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Fetal hematopoietic stem cells express MFG-E8 during
mouse embryogenesis

Jaehun Lee1, Byung-il Choi2, Seo Young Park3, Su Yeon An1, Jiyou Han1 and Jong-Hoon Kim1

The milk fat globule-EGF-factor 8 protein (MFG-E8) has been identified in various tissues, where it has an important role in

intercellular interactions, cellular migration, and neovascularization. Previous studies showed that MFG-E8 is expressed in

different cell types under normal and pathophysiological conditions, but its expression in hematopoietic stem cells (HSCs) during

hematopoiesis has not been reported. In the present study, we investigated MFG-E8 expression in multiple hematopoietic tissues

at different stages of mouse embryogenesis. Using immunohistochemistry, we showed that MFG-E8 was specifically expressed in

CD34+ HSCs at all hematopoietic sites, including the yolk sac, aorta-gonad-mesonephros region, placenta and fetal liver, during

embryogenesis. Fluorescence-activated cell sorting and polymerase chain reaction analyses demonstrated that CD34+ cells,

purified from the fetal liver, expressed additional HSC markers, c-Kit and Sca-1, and that these CD34+ cells, but not CD34−

cells, highly expressed MFG-E8. We also found that MFG-E8 was not expressed in HSCs in adult mouse bone marrow, and that

its expression was confined to F4/80+ macrophages. Together, this study demonstrates, for the first time, that MFG-8 is

expressed in fetal HSC populations, and that MFG-E8 may have a role in embryonic hematopoiesis.
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INTRODUCTION

Milk fat globule-EGF-factor 8 protein (MFG-E8) is a
secreted glycoprotein that has different names, SED1, BA46
and lactadherin, in different species, including mice and
humans.1–3 MFG-E8 possesses two N-terminal EGF-like
domains, one of which contains a highly conserved
arginine-glycine-aspartic acid (RGD) integrin-binding motif
that participates in cell adhesion, by engaging αVβ3/5
integrin heterodimers.2,4,5 MFG-E8 also has two C-terminal
discoidin-like domains (F5/8C domains) that mediate attach-
ment to phosphatidylserine and phosphatidylethanolamine
residues on apoptotic cells.6 Early studies of these functional
domains emphasized the role of MFG-E8 as an opsonin in
phagocytic clearance of apoptotic cells in various organs.6–11

However, recent studies suggest that MFG-E8 is involved
in more diverse cellular events, including branching
morphogenesis of the mammary gland, tissue fibrosis, repair
of intestinal epithelium, angiogenesis, tumor growth and
metastasis, although the underlying mechanism(s) of these
events is still largely unknown.5,12–16

Hematopoietic stem cells (HSCs) have the ability to self-
renew and differentiate into all blood cell types, including

blood progenitors found within the adult bone marrow.17 Bone
marrow is a major postnatal hematopoietic organ that
maintains HSCs after birth and throughout adult life.18,19

However, during embryogenesis, HSCs originate at a variety
of anatomical sites prior to localization in the bone marrow.
HSCs were first found in the yolk sac blood vessel at mouse
embryonic day (E)9–10, and they localized to the aorta-
gonad-mesonephros (AGM) at about E10.5.20,21 At E11, HSCs
then migrated to the placenta, likely through the umbilical
artery. At this time point, HSC numbers in the placental
labyrinth increased, particularly between the E11 and E12.22,23

It was thought that placental HSCs migrate into the fetal liver
directly through the fetal blood circulation system.24 After
E13.5, HSCs accumulated and expanded in the fetal liver, as the
number of placental HSCs decreased.22 The HSCs then
localized to the bone marrow postnatally, where they remained
through adulthood.

