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B one marrow stromal cells (BMSCs) can differen-
tiate into various kinds of cells, including endo-
thelial cells (ECs), osteocytes, chondrocytes, ad-

ipocytes, and neural cells. Because BMSCs have low
immunogenicity and multilineage differentiation poten-
tial, they could be used for generating new tissue and re-
pairing damaged tissue. BMSCs differentiate into ECs,
resulting in increased vascularity and improved cardiac
function in an ischemia model (1). It has been shown
that BMSCs differentiate into vascular endothelial cells
(VECs) following BMSCs implanted into vein grafting in
rats (2). These BMSCs cells contribute to rapid re-
endothelialization and inhibited neointimal formation
and advanced vascular lesion formation (2). Differentia-
tion of BMSCs to VECs has been utilized for myocardial
regeneration and neoangiogenesis. However, the mech-
anisms underlying BMSC differentiation to VECs are not
well-known.

VECs have been defined by their capacity to interact
with small molecules instead of growth factors (3). Our
previous studies have reported that 6-amino-2,3-
dihydro-3-hydroxymethyl-1,4-benzoxazine (ABO) inhib-
its VEC apoptosis induced by growth factor deprivation
and oxidized low-density lipoprotein (4, 5). However, the
role of ABO in BMSCs differentiation into VECs is not
known yet. In this study, we found that ABO is an in-
ducer for BMSC differentiation into VECs. To determine
which genes might be involved in this process, we com-
pared gene expression pattern in undifferentiated BM-
SCs (without ABO treatment) and differentiated BMSCs
(with ABO treatment). Using the 27K Rat Genome Array
consisting of 28,800 genes of various functional
classes, we found that one gene, Hmbox1, was up-
regulated, whereas 6 genes were down-regulated.
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ABSTRACT Bone marrow stromal cells (BMSCs) play critical roles in repairing en-
dothelium damage. However, the mechanisms underlying BMSC differentiation
into vascular endothelial cells (VECs) is not well understood. We aimed to find new
factors involved in this process by exploiting a novel chemical inducer in a gene mi-
croarray assay. We first identified a novel benzoxazine derivative (6-amino-2,3-
dihydro-3-hydroxymethyl-1,4-benzoxazine; ABO) that can induce BMSC differentia-
tion to VECs in a capillary-like tube formation assay, promote analysis of endothelial
cell-specific marker expression, and facilitate uptake of 1,1=-dioctadecyl-3,3,3=,3=-
tetramethylindocarbocyanine perchlorate-acetylated low-density lipoprotein
(Dil-Ac-LDL). Microarray analysis of BMSCs treated with ABO for 4 h revealed
changes in only a handful of genes. The only one upregulated was homeobox-
containing 1 (Hmbox1) gene, whereas six genes, including IP-10 and others, were
downregulated. The upregulation of Hmbox1 and downregulation of IP-10 were con-
firmed by RT-PCR, quantitative PCR (qPCR), and Western blot analysis. It is re-
ported that IP-10 could suppresse EC differentiation into capillary structures. In
this study ABO could not induce BMSC differentiation to VECs in the presence of IP-
10. Small interfering RNA knockdown of Hmbox1 blocked ABO-induced BMSC differ-
entiation and increased the level of IP-10 but decreased Ets-1. Thus, ABO is a novel
inducer for BMSC differentiation to VECs, and Hmbox1 is a key factor in the differen-
tiation. IP-10 and Ets-1 might be relevant targets of Hmbox1 in BMSC differentia-
tion to VECs. These findings provide information on a novel target and a new plat-
form for further investigating the gene control of BMSC differentiation to VECs.
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Homeobox genes, essential genes in the genetic con-
trol of development, were first identified in Drosophila
(6). They are characterized by the presence of a DNA se-
quence, the homeobox, which encodes a protein do-
main termed the homeodomain. Homeobox domains
bind to certain regions of DNA and regulate the tran-
scription of many other genes, several of which in turn
play a key role in the control of embryogenesis and cell
differentiation, and several have been implicated in hu-
man diseases and congenital abnormalities (7). Re-
cently, 235 human homeobox genes have been classi-
fied into 11 groups on the basis of several criteria,
including sequence identity, sequence similarity in the
flanking regions, organization into gene clusters, asso-
ciation with other sequence motifs, and position of in-
trons (8). Hmbox1 was first identified and isolated from
the human pancreatic cDNA library. Human Hmbox1 is
composed of 10 exons, spanning about 160 kb at the
boundary of chromosomal bands 8p12 and 8p21.1. The
open reading frame of human Hmbox1 is 1,263 bp
and encodes a putative protein with 421 amino acid
residues. It contains a homeobox domain between
amino acids 267 and 344 (9). However, the role of Hm-
box1, a potential transcription repressor, in BMSC differ-
entiation to VECs is unknown.

