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The AFT024 stromal cell line improves MDR1 gene transfer to CD34+

cells derived from human umbilical cord blood
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Human hematopoietic stem cells (HSCs) are difficult to transfect with retroviral vectors because of their quiescent nature.
Based on the theory that the murine fetal stromal cell line AFT024 can recruit significant numbers of HSC into cell cycle
without loss of their primitive function, we transduced human umbilical cord blood cells (UCB) derived CD34+ cells with
a retroviral vector pHaMDR1/A containing the human multidrug resistant 1 gene (MDR1) during co-culture with the AFT024
feeders. We found that the presence of the AFT024 cells increased the proportion of Rh-123dull cells up to 35.5%±11.4% and
transduced colony-forming cells (CFCs) up to 15.2%. Six weeks after transplantation of 5×104 day 0 uncultured CD34+

HSCs or their equivalents expanded in the presence or absence of the AFT024 cells for 21 days into non-obese diabetic/
severe combined immunodeficient (NOD/SCID) mice, we found that CD34+ cells expanded in the presence of the AFT024
cells engrafted in each receptor mouse and the percentage of CD45+ cells reached 18.8%±9.5%, of which 18.1%±6.0% were
Rh-123dull cells. These results suggest that the AFT024 stromal cells can significantly improve MDR1 gene transfer efficiency
and maintain the engrafting ability of the CD34+ HSCs derived from UCB.
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The human multidrug resistance 1 (MDR1) gene is
a candidate gene encoding the membrane-located drug-efflux
pump P-glycoprotein. P-glycoprotein confers resistance to
a wide array of cytostatic agents, such as paclitaxel and
etoposide by pumping these drugs out of the cells. [1-3] The
transfers of MDR1 genes into hematopoietic stem cells (HSCs)
and hematopoietic progenitor cells (HPCs) are expected to
confer drug-resistance to the bone marrow (BM) of patients
so as to protect them from myelotoxicity which is the main
adverse effect of high-dose chemotherapy.

In the initial murine studies and human clinical studies,
transplantation of MDR1 gene-modified primitive hemato-
poietic cells have demonstrated chemoprotection in vivo. [4-7]

However, low gene transfer efficiency ex vivo and a low num-
ber of reconstituting MDR1 gene-made cells and/or inefficient
expression of the transgene in vivo has hampered its wide

application in clinical trials. The difficulty is that host cell
division is a prerequisite for the murine retrovirus to integrate
into its genome while human hematopoietic cells are mostly
quiescent in nature. [8, 9] Published optimized protocols dem-
onstrated the improvement of the level of gene transfer into
human HSCs. These optimizations include: the use of alter-
nate vectors, such as pseudotyped vectors (GALV envelope[10]

or feline endogenous retrovirus envelope[11,12]) and lentivirus
vectors (HIV vectors[13,14]); the use of early acting cytokines,
such as stem cell factor(SCF)[15] , Flt-3 ligand (FL)[16] ,and
thrombopoietin (TPO)[17]; and the use of recombinant
fibronectin colocalizating retroviral particles and target
cells[18,19]. Prestimulation of HSCs with cytokines almost be-
comes a routine procedure in HSCs transduction with retroviral
vectors. However, these stimulatory signals forcing HSCs into
the cell cycles result in impaired long-term engraftment in vivo.
[20] So how to induce HSCs into cell cycles without impairing
their engraftment ability will be an appealing attempt.

Inadequate cell source for HSCs transplantation is another
problem for the wide application of gene transfer in clinical
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trials. The umbilical cord blood (UCB) becomes an attractive
alternative to bone marrow as a target for gene-therapy appli-
cations. It contains a high number of primitive progenitor cells
with greater ex vivo expansion ability and in vivo engraftment
capability compared with bone marrow and mobilized pe-
ripheral progenitor cells. [21, 22] Moreover, the lower
alloreactivity of human UCB contributes to a lower incidence
of graft-vs-host disease (GVHD) after transplantation. [23, 24]

