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Abstract 

Endothelial progenitor cells (EPCs) contribute to neovascularization and vascular repair, and may 
exert a beneficial effect on the clinical outcome of sepsis. Osteoblasts act as a component of 
“niche” in bone marrow, which provides a nest for stem/progenitor cells and are involved in the 
formation and maintenance of stem/progenitor cells. Fibroblast growth factor receptor 1 (FGFR1) 
can regulate osteoblast activity and influence bone mass. So we explored the role of FGFR1 in EPC 
mobilization. Male mice with osteoblast-specific knockout of Fgfr1 (Fgfr1fl/fl;OC-Cre) and its 
wild-type littermates (Fgfr1fl/fl) were used in this study. Mice intraperitoneally injected with lipo-
polysaccharide (LPS) were used to measure the number of circulating EPCs in peripheral blood and 
serum stromal cell-derived factor 1α (SDF-1α). The circulating EPC number and the serum level of 
SDF-1α were significantly higher in Fgfr1fl/fl;OC-Cre mice than those in Fgfr1fl/fl mice after LPS in-
jection. In cell culture system, SDF-1α level was also significantly higher in Fgfr1fl/fl;OC-Cre osteo-
blasts compared with that in Fgfr1fl/fl osteoblasts after LPS treatment. TRAP staining showed that 
there was no significant difference between the osteoclast activity of septic Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice. This study suggests that targeted deletion of Fgfr1 in osteoblasts enhances 
mobilization of EPCs into peripheral blood through up-regulating SDF-1α secretion from osteo-
blasts. 
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Introduction 
In a variety of critical situations, multiple harm-

ful factors such as endotoxins and some proinflam-
matory cytokines can initiate a series of inflammatory 
responses, which may injure endothelial cells (ECs). 
Endothelium damage has been found to play an im-
portant role in the development of multiple organ 
failure (1, 2). Thus, protection and/or regeneration of 

endothelia have been considered as an important 
therapeutic strategy for multiple illnesses including 
sepsis (3, 4).  

Abundant studies have demonstrated that en-
dothelial progenitor cells (EPCs), a population of cells 
mainly derived from bone marrow, contributing to 
neovascularization, vascular maintenance and repair 
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(5). Thus, EPCs may exert a beneficial effect on clinical 
outcome of sepsis. Indeed, several clinical trials have 
revealed that patients with an increased number of 
EPCs in peripheral blood had a higher survival rate in 
sepsis (6) and acute lung injury (7). 

As the origin of EPCs, bone marrow has been 
found to support the proliferation of stem/progenitor 
cells, a salient finding is the microenvironment 
termed “niche”, in which stem/ progenitor cells re-
side and proliferate (8, 9). Recently, osteoblasts have 
been verified to support the construction of “niche” 
(8, 10, 11), and were found to secrete stromal 
cell-derived factor-1 (SDF-1) (12), a powerful chemo-
attractant mediating the mobilization of 
stem/progenitor cells.  

Fibroblast growth factor receptor 1 (FGFR1) is 
one of a family of four membrane-bound receptor 
tyrosine kinases (FGFR1–4). FGFR1 plays important 
roles in bone development and metabolism. Mice 
lacking Fgfr1 in differentiated osteoblasts showed 
increased bone mass, and deficiency of Fgfr1 in oste-
ogenic progenitor cells led to increased osteoblast 
proliferation (13). Our previous study revealed that 
mice with osteoblast-specific deletion of Fgfr1 
(Fgfr1fl/fl;OC-Cre) exhibited increased bone mass and 
osteoblast numbers (Supplementary Material: Fig. S1). 
As osteoblasts can promote proliferation and mobili-
zation of stem/progenitor cells (11, 12, 14), we sus-
pected that FGFR1 may affect the mobilization of 
EPCs via its effects on osteoblasts. In this study, we 
used endotoxemia mice model to study the role of 
osteoblast FGFR1 in the mobilization of EPCs. 

Materials and Methods 
Mice and Model of endotoxemia 

Mice that were homozygous for the floxed Fgfr1 
allele (Fgfr1fl/fl) (15) were bred with transgenic mice in 
which osteocalcin (OC) promoter drives Cre recom-
binase expression in mature osteoblasts (OC-Cre) (16) 
to generate Fgfr1fl/fl;OC-Cre mice. Male 
eight-to-ten-week-old Fgfr1fl/fl;OC-Cre mice were used 
for experiment, their littermates, male Fgfr1fl/fl mice 
were used as controls. All animal experiments were 
approved by Animal Care Committee of Third Mili-
tary Medical University. The endotoxemia model was 
made by a peritoneal injection of LPS (10mg/kg) in 
mice (17, 18). Peripheral blood and serum were har-
vested at 12 hours (h), 24h, 48h, 72h and 1week (w) 
after LPS injection. The mice without LPS treatment 
were as control (0h). 