Interferon-�-inducible protein 10 (IP-10) is an inhibi-

tor of angiogenesis in vivo and suppresses EC differen-

tiation into capillary structures in vitro (10). IP-10 signifi-

cantly inhibits vascular endothelial growth factor (VEGF)-

induced endothelial motility and tube formation and

induces the dissociation of newly formed blood vessels

(11, 12). Interestingly, gene microarray analysis showed

that IP-10 was decreased during the differentiation, sug-

gesting the possible role of IP-10 in this process. To de-

termine the mechanism by which Hmobox1 regulates

BMSC differentiation into VECs, we investigated the rela-

tionship between Hmbox1 and IP-10 by suppression of

Hmbox1.

Ets1, a transcription factor, regulates the expression
of genes involved in endothelial function and angiogen-
esis (13). It has been reported that a trans-factor bind-
ing site for Ets1 (p54) is upstream of Hmbox1 (9). How-
ever, the relationship between these 2 transcription
factors during BMSC differentiation to VECs is not clear.
To answer this question, we investigated the effect of
knockdown of Hmbox1 on the expression of Ets1.

RESULTS AND DISCUSSION
ABO Induces BMSC Differentiation to Functional

VECs. To investigate the induction effect of ABO on en-
dothelial differentiation of BMSCs, we performed a
capillary-like tube formation assay with Matrigel, com-
monly used for identification of functional VECs in vitro.
Cells were seeded on Matrigel-coated 24-well plates.
Cells treated with 25�100 �M ABO migrated and
showed a capillary-like appearance, whereas cells in
the control group showed only a dispersed pattern
(Figure 1, panels a and b). We also examined the expres-
sion of the endothelial-specific markers Flk-1, antihemo-
philiac factor (AHF), and endothelial nitric oxide syn-
thase (eNOS) by immunofluorescence. As shown in
Figure 1, panels c and d, the expression levels of Flk-1,
AHF, and eNOS were significantly increased in BMSCs in
the presence of ABO compared in the absence of ABO.
Since VECs are functionally defined by their capacity to
take up DiI-Ac-LDL from plasma (14), we found that ABO
increased the number of DiI-Ac-LDL-positive VECs
(Figure 1, panel e). In terms of the number of positive
cells taking up DiI-Ac-LDL, the proportion of BMSCs that
differentiated to VECs was 53.74% or 82.13% after
treatment with ABO for 24 or 48 h, respectively (Figure 1,
panel f). Therefore, ABO promotes BMSC differentiation
into functional VECs.