However, the finite number of hematopoietic stem and pro-
genitor cells is a limiting factor for the use of UCB as a graft
for adult transplant recipients. An ideal strategy to resolve
this problem is to increase the cell number available from
a single UCB unit by ex vivo expansion while maintaining
their engraftment capability. This strategy has been proved to
be successful in HSCs by applying various cytokines combi-
nations and/or stromal feeder cell layers. [22, 25, 26] The AFT024
feeder cells have been shown to better maintain and even ex-
pand human UCB CD34+ repopulating cells than other stromal
cell lines. [27, 28]

The murine fetal liver cell line AFT024 has been shown to
maintain long-term repopulating murine stem cells for up to
7 weeks ex vivo. [29] It can also expand primitive hematopoi-
etic progenitors from UCB for 5 weeks. [30] The mechanism
of the AFT024 feeder cells to expand the HSCs has been char-
acterized. They can recruit significant numbers of HSCs into
cell cycles and increase asymmetric divisions of HSCs which
result in a balance between self-renewal and differentiation.
[31] Thus, it would be possible to introduce retroviral markers
into HSCs efficiently when co-cultured with the AFT024 cells.
In this paper, we isolated CD34+ cells from UCB and co-cul-
tured them in the presence and absence of the AFT024 feeder
cells for 7 days. Then in the subsequent 14 days, the MDR1
retrovirus was added to infect cultured CD34+ cells in the pres-
ence or absence of the AFT024 feeder cells. 5×104 day 0
uncultured CD34+ cells or their equivalents expanded for 21
days were transplanted into NOD/SCID mice. We investigate
whether the presence of the AFT024 cells can improve the
MDR1 gene transfer efficiency and the engraftment of ex-
panded cells in NOD/SCID mice.

Material and methods

Generation of MDR1 retroviral packaging cells and pro-
duction of retroviral supernatant

Recombinant retroviral plasmid pHaMDR1/A (kindly
provided by Dr. Michael Gottesman, Laboratory of Cell Bi-
ology, NCI, NIH, USA) containing the full-length human
MDR1 cDNA was transfected into PA317 packaging cell line
(ATCC) with Lipofectamine2000 (Invitrogen) according to
manufacturer’s recommendations. Clones of transfected
PA317 packaging cells were selected in colchicine (60 ng/
mL) expanded at 32°C and retrovirus-containing superna-
tant was harvested and filtered through a 0.45µm filter. The
supernatant was further centrifuged at 14,000g for 2 hours
at 4°C. The precipitated retroviruses were resuspended in

Iscove’s modified Dulbecco’s Medium (IMDM; Gibco-BRL)
and stored at -80°C until use. The retrovirus titer was deter-
mined by infection of NIH3T3 cells. [32]

Isolation of CD34+ cells from human UCB
UCB samples were obtained from the Department of Ob-

stetrics, Shandong Provincial Hospital (Jinan, China). After
obtaining maternal donor informed consent, fresh blood was
collected from the umbilical cord vein by standard proce-
dures used for UCB banking. Mononuclear cells (MNCs)
were separated by Ficoll-paque plus (Amersham) density
gradient centrifugation. CD34+ cells were isolated using the
MACS CD34 Progenitor Cell Isolation Kit (Miltenyi) ac-
cording to the manufacturer’s instruction. The purity of
CD34+ cells was determined by flow cytometry (Beckman
Coulter) using CD34-FITC monoclonal antibody (Miltenyi)
to assess the percentage. Isotype controls were used in ev-
ery experiment.

Culture of the AFT024 stromal cells
The AFT024 cells (kindly provided by Dr. Kateri A. Moore,

Princeton University, Princeton, NJ, USA) [29] were routinely
cultured in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco-BRL) supplemented with 10% fetal bovine serum (FBS;
Gibco-BRL) and 50 µM β-mercaptoethanol (2-ME) at 33°C,
5% CO2, and 100% humidity. Cells were grown in 24-well
plates coated with 1% gelatin (Sigma) and confluent mono-
layers were irradiated at 20Gy using linear accelerator
(Siemens) 24 hours before used as a feeder layer. [33]