Enumeration of EPCs by flow cytometry 
We used CD34 and vascular endothelial growth 

factor receptor 2 (VEGFR2) as the markers of EPCs 
and counted EPCs numbers in peripheral blood 

mononuclear cells (PBMCs) by fluorescence-activated 
cell sorting (FACS) analysis (19-21). In brief, PBMCs 
were harvested by gradient centrifugation using Fi-
coll-Hypaque (Amersham Biosciences, Freiburg, 
Germany), then incubated with FITC-conjugated an-
ti-mouse CD34 (eBioscience, San Diego, CA, USA) 
and PE-conjugated anti-mouse VEGFR-2 (eBioscience, 
San Diego, CA, USA) at 4℃ for 30 minutes. Appro-
priate fluorochrome-conjugated isotype controls were 
used for each staining procedure. After appropriate 
gating, the percentage of CD34/VEGFR-2 dou-
ble-positive cells in PBMCs was quantified by flow 
cytometry (Becton Dickinson, Mountain View, CA, 
USA). 

Osteoclast activity analysis 
Previous studies demonstrated an elevated os-

teoclast activity could enhance stem/progenitor cell 
migration (17, 22), in this study we analyzed osteo-
clast activity by measuring serum tartrate-resistant 
acid phosphatase 5b (TRAP5b) and histologic analy-
sis. Serum TRAP5b was measured by ELISA assay 
(Immunodiagnostic Systems, Boldon, UK) with a de-
tection range from 0 to 10 U/L.  

For histologic analysis, left tibiae were fixed in 
4% paraformaldehyde overnight at 4°C, rinsed with 
PBS and decalcified in 15% EDTA (pH 7.4) for 20–30 
days before being embeded in paraffin. 
Six-micron-thick sections were stained for osteoclasts 
using TRAP kit (Sigma Aldrich, St. Louis, MO, USA) 
(23). Spot software was used to quantify the osteoclast 
number per field. 

Preparation of neonatal calvarial cells 
Osteoblasts were isolated and cultured as pre-

viously described (24). Briefly, calvaria were isolated 
from neonates at 3-5 days, and digested twice with 
0.1% collagenase/0.05% trypsin at 37°C with 5% CO2 
for 20min. The first two digested cells were discarded, 
and the 3rd digestion with the same condition was 
performed for 4 h, followed by centrifuging at 1,500 
rpm for 5min. The supernate was then removed and 
the pellet was resuspended in 5ml of medium con-
taining 10% FBS. Ninety five percent of these cells 
were osteoblasts or osteoblast precursors (25). Passage 
1 osteoblasts were used for all studies. For osteoblastic 
differentiation assay, primary cells were seeded at 
8×104 cells/well in 24-multiwell plates. After conflu-
ence, the medium was supplemented with 50 µg/ml 
ascorbic acid, 10mM β-glycerophosphate and 10-8 M 
dexamethasone (all from Sigma Aldrich) and replaced 
every 3 days. After cultured for 7 days, cells were 
treated with LPS (1ng/ml or 10ng/ml). Media were 
harvested at 0 h, 8h 12h, 4h, 48h and 72h after LPS 
treatment and stored at -80°C before analyzing.  
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Measurement of SDF-1α level in serum and 
culture medium 

Serum samples were isolated from peripheral 
blood and stored at -80°C before measurement. Pre-
vious studies demonstrated the role of SDF-1α in 
chemotaxis of stem/progenitor cells (14, 26). In this 
study, we measured SDF-1α levels in serum and cul-
ture medium using enzyme linked immunosorbent 
assay (ELISA) (R&D Systems, Minneapolis, MN, 
USA) with a detection range of 14 to 69 pg/ml.  

RNA isolation and Real-time PCR 
Total RNA of osteoblasts was extracted using 

TRIZOl solution (Invitrogen, Carlsbad, CA, USA) ac-
cording to manufacturer’s instruction. RNA quantity 
was determined by spectrophotometer at OD260 nm. 
cDNA were prepared using the PrimeScript RT-PCR 
kit (Takara, Shiga, Japan). Q-PCR reactions were per-
formed in a Mx3000P PCR machine (Stratagene, Santa 
Clara, CA, USA) according to previous study (23). 
Each run consisted of samples for genes of interest 
and Cyclophillin A (housekeeping control) (23) and 
was replicated three times. Sequences of the forward 
and reverse primers of mouse SDF-1α were 
5'-GCTCTGCATCAGTGACGGTA-3' and 5'-TAATT 
TCGGGTCAATGCACA-3', respectively. 

