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Cell Cycling Status of Human Cord Blood CD34+ Cells during
Ex Vivo Expansion Is Related to the Level of Very Late Antigen

Expression

Very late antigen-4 (VLA-4), which binds to the extracellular matrix protein
fibronectin, is an integrin molecule known to be modulated during mobilization
of CD34+ cells, and to be involved in signaling the mobilization stimuli. On the
hypothesis that cell cycling status might be different depending on the level
of VLA-4 expression, we investigated the DNA contents of human cord blood
CD34+ cells during ex vivo expansion by recombinant human thrombopoietin
and flt3-ligand with simultaneous measurement of surface VLA-4 at the 1st and
4th week. During this ex vivo expansion, expression of VLA-4 increased and
almost all cells became VLA-4+ until the 4th day of culture. Expression of VLA-4
was maintained in the major population of the cultured cells until the 4th week.
The cells in S/G2/M phase were greater in number in VLA-4 high fraction than
in VLA-4 low fraction (n=4, p<.001). Furthermore, the fraction of cells in $/G2/M
phase increased as the expression of VLA-4 became higher. These results
suggest that cord blood CD34+ cells expressing high levels of VLA-4 have more
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INTRODUCTION

Notmal hematopoiesis as well as mobilization and
homing of stem cells is regulated by microenvironments.
Several lines of evidence support that very late antigen-4
(VLA-4) comptises one of the microenvironments. VLA-
4, which binds to the extracellular mattix protein fibro-
nectin, is widely disttibuted on hematopoietic and non-
hematopoietic tissues (1). The main function of VLA-4
is related to interactions between hematopoietic cells and
the ligands or counter teceptors for this molecule present
in hematopoietic microenvironments (2). VLA-4 is an
integrin molecule in heterodimer structure. Common S1-
chain subunit (CD29) combines with the @1 to @6 sub-
units (CD49a to CD49f) of the @-chain to form VLA-1
to VLA-6 (CD49d for VLA-4). Blockage of VLA-4 mark-
edly inhibited human hematopoietic cellular proliferation
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including granulopoiesis and B-lymphopoiesis (3-5). VLA-
4 expression on CD34+ cells is significantly lower in
normal petipheral blood than in bone matrow (6). Mo-
bilization with granulocyte-colony stimulating factor (G-
CSF) and/ot chemotherapy results in reduction of VLA-4
expression on CD34+ cells in bone marrow as well as
in peripheral blood, and seems to be a selective process
involving downregulation of VLA-4 and c-kit (7). Treat-
ment with antibodies to VLA-4 led to mobilization of
stem/progenitor cells in mice and primates (8). VLA-4
is involved in signaling integtin/cytokine crosstalk (9)
while VLA-4 itself can be modulated by other adhesion
molecule such as platelet endothelial cell adhesion mol-
ecule-1 (PECAM-1, CD31) (10). Taken together, cellular
status may be different depending on the expression level
of VLA-4. In the present study, we investigated both the
sutface expressions of VLA-4 and cell cycling status of
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human cotd blood CD34+ cells duting ex vivo expansion
using thrombopoietin and fle3-ligand.

MATERIALS AND METHODS

CD34+ cell purification and stroma-free liquid culture

Umbilical cord blood was obtained at the end of full-
term delivery. Mononuclear cells wete isolated from cord
blood using Ficoll-Hypaque (density, 1.077; Pharmacia
Biotech, Uppsala, Sweden) density gradient centrifuga-
ton. After two cycles of plastic adherence for 60 min,
CD34+ cell fraction was isolated with superparamag-
netic microbead selection using monoclonal antibody
(QBENDI10) and mini-MACS columns (Miltenyi Biotech,
Bergisch Gladbach, Germany). The efficiency of purifica-
tion was verified by the flow cytometry countetstaining
with fluorescein isothiocyanate (FITC)-anti-human CD34
antibody (HPCA-2; Becton Dickinson (BD), Mountain
View, CA, US.A). In the obtained cell fractions, the
putity of CD34+ cells ranged from 94% to 98%. The
purified CD34+ cell fractions wete cultured in the den-
sity of 0.5-1.0x10° cells/mL in IMDM (Gibco, Grand
Island, NY, U.S.A.) supplemented with 10% fetal bovine
setum (BioWhittaker, Walkersville, MD, U.S.A.), recom-
binant human (rh) thrombopoietin (10 U/mL; Chemicon,
Temecula, CA, U.S.A) and th fle3-ligand (50 ng/mL;
Chemicon). Twice a week, the cells were demipopulated
by temoval of one half the culture volume, which was
replaced with fresh medium and growth factors. The cells
were maintained for up to four weeks.

Simultaneous measurement of cell surface VLA-4 and
DNA content

DNA contents and VLA-4 expression of the cultured
cells were measured for relationship between cell cycle
and VLA-4 expression at the 1st and the 4th week. After
blocking with human serum, aliquots of purified or cul-
tured cells wete stained at 4°C for 30 min with FITC-
anti-human CD34 (ant-HPCA-2, BD) and phycoety-
thtin (PE)-anti-human CD49d (44H6, Serotec, Oxford,
UK. or isotype-matched irrelevant antibodies. For
simultaneous measurement of DNA content (9), the cells
were fixed and permeabilized in 1 mL of phosphate-
buffered saline (PBS) with 1% paraformaldehyde and
0.05% Nonidet P40 by overnight incubation at 4.
After washing in PBS with 0.1% bovine serum albumin,
the samples were stained for DNA by adding 500 pL
of 10 ug/mL 7-amino-actinomycin D (7-AAD; Sigma, St
Louis, MO, U.S.A.) in PBS for 90 min at 4C in the dark.
The stained samples were analyzed on a FACSCalibur
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flow cytometer (BD). At least 20,000 events were ac-
quited for each analysis and data were analyzed using
CellQuest (BD) software.