Virus infection of CD34+ cells
Immediately after isolation, 1×105/mL fresh CD34+ cells

were seeded into 24-well transwell inserts (0.4 µm pore size,
Costar) above the AFT024 feeders in the bottom compart-
ment. This primary culture medium consisted of IMDM, 10%
FBS, 10% horse serum, 50 ng/mL recombinant human stem
cell factor (rhSCF; R&D), 50 ng/mL flt3-ligand (FL; R&D),
50 ng/mL recombinant human interleukin-3 (rhIL-3;
Biosource), 20 ng/mL human thrombopoietin (TPO;
Biosource), 10 ng/mL recombinant human interleukin-7 (rhIL-
7; R&D), 100 U/mL penicillin(Sigma), and 100 µg/mL
streptomycin (Sigma). On day 7 and day 14 of incubation,
cells were harvested from the wells, counted and analyzed for
progenitor cell content (CD34+ cells and colony-forming cells).
Secondary culture was initiated with a concentration of 5×105/
ml in new transwell inserts coated with 20µg/cm2 of the re-
combinant fibronectin fragment CH-296 (RetroNectin;
Takara Shuzo) which was bound with pre-loaded retrovirus
according to the manufacturer’s recommendation. Cells were
fed twice per week with fresh medium and retrovirus super-
natant. After 21 days of culture, cells was harvested and
resuspended in fresh medium without retrovirus for 24 hours
before further analysis.

Rh-123 efflux assay
MDR1 gene expression was determined in MDR1-trans-

duced CD34+ cells and in NOD/SCID repopulating cells
(SRCs) by their ability to efflux the fluorescent dye rhodamine-
123 (Rh-123; Sigma), resulting in a Rh-123dull phenotype. [34]
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One million cells were washed and resuspended in IMDM
containing 5% FCS and Rh-123 at a final concentration of
0.2 µg/mL. After an incubation period of 30 minutes at 37°C,
cells were centrifuged, resuspended in IMDM containing 5%
FCS, and further incubated for 60 minutes at 37°C to allow
the cells to efflux the loaded Rh-123. Immediately before flow
cytometric measurement, propidium iodide staining (Sigma;
final concentration, 1 µg/mL) was done to exclude dead cells
from the analysis.

Colony-forming cells (CFCs) assay
Freshly isolated and transfected CD34+ cells were tested

for the presence of CFCs in methylcellulose cultures in the
presence or absence of paclitaxel (10 ng/mL). Triplicated cell
samples were plated in 24-well plate at 1×103 cells per well in
1mL in IMDM medium containing 1.3% ( wt/vol ) methyl-

cellulose (Sigma), 15% FBS, 15% horse serum, 4 mM L-
glutamine, 50mM 2-ME, 100 ng/mL rhSCF, 50 ng/mL IL-3,
50 ng/mL IL-6, 20ng/mL granulocyte-macrophage colony-
stimulating factor (GM-CSF; Biosource), and 4 U/mL human
erythropoietin ( EPO; Biosource ). After incubated at 37°C
with 5% CO2, 100% humidity for 12 to 14 days, colony-form-
ing units (CFUs) were enumerated.

Animals
NOD/SCID mice were kept in isolators under pathogen-

free conditions in Animal Laboratory of Shandong University,
Jinan, China. 24 hours before transplantation, 36 6- to 8-week-
old female mice were conditioned by sublethal irradiation with
a total dose of 3 Gy. These mice further received 5×104 day 0
uncultured human CD34+ HSCs isolated from human UCB
or their equivalents expanded in the presence or absence of

Figure 1. Effect of the AFT024 cells on the expansion of CD34+ cells
ex vivo. CD34+ cells were isolated from human UCB and cultured for
21 days in the presence (hatched bars) and absence (open bars) of the
AFT024 cells. During the last 14 days, the MDR1 retrovirus was added
to infect CD34+ cell. The number of TNCs was counted after collected
all the cultured cells, the number of CD34+ cells was assessed by flow
cytometry and the number of CFCs was assessed by colony-forming
assay in methylcellulose cultures. A: Fold expansion of TNCs. B: Fold
expansion of CD34+ cells. C: Fold expansion of CFCs. Values shown
are the mean±SD of data pooled from 6 independent experiments. *,
P<0.05; **, P<0.01.
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the AFT024 cells for 21 days, described in the previous para-
graphs. These cells were transplanted into mice in a volume
of 300 µL of PBS by lateral tail vein injection.