Previous studies have demonstrated that MFG-E8 was
expressed in different immune or inflammatory cells under
normal or pathophysiological conditions in mice and
humans.7,25–28 However, its expression in HSCs during
hematopoiesis has not yet been reported. In the present study,

1Laboratory of Stem Cells and Tissue Regeneration, Division of Biotechnology, College of Life Sciences and Biotechnology, Korea University, Seoul, Korea;
2Department of Pathology, National Cancer Center, Gyeonggi-do, Korea and 3Biomedical Research Institute, Seoul National University Hospital, Seoul, Korea
Correspondence: Professor J-H Kim or Professor J Han, Laboratory of Stem Cells and Tissue Regeneration, Division of Biotechnology, College of Life
Sciences and Biotechnology, Korea University, West Building/Room 304, Anam-dong 5-ga, Sungbuk-goo, Seoul 136-713, Korea.
E-mail: jhkim@korea.ac.kr or hanjiyou@hanmail.net
Received 23 December 2014; revised 25 February 2015; accepted 31 March 2015

Experimental & Molecular Medicine (2015) 47, e174; doi:10.1038/emm.2015.42
& 2015 KSBMB. All rights reserved 2092-6413/15

www.nature.com/emm

http://dx.doi.org/10.1038/emm.2015.42
mailto:jhkim@korea.ac.kr
mailto:hanjiyou@hanmail.net
http://dx.doi.org/10.1038/emm.2015.42
http://www.nature.com/emm


we investigated the expression of MFG-E8 in hematopoietic
fetal tissues, including the yolk sac, AGM, placenta, and liver, at
different stages of mouse embryogenesis. We demonstrated, for
the first time, that MFG-8 was expressed in HSC populations
in all hematopoietic origins, but its expression became atte-
nuated and confined to phagocytic cells in the adult hemato-
poietic system.

MATERIALS AND METHODS

Animals and tissue specimens
Pregnant and adult ICR mice were purchased from the Central
Laboratory (Animal Inc, Seoul, Korea). The pregnancy was confirmed
by the presence of a vaginal plug. The pregnant ICR mice were killed
by cervical dislocation at the following gestational ages: E9.5, E10.5,
E11.5, E12.5, E13.5, E14.5, E15.5 and E16.5. Tissue specimens were
obtained from at least four embryos at different implantation sites.
Bone marrow was harvested from femurs of adult ICR mice (male,
6-weeks-old). Each ICR male mouse was housed in an individual cage
and received sufficient food and water until it was 9–10-weeks old.
Mice were killed by cervical dislocation, and femurs were obtained
immediately after. Connective tissues and muscles were removed from
the femurs and a crack was made with sterile scissors for fixation. All
animal experiments were approved by the Institutional Animal Care
and Use Committee of the Korea University (KUIACUC-2014-78).

Bone marrow flushing and slide attachment
To flush bone marrow, the femurs were first cleaned of connective
tissue and muscle. Femurs were then washed with sterile phosphate-
buffered saline (PBS). The bone was held in place with sterile tweezers,
and the hip and knee joints were cut. The bone marrow was harvested
from the proximal side of the right and left femurs. Bone marrow was
flushed into a petri dish with a 26-gauge needle (Korea Vaccine,
Ansan, Gyeonggi, Korea) attached to a 10-ml syringe filled with 0.5%
bovine serum albumin (Bovogen, Melbourne, Australia) in PBS. The
resulting cells were centrifuged at 3000 r.p.m. for 3 min at room
temperature using a CytoSpin 4 Cytocentrifuge (Thermo, Waltham,
MA, USA), then analyzed by immunostaining.

Histological analyses
Tissue specimens were fixed with 4% paraformaldehyde (Duksan,
Ansan, Gyeonggi, Korea) at room temperature for at least 12 h. The
specimens were further processed by increasing ethanol concentrations
(four times each in 95%, and 100% for 1 h, at room temperature),
cleared in xylene (four times each, for 1 h, at room temperature), and
embedded in paraffin at 60 °C or optimal cutting temperature
compound at − 20 °C (Tissue Tek, Chuo-ku, Tokyo, Japan).
Paraffin-embedded sections of 4–10-μm thickness and frozen sections
8-μm thick were used. Femur sections were also decalcified using
Calci-clear rapid solution (National Diagnostics, Atlanta, GA, USA) at
room temperature. After deparaffinization and rehydration, the tissue
sections were stained with hematoxylin (Merck, Readington Town-
ship, NJ, USA) and eosin (BBC Biochemical, Mt. Venom, WA, USA).
All slides were analyzed using a Scanscope slide scanner (Aperio,
Buffalo Grove, IL, USA) and ImageScope ver11.12.752 (Aperio).