EPC culture and characterization 
EPCs were cultured according to the method 

previously described (27). In brief, after being isolated 
from mouse bone marrow, mononuclear cells (MNCs) 
were seeded onto fibronectin-coated 24-well plates 
(1×106/cm2) in Dulbecco’s modified Eagle’s medium 
(DMEM) (Thermo Scientific Hyclone, Logan, UT, USA 
), containing 20% fetal-calf serum (Hyclone), basic 
fibroblast growth factor (bFGF, 5ng/ml) (PeproTech, 
Rocky Hill, NJ, USA), epidermal growth factor 
(EGF,10ng/ml) (PeproTech), vascular endothelial 
growth factor (VEGF, 50ng/ml) (PeproTech), penicil-
lin and streptomycin (100U/ml) (Hyclone). Four days 
later, nonadherent cells were removed by washing 
with PBS, and the medium was changed every 3 days. 

After cultured for 7 days, EPCs were character-
ized to confirm the endothelial phenotype. Cells were 
incubated with Dil-LDL (Molecular Probes, Eugene, 
OR) at 37°C for 1h, followed by fixing with 2% PFA 
for 10 min after washing with PBS three times. Sub-
sequently, cells were stained with a FITC labeled lec-
tin from ulex europaeus agglutinin (UEA, Vector, 
Burlingame, CA, USA) for 1h. Cells with double la-
beled fluorescence were identified as EPCs. Negative 
control was made by incubating with PBS instead of 
Dil-LDL and FITC-lectin. Furthermore, flow cytome-
try (using CD34 and VEGFR2 as markers) was also 

used to identify cultured EPCs as method mentioned 
above.  

Chemotactic assay 
Chemotactic assay was performed according to 

previously described method (26). Chemotaxis of 
EPCs was assessed using a standard 48-well chemo-
taxis chamber (Neuro Probe, Gaithersburg, MD, USA) 
(26, 28). The DMEM (25μl) containing 1ng/ml, 
10ng/ml and 100ng/ml SDF-1α (PeproTech, Rehovot, 
Israel) was added into each lower chamber. Cell sus-
pensions (5×104/well) were reseeded in the upper 
chemotaxis chambers (5μM pore size; Corn-
ing-Costar). After 4 hours incubation at 37°C, the 
lower side of the filter was washed with PBS and fixed 
with 2% PFA, then the number of cells was counted 
after H&E staining. EPCs migrating into the lower 
chamber were counted within random high-powered 
fields. The experiments were repeated five times.  

Statistical analysis 
Data were evaluated statistically in SPSS Win-

dows, version 10.0. Results are shown as mean ± SD. 
Statistics were assessed using Student’s t-test, as-
suming double-sided independent variance, and p 
values were considered significant at *p < 0.05, ** p < 
0.01. 

Results 
The number of EPCs in peripheral blood was 
increased in Fgfr1fl/fl;OC-Cre mice after LPS 
treatment 

After LPS injection, we isolated PBMCs and 
measured the percentage of EPCs at 0h, 12h, 24h, 48h, 
72h and 1w. CD34/VEGFR2 double-positive cells are 
considered as EPCs (21). There was no significant 
difference between EPC percentage in Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre PBMCs before LPS treatment (Fig. 1A, 
0h). Several hours after LPS treatment, the percent-
ages of EPCs in PBMCs of Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre 
mice were both increased. EPC percentage in Fgfr1fl/fl 
mice reached its peak level at 72 h, however, the EPC 
percentage reached its peak level at 1 w in 
Fgfr1fl/fl;OC-Cre mice (Fig. 1A and B). All the percent-
ages of EPCs in PBMCs of Fgfr1fl/fl;OC-Cre mice with 
endotoxemia were higher than those of Fgfr1fl/fl mice 
with endotoxemia at several time points examined 
(12h, 24h, 48h, 72h and 1w after LPS treatment).  

There is no significant difference in osteoclast 
number and activity between Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice after LPS injection 

Elevated osteoclast activity can enhance 
stem/progenitor cell migration (17, 22), we also as-
sessed osteoclast activity by TRAP staining of bone 
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tissue (23) and measuring serum TRAP5b level (29, 
30).  

TRAP staining showed that osteoclast number in 
Fgfr1fl/fl;OC-Cre mice was fewer than that in Fgfr1fl/fl 
mice before LPS treatment (Fig. 2A and B, 0h). After 
LPS treatment, osteoclast numbers in both of Fgfr1fl/fl 
and Fgfr1fl/fl;OC-Cre mice were both increased signifi-
cantly. However, there was no remarkable difference 
between the osteoclast number in these Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice after LPS injection (Fig. 2A and B, 
48h). 

