) density gradients to deplete
red blood cells (RBC) (20). The
mononuclear cell interface was collected,
diluted into three volumes of HBSS, and
pelleted at 250 g for 10 minutes. The cell
pellet was washed two more times and
resuspended in either 5 ml of expansion
media. When necessary, RBC-depleted
UCB cells were stored frozen at -70 °C after
suspending the cells in HBSS at a
concentration of 2 x 10° cells/ml, and adding
an equal volume of pentastarch
cryopreservative medium containing 10%
dimethyl sulfoxide (DMSQ0)/8% HSA/12%
pentastarch in normosol R, at a final cell
concentration of 10® cells/ml. For further
processing, frozen samples were thawed in
a 37°C water bath.

Human mesenchymal stem cells culture

Bone marrow aspirates were obtained from
healthy donors after informed consent. The
marrow was mixed with the same volume of
PBS, and mononuclear cells were
separated by density gradient centrifugation.
Washed cells were resuspended in stroma
medium (RPMI 1640, Dutch Modification,
supplemented with 10% fetal calf serum
[FCS], 2 mM L-glutamine, 100 IU/ml
penicillin, 0.1 mg/ml streptomycin, and 1.0
pmol/l hydrocortisone).

5 x 10° cells were placed in 80-cm? flasks
(Nunc; Wiesbaden,  Germany) and
maintained at 37°C and 5% CO,. Half the
medium was exchanged twice a week. After
two weeks, confluent adherent layers were
passaged with trypsin-EDTA solution 1X
(Sigma-Aldrich;  Steinheim, Germany).
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Trypsin was quickly inactivated with FCS-
containing medium and centrifuged at 200 g
for 10 min. The pellet was resuspended in
stromal medium, and the cells of one 80-
cm? culture vessel were transferred to six
25-cm? flasks or six-well plates for further
expansion experiments. Second passage
MSCs were seeded at 3 x 10° cells/cm?,
grown to confluence in Dulbecco’s modified
Eagle’s medium with 10% fetal bovine
serum (FBS) (GIBCO Life Technologies;
Gaithersburg, MD), and irradiated (15 Gy,
¥’Cs irradiation) prior to co-culture with
UCB, to prevent MSC overgrowth.

Cytokines

Recombinant human flt-3 ligand (FL),
recombinant human thrombopoietin (TPO),
recombinant human stem cell factor (SCF,
also known as mast cell growth factor [MGF]
or c-kit ligand [KL]), recombinant human
interleukin-6, and interleukin-3 were used in
this study. All cytokines used were
purchased from Stem cell Technology,
Vancouver, BC, Canada.

Co-culture of cord blood hematopoietic cells
and human mesenchymal stem cell (MSCs)
MSCs (6.0 x 10° were plated in 75-cm?
flasks in 20 ml of DMEM with 10% FBS
supplemented antibiotics and incubated for
one week at 37°C in a humidified
atmosphere of 5% CO,/95% air. On the day
of co-culture, the MSCs cells were washed
with and re-cultured in the serum-free
Stemspan medium (Stemcell Company,
Canada) and then gamma-irradiated with a
¥’Cs at a dosage of 1,500 cGy. Irradiated
feeder cells were trypsinized and ten
thousand cells transferred to 96-well
microplate (nunc). 2x10° mononuclear cells
were cultured on monolayers pre-
established in 96-well microplate using
100uL of Stemspan medium supplemented
with combinations of human TPO (50 ng/ml,
Stem Cell Company, Canada), human SCF
(50 ng/ml), human FL (50 ng/ml), IL-6 (50
ng/ml), and IL-3 (50 ng/ml) at 37°C in a
humidified atmosphere of 5% CO,/95% air
for 2 weeks. Culture medium was replaced
after 1 week of culture with a fresh medium
containing cytokines.

Flow cytometry

Aliquots of cells were stained with
fluorescein isothiocyanate (FITC)- and
phycoerythrin (PE)-conjugated monoclonal
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antibodies in phosphate-buffered saline
(PBS)/0.1% BSA at 4°C for 30 minutes.
Analysis was performed using an EPICS XL
flow cytometer (Coulter, Tokyo, Japan).
Antibodies used were as follows: FITC-
conjugated CD44 antibody (R&D system),
FITC-conjugated CXCR4 (R&D system) and
PE-conjugated CD34 (DAKO, Denmark).
FITC- and PE-conjugated mouse IgG1
antibodies (DAKO, Denmark) were used as
isotype-matched controls. Dead cells were
gated out with a forward vs. side scatter
window and propidium iodide staining.

Results

Expansion culture of CB CD34" cells

We first examined the hematopoiesis-
supporting effects of MSC cells. 2x10° MNC
cells from cord blood were plated on an
MSC cell layer under serum-free conditions
with or without combinations of TPO, SCF,
IL-3, IL-6 and FL.

Figure 1. (A) Phase microscopy of human mesenchymal
stem cells stained by haematoxylin (10x). (B) Appearance of
proliferating cells in the co-culture of human cord blood
CD34" cells on a monolayer of mesenchymal stem cells in
the presence of TPO, SCF, IL-3, IL-6, and FL. (40x)

(This figure has also been printed in full-color at the end of the issue.)