Immunohistochemistry
For paraffin-embedded sections, sections of 4–10-μm thickness were
dewaxed with xylene (two times, for 5 min, at room temperature),
hydrated in decreasing ethanol concentrations (100% two times, and

90, 80, and 70% once, for 3min, at room temperature), then with
distilled water. Antigenic retrieval was performed in 10mM citrate
buffer, at pH 8.0, in a microwave oven, for 10min. The samples were
incubated at room temperature for 10min, after heating. After
blocking with 10% goat or donkey serum in PBS, the tissue sections
were incubated overnight at 4 °C with antibodies, diluted with 10%
goat or donkey serum in PBS, against antibodies to CD34 (BD
Biosciences, San Jose, CA, USA), MFG-E8 (MBL, Woburn, MA, USA),
F4/80 (AbD Serotec, Raleigh, NC, USA) and c-Kit (Santa Cruz,
Heidelberg, Germany). On the following day, the tissue sections were
rinsed in PBS and incubated at room temperature for 1 h with
appropriate secondary antibodies (Life Technologies, Carlsbad, CA,
USA). Nuclei were labeled with 4,6-diamidino-2-phenylindole (DAPI;
Sigma-Aldrich, St Louis, MO, USA) for 5min. After rinsing in 70%
ethanol for 5 min, tissue sections were treated with an autofluores-
cence eliminator reagent (Millipore, Billerica, MA, USA) for 5min to
avoid false-positive signals. Finally, tissue sections were washed and
mounted with Immu-mount (Thermo), and examined with an
Axiovert 200 M fluorescence microscope (Zeiss, Oberkochen,
Germany).

CD34+ cell isolation
Fetal liver tissues were harvested from 55 fetuses obtained from 6
different pregnant ICR mice at E12.5. Samples were dissociated into
single cell suspensions and filtered through 100-μm (BD Pharmingen,
San Jose, CA, USA). To eliminate red blood cells, the cell suspension
was incubated with red blood cell (RBC) lysis buffer (BD Pharmingen)
for 10min at room temperature, washed, and resuspended in
fluorescence-activated cell sorting buffer (1% bovine serum albumin
in PBS). Samples were then labeled with anti-mouse CD34-FITC
(Rat IgG, BD Pharmingen) or isotype antibody (negative control)
for 20min at 4 °C. The cells were then separated into CD34+ and
CD34− cell fractions using a fluorescence-activated cell sortingAria
(BD Pharmingen)

RT-PCR and real-time PCR analyses
Total RNA was isolated using Trizol (Invitrogen, Grand Island, NY,
USA) and cDNA was synthesized from 1 μg of total RNA using the
RevertAid H Minus First Strand cDNA SynDissertation Kit (Thermo)
according to the manufacturer’s protocol. Subsequent PCR were
performed using AccuPower PCR-Premix (Bioneer, Daeduck,
Daejeon, Korea). Primer sequences used in this study were as shown
in Table 1. PCR products were confirmed by ethidium bromide
staining, following by 1% agarose gel electrophoresis. For real-time
quantitative PCR (qPCR) analysis, real-time reverse transcription-
polymerase chain reaction (RT-PCR) mixtures were performed in
duplicate with the iQ SYBR Green Supermix (Bio-Rad, Hercules, CA,
USA). The CTs of target gene amplification were analyzed with the
CFX-96 real-time PCR system (Bio-Rad). The comparative CT method
(2−ΔΔCt) was used to perform relative quantification of target genes
normalized to a reference gene (β-actin).

RESULTS

MFG-E8 expression in hematopoietic tissues during
embryonic development
During mouse embryogenesis, CD34 is expressed by HSCs in
different tissues, including the yolk sac, AGM, placenta and
fetal liver, but its expression decreases and disappears after
birth.29–36 To identify HSCs in hematopoietic tissues of staged
mouse embryos, we used an HSC marker, CD34, to investigate
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the possible correlation between MFG-E8 and CD34 expression
in different hematopoietic tissues. The yolk sac is the first site
of primitive hematopoiesis in human and mouse embryos, and
provides erythroid and myeloid cells during embryonic life.37

Hematoxylin and eosin staining of embryo sections showed
that large cells with prominent nuclei were located in the
yolk sac blood islands as aggregates in developing embryos
(E10.5; Figures 1a–c). Immunohistochemical staining of
consecutive sections of the yolk sac revealed that these
cells expressed MFG-E8 (Figure 1d). Furthermore, strong
expression of MFG-E8 was specifically detected in the CD34+

HSCs, which showed a high nuclei/cytoplasm ratio (Figures
1e–g). A few cells which did not express CD34 were negative
for MFG-E8 immunostaining (Figure 1g, arrowhead).