Serum TRAP5b is another marker reflecting os-
teoclast activity (31). Fgfr1fl/fl;OC-Cre mice showed 
lower serum TRAP5b level compared with Fgfr1fl/fl 
mice before LPS treatment (Fig. 2C, 0h). The serum 
TRAP 5b levels in both types of mice were signifi-
cantly improved after LPS treatment for 12 h up to 1 w 
(Fig. 2C). However, after LPS injection, Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice had a similar TRAP5b level in 
serum, which is consistent with the result of TRAP 
staining of tibiae. This result suggested that the higher 
blood EPCs number in Fgfr1fl/fl;OC-Cre mice with en-
dotoxemia compared with that in Fgfr1fl/fl mice with 
endotoxemia  may not be related to the changes in 

osteoclast activity that were observed after LPS 
treatment. 

Serum SDF-1α level is significantly higher in 
Fgfr1fl/fl;OC-Cre mice with endotoxemia than 
that in Fgfr1fl/fl mice with endotoxemia  

Several studies suggested that SDF-1α is ex-
pressed by endothelial cells and that it plays an im-
portant rolein inducing cell egress under some stress 
situations (32-34). A previous study showed that an 
increased serum SDF-1α protein could initiate Sca-1+ 
and CD34+ cells mobilization (35). Therefore, we 
measured SDF-1α levels in serum of Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice after LPS administration. Our 
data showed that the serum levels of SDF-1α were 
higher in Fgfr1fl/fl;OC-Cre mice than those in Fgfr1fl/fl 
mice from 12h to 1w after LPS injection (Fig. 3A). To 
observe if there is a SDF-1 gradient between serum 
and bone marrow, we also detected the SDF-1 level in 
bone marrow. We found that the SDF-1 level in serum 
was higher than that in bone marrow in 
Fgfr1fl/fl;OC-Cre  mice (Supplementary Material: Fig. 
S2). 

 

 
Figure 1. Percentage of circulating EPCs in PBMCs is higher in LPS treated Fgfr1fl/fl;OC-Cre mice. (A) Flow cytometry analysis of CD34/VEGFR-2 double-positive cells in PBMCs 
from LPS treated Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre mice for 0h, 12h, 24h, 48h and 1w. Both CD34 and VEGFR-2 are as the markers of EPCs. (B) Percentage of circulating EPCs in PBMCs 
at different time points after LPS treatment. There was no significant difference between the percentage of circulating EPC number in Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre mice before LPS 
treating. Circulating EPC percentages in both types of mice were increased after LPS treatment for several hours. The EPC percentage in Fgfr1fl/fl;OC-Cre PBMCs was still higher 
than that in Fgfr1fl/fl PBMCs at all-time points. Graphs show mean value ± SD. (Student’s t-test, *p <0.05, **p <0.01). 
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Figure 2. There is no remarkable difference between osteoclast number and activity in septic Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre mice. (A-B) TRAP staining and osteoclast quantification 
of tibiae from LPS treated mice and un-treated mice. Osteoclast number in Fgfr1fl/fl;OC-Cre mice was fewer than that in Fgfr1fl/fl mice before LPS treatment (0h). Both of osteoclast 
numbers were increased significantly after LPS treatment for 48h, however, there was no significant difference between osteoclast number in two types of mice after LPS 
treatment. (C) Serum TRAP5b analysis using ELISA method at different time points after LPS treatment. Serum TRAP5b in Fgfr1fl/fl mice was higher than that in Fgfr1fl/fl;OC-Cre mice 
before LPS injection (0h). Serum TRAP5b were both increased in Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre mice after LPS injection, but there were no remarkable differences between two 
groups at each time point. Graphs show mean value ± SD. (Student’s t-test, *p <0.05). 

 

 
Figure 3. The level of SDF-1α is higher in serum and osteoblasts from Fgfr1fl/fl;OC-Cre mice after LPS treatment. (A) Serum SDF-1α level was significantly higher in LPS treated 
Fgfr1fl/fl;OC-Cre mice than Fgfr1fl/fl mice. (B-E) SDF-1α mRNA level in osteoblasts and protein level in supernatant after osteoblast treated by 1ng/ml and 10ng/ml LPS. The SDF-1α 
levels of Fgfr1fl/fl;OC-Cre osteoblasts were significantly higher than those in Fgfr1fl/fl osteoblasts at all time points after LPS treatment. Graphs show mean value ± SD. (Student’s 
t-test, *p <0.05, **p <0.01). 

 

Fgfr1fl/fl;OC-Cre mice have higher SDF-1α levels 
in osteoblasts after LPS treatment 

Previous study demonstrated that SDF-1α was 
deposited in the bone matrix after being secreted by 
osteoblasts (34), and regulating the production of 
SDF-1α might mediate stem cell mobilization (12).  

