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Two conditional media promoting the differentiation murine

embryonic stem cells into hematopoietic stem cells
ZHAO Hui-ping', LU Guang-xiu', WANG Qi-ru'”
(1. Institute of Human Reproductive and Stem Cell Engineering, Central South University , National Human Stem
Cell Engineering Research Center ,Changsha 410078 ; 2. Department of Blood Laboratory, Xiangya School of Medical,
Central South University; Changsha 410078, China)

Abstract: Objective To derive hematopoietic stem cells with functional properties of hematopoietic recon-
stitution from murine embryonic stem ( ES) cells. Methods ES-D3 cells by formation of the day-4 embryoid
bodies (4dEBs) were induced into hematopoietic stem cells by co-culture with murine bone marrow endothelial
cell-conditional medium (mBMEC-CM) and the fetal liver stromal cell-conditional medium ( FLSC-CM). This ex-
periment was designed to 4 groups (mBMEC-CM + FLSC-CM group, mBMEC-CM group, FLSC-CM group, and
the control group). Results The total cell numbers, CD34 " cell numbers,and colony numbers formed in the mB-
MEC-CM + FLSC-CM group were the highest among the 4 groups. The cells in the mBMEC-CM + FLSC-CM group
resumed the hematopoietic system of the mice after being transplanted with the inducing cells. Conclusion The
culture condition combing mBMEC-CM with FLSC-CM can promote murine ES cells differentiating into hematopoiet-
ic stem cells with functional properties of hematopoietic reconstitution.
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Hematopoietic stem cells (HSCs) generated from
embryonic stem ( ES) cell differentiation culture are
suitable for bone marrow transplantation and gene ther-
apies. Primitive HSCs from ES cell differentiation cul-
ture can offer theoretic therapeutic advantages to adult
bone marrow HSCs, including more extended prolifera-
tive capacity, developmental potential and less propen-
sity to cause graft-versus-host disease''’.

In studies of hematopoietic differentiation from ES
cells, the main methods are to co-culture ES cells with
the murine fibroblast lines such as OP9, RP0. 10, MS-
5, NIH-3T3, PA6*"'.

marrow endothelial cell line of inducing ES cell differ-

There are few studies on bone

entiation into hematopoietic cells. Recently, we repor-
ted that murine bone marrow endothelial cell-condition-
al medium (mBMEC-CM) and/or a combination of cy-
tokines can promote murine ES cell differentiation to
hematopoietic precursor cells'®'. In this report, we de-
tected the ability of murine ES cell-derived HSCs of
long-term reconstitution of the hematopoietic system in

recipients by co-culturing murine ES cells with mB-

MEC-CM and FLSC-CM.
1 MATERIALS AND METHODS

1.1 Materials

1.1.1 Murine ES Cell Line and Animals The
murine ES cell line ES-D3 and the nude mice (6-week-
old females, BALB/C) were provided by professor
Cheng Xi-gu in Department of Laboratory Animal Sci-
ence, Sun-Yat-Sen University.

1.1.2 Reagents Fetal bovine sera ( FBS) were
purchased from Hyclone Company. Horse sera were
purchased from Academy of Military Medical Sciences.
Cytokines including leukemia inhibitory factor ( LIF') ,
granulocyte-macrophage colony-stimulating factor ( GM-
CSF) , stem cell factor ( SCF) , erythropoietin ( EPO) ,