Microarray Analysis in BMSCs Treated with ABO. To
determine new molecules that contribute to differentia-
tion of BMSCs to VECs, we analyzed ABO-induced
changes in the BMSC gene expression profile by using
the 27K Rat Genome Array, which consist of 28,800
genes. We observed that 7 genes have more than 2-fold
changes in BMSCs treated with 25 �M ABO for 4 h, in-
cluding 1 gene up-regulated and 6 genes down-
regulated (Figure 2, panels a and b). We confirmed the
microarray results by RT-PCR and qPCR and found that
Hmbox1 was increased and IP-10 was decreased signifi-
cantly (Figure 2, panels c�e). To further confirm the
gene changes in protein levels of Hmbox1 and IP-10 in
ABO-induced differentiation of BMSCs, Hmbox1 showed
a 1.6-fold increase and IP-10 a 2.5-fold decrease in pro-
tein levels determined by Western blot (Figure 2, pan-
els f and g). Microarray analysis showed the expression
of Mx1, ISG15, ADAP1, TRRAP, and PPP1R2 down-
regulated during the differentiation, indicating that they
might be involved in ABO-induced BMSCs
differentiation.
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Knockdown of Hmbox1 Blocks ABO-Induced
Differentiation of BMSCs. Hmbox1 was abundantly ex-
pressed in pancreas, moderately in brain, placenta,
prostate, thymus, and testes (9). It has been demon-
strated that Hmbox1 is located in both cytoplasm and
nuclei of HEK-293T cells and serves as a transcription re-
pressor (15). Recently, a splicing variant of Hmbox1,
designated Hmbox1b, was found to have the same sub-
cellular localization as Hmbox1 (16). To the best of our

knowledge, there are no reports about the detailed func-
tions and mechanisms of Hmbox1.

To investigate the role of Hmbox1 in the differentia-
tion of BMSCs to VECs, we inhibited the endogenous
expression of Hmbox1 by small interfering RNA
(siRNA). Immunofluorescence staining and Western
blot analysis showed that 40 nm siRNA effectively in-
hibited the expression of Hmbox1 at 48 h, and the
transfection efficiency was up to 52.63% (Figure 3).

Figure 1. 6-Amino-2,3-dihydro-3-hydroxymethyl-1,4-benzoxazine (ABO) induces bone marrow stro-
mal cell (BMSC) differentiation to functional vascular endothelial cells (VECs). a) ABO promotes vas-
cular structure formation. b) Quantitative assessment of tube formation. (c) Fluorescent intensity of
Flk-1, antihemophiliac factor (AHF), and endothelial nitric oxide synthase (eNOS) at 48 h. VEC: hu-
man umbilical vascular endothelial cells as a positive control. d) Quantification of relative fluores-
cence intensity per cell. (* p � 0.05, ** p � 0.01 vs control, n � 5). e) Uptake of 1,1=-dioctadecyl-
3,3,3=,3=-tetramethylindocarbocyanine perchlorate-acetylated low-density lipoprotein (DiI-Ac-LDL) by
cells treated with 50 �M ABO. The gray images are the photographs from the transmission micros-
copy. f) Differentiation rate of BMSCs.
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When Hmbox1 was downregulated, ABO could not in-
crease the levels of Flk-1 and AHF (Figure 4, panels a and
b). Moreover, ABO increased the uptake of DiI-Ac-LDL,
and this uptake was attenuated when endogenous Hm-
box1 was suppressed. Inhibition of Hmbox1 by siRNA

decreased the differentiation rate of BMSCs to 21.48%
compared with control siRNA (Figure 4, panels c and d).
Collectively, our data demonstrate that Hmbox1plays a
critical role in ABO-induced differentiation of BMSCs to
VECs.

Figure 2. Microarray analysis of gene expression induced by ABO. a) Scatter plot results of gene expression. Red point
shows an up-regulated gene; green points show down-regulated genes. b) The 7 genes with more than 2-fold change in
expression on microarray analysis. c) RT-PCR results of the expression of Hmbox1 and IP-10 in cells treated with 25 �M
ABO for 4 h. GAPDH was used as a normalization control. d) The relative mRNA level of Hmbox1 and IP-10. e) The mRNA
level of Hmbox1 and IP-10 by qPCR. f) Western blot analysis of cells treated with 25 �M ABO for 4 h. g) The relative quan-
tity of the proteins shown in panel e. �-actin was used as a normalization control (* p � 0.05 vs control, n � 3).
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Hmbox1 Regulates IP-10 and Ets-1 Expression. Since
the binding site for Ets1 (p54) exists in the region 1,000
bp upstream of Hmbox1 (9), Ets1 might be regulated
by Hmbox1. However, whether
Hmbox1 affects Ets1 expression
is not known. We found that
knockdown of Hmbox1 via
siRNA decreased the levels of
Ets-1, while the level of IP-10
was elevated (Figure 5, panels a
and b). Thus, Hmbox1 may pro-
mote the differentiation of BM-
SCs to VECs by regulating the
expression of IP-10 and Ets-1.