We first measured SDF-1α mRNA expression in 
primary osteoblasts of Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre 

mice before and after LPS treatment. Before LPS 
treatment, there was no significant difference between 
the SDF-1α mRNA level in Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre 

osteoblasts. After LPS treatment (1ng/ml and 

10ng/ml, respectively), SDF-1α mRNA levels in 
Fgfr1fl/fl;OC-Cre osteoblasts were significantly in-
creased compared with that in Fgfr1fl/fl osteoblasts at 
12h, 24h, 48h and 72h  (Fig. 3B and D).  

In addition to measuring SDF-1α mRNA level, 
we also detected the SDF-1α protein level in osteo-
blast culture medium. Before LPS treatment, there 
was also no significant difference between SDF-1α 
levels in culture supernatant of Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice. After LPS treatment, SDF-1α 
secreted from Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre osteoblasts 
were both increased remarkably at all-time points 
measured. The SDF-1α levels in culture supernatant of 
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Fgfr1fl/fl;OC-Cre osteoblasts were still higher than that 
in Fgfr1fl/fl osteoblasts, and the SDF-1α level was posi-
tively correlated with the LPS concentration (Fig. 3C 
and E). 

SDF-1α induces EPC migration 
SDF-1α is a strong chemoattractant for a variety 

of stem/progenitor cells. Our data showed an in-
creased percentage of EPCs and SDF-1α level in pe-
ripheral blood of septic Fgfr1fl/fl;OC-Cre mice, sug-
gesting the role of SDF-1α in EPC migration. To con-
firm the effect of SDF-1 on EPC migration, we meas-
ured the chemotaxis activity of SDF-1α for EPCs by 
using a modified Boyden chamber (26). 

First, cultured EPCs were identified using flow 
cytometry, and double staining with Dil-LDL and 
FITC-lectin. Flow cytometry analysis of cultured EPCs 
showed that about 82.5% of cells were EPCs (Fig. 4A). 
The double positive cells cultured in this experiment 
are also considered as EPCs (Fig. 4B, yellow, arrows). 
These results indicated that we cultured EPCs suc-
cessfully. Using these cells, we found that SDF-1α 
stimulated the chemotaxis of EPCs in a 
dose-dependent manner. The number of EPCs that 
migrated into upper chamber containing 1ng/ml, 
10ng/ml or 100ng/ml SDF-1α for 4h was significantly 
increased compared with that migrated into lower 
chamber lacking SDF-1α ( Fig. 4C and D). 

 
 

 
Figure 4. SDF-1α promotes EPC migration. (A-B) Identification of EPCs. Flow cytometry was used to analyze cultured EPCs from bone marrow, and about 82.5% of cells were 
EPCs (A). Characteristic spindle-shaped EPCs (left panel) was also identified by double labeling using FITC-lectin binding (green) and Dil-LDL uptake (red). Double positive cells 
were identified as EPCs (yellow). (C-D) Directed migration of EPC responsing to SDF-1α was performed using a modified Boyden chamber. Migrated EPCs were stained using 
H&E staining. SDF-1α promoted the number of migrated EPCs. Stimulation with different concentrations of SDF-1α (1, 10 and 100 ng/ml) showed a modest but significant EPC 
migration. Higher SDF-1α concentration led to higher migrated EPC numbers. Graphs show mean value ± SD. (Student’s t-test, a, p <0.05; b, p <0.05; c, p <0.001.). 

 
 

Discussion 
EPCs can differentiate into endothelial cells, and 

has been demonstrated to play an indispensable role 
in vascular maintenance and repair. Studies of pa-
tients with sepsis or acute lung injury revealed an 
improved survival accompanied with an elevated 
number of EPCs in peripheral blood (6, 7, 36). Our 
study showed that Fgfr1fl/fl;OC-Cre mice had a higher 
number of circulating EPCs than that in Fgfr1fl/fl mice 
after LPS injection. We also found that septic 
Fgfr1fl/fl;OC-Cre mice had longer survival time than 
septic Fgfr1fl/fl mice (Supplementary Material: Fig. S3), 
which suggested that the increased circulating EPC 
number in septic Fgfr1fl/fl;OC-Cre mice may be an im-
portant reason for the prolonged survival time. 

Increased EPC numbers in peripheral blood may 

be caused by the enhanced mobilization of EPC into 
blood. As a strong chemoattractant for 
stem/progenitor cells, SDF-1α plays an essential role 
in the regulation of stem/progenitor cells migration 
(14, 32, 33, 37). Our study demonstrated that SDF-1α 
exhibited a chemotactic activity for EPC migration in 
a dose-dependent manner in vitro. Another study us-
ing EPCs from human peripheral blood also indicated 
the role of SDF-1 in inducing EPC migration (38).  