recombinant interleukin (rIL)-3, rIL-6 and Trizol rea-
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gents were products of GIBCO/BRL. L-glutamine ( L-
G), methylcellulose, agar and bovine serum albumin
(BSA) were products of Sigma. Purified rat anti-mouse
Sca-1( Clone D7), c-kit( Clone 2B8), CD11b( Clone
M1/70) , Erythoid cell marker( Clone TER-119) mon-
oclonal antibodies were the products of eBioscience
Company and purified rat anti-mouse CD34 ( Clone
MEC 14. 7) monoclonal antibody was the product of
Hycult biotechnology Corporation. Purified rat anti-
mouse Thy-1 ( Clone IBL-1) monoclonal antibody was
the product of Neomarkers Corporation. Phycoprobe R-
Phycoerythrin (PE) Anti-Rat IgG (H + L spec. ) was
purchased from Biomeda Corporation. Immunocyto-
chemistry kit and DAB kit were purchased from WuHan
Boster Biological Technology Co. LTD. RT-PCR kit was
purchased from TaKaRa Biotechnology ( Dalian) Co.
LTD. Primers were synthesized by Shanghai sangon Bi-
otechnology Co. LTD.
1.2 Methods
1.2.1 Culture of ES cells The murine ES cell
line ES-D3 was derived and maintained in the undiffer-
entiated state as described”’. We detected the ES cell
line ES-D3 undifferentiated characters of alkaline phos-
phatase, karyotype, and the ability of differentiation in
vitro and in vivo before the following experiments. The
ES cells were maintained as undifferentiated cells by
culture on monolayers of mitomycin C-treated (10 pg/
mL at 37 °C for 4 hours) murine embryonic fibroblast
(MEF) cells.
1.2.2  Collection of mBMEC-CM and FLSC-CM
The cell line SC,s was established in our lab'”’.
The fetal liver stromal cells were prepared as de-
scribed '
and the fetal liver stromal cells were cultured with ser-

um-free Iscove’ Modified Dubecco’ s Medium (IMDM,

When they grew confluent, the SCys cells

0.1 mL/cm’ culture container) for 48 hours after
washed with saline 3 times respectively. Then the cul-

ture media were collected and centrifuged. The super-
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natants were reserved in —20 °C after passed through
0.22 wm nitrocellulose filter units.

1.2.3 Promoting ES cell differentiation to hema-
topoietic precursor cells The day<4 Embryoid
Bodies (4dEBs) were formed, collected and then re-
plated in 2 mL culture medium (1 x10°/mL) by being
divided into 4 groups ( mBMEC-CM + FLSC-CM
group, mBMEC-CM group, FLSC-CM group and con-
trol group). The concentrations of mBMEC-CM and
FLSC-CM were 20% ( vol/vol) respectively. These
cells were harvested after 3 days. The detections of
hematopoietic colony assay, flow cytometry analysis,
immunocytochemistry and RT-PCR analysis were done
according to the methods described in the paper'®.
1.2.4 Hematopoietic reconstitution of irradiated
recipient mice Fifteen nude female mice were in-
jected intravenously (lateral tail vein) after being given
the dose of 350 ¢Gy vy-irradiation. Eight out of fifteen
mice received 2 x 10° mononuclear cells generated from
the ES cell-derived cells of mBMEC-CM + FLSC-CM
group induced for 3 days and seven out of fifteen mice
received no cells in PBS as control. Transplanted mice
were maintained under sterile conditions. Three months
later, the bone marrow hematopoietic colonies were de-
termined for myeloid differentiation. The presences of
the Sry male gene in the colony cells and the cells ob-
tained from the spleen or bone marrow of reconstituted
female nude mice hosts were assessed by DNA-based
PCR assays. The forward primer was 5'-CTGCTGT-
GAACAGACACTAC-3"; and the reverse primer was 5'-
GACTCCTCTGACTTCACTTG-3'. And the length of
PCR product of the Sry gene was 722 bp. The expres-
sions of B-H,; gene mRNA were detected in spleen cells
of the experimental mice and the control mice by RT-
PCR.

1.3 Statistical Analysis The data were presented
as x =s and analyzed by SPSS statistical software (ver-
sion 13. 0). One-factor analysis of variance was ap-
plied to assess significances among groups and g¢-test
was applied to assess significances between 2 groups.
The statistical significance level was set at a two-tailed

value of P <0.05.