This observation prompted us to investigate whether all
HSCs in fetal hematopoietic tissues, such as the placenta, aorta,
and liver, expressed MFG-E8. Paraffin sections of E11.5

embryos were used to determine whether MFG-E8 was
expressed in HSCs in different developing organs (whole
hematoxylin and eosin staining images of the embryo are
shown in Supplementary Figure 1). Notably, MFG-E8 expres-
sion was detected in all other hematopoietic tissues in embryos
(Figures 2a–h and 3a–d). We also found a few cells that did not
express CD34 in hematopoietic tissues (Supplementary Figure
2). In the placenta, large blood vessels in the chorioallantoic
mesenchyme of the chorionic plate contained a number of cells
with large nuclei (Supplementary Figure 1 and Figure 3a, white
arrowhead, inset). Immunohistochemical staining of consecu-
tive sections of placental tissues showed that these cells were
positive for CD34, and that MFG-E8 was specifically expressed
in CD34+ HSCs, as observed in the yolk sac. (Figures 3b–d).
There was no CD34 and/or MFG-E8 expression detected in
decidua (data not shown), and only enucleated erythrocytes
were found in the maternal blood vessels of the placenta
(Figure 3a, black arrowhead, inset). MFG-E8 was also detected
within CD34+ HSCs in the dorsal aorta and cardinal veins
(E11.5; Supplementary Figure 1 and Figures 2a–d). These cells
exhibited similar morphology to that of HSCs found in the
yolk sac and placenta, showing a round shape with large nuclei
(Supplementary Figure 1 and Figure 2a, inset), and most of
these cells co-expressed CD34 and MFG-E8 (Figures 2b–d).
It is believed that HSC in the yolk sac and AGM migrate to
the liver at approximately day 11, and become a main
hematopoietic organ late in fetal life.20,24 At E11.5, we found
many prominent colonies of eosinophilic and nucleate cells
over the entire fetal liver parenchyma (Supplementary Figure 1
and Figure 2e, inset). Again, these cells expressed not only
CD34, but also MFG-E8 (Figures 2f–h). Together, these results
indicated that MFG-E8 was expressed in HSCs of major

Table 1 Primer list used in this study

Primer name Sequences

Mouse Mfg-e8-F 5′-ATCTACTGCCTCTGCCCTGA-3′
Mouse Mfg-e8-R 5′-TGGTCTCGGTTTCACAGTGG-3′
Mouse Cd34-F 5′-AGCGGTACAGGAGAATGCAG-3′
Mouse Cd34-R 5′-ATCAGGCAGAGAGCTACCCA-3′
Mouse c-Kit-F 5′-TCCTCACTCACGGGCGGATC-3′
Mouse c-Kit-R 5′-TGGAGGTGGGGTGGGGAACT-3′
Mouse Sca-1-F 5′-CAATGTAGCAGTTCCCAATG-3′
Mouse Sca-1-R 5′-CAGGGGCTATAAAGGCAAAA-3′
Mouse β-actin-F 5′-AGAGGGAAATCGTGCGTGAC-3′
Mouse β-actin-R 5′-CAATAGTGATGACCTGGCCGT-3′

Abbreviations: F, forward; R, Reverse.

Figure 1 Milk fat globule-EGF-factor 8 (MFG-E8) and CD34 expressions in the yolk sac blood island of developing mouse fetuses at
embryonic day E10.5. (a) Hematoxylin and eosin (H&E) staining image of E10.5 mouse embryo. Decidua, spongial layer and labyrinth of
the placenta are shown outside of the yolk sac surrounding the embryo. (b and c) Enlarged image of the area indicated with ‘*’ in a are
shown in b. High magnification of the boxed area in b are shown in c. Cells located in the yolk sac blood island are large and have
prominent nuclei. (d–f) Immunofluorescent labeling of the blood island in the yolk sac with anti-CD34 and anti-MFG-E8 antibodies. Note
that the CD34+ cell co-expressed MFG-E8. The boxed area in f are separately shown in g. White arrowhead indicates CD34− cells. Scale
bars in: a=250 μm; b and f=50 μm, and c and g=10 μm.
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hematopoietic tissues during the early developing phase of
mouse embryos.