SDF-1α belongs to the C-X-C chemokine family 
and can be secreted by osteoblasts (33, 39). Our result 
showed that there was significantly increased serum 
SDF-1α level in Fgfr1fl/fl;OC-Cre mice compared with 
that in Fgfr1fl/fl mice after LPS injection. Together with 
the significantly increased EPC number in 
Fgfr1fl/fl;OC-Cre mice, we proposed that the increased 
concentration of SDF-1α in blood may be the main 
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reason for the increased EPC number in 
Fgfr1fl/fl;OC-Cre mice. We further found that SDF-1α 
level in primary Fgfr1fl/fl;OC-Cre osteoblasts was 
higher than that in primary Fgfr1fl/fl osteoblasts after 
LPS treatment. In bone tissues, we further found that 
SDF-1α mRNA expression in Fgfr1fl/fl;OC-Cre mice was 
also enhanced compared with that in Fgfr1fl/fl mice 
(data not shown). Nakayama et al. reported FGF2 
could posttranscriptionally regulate the SDF-1α 
mRNA expression via FGFR1 Ⅲ c, an isoform of 
FGFR1 responsible for most of the biological functions 
(40-42). So we proposed that the significantly in-
creased blood SDF-1α level in Fgfr1fl/fl;OC-Cre mice 
may result from increased secretion of SDF-1α from 
Fgfr1fl/fl;OC-Cre osteoblasts.  

A previous study showed that mice with osteo-
blast-specific knockout of BMPR1a have increased 
bone mass, number of osteoblasts and HSCs, and it 
was proposed that osteoblasts could support the for-
mation of HSCs (10). Fgfr1fl/fl;OC-Cre mice have in-
creased bone mass and osteoblast number. Increased 
levels of SDF-1 in Fgfr1fl/fl;OC-Cre mice may be related 
to increased osteoblast number because more osteo-
blasts could produce more SDF-1, which may support 
the formation of EPCs. In our study, cultured EPCs 
can migrate towards SDF-1, which is consistent with 
previous studies (38, 43, 44). We found that serum 
level of SDF-1 was higher than bone marrow in 
Fgfr1fl/fl;OC-Cre mice (Supplementary Material: Fig. 
S2), which will make a SDF-1 gradient between serum 
and bone marrow, leading to migration of EPCs from 
bone marrow to peripheral blood. 

Previous studies also indicated that activated 
osteoclasts might enhance migration of stem/ pro-
genitor cells (17). In this study, there was no compa-
rable osteoclast activity between Fgfr1fl/fl and 
Fgfr1fl/fl;OC-Cre mice after LPS injection, which sug-
gested that the different numbers of circulating EPCs 
in septic Fgfr1fl/fl and Fgfr1fl/fl;OC-Cre mice may be not 
related to the changes of osteoclast activity. 

In summary, we showed that mice with osteo-
blast-specific deletion of Fgfr1 exhibited an increased 
mobilization of EPCs into peripheral blood undergo-
ing endotoximia. The up-regulated expression of 
SDF-1α may be the main reason. Our findings also 
suggested that osteoblasts could have effect on mobi-
lization of EPCs, which may benefit for the prognosis 
of endotoxemia. 

Supplementary Material 
Fig.S1 -  Fig.S3.   
http://www.ijbs.com/v10p1064s1.pdf  

Abbreviations 
ECs, endothelial cells; EPCs, endothelial 

progenitor cells; FGFR1, fibroblast growth factor 
receptor 1; HSC, haemopoietic stem cells; PBMCs, 
peripheral blood mononuclear cells; SDF-1, stromal 
cell-derived factor-1; TRAP, tartrate-resistant acid 
phosphatase; VEGFR2, vascular endothelial growth 
factor receptor 2. 

Acknowledgments 
The study was supported by Special Funds for 

Major State Basic Research Program of China (973 
program) (No.2014CB942904), National Natural 
Science Foundation of China (No.81170809, 
No. 81471092), Fundation of army (CWS11J322). 

Competing interests 
The authors declare that they have no competing 

interests. 

References 
1. Lee WL, and Liles WC. Endothelial activation, dysfunction and permeability 

during severe infections. Current opinion in hematology. 2011;18: 191-6. 
2. Lee WL, and Slutsky AS. Sepsis and endothelial permeability. N Engl J Med. 

2010;363: 689-91. 
3. Seguin T, Braun T, and Mira JP. Endothelial progenitor cells: new biomarkers 

and potential therapy in intensive care. Medecine et maladies infectieuses. 
2007;37: 305-11. 