Cells not adhering and adhering weakly to
MSC cells were collected by gentle pipetting
after 2 weeks of culture for analysis. Without
cytokines, the mean number of total
nucleated cells, CD34+ cells, and CD34+
CD38- cells after 2 weeks of culture was 2—
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5 times the initial input number. In contrast,
in the presence of TPO, not only total
nucleated cells, CD34+ cells, and
CD34+CD38- cells, but also CFU-C, CFU-
Mix, and HPP-CFC were significantly
expanded.

Expansion of cord blood progrnitors
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Figure 2A. Expansion of human cord blood progenitors.
2x10° human cord blood mononuclear cells were plated on
a monolayer of human MSCs in the presence of
combinations of cytokines (one culture for each group).
After 2 weeks of culture, growing nonadherent
hematopoietic cells and cells weakly attached to MSCs were
collected by gentle pipetting and analyzed by flow cytometry
and colony assay. Data represent mean + SD-fold increase
compared to the initial value in four experiments performed
on 13 separate cord blood donors.
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Figure 2B. In vitro expansion of CD34" CB cells on MSCs.
2x10° human cord blood mononuclear cells were plated on
a monolayer of human MSCs in the presence of
combinations of cytokines (one culture for each group).
After 2 weeks of culture, growing nonadherent
hematopoietic cells and cells weakly attached to MSCs were
collected by gentle pipetting and analyzed by flow cytometry.
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Figure 3. Flow cytometric analysis of CD44 (A) and
CXCR4(B) expression on fresh uncultured CB CD34+ cells
and after culture for 1 and 2 week with 50 ng/ml SCF, Flt3,
TPO, IL-3, and IL-6 in serum-free media (Stem Span) co-
cultured with MSCs.
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The addition of SCF and/or FL to TPO
further enhanced the expansion of
nucleated cells and progenitors.
Representative phase microscopy of MSC
cells and growing hematopoietic cells in
culture supplemented with TPO, SCF, IL-3,
IL-6, and FL are shown in Figure 1.
Although there were some differences in the
degree of expansion among experiments,
the maximum output of progenitors was
consistently observed when stimulated with
TPO, SCF, IL-3, IL-6, and FL. The results of
four experiments are shown in Figure 2A
and 2B.

CD34+CD44+ CD34+CXCR4+

Control 9216 72.6+5
Expansion in 8216.1 24.5+3.8*
serum free

Co-culture with 89.1x7 65.5+4.8
MSCs

Table 1. The proportions of CD34" cells which were
positive for CD44 and CXCR4 expression before and after 2
weeks of co-culture with MSCs and without co-culture in
serum-free media. Control is day 1 of culture. Data
represent mean + SD of analysis of 13 separate cord blood
donors.

Discussion

The expression levels were within the
ranges observed on other leukocytes: 80%
or more CB CD34" cells were positive for
CD44, SDF-1 receptor, and CXCR4, and
nearly 50% were positive for VLA-5. Another
study of AR expression on CD34" cells
within ~ whole blood showed similar
proportions of positive cells, but lower levels
of CD44 expression (median staining
intensity <5) were reported, as the red cells
were not removed before staining (21).
There are several references to AR
expression either on MNCs or purified
CD34" cells (22, 23, 24, 25). However,
these studies did not compare AR
expression on fractionated cells with
unprocessed cells. Our data showed that
processing and purification of CB MNCs did
not affect the expression of ARs on CD34"

CXCR4 expression and stem cell expansion

cells.

There are two reports suggesting that AR
expression on CD34" cells during cytokine
culture is not altered (26, 27), while Chute et
al.

reported that culture of bone marrow CD34"
cells on porcine microvascular endothelial
cells (PMVECs) with cytokines for 7 days
produced a significant increase in the
expression of VLA-4, CD58 (LFA-3), and L-
selectin, but not of LFA-1 or CD44 (23). It is
possible that different microenvironments
and cytokine mixtures affect expression of
individual ARs more or less. However, our
experiments used culture conditions that are
most likely to be used clinically with a growth
factor combination that sustains
repopulating cells. Recent studies have
shown that engraftment of primitive human
CD34" cells in NOD/SCID mice was
dependent on the SDF-1 receptor and
CXCR4, regardless of the initial level of
surface expression (28, 29). Cells that are
initially CXCR4 negative contain internal
CXCR4 that can migrate to the surface
under the right environment. Denning-
Kendall et al. observed a much greater
proportion of CXCR4 negative cells after
cytokine culture (30). This may be due to a
down-regulation of CXCR4 production, in
which case there could also be fewer
internal CXCR4, or fluctuation of CXCR4
from the surface to the interior. We observed
that co-culture of CB stem cells with MSCs
after 2 weeks significantly increased CXCR4
cells.

Conclusion

Given the reliance of engrafting cells upon
migration toward SDF-1, an absolute
increase in CXCR4 expression could have
serious consequences on the engrafting
capability of CD34" cells and increase of
successful  homing and stem cell
transplantation.

RN
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