Expression of CD34 and MFG-E8 in placental development
during pregnancy
The placenta is an important reservoir for developing and
proliferating HSCs during embryogenesis. The chorionic plate
acts as a hematopoietic pool before HSCs migrate to the fetal
liver for further expansion.23,24 The first appearance of CD34+

cells at the labyrinth and chorionic plate occurred at
E10.5–11.5. within fetal blood vessels (Figures 3a–d). Tropho-
blastic cells in the labyrinth layer expressed neither CD34 nor
MFG-E8. The patterns of Mfg-e8 expression in placental tissue
was validated by RT-PCR analysis (Figure 3e). The qPCR also
showed a trend of Mfg-e8 mRNA expression in the placenta

during pregnancy, increasing gradually up to E15.5, but with
marked reduction after E15.5 (Figure 3f).

Expression of CD34 and MFG-E8 in the fetal liver
The fetal liver is colonized by HSCs at days 10 and 11 of
gestation, and HSC expansion initiates on E13. The fetal liver
therefore serves as a main organ for HSC expansion and
differentiation, until hematopoiesis in the bone marrow is
established. Fetal liver HSCs have a similar surface phenotype
to placental HSCs, including the hematopoietic marker
CD34.22,23 We purified CD34+ cells from fetal livers at E12.5
(n= 55 from 6 pregnant mice) to determine the selective
expression of MFG-E8 in CD34+ HSCs. The CD34 antigen was
expressed by 21.6% of whole-fetal liver cells after depletion of
RBCs by lysis. In addition, the percentage increased up to 99%

Figure 2 Milk fat globule-EGF-factor 8 (MFG-E8) and CD34 expression in the aorta, and liver of developing embryos at embryonic day
E11.5 (a–d) Hematoxylin and eosin (H&E) staining and immunofluorescent labeling of dorsal aorta and cardinal veins with anti-CD34
and anti-MFG-E8 antibodies. CV, cardinal vein; DA, dorsal aorta. (e–h) H&E staining and immunofluorescent labeling of fetal liver
sections with anti-CD34 and anti-MFG-E8 antibodies. Enlarged images of the boxed are shown in the upper right corner in each panels.
Scale bar: 50 μm.

Figure 3 Expression of milk fat globule-EGF-factor 8 (MFG-E8) in placental development during pregnancy. (a–d) Hematoxylin and eosin
(H&E) staining and immunofluorescent labeling of the developing placenta with anti-CD34 and anti-MFG-E8 antibodies at embryonic
day (E)11.5. High magnification images of the boxed areas are shown in the upper right corner of each panels. Scale bar: 50 μm.
(e) real-time reverse transcription-polymerase chain reaction (RT-PCR) analysis of MFG-E8 mRNA in the placenta at different days
of gestation. (f) quantitative PCR (qPCR) analysis of MFG-E8 mRNA in the placenta at different days of gestation. The expression level
was presented as relative expressions (fold changes) over the lowest value (the lowest level was assigned a value of 1) after normalization
to β-actin expression.
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after purification by fluorescence-activated cell sorting, using
anti-CD34 antibody (Figures 4a and b). The purification of
CD34+ cells was confirmed by qPCR, showing that Cd34 was
expressed only in the CD34+ fraction, but not in the CD34−

fraction (Figure 4c). Importantly, RT-PCR analysis revealed
that although c-Kit was expressed in both CD34+ and CD34−

fractions, Mfg-e8 expression was detected only in cells that
expressed c-Kit, Sca-1 and Cd34, whereas the CD34− fraction
expressed very low levels, if any, of Mfg-e8 (Figure 4d). The
high level of Mfg-e8 expression in CD34+ cells was further
validated by qPCR analysis (Figure 4e).