4. Aird WC. Endothelium as a therapeutic target in sepsis. Current drug targets. 
2007;8: 501-7. 

5. Asahara T, Masuda H, Takahashi T, et al. Bone marrow origin of endothelial 
progenitor cells responsible for postnatal vasculogenesis in physiological and 
pathological neovascularization. Circulation research. 1999;85: 221-8. 

6. Rafat N, Hanusch C, Brinkkoetter PT, et al. Increased circulating endothelial 
progenitor cells in septic patients: correlation with survival. Crit Care Med. 
2007;35: 1677-84. 

7. Burnham EL, Taylor WR, Quyyumi AA, et al. Increased circulating endothelial 
progenitor cells are associated with survival in acute lung injury. Am J Respir 
Crit Care Med. 2005;172: 854-60. 

8. Morrison SJ, and Spradling AC. Stem cells and niches: mechanisms that 
promote stem cell maintenance throughout life. Cell. 2008;132: 598-611. 

9. Birk RZ, Abramovitch-Gottlib L, Margalit I, et al. Conversion of adipogenic to 
osteogenic phenotype using crystalline porous biomatrices of marine origin. 
Tissue Eng. 2006;12: 21-31. 

10. Zhang J, Niu C, Ye L, et al. Identification of the haematopoietic stem cell niche 
and control of the niche size. Nature. 2003;425: 836-41. 

11. Calvi LM, Adams GB, Weibrecht KW, et al. Osteoblastic cells regulate the 
haematopoietic stem cell niche. Nature. 2003;425: 841-6. 

12. Jung Y, Wang J, Schneider A, et al. Regulation of SDF-1 (CXCL12) production 
by osteoblasts; a possible mechanism for stem cell homing. Bone. 2006;38: 
497-508. 

13. Jacob AL, Smith C, Partanen J, et al. Fibroblast growth factor receptor 1 
signaling in the osteo-chondrogenic cell lineage regulates sequential steps of 
osteoblast maturation. Dev Biol 2006; 296: 315-28 

14. Sugiyama T, Kohara H, Noda M, et al. Maintenance of the hematopoietic stem 
cell pool by CXCL12-CXCR4 chemokine signaling in bone marrow stromal cell 
niches. Immunity. 2006;25: 977-88. 

15. Xu X, Qiao W, Li C, et al. Generation of Fgfr1 conditional knockout mice. 
Genesis. 2002;32: 85-6. 

16. Cheng X, Weng TJ, Tan XH, et al. [Establishment of osteoblast-specific Cre 
transgenic mice]. Yi Chuan. 2007;29: 1237-42. 

17. Kollet O, Dar A, Shivtiel S, et al. Osteoclasts degrade endosteal components 
and promote mobilization of hematopoietic progenitor cells. Nature medicine. 
2006;12: 657-64. 

18. Nemeth K, Leelahavanichkul A, Yuen PS, et al. Bone marrow stromal cells 
attenuate sepsis via prostaglandin E(2)-dependent reprogramming of host 
macrophages to increase their interleukin-10 production. Nature medicine. 
2009;15: 42-9. 

19. George J, Shmilovich H, Deutsch V, et al. Comparative analysis of methods for 
assessment of circulating endothelial progenitor cells. Tissue Eng. 2006;12: 
331-5. 



Int. J. Biol. Sci. 2014, Vol. 10 
 

 
http://www.ijbs.com 

1071 

20. Hristov M, and Weber C. Endothelial progenitor cells: characterization, 
pathophysiology, and possible clinical relevance. J Cell Mol Med. 2004;8: 
498-508. 

21. Yang J, Ii M, Kamei N, et al. CD34 Cells Represent Highly Functional 
Endothelial Progenitor Cells in Murine Bone Marrow. PLoS One. 2011;6: 
e20219. 

22. Dar A, Kollet O, and Lapidot T. Mutual, reciprocal SDF-1/CXCR4 interactions 
between hematopoietic and bone marrow stromal cells regulate human stem 
cell migration and development in NOD/SCID chimeric mice. Exp Hematol. 
2006;34: 967-75. 

23. Su N, Sun Q, Li C, et al. Gain-of-function mutation in FGFR3 in mice leads to 
decreased bone mass by affecting both osteoblastogenesis and 
osteoclastogenesis. Human molecular genetics. 2010;19: 1199-210. 

24. Fulzele K, Riddle RC, Digirolamo DJ, et al. Insulin Receptor Signaling in 
Osteoblasts Regulates Postnatal Bone Acquisition and Body Composition. 
Cell. 2010;142: 309-19. 

25. Ciovacco WA, Goldberg CG, Taylor AF, et al. The role of gap junctions in 
megakaryocyte-mediated osteoblast proliferation and differentiation. Bone. 
2009;44: 80-6. 