Statistical analysis

Descriptive statistics were represented as mean+SD
and statistical comparisons were done using paited Stu-
dent t-test.

RESULTS

Immunophenotype of purified or cultured cells

The fraction of VLA-4-expressing cells ranged from
32.1% to 78.2% (n=4) of the purified cord blood
CD34+ cells (data not shown). Until the 4th day of cul-
ture with thrombopoietin and fle3-ligand, expression of
VLA-4 increased and almost all cells became VLA-4-+
(data not shown). Until the 4th week of culture thete-
after, expression of VLA-4 was maintained, while CD34-
expressing cell fractions decreased (data not shown).

DNA content of the cultured cells and expression of VLA-4

The cell fractions in S/G2/M phase were 25.8+1.5%
(n=4) and 21.2+1.9% (n=4) at the 1lst and the 4th
weeks of culture respectively (Fig. 1). When the cultured
cells were arbitrarily divided into VLA-4" and VLA-4"°
cells for high and low levels respectively according to the
level of VLA-4 expression, cells in S/G2/M phase were
significantly greater in number in VLA-4" cells than in
VLA-4" cells on both the 1st and the 4th weeks (n=4,
p<.001) (Fig. 1). The fractions of cells in §/G2/M phase
among in VLA-4" and VLA-4" cells were 30.0+1.11%
and 24.3E£1.56% on the 1st week, and were 27.4%
1.64% and 9.911.10% on the 4th week respectively.
When the cultured cells on the 4th week were divided
into muldple fractions according to the level of VLA-4
expression, the fracdon of cells in 8/G2/M phase
increased depending on the level of VLA-4 expression
(Fig. 2).

DISCUSSION

Simple combination of thrombopoietin and fle3-ligand
has been reported to be capable of sustaining prolifet-
ation of cord blood hematopoietic progenitor cells for
more than six months (12). For analysis of cell cycling
status simultaneously with VLA-4 expression of cord
blood cell duting ex vivo expansion, we applied the liquid
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Fig. 1. Representative flow cytometric analysis for
simultaneous measurement of cell surface VLA-4 and
DNA contents. Cord blood CD34+ cells cultured for
1 week (left) or 4 weeks (right) with thrombopoietin
and flt3-ligands were stained with fluorescein iso-
thiocyanate (FITC)-anti-CD34 and phycoerythrin (PE)-
anti-CD49d. Total cellular fractions (R1), gated on the
scattergram of FSC vs. SSC, were analyzed for ex-
pression of CD34, VLA-4, and DNA contents. VLA-4"
(R2) and VLA-4° (R3) cell fractions, gated on the
scattergram of CD34 vs. VLA-4 fluorescence, were
separately analyzed for DNA contents. The total cell
fractions in S/ G2/M phase were 26.6% (R1-left) and
20.2% (R1-right) at the 1st and the 4th weeks of cul-
ture respectively. When cultured cells were arbitrarily
divided into VLA-4" and VLA-4° cell fractions, the
proportion of cells in S/G2/M phase were higher in
VLA-4" cells (R2) than in VLA-4° cells (R3).
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Fig. 2. Representative flow cytometric analysis for simultaneous measurement of cell surface VLA-4 and DNA contents. Cord blood
CD34+ cells cultured for 4 weeks with thrombopoietin and flt3-ligands were stained as in Fig. 1. Cellular fractions, gated on the
scattergram of FSC vs. SSC, were analyzed for expression of CD34, VLA-4, and DNA contents. The total cell fractions were divided
from R2 to R6 in order low expression of VLA-4, and were separately analyzed for DNA contents. The results showed that proportions
of cells in S/G2/M phase were dependent on the level of VLA-4 expression.

culture system using thrombopoietin and flt3-ligand. This
system produced to approximately 1,000-fold expansion
of total cells for 4 weeks (data not shown). During this
ex vivo expansion, exptession of VLA-4 increased and al-
most all cells became VLA-4+ until the 4th day of cul-

ture. Exptession of VLA-4 was maintained in the major
population of the cultured cells until the 4ch week, while
the minor fraction of VLA-4- cells appeared at the 1st
week. These VLA-4— cells seemed to be apoptotic in
nature as theit DNA contents were tevealed to be sub-
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diploid (Fig. 2).

In the present study, we demonstrated that the pro-
portions of cord blood CD34+ cells in S§/G2/M phase
wete trelated to their level of VLA-4 expression. These
results suggest that proliferative activities of cord blood
hematopoietic progenitor cells may be related to the level
of VLA-4 exptession. The results are comparable with
those of Eksioglu-Demiralp et al. (13) who showed that
variable expression of VLA-4 in B cell chronic lympho-
cytic leukemia was related to disease stages. Further
studies are needed to investigate whether the dectease in
the level of VLA-4 expression in CD34+ cells during
mobilization accompanies any changes in cell cycling
status.
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