CD34 and MFG-E8 expression in adult bone marrow
To maintain the number of HSCs, hematopoiesis occurs
mainly in the bone marrow throughout adult life.18 Because
CD34 expression is known to be downregulated in adult HSCs,
we used c-Kit, another marker of HSCs, to examine expression
of MFG-E8 in mouse femur bone marrow (Supplementary
Figure 3).38 Immunohistochemical analysis of bone marrow
sections showed that adult c-Kit+ HSCs were located near the
lining of sinusoids as previously reported,39 but MFG-E8
expression was not detected in c-Kit+ HSCs (Figure 5a).
Because MFG-E8 expression in macrophages has been pre-
viously reported,13 we flushed bone marrow cells and assessed
the expression of MFG-E8, on cytospin slides. This procedure
allowed us to determine that MFG-E8 was only detected in cells

expressing F4/80, a marker of mature macrophages. None of
the other cells flushed out of the bone marrow expressed MFG-
E8 (Figure 5b).

DISCUSSION

In this study, we determined the expression pattern of MFG-E8
during embryonic hematopoiesis in mice. We found that
MFG-E8 was specifically expressed in CD34+ fetal HSCs. We
also showed that MFG-E8 expression was confined to F4/80+

macrophages in the hematopoietic system of adult mice. Early
studies of the physiological role of MFG-E8 emphasized cellular
interactions in the innate immune system and clearance of
apoptotic cells.8,27,40 Obvious phenotypic defects were not
reported in developing MFG-E8 null mice, and detailed
investigations were not performed on hematopoiesis.7,9,25,27

Recent studies have shown that MFG-E8 is also expressed in
many other tissue types besides immune cells, but expression
during hematopoiesis was not investigated.11–13,41,42 Our data
clearly show that MFG-E8 is expressed at different hemato-
poietic sites, including the yolk sac, aorta, placenta and fetal
liver during embryogenesis, but not in the adult bone marrow.
Previous studies showed that developmental endothelial locus-
1, which shared close structural and functional homologies,
was detected in a subset of round hematopoietic cells in the
yolk sac blood islands.43 This study also found that develop-
mental endothelial locus-1 was expressed in endothelial cells,

Figure 4 Expression of milk fat globule-EGF-factor 8 (MFG-E8) in CD34+ cells in the fetal liver. (a and b) Flow cytometric analysis
of CD34+ cells in the developing liver before (a) and after (b) purification with anti-CD34 antibody. (c) quantitative PCR (qPCR) analysis of
sorted cells for the expression of Cd34. Cd34 expression in the CD34+ fraction was presented as relative expressions (fold changes)
over CD34− fraction after normalization to β-actin expression. *Po0.05. (d and e) real-time reverse transcription-polymerase chain reaction
(RT-PCR) (d) and qPCR (e) analyses of sorted CD34+ and CD34− fractions for the expression of Mfg-e8. Note that only a CD34+

fraction expresses Mfg-e8. Po0.05. Mfg-e8 expression in the CD34+ fraction was presented as relative expressions (fold changes) over
CD34− fraction after normalization to β-actin expression.

Fetal hematopoietic stem cells express MFG-E8
J Lee et al

5

Experimental & Molecular Medicine



but that expression declined after endothelial cells formed
blood vessels, suggesting a potential role in vascular remodel-
ing. Our data revealed that MFG-E8 was specifically expressed
in CD34+ HSCs within blood islands. Importantly, del1 and
MFG-E8 both contained EGF-like domains, with an RGD
motif and discoidin-like domains. Thus, it can be speculated
that MFG-E8 expressed in CD34+ cells may support growth of
new vessels in the early stages of embryonic development.
Indeed, recent studies have reported a potential role for
MFG-E8 in modulating neovascularization.15