26. Zhao X, Qian D, Wu N, et al. The spleen recruits endothelial progenitor cell via 
SDF-1/CXCR4 axis in mice. J Recept Signal Transduct Res. 2010;30: 246-54. 

27. Zhao X, Huang L, Yin Y, et al. Estrogen induces endothelial progenitor cells 
proliferation and migration by estrogen receptors and PI3K-dependent 
pathways. Microvasc Res. 2008;75: 45-52. 

28. Kollet O, Shivtiel S, Chen YQ, et al. HGF, SDF-1, and MMP-9 are involved in 
stress-induced human CD34+ stem cell recruitment to the liver. J Clin Invest. 
2003;112: 160-9. 

29. Capeller B, Caffier H, Sutterlin MW, et al. Evaluation of tartrate-resistant acid 
phosphatase (TRAP) 5b as serum marker of bone metastases in human breast 
cancer. Anticancer Res. 2003;23: 1011-5. 

30. Shidara K, Inaba M, Okuno S, et al. Serum levels of TRAP5b, a new bone 
resorption marker unaffected by renal dysfunction, as a useful marker of 
cortical bone loss in hemodialysis patients. Calcif Tissue Int. 2008;82: 278-87. 

31. Halleen JM, Tiitinen SL, Ylipahkala H, et al. Tartrate-resistant acid 
phosphatase 5b (TRACP 5b) as a marker of bone resorption. Clin Lab. 2006;52: 
499-509. 

32. Ponomaryov T, Peled A, Petit I, et al. Induction of the chemokine 
stromal-derived factor-1 following DNA damage improves human stem cell 
function. J Clin Invest. 2000;106: 1331-9. 

33. Petit I, Szyper-Kravitz M, Nagler A, et al. G-CSF induces stem cell 
mobilization by decreasing bone marrow SDF-1 and up-regulating CXCR4. 
Nat Immunol. 2002;3: 687-94. 

34. Katayama Y, Battista M, Kao WM, et al. Signals from the sympathetic nervous 
system regulate hematopoietic stem cell egress from bone marrow. Cell. 
2006;124: 407-21. 

35. Moore MA, Hattori K, Heissig B, et al. Mobilization of endothelial and 
hematopoietic stem and progenitor cells by adenovector-mediated elevation of 
serum levels of SDF-1, VEGF, and angiopoietin-1. Ann N Y Acad Sci. 2001;938: 
36-45; discussion -7. 

36. Yamada M, Kubo H, Ishizawa K, et al. Increased circulating endothelial 
progenitor cells in patients with bacterial pneumonia: evidence that bone 
marrow derived cells contribute to lung repair. Thorax. 2005;60: 410-3. 

37. Ceradini DJ, Kulkarni AR, Callaghan MJ, et al. Progenitor cell trafficking is 
regulated by hypoxic gradients through HIF-1 induction of SDF-1. Nat Med. 
2004;10: 858-64. 

38. Yamaguchi J, Kusano KF, Masuo O, et al. Stromal cell-derived factor-1 effects 
on ex vivo expanded endothelial progenitor cell recruitment for ischemic 
neovascularization. Circulation. 2003;107: 1322-8. 

39. Aiuti A, Webb IJ, Bleul C, et al. The chemokine SDF-1 is a chemoattractant for 
human CD34+ hematopoietic progenitor cells and provides a new mechanism 
to explain the mobilization of CD34+ progenitors to peripheral blood. J Exp 
Med. 1997;185: 111-20. 

40. Partanen J, Schwartz L, and Rossant J. Opposite phenotypes of hypomorphic 
and Y766 phosphorylation site mutations reveal a function for Fgfr1 in 
anteroposterior patterning of mouse embryos. Genes & development. 1998;12: 
2332-44. 

41. Nakayama T, Mutsuga N, and Tosato G. FGF2 posttranscriptionally 
down-regulates expression of SDF1 in bone marrow stromal cells through 
FGFR1 IIIc. Blood. 2007;109: 1363-72. 

42. Nakayama T, Mutsuga N, and Tosato G. Effect of fibroblast growth factor 2 on 
stromal cell-derived factor 1 production by bone marrow stromal cells and 
hematopoiesis. Journal of the National Cancer Institute. 2007;99: 223-35. 

43. Aicher A, Zeiher AM, and Dimmeler S. Mobilizing endothelial progenitor 
cells. Hypertension. 2005;45: 321-5. 

44. Broxmeyer HE, Kohli L, Kim CH, et al. Stromal cell-derived factor-1/CXCL12 
directly enhances survival/antiapoptosis of myeloid progenitor cells through 
CXCR4 and G(alpha)i proteins and enhances engraftment of competitive, 
repopulating stem cells. J Leukoc Biol. 2003;73: 630-8. 