Analysis of engraftment
Mice were sacrificed by cervical dislocation 8 to 12 weeks

after transplantation of human cells. BM cells were flushed
with IMDM from femurs and tibias of each mouse and were
treated with hemolytic buffer (150 mmol/L ammonium chlo-
ride, 12 mmol/L sodium bicarbonate, and 0.1 mmol/L EDTA)
for lysis of erythrocytes. Single-cell suspensions from BM
were labeled with anti-human CD45-PC5 antibody (BD Bio-
science) for 30 minutes at 4°C and analyzed by flow cytometry.

Statistics
Results of experimental points from different experiments

were reported as mean±standard deviation (SD). Significance
levels were determined by paired two-sided Student’s t-test
analysis as indicated.

Results

The AFT024 Cells improve CD34+ cells ex vivo expansion
To investigate the CD34+ cells ex vivo expansion, we iso-

lated human UCB-derived CD34+ cells by a MACS kit and
analyzed their qualities. A median of 4×108 mononuclear cells
(MNCs) was obtained from each UCB unit and a median of
4×106 of CD34+ cells was obtained from these MNCs by MACS
kit isolation. The purity of CD34+ cells averaged 80.7% deter-
mined by flow cytometry using a FITC-conjugated anti-CD34
monoclonal antibody. Approximately 0.8% mononuclear cells
isolated from UCB were CD34+ cells. The percentage of CD34+

cells from UCB correlated with 1% reported by Mayani H and
Lansdorpb PM. [35]

First we tested the effect of the AFT024 cells on the ex-
pansion of total nucleated cells (TNCs). Figure 1A shows the
fold increase of TNCs when CD34+ cells were cultured either
with or without the AFT024 feeders. From day 0 to day 14,
the proliferation rate of TNCs in the absence of the AFT024
cells was higher than that in the presence of the AFT024 cells
and on day 14 TNCs expanded (102.9±26.6) fold when cul-
tured alone, while only (78.9±16.6)fold when co-cultured with
the AFT024 cells. However, after day 14, TNCs co-cultured
with the AFT024 feeders began to proliferate more effectively
than those without the AFT024 feeders. By day 21, TNCs in
the AFT024 co-culture group expanded (145.0±26.8) fold,
higher than (132.0±26.7) fold in the absence of the AFT024
cells, while there was no difference between two groups
(P>0.05). This result indicates that the AFT024 cells don’t
affect the TNCs expansion.

Next we want to examine the CD34+ cells expansion cul-
tured in the presence or absence of the AFT024 cells. As can
be seen in Figure 1B, on day 7, the fold expansion of CD34+

cells was similar between the two groups. Then from that time
point, CD34+ cells co-cultured with the AFT024 feeders be-
gan to proliferate rapidly, especially after day 14. On day 21,
compared with day 0, CD34+ cells co-cultured with the

AFT024 cells expanded (37.9±13.9) fold while CD34+ cells
cultured alone expanded only(9.1±2.3) fold.(P<0.01)

We also assessed the expansion of CFCs in the presence and
absence of the AFT024 cells. As shown in Figure 1C, on day 7,
CFCs expanded (4.5±1.4) fold in the absence of the AFT024
cells and (3.5±1.0) fold in the presence of the AFT024
cells(P>0.05). To day 14, CFCs expanded more in the presence
of the AFT024 cells (9.4±4.0 fold) than in the absence of the
AFT024 cells(6.7±2.1 fold) . These results indicated that the
presence of the AFT024 improved the expansion of CFCs from
day 7 on. Yet there was no significant difference in the CFCs
expansion fold on day 14 between two groups (P>0.05). Until
day 21, a significant difference (P<0.01) between two groups
was found in the fold number of CFCs expansion. Compared
with day 0, the total number of CFCs was expanded up to
(27.1±13.3) fold in the presence of the AFT024 feeders, while
only (7.7±3.6) fold in the absence of the AFT024 feeders.

Taken as a whole, we found that the AFT024 stromal cells
strongly improve CD34+ cells and CFCs expansion but not
TNCs expansion ex vivo.