IP-10 Decreases VEC
Differentiation from BMSCs
Induced by ABO. IP-10, chemo-
kine (C-X-C motif) ligand 10 (CX-
CL10), a member of the � che-
mokine family, inhibits bone
marrow colony formation and
has antitumor activity in vivo. It
is a chemoattractant for human
monocytes and T cells and pro-
motes T-cell adhesion to endo-
thelial cells (17−19). IP-10 in-

hibits angiogenesis in vivo and
suppress endothelial cell differ-
entiation into capillary struc-
tures in vitro. IP-10 significantly
inhibits VEGF-induced endothe-
lial motility and tube formation
(11). A recent report showed
that IP-10 induces dissociation
of newly formed blood vessels
(12). However, whether IP-10 is
implicated in differentiation of
BMSCs to VECs is not known.

We have shown that the ex-
pression of IP-10 was de-
creased in the presence of VEC
differentiation from BMSCs
(Figure 2). To define whether
IP-10 prevents the differentia-
tion of BMSCs, we treated BM-
SCs with ABO in the presence of
IP-10. The results showed that
the increased uptake of DiI-Ac-

LDL induced by ABO was inhibited by IP-10 and the dif-
ferentiation rate of BMSCs decreased to 47.56% in the
presence of ABO and IP-10 compared with the cells

Figure 3. Expression of Hmbox1 is downregulated by small interfering RNA (siRNA).
a) siRNA-mediated downregulation of Hmbox1 in BMSCs detected by immunofluo-
rescence assay. b) The relative quantity of Hmbox1 shown in panel a. Scramble siR-
NA: cells transfected with scramble control siRNA, 40 nM. Hmbox1 siRNA: cells
transfected with Hmbox1 siRNA (* p � 0.05 vs control, n � 3). c) Western blot
analysis of Hmbox1 protein level. Protein extracts were from cells treated with
siRNA or scramble control siRNA, 40 nM, for 48 h. d) Relative quantity of Hmbox1
protein level shown in panel c (* p � 0.05 vs control, n � 3).

Figure 4. Knockdown of Hmbox1 blocks ABO-induced differentiation of BMSCs. a)
Levels of Flk-1 and AHF analyzed by immunofluorescence assay at 48 h. b) Quantifi-
cation of relative fluorescence intensity per cell of the scan shown in panel a)
(** p � 0.01 vs #, ** p � 0.01 vs ##, n � 3). c) The uptake of DiI-Ac-LDL by cells.
Scramble siRNA � ABO: cells treated with scramble siRNA and ABO; Hmbox1 siRNA
� ABO: cells treated with Hmbox1 siRNA and ABO. The gray images are the pho-
tographs from the transmission microscopy. d) Differentiation rate of BMSCs (* p �
0.05 vs #, n � 3).
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treated with ABO alone (Figure 6, panels a and b), sug-
gesting that IP-10 prevents VEC differentiation from BM-
SCs. We found that knockdown of Hmobox1 increased
the expression of IP-10. Although Hmbox1 is a potential
transcription repressor, which genes are suppressed by
Hmbox1 is not clear. Here, we provide the evidence that

IP-10 may be a target regulated by Hmbox1 during
BMSC differentiation to VECs.

Recent evidence revealed that Ets1 is required for
VEC survival during embryonic angiogenesis, while VEC
apoptosis was significantly increased when Ets1 was
mutated (20). In terms of the relatively specific expres-
sion pattern of Ets1 in embryo VECs, a VEC-specific ele-
ment for expression of Ets1 was identified in the first in-
tron of Ets1 gene (21). The role of Ets family members
during angiogenesis has been partly addressed by the
dissection of the cis-acting elements involved in the
regulation of endothelial-specific genes, including Tie,
VE-cadherin, Flk-1, and eNOS (22−25). In this study, dif-
ferentiation of BMSCs to VECs induced by ABO elevated
levels of Ets1, along with increased expression of
endothelial-specific genes such as Flk1, AHF, and eNOS.
Thus, we presumed that the transcription repressor Hm-
box1 downregulated IP-10 and upregulated Ets1, result-
ing in increased levels of endothelial-specific genes and
inducing the differentiation (Figure 6, panel c).