2 RESULTS

2.1 Characters of the undifferentiated ES-D3 cells
The ES-D3 cells were positive to alkaline phospha-
tase staining, and the ES-D3 cell line had normal dip-
loid karyotype. Forty chromosomes were found more
than 60% of the cells (XY). In vitro the ES-D3 cells
formed complex EBs with endoderm, mesoderm and ec-
toderm in suspension culture. In vivo the ES-D3 cells
formed solid teratocarcinomas containing the products of
three germ layers after being injected subcutaneously
into syngeneic mice.
2.2 Hematopoietic precursor cells derived from
the ES cells The results of hematopoietic progenitor
assays showed that the ES cell-derived cells could form
the hematopoietic colonies of HPP-CFC and BFU-E. In
HPP-CFC culture, ES cell-derived colony cells had the
same characteristic morphologies of granulocyte and
macrophage as those from murine bone marrow cells.
And most of these colony cells expressed antigen
CD11b specially on macrophage, granulocyte and NK
cell surface. In BFU-E culture, ES cell-derived colony
cells were positive to benzidine, and most of these ex-
pressed erythroid specific antigen TER-119. Moreover
these colony cells expressed adult ( 3-major) and em-
bryonic(3-H1) globin gene mRNA, while undifferenti-
ated ES cells did not express them.

RT-PCR results showed that the cells of the mB-
MEC-CM + FLSC-CM group and the mBMEC-CM group
both expressed hematopoietic transcription factors ( c-
myb, SCL, and B-H1), while the cells of the FLSC-
CM group and the control group only expressed c-myb
gene.

The results of immunocytochemistry staining
showed that ES cell-derived cells expressed c-kit, Sca-
1, Thy-1, and CD34 antigens. The results of flow cy-
tometry analysis demonstrated that the population of the
mBMEC-CM + FLSC-CM group contained c-kit* cell
3.1%, Sca-1" cell 1.5% , Thy-1" cell 1.3% , while
the population of the control group contained c-kit* cell

0.4% , Sca-1" cell 0% , Thy-172.0%. The ratios of
CD34 " cells of the mBMEC-CM + FLSC-CM group and
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the mBMEC-CM group were 69% and 62. 5% respec-
tively. Both were much higher than those of the FLSC-
CM group and the control group (Fig.1).

According to the total cell numbers, CD34 " cell
numbers, colony numbers ( HPP-CFC and BFU-E),
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Fig. 1

Table 1

the effect of the mBMEC-CM + FLSC-CM group on pro-
moting the generation of the ES cell-derived hematopoi-
etic precursor cells was the strongest among the 4

eroups (Table 1).
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Flow cytometry analysis of CD34 antigen on the cells from 4 groups

Comparison of the effects of promoting hematopoietic

differentiation from ES cells in the 4 groups

Group cell number ( x10*)

CD34 * number ( x10*)

HPP-CFC( number/10°)  BFU-E( number/10°)

34,25 +1.59 * *##84
20.92 +2.05* *##
2.58 +0.70

3.50 +0.72

mBMEC-CM + FLSC-CM group
mBMEC-CM group

FLSC-CM group

Control group

23.63 +1.10* *##04
13.07 +1.28 " *##
0.62 £0.17

0.75 +0.15

97.33 +11.78 % *##44
74.67 +8.26* ***#
0.00
0.00

555.50 £5.29 * *##4
447.60 £65.09 * *##
113.50 +21.97
119.83 +29.21

Compared with control group, * * P <0.01; Compared with FLSC-CM group, ## P <0.01; Compared with mBMEC-CM group, A P <0.05,

A A P<0.01

2.3 Hematopoietic reconstitution of irradiated re-
cipient mice

2.3.1

ter transplantation, the number of survival mice in the

Survival recipient mice Three months af-
experimental group was six out of eight and the number
of survival mice in the control group was two out of
seven.
2.3.2 Reconstitutions of hematopoietic lineage

The colony numbers of CFU-GM and BFU-E were
126.56 +13. 88 and 65.4 =8. 14 per 10’ cells in the
experimental group, and 33. 50 +0. 14 and 30. 9 =
5.90 per 10° cells in the control group. The colony
numbers of CFU-GM and BFU-E of the experimental
group were much higher than those of the control group
(P<0.01).

There was Sry gene in these colony cells of the ex-

perimental mice while there was no Sry gene in those

colony cells of control survival mice (Fig.2).