The AFT024 cells enhance the gene transfer efficiency ex vivo
After CD34+ cells were cocultured with the AFT024 feed-

ers for 7 days, cells were transferred to CH-296-coated
transwells and transduced with MDR1 retrovirus supernatant
for 14 days. The expression of P-glycoprotein in MDR1-trans-
duced CD34+ cells was determined by measuring the efflux
of the fluorescent dye Rh-123. The proportion of Rh-123dull

cells was (35.5±11.4)% when cells were transduced in the
presence of the AFT024 feeder and (16.6±3.2)% in the ab-
sence of the AFT024. There was significant difference
between the two groups (P<0.01)

To assess the efficiency of MDR1 gene transfer into CFCs,
we plated the tranduced cells into methylcellulose-based semi-
solid medium supplemented with 10 ng/mL of paclitaxel. The
gene transfer efficiency was evaluated by measuring the per-
centage of surviving drug-resistant colonies (the total CFCs
presented in the absence of paclitaxel set as 100%). 46% of
CFC transduced in the presence of the AFT024 cells and only
15.2% in the absence of the AFT024 cells displayed drug re-
sistance (P<0.01). Taken as whole, these data indcate that the
level of gene transfer in CD34+ cells and CFCs can be en-
hanced by the presence of the AFT024 feeders.

Effect of the AFT024 cells on the engraftment of human
cells in NOD/SCID mice

To evaluate the repopulating ability of human UCB de-
rived HSCs or their expanded equivalent, six weeks after
transplanting the samples into the NOD/SCID mice, the mice
were sacrificed and BM cells were obtained and analyzed for
the percentage of human CD45+ leukocytes. Mice with less
than 0.1% human CD45+ cells detected were considered to
have nonengraftment. 5×104 day 0 CD34+ cells engrafted 9 of
12 mice and the percentage of CD45+ cells was 4.1%±2.3%.
All the mice receiving day 21 expanded cells in the presence
of the AFT024 cells showed detectable CD45+ cells with
a percentage of 18.8%±9.5%. By contrast, CD45+ cells were
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detected in only 4 of 12 mice receiving the 21-day expansion
equivalent of 5×104 CD34+ cells in the absence of the AFT024
cells and the highest percentage was 2.1%. (Fig. 2). These
results suggest that human HSCs expanded in the presence of
AFT024 cells can better engraft into NOD/SCID mice than
day 0 uncultured HSCs and expanded cells in the absence of
AFT024 cells.

Effect of the AFT024 cells on the transduction of SRCs
The transduced SRCs were evaluated by the proportion of

CD45+ cells with Rh-123 efflux function in the BM of mice
that have received MDR1-transduced CD34+ cells. The per-
centage of Rh-123dull CD45+cells was determined by flow
cytometry. As shown in Figure 3, the percentage of Rh-123dull

CD45+ cells in the group receiving transduced cells in the
presence of the AFT024 was 18.1%±6.0%, significantly higher
than a proportion of 4.1%±1.9% in the 4 mice receiving trans-
duced cells in the absence of the AFT024 (P<0.01).
Schiedlmeier et al [36] found a tight correlation between MDR1
gene marking determined by Quantative PCR and the pro-
portion of Rh-123dull human CD45+ leukocytes, thus we
predicate from the higher percentage of Rh-123dull CD45+ cells
that the AFT024 cells enhanced MDR1 gene transfer effi-
ciency in SRCs.

Discussion

It is much easier to transduce murine HSCs than human
HSCs using retrovirus vectors in standard short-term trans-
duction protocols. [37] The far more quiescent nature of human
HSCs than murine HSCs is one important reason to explain
this. Murine HSCs divide at lease once even during a few days
of transduction period while human HSCs may not divide at
all for several weeks. A very attractive idea to use the Dexter-
type long-term bone marrow cultures (LTBMC) for gene
transfer was put forward in respect that the proliferation of
primitive cells during these cultures for many weeks would
provide enough chances for retrovirus vectors to integrate into
the cells. However, investigators have demonstrated that this
protocol is ineffective for both transduction efficiency and
engraftment. [38] The AFT024 feeders have been demonstrated
to allow the HSCs in G0 phase to be recruited to cycles with-
out loss of primitive function by increased asymmetric
divisions. [31] Here we studied the feasibility of a 3-week trans-
duction protocol with the support of the AFT024 feeders.