Because MFG-E8 was detected at all hematopoietic sites, i.e.,
the yolk sac, AGM, placenta, and liver in developing embryos,
it may be involved in formation of specialized niches that
support HSC self-renewal, differentiation and migration.
Before primitive vascular networks are established, mesodermal
cells in the primitive streak migrate into multiple hematopoie-
tic sites, including the yolk sac, AGM and/or placenta, upon
stimulation with vascular endothelial growth factor, Indian
Hedgehog, and bone morphogenetic protein 4.44–46 It has been
suggested that hematopoietic clusters in the aortic mesenchyme
and the ventral walls of adjacent large vessels migrate through
the endothelium and are released into the circulation.47 Fetal
HSCs actively proliferate and migrate to provide an adequate
supply of HSCs for postnatal life.48 In particular, AGM-derived
HSCs migrate into the fetal liver and are colonized by rapid
expansion at ~E15.5.24 Recent studies have suggested that
MFG-E8 may have a role in acquisition of motile phenotypes,
and in regulating proliferation in various cell types. In the adult
hematopoiesis, however, HSCs reside in the bone marrow and
closely interact with osteogenic, adipogenic and chondrogenic
cells derived from the mesenchymal stem cells, continuously
producing different types of blood cells.24,49 Thus, the different
expression of MFG-E8 between fetal and adult HSCs may be
owing to the different microenvironments surrounding them.

This speculation is further supported by other findings that
MFG-E8 promoted the migration of tumor cells, cancer stem
cells and non-transformed epithelial cells, by activating twist,
snail, cyclins D1/D3 and mitogen-activated protein
kinases.1,5,14,50 Therefore, future studies using an in vitro
hematopoietic modeling system and gene silencing technology
will be required for determining whether MFG-E8 involves in
migration and/or proliferation of fetal HSCs.

Enucleation of erythroblasts is a critical step in differentia-
tion of mammalian HSCs into mature erythrocytes. This
event occurs between E14.5 and E16.5 in the mouse fetal liver
during definitive erythropoiesis.51 Although the exact mechan-
ism of enucleation has yet to be clarified, the nuclei of
erythroblasts are polarized to one side of the cell, and extrude
with a thin rim of cytoplasm and an enveloping plasma
membrane, that is referred to as the ‘pyrenocyte’.51 This
pyrenocyte is then engulfed by a macrophage, because of the
expression of phosphatidylserine on its surface, which acts as
an ‘eat me’ signal for apoptotic cells.40 Because MFG-E8
harbors both the discoidin domain that binds to phosphati-
dylserine on prenocytes, and an RGD motif that can interact
with macrophage integrins, MFG-E8 may act as a bridging
molecule that promotes nuclei removal from erythroblasts.
Because primitive erythroid cells leave the yolk sac and enter
circulation as nucleated cells before enucleation, it is unlikely
that MFG-E8 expressed in the yolk sac is involved in the
enucleation process. However, we cannot exclude a presump-
tive role for MFG-E8 in enucleation in the fetal liver of mouse
embryos.

One of the murine fetal HSC markers, CD34, is known to be
expressed in particular hematopoietic progenitors, such as
short-term HSCs, multipotent progenitors, common myeloid
progenitors and granulocyte-macrophage progenitors.52,53 The
short-term HSCs and the multipotent progenitors are transient

Figure 5 Milk fat globule-EGF-factor 8 (MFG-E8) expression in adult bone marrow. (a) Immunohistochemical analysis of bone marrow
sections with antibodies against c-kit and MFG-E8. Note that c-kit+ cells are located in the near sinusoids and these cells did not express
MFG-E8. S, sinusoid. Enlarged images of the boxed region are shown in the upper right corner of each panel. (b) Expression of MFG-E8 in
F4/80+ macrophages in the bone marrow of adult mice. Scale bar: a=50 μm; b=20 μm.
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hematopoietic cells that generate all lineages. Our data showed
that CD34+ cells purified from the mouse liver expressed the
additional hematopoietic markers, c-Kit and Sca-1. Further-
more, we also demonstrated that purified CD34+ cells, but not
CD34− cells, highly expressed MFG-E8 mRNA. These result
strongly suggested that CD34+ HSCs expressed MFG-E8,
although the potential role of MFG-E8 in the embryonic
hematopoiesis remains to be elucidated.

MFG-E8 has attracted much attention from many different
biomedical fields, owing to its multifaceted roles in diverse
pathophysiological events. In this study, we showed, for the
first time, that MFG-E8 was expressed in multiple hemato-
poietic tissues of developing mouse embryos. Future investiga-
tions into the exact physiological roles and the action
mechanism of MFG-E8 during hematopoiesis are therefore
important directions for future research.
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