IP-10 and Ets1 have a similar DNA rearrangement
that could effectively maintain homeostatic control and
contribute to the neoplastic state (26). Here, we found
that both IP-10 and Ets1 could be regulated by Hmbox1
in the differentiation of BMSCs to VECs, which indi-
cates that IP-10 and Ets1 might work together in this
process (Figure 6, panel c), although the detailed rela-
tionship between the 2 genes needs further
investigation.

In our previous study, we synthesized a series of 2,3-
dihydro-3-hydroxymethyl-1,4-benzoxazine derivatives
by tandem reduction-oxirane opening of
2-nitroaroxymethyloxiranes (Supplementary Figure 1).
Among the 7 compounds (3a�g), only ABO (3g) mark-
edly inhibited the apoptosis of human umbilical cord
endothelial cells (4). Moreover, we found that ABO in-
duced angiogenesis both in vitro and in vivo (27). There-
fore, we investigated the role of ABO in inducing BMSC
differentiation to VECs. From the structures of the 7 com-
pounds, only ABO possesses an amino group at the
6-position. Therefore, we speculated that the amino
group at the 6-position of ABO might be important for
its action, although the particular working model of ABO
needs to be investigated.

In summary, our experiments with the inducer ABO
provide compelling evidence that the transcription re-
pressor Hmbox1 can regulate the differentiation of BM-
SCs to VECs by suppressing the expression of IP-10 and

Figure 5. Hmbox1 modulates the ex-
pression of IP-10 and Ets-1. a)
Western blot analysis of cells treated
with Hmbox1 siRNA or scramble
control siRNA, 40 nM, for 48 h. b)
The relative quantity of proteins
shown in panel a (* p � 0.05 vs con-
trol, n � 3).

Figure 6. IP-10 prevents VEC differentiation from BMSCs. a) The up-
take of DiI-Ac-LDL by the cells in control, ABO, IP-10, and ABO �
IP-10 groups. The gray images are the photographs from the trans-
mission microscopy. b) The differentiation rate (** p � 0.05 vs #,
n � 3). c) Working model of BMSC differentiation to VECs induced
by ABO. ABO targets Hmbox1. Then, Hmbox1 downregulates IP-10
and upregulates Ets-1, which induces BMSC differentiation to VECs
via elevation of the levels of Flk-1, AHF, and eNOS accompanied by
increased DiI-Ac-LDL uptake.
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increasing that of Ets1. The data suggest that ABO is a
useful tool for understanding the mechanism of BMSC
differentiation to VECs. Hmbox1 is a key factor involved
in the differentiation. IP-10 and Ets-1 might be the rel-

evant targets of Hmbox1 in this process. The findings
of this work provide a novel target for BMSC differentia-
tion to VECs for further investigation into the functions of
Hmbox1.

METHODS
Cell Culture. Rat BMSCs were isolated from the femurs and

tibias of male Wistar rats (90�100 g) as described earlier with
modification (28). Briefly, the cells were seeded in Dulbecco’s
modified Eagle’s medium low glucose (Gibco, USA) supple-
mented with 20% fetal bovine serum (FBS; Hyclone, USA) and fi-
broblast growth factor 2 (FGF-2), 5 ng mL�1, at 37 °C in humidi-
fied air with 5% CO2. Rat BMSCs were phenotypically
characterized as described (29). When BMSCs reached subcon-
fluence, cells were washed twice with the medium and sepa-
rated into 2 groups for treatment: incubated in basal medium
(without FBS and FGF-2) but with dimethyl sulfoxide (DMSO)
�0.1% (v/v) or in basal medium (without FBS and FGF-2) with
25, 50, or 100 �M ABO. Fresh ABO was dissolved in DMSO and
applied to cells for a final concentration of DMSO � 0.1% (v/v)
in the culture medium. DMSO at 0.1% (v/v) did not affect cell vi-
ability. The cells in the 2 treatment groups were incubated for
4, 6, 8, 12, 24, or 48 h.