We achieved the MDR1 gene transfer efficiency of up to
46% in CFCs in the presence of the AFT024 cells, much higher
than 15.2% in the absence of the AFT024 cells. van der Loo
JC et al also reported that prestimulation of HSCs in the pres-

Figure 2. Effect of the AFT024 cells on the engraftment of human cells in
NOD/SCID mice. We transplanted 5×104 day 0 uncultured CD34+ HSCs
or their equivalents expanded in the presence or absence of the AFT024
cells for 21 days into NOD/SCID mice. After six weeks, we detected the
percentage of CD45+ cells in the bone marrow of mice. Dots represent
individual animals. Horizontal bars indicate the average per group.

Figure 3. Effect of the AFT024 on the transduction of SRCs. Six weeks
after transplantation of transduced cell in the presence or absence
of the AFT024 cells into NOD/SCID mice, we detected the percentage
of Rh-123dull CD45+ cells in the bone marrow of mice. Dots represent
individual animals. Horizontal bars indicate the average per group.
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ence of the AFT024 for 4 days increased the number of CFCs
by 3.5 fold compared to cultures without AFT024 cells. [39]

However, using the 3-week LTBMC transduction, only 22.2%
of CFCs were transduced with the retroviral vector contain-
ing GFP gene. [38] In their study, cell recovery on day 21 was
only 21.3% and CFCs recovery was only 9.7% as compared
with the input cells on day 0. Thus the low level of gene trans-
fer efficiency in LTBMC might be caused by the loss of
primitive cells in the process of weekly removal of the non-
adherent cells and by the differentiation of primitive cells
during the long-term culture. In our studies, we harvested both
adherent and non-adherent cells for secondary cultures. On
day 21, CD34+ cells and CFCs were expanded for 37.9 fold
and 27.1 fold respectively in the presence of the AFT024 cells.
The augment of the absolute number of CD34+ cells and CFCs
caused by the AFT024 feeders may contribute to the increased
MDR1 gene transfer efficiency. The proliferation rate of total
cells are probably not in close relation with gene transfer effi-
ciency, as the expansion fold of TNCs showed no significant
differences between with and without the AFT024 cells. Thus,
the expansion of primitive hematopoietic cells by the AFT024
cells may play a more important role in the increased gene
transfer efficiency.

The effective gene transfer into HSCs is attractive to apply
this optimized protocol, while the more important criterium
is, that whether these cells responsible for long-term in vivo
engraftment, can be effectively transduced. Encouragingly,
we achieved an average of 18.1% in MDR1 transfer rate of in
vivo repopulating cells detected in all the 12 mice transplanted
with the day 21 cells cultured in the presence of the AFT024
cells. Transplantation of the day 21 expansion equivalent of
5×104 CD34+ cells in the presence of the AFT024 cells suc-
ceeded in engraftment in all mice with a higher percentage of
CD45+ cells detected compared with either day 0 cells trans-
plantation or day 21 culture without the AFT024 cells. This
finding was in line with the effect of the AFT024 cells on the
maintenance and even expansion of transplantable primitive
hematopoietic cells reported by other investigators. [29, 30, 40]

The higher cell dose transplanted in the AFT024 group also
contributes to the engraftment of human cells since the long-
term engraftment of human cells was cell dose-dependent. [41]