M123 4567 8 9MI1011121314

Fig. 2 PCR products of Sry male-specific gene (722 bp)

Lane 1 to 6; CFU-GM cells, BFU-E cells, peripheral
blood cells, thymocytes, bone marrow cells and spleen
cells from female survival mouse (5%) that received the
cells generated by induced ES cells. Lane 7 male nor-
mal mice; lane 8 female normal mouse; Lane 9 to 14 ;
CFU-GM cells, BFU-E cells, peripheral blood cells,
thymocytes, bone marrow cells and spleen cells from
female survival mouse (12*) that received no cells.

Lane M. marker
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There was the expression of 8-H, gene mRNA in
spleen cells of experimental survival mice while there
was no expression in the spleen cells of control survival

mice( Fig. 3).

M1 2 3 435

6 7 8

Fig.3 RT-PCR products of B-H, gene (265bp) expression of

spleen of survival animals after 3 months of transplanta-
tion Lane M; marker; Lanel-6:spleen cells of survival
mice of experimental group; Lane7-8: spleen cells of

survival mice of control group

3 DISCUSSION

Although ES cells can differentiate into all linea-
ges of the blood system in vitro, efficient production of
functional HSCs that can reconstitute all hematopoietic

1'% In this study,

lineages in vivo has proven difficul
we derived hematopoietic stem cells from murine ES
cells by co-culture with murine bone marrow endothelial
cell-conditional medium and the fetal liver stromal cell-
conditional medium. The ES-D3 cell line was testified
that the cells did not express CD34 mRNA'". The in-
creased long-term survival number of the experimental
group of our culture conditions showed that these cells
can exercise function of hematopoietic stem cell. We
also employed hematopoietic clonal analysis of hemato-
poietic populations of engrafted mice to demonstrate our
derivation of self-renewing, multipotential HSCs from
murine ES cells. In this experiment, the increasing
colony numbers (HPP-GM and BFU-E) and the exist-
ence of Sry gene showed that the increasing granulo-
cyte, macrophage and erythroid cells are from exoge-
nous HSCs derived ES-D3 cells. And the expressions of
B-H, gene in the period of embryo on spleen cells also
demonstrated that there are exogenous erythroid cells
derived from ES-D3 cells. Thus, our culture conditions
enable the directed differentiation of murine ES cells

into hematopoietic progenitors with the cardinal features

of definitive HSCs.

Stromal cells are major components of the microen-
vironment surrounding hematopoietic cells and play an
important role in hematopoiesis in vivo. Co-culture of
HSCs with stromal cells promoted hematopoiesis and

self-renewal of HSCs''*"'.

marrow stromal cell lines can induce ES cells differenti-
[2,7]

It was reported that bone
ated to hematopoietic cells Fu et al. '™ also re-
vealed that both AGM and BM stromal cells can pro-
mote the ESCs-derived hematopoietic precursor cells
with the ability of hematopoietic reconstruction in vivo.
In this study we used bone marrow endothelial cell line
inducing ES cells differentiation into hematopoietic stem
cells. The bone marrow endothelial cell line SCy5 used
in this experiment was a pure bone marrow endothelial
cell line established in our lab'™'. In addition to hema-
topoietic stromal cells, combination of cytokines and
special gene expressions are considered taking part in
promoting hematopoietic differentiation from ESCs.
Chadwick et al. "' reported that the treatment of ESCs
during EB development with a combination of cytokines
and bone morphogenetic protein-4 ( BMP-4) strongly
promotes hematopoietic differentiation. Our previous re-
sults demonstrated positive and negative hematopoietic
cytokines were produced by bone marrow endothelial

170 S0 we infer that murine bone marrow endothe-

cells
lial cell-conditional medium contains these positive and
negative hematopoietic cytokines which promotes hema-
topoietic differentiation from ESCs. These two condi-
tional media of mouse bone marrow endothelial cells
and the fetal liver stromal cells were used to gain ES-
D3 cell-derived HSCs without contamination of stromal
cells and can substitute for extensively exogenous hema-
topoietic cytokines.

In this study the cellular differentiating model was
created by inducing ESCs differentiated into HSCs. In
the following experiment we are going to explore which
effects are exerted on the generation, maintenance, and
expansion of HSCs from ES cells by murine bone mar-
row endothelial cell-conditional medium and the fetal
liver stromal cell-conditional medium.
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