In Vitro Capillary-Like Tube Formation Assay. The formation of
vascular-like structures in BMSCs was assessed by use of
growth-factor-reduced Matrigel (BD Biosciences, USA) as previ-
ously described (30). BMSCs were seeded on 24-well plates
coated with Matrigel at 4�5 � 104 cells per well in basal DMEM
medium and incubated at 37 °C for 60 min. Cells were treated
with or without ABO small molecule in the absence of FGF-2 and
serum and then incubated at 37 °C for 48 h. Tube formation
was observed by use of an inverted-phase contrast microscope
(Nikon, Japan) at 24 and 48 h. The degree of tube formation was
quantified by measuring the length of tubes in random fields
from each well by use of the National Institutes of Health Im-
age program.

Immunofluorescence Assay. Immunofluorescence assay was
performed as described (31). After adding the primary antibod-
ies (rabbit anti-rat Flk-1, AHF, eNOS, or Hmbox1 IgG) and appro-
priate secondary antibodies (fluorescein isothiocyanate [FITC]-
goat anti-rabbit IgG; all Biotechnology, Santa Cruz, CA), the
samples were evaluated by laser scanning confocal microscopy
(LSCM) (Leica, Germany). Targeted proteins displayed green
fluorescence after excitation at 488 nm. We randomly selected
the region of interest and then zoomed in the same frames. The
relative fluorescent intensity per cell was the total value of the
sample in the zoom scan divided by the total number of cells (at
least 200 cells) in the same scan.

Dil-Ac-LDL Uptake Assay. BMSCs were seeded on 24-well cul-
ture plates. Subconfluent cultured cells were washed twice with
basal medium and then treated as described above for 24 or
48 h. Then, cells were incubated in 10 �g mL�1 1,1=-dioctadecyl-
3,3,3=,3=-tetramethylindocarbocyanine perchlorate-acetylated
low-density lipoprotein (Dil-Ac-LDL) (Invitrogen, USA) at 37 °C for
4 to 6 h. The media was removed and cells were washed once
with the culture media. The cells that could uptake Dil-Ac-LDL
showed red fluorescence with LSCM excitation at 543 nm. The
ability to uptake Dil-Ac-LDL was used to estimate the differentia-
tion rate of BMSCs: the number of positively stained cells di-
vided by the total number of cells in random visual fields. At
least 200 cells for each sample were counted.

Microarray Analysis. Total RNA was extracted from cells
treated with DMSO alone or 25 �M ABO for 4 h with TRIzol re-

agent (Invitrogen, USA). The samples were stored at �20 °C,
and microarray analysis was performed by CapitalBio Corp.
(http://www.capitalbio.com). The microarray experimental pro-
cedures were as described (32).

Semiquantitative RT-PCR and Quantitative Real-Time PCR
(qPCR). Semiquantitative RT-PCR analysis of BMSCs treated as
described above for Hmbox1 and IP-10 genes was as described
(31). Briefly, total RNA was isolated from cells with use of TRIzol
reagent, and 2 �g of RNA was reverse-transcribed with use of
M-MLV reverse transcriptase (Promega, USA) according to the
manufacturer’s instructions. The specific primers were for Hm-
box1, sense 5=-GTC CAG GAG GCC ATT CCA ACA GCG-3=, anti-
sense 5=-AAT GAG GGC ACC ATG CCA TCT TC-3=; IP-10, sense 5=-
CAT TCC TGC AAG TCT ATC CTG T-3=, antisense 5=-GGA GAG ACC
GTC TCT CTG CT-3=; and GAPDH (as a normalization control),
sense 5=-TAT CGG ACG CCT GGT TAC-3=, antisense 5=-TGA GCC
CTT CCA TAT GC-3=.