The murine retrovirus carrying the target gene can inte-
grate into cells only in the period of cell divisions, whereas
the ideal target cells of gene therapy, that’s the most primitive
human HSC, are quiescent or have very slow cycling rates
under natural conditions. [42, 43] So, in order to facilitate
retroviral gene insertion, HSCs has to be recruited into cell
cycles. Cytokines supplemented in cultures could stimulate
HSCs into cell cycle and facilitate the retroviral transduction,
while disappointingly, they lead to an engraftment defect in
the host. [20] Stromal cells and adhesion to the recombinant
fibronectin fragment CH-296 could counteract the loss of
long-term engraftment potential of HSCs induced by
cytokines. [44, 45, 46] In our study, both groups involved the use
of CH-296-coated culture plate while a much higher engraft-

ment of human cells was observed in the presence of the
AFT024 cells group compared to the absence of the AFT024
cells. This result suggests that the AFT024 feeders played
a more important role than CH-296 in rescuing the engraft-
ment ability of those repopulating cells induced into cell cycle
transit. The AFT024 cell line has been shown to have supe-
rior ability to support ex vivo survival and maintenance of
long-term engraftable human hematopoietic progenitors than
human stromal cells and other murine stromal cell line. [27, 28]

The AFT024 feeders can recruit significant number of primi-
tive cells into cell cycles and increase the absolute number of
cells undergoing asymmetric divisions. [31] These effects can
not be induced by cytokines combination alone. [47, 48] Even
the myeloid-lymphoid-initiating cells (ML-IC) which were
almost exclusively quiescent could be induced to asymmetric
divisions by the AFT024 cells. [31] Most studies provide evi-
dence for the association between asymmetric divisions and
primitive function ex vivo. [47.48.49] So we speculate that there
would be more chances for MDR1-retrovirus to integrate into
the primitive stem cells when asymmetric divisions occur.
More effective MDR1 gene transduced primitive cells would
result in higher level of transduced SRCs.

There are some hypotheses about the mechanism responsible
for the supportive effect of the AFT024 cells on HSCs. The
AFT024 cells were believed to provide a microenvironmental
niche through direct contact with HSCs to maintain a balance
between their self-renewal and differentiation. [29] Other investi-
gators proved that the AFT024 cells can also maintain the
primitive functions of HSCs even in non-contact culture system.
[40] This indicates that the supportive effect of the AFT024 cells
can be carried out by secreting soluble factors. Moore KA et al
have identified more than one hundred kind of factors secreted
only by the AFT024 cells, but not by other stromal cells that
does not have the ability to maintain primitive cells. Though it is
still unknown that how each of these factors acts on HSCs, their
supportive effect on HSCs is sure. It has been demonstrated that
the supernatant collected from the AFT024 cells culture or the
medium supplemented with some of these factors, such as large
6-O-sulfated heparan sulfate proteoglycans, can replace the
AFT024 cells for supporting HSCs. [39]

A major focus in the clinical UCB transplantation is to
expand HSCs to an enough number for an adult use while
maintaining all of the characters of HSCs at the same time.
The maintenance and expansion of HSCs depends on the cul-
ture conditions used. In consideration of the expansion of
CD34+ cells and CFCs which can represent partly the primi-
tive HSCs and HPCs, the AFT024 cells greatly increased the
fold-expansion of them. This findings is consistent with the
documented effect of the AFT024 cells on the maintenance
of primitive hematopoietic cells. [29, 30, 40] Our studies used
a population of UCB cells enriched for the surface marker
CD34 because the majority of current HSCs transplants were
performed using CD34+-enriched cells. Assay of the expan-
sion of CD34+ cells could direct clinical utility. The average
number of CD34+ cells obtained from one UCB sample is
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4×106. After expansion of 3 weeks, we achieved 1.5×108 of
CD34+ cells (37.9 fold) which is sufficient to transplant a 75kg
patient (2×106 CD34+ cells/kg body weight). Stimulated only
by cytokines, though the total number of expanded cells was
slightly lower than those co-cultured with the AFT024 feed-
ers, most HSCs were driven to the road of differentiation in
long-term cultures so that low level of CD34+ cells expanded
could not satisfy the clinical use.

In summary, our studies proved that the AFT024 cell line
can significantly improve the gene transfer efficiency ex vivo
and the transduced cells maintain the engraftment ability in
vivo. Furthermore, the 21-day culture protocol expands the
CD34+ cells derived from UCB to an enough level for adult
transplantation. Although it is still in a long way, this proto-
col proves a potential method to transfect MDR1 gene into
HSCs derived from human UCB with retroviral vector.

This work was supported by NO. 023130104, Key Fundamental
Research Program, Department of Science and Technology of
Shandong Province.
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