The qPCR reactions involved use of the ABI 7000 PCR Sys-
tem (Applied Biosystems, Germany) with SYBR Green PCR Mas-
ter Mix (Applied Biosystems). Samples were analyzed in tripli-
cate. The level of each gene was calculated by comparing the Ct
value in the samples to a standard curve generated from seri-
ally diluted cDNA from a reference sample and normalization to
the level of GAPDH. The primer sequences of the genes of inter-
est are given above.

Transient Transfection and RNA Interference. To knock down
the expression of Hmbox1 protein, RNA interference (RNAi) was
performed as described (33). Specific siRNA against Hmbox1
was designed and synthesized by Invitrogen (USA). The synthe-
sized siRNA to Hmbox1 was (RNA)-UUU CAG AGA CGU AAC UCG
UUC CAG G (sense) and (RNA)-CCU GGA ACG AGU UAC GUC UCU
GAA A (antisense). BMSCs at 50�60% confluence were trans-
fected with Hmbox1 siRNA (20�40 nM) by use of RNAiFect
Transfection Reagent according to the manufacturer’s instruc-
tions (QIAGEN, Germany). We monitored the effect of gene si-
lencing by immunofluorescence staining at 24�48 h after trans-
fection and Western blot analysis. Scramble siRNA was used
as a control (Santa Cruz Biotechnology, USA).

Western Blot Analysis. Western blot was performed as de-
scribed previously (34). Briefly, the cells were lysed in protein ly-
sis buffer containing 25 mM Tris-HCl (pH 6.8), 2% SDS, 6% glyc-
erol, 1% 2-mercaptoethanol, 2 mM PMSF, 0.2‰ bromphenol
blue, and a protease inhibitor cocktail (Sigma, St. Louis, MO) for
10 min at RT and boiled for another 10 min. The protein concen-
tration was determined by Coomassie brilliant blue protein as-
say. The cellular proteins (30 �g) were applied to 12% SDS-
polyacrylamide gel and electroblotted onto polyvinylidene
difluoride (PVDF) membrane. The membrane was blocked with
5% (w/v) nonfat dry milk in phosphate buffered saline (PBS)-
Tween 20 (PBST; 0.05%) for 1 h and incubated with anti-
Hmbox1, anti-Ets-1, anti-IP-10 or anti-�-actin antibody (Santa
Cruz, Biotechnology) at 4 °C overnight. After a washing in PBST
and PBS, the PVDF membrane was incubated with appropriate
horseradish peroxidase-conjugated secondary antibodies
(Santa Cruz, Biotechnology) for 1 h at RT. The immunoreactive
bands were chromogenously developed with use of 3,3=-
diaminobenzidine. �-Actin was used as a loading control. The
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relative quantity of proteins was analyzed by use of Quantity
One software (Bio-Rad, USA).

IP-10 Prevents VEC Differentiation from BMSCs. Cells were di-
vided into four groups. In the control group, cells were incu-
bated in the basal medium. In the ABO treatment group, cells
were incubated in the basal medium with 25 �M ABO for 48 h.
In the IP-10 group, cells were treated with IP-10 (R&D Systems)
200 ng mL�1 for 48 h (35). In the ABO � IP-10 group, cells were
treated with ABO and IP-10 together for 48 h. Then the cells
were incubated in 10 �g mL�1 Dil-Ac-LDL (Invitrogen, USA) at
37 °C for 4�6 h. The medium was then removed, and the cells
were washed once with the culture medium. The samples were
evaluated at the 543 nm (wavelength) under the laser scanning
confocal microscope (Leica, Germany). The ability to uptake Dil-
Ac-LDL was used to estimate the differentiation rate of BMSCs.
The differentiation rate of BMSCs equaled to the number of posi-
tively stained cells divided by the total number of cells in ran-
dom visual fields. At least 200 cells for each sample were
counted.

Statistical Analyses. Data are expressed as mean 	 SE. SPSS
v11.5 (SPSS Inc., Chicago, IL) was used for statistical analysis.
Comparisons among groups involved one-way ANOVA followed
by Scheffé F-test posthoc analysis. A P � 0.05 was considered
statistically significant.
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