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Abstract
Although the number of mesenchymal stem cells (MSC) in the bone marrow is sufficient to
maintain skeletal homeostasis, in osteopenic pathology, aggravated osteoclast activity or
insufficient osteoblast numbers ensues, affecting normal bone remodeling. Most of the currently
available therapies are anti-resorptive with limited osteogenic potential. Since mobilization of
stem/progenitors from the BM is a prerequisite for their participation in tissue repair, amplification
of endogenous stem cells may provide an alternative approach in these conditions. The present
study determined the potential of MSC mobilization in vivo, using combinations of different
growth factors with the CXCR4 antagonist, AMD3100, in a mouse model of segmental bone
defect. Results indicated that among several factors tested IGF1 had maximum proliferative ability
of MSC in vitro. Results of the in vivo studies indicated that the combination of IGF1 and
AMD3100 provided significant augmentation of bone growth as determined by DXA, micro-CT
and histomorphometry in mice bearing segmental fractures. Further, characterization of MSC
isolated from mice treated with IGF1 and AMD3100 indicated Akt/PI3K, MEK1/2-Erk1/2 and
smad2/3 as key signaling pathways mediating this effect. These data indicate the potential of in
vivo stem cell mobilization as a novel alternative for bone healing.
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INTRODUCTION
Bone marrow (BM) is a source of stem and progenitor cells that participate in the
regeneration of a variety of tissues following injury to organs, including the brain, liver,
lung, kidney and heart. Generation of multilineage stem/progenitor cells from the bone
marrow is a major response to such tissue repair [1-3]. Knowledge about the nature of
signals released from the injured tissues to mobilize bone marrow-derived stem cells into the
circulation is very limited, and precise molecular mechanisms governing stem cell fate,
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signals that control stem cell mobilization, their recruitment to the sites of engraftment and
homing following release from their niches are extremely complex. Critical questions
pertinent to studies in mesenchymal stem cell (MSC) trafficking include the following: a)
Can host MSC be mobilized into peripheral blood? b) Can mobilized MSC home to sites of
inflammation and target ischemic tissues? and c) Does mobilization of stem cells have
therapeutic value for bone repair? Considerable evidence indicates that chemokines and/or
cytokines that are upregulated during injury are released into the circulation from tissues,
stimulating stem/progenitor cells to down-regulate adhesion molecules that retain them
within their niches [4-6]. Cytokines and chemokines play critical roles in regulating
mobilization, trafficking and homing of stem/progenitor cells. Many of these factors are
chemo attractants. For example, stromal cell-derived factor (SDF) 1α and its receptor
CXCR4 appear to play an important role in modulating MSC mobilization and over-
expression of CXCR4 on MSC augmented myoangiogenesis in the infarcted myocardium
[7]. Further, SDF1α/CXCR4 axis has been known to be critical for mobilization of
progenitors/stem cells, such as the endothelial progenitor cells (EPC) [8,9], and inhibition of
the SDF1α/CXCR4 interaction has been reported to partially block the homing of
progenitors/stem cells to the ischemic myocardium [10].

Following stress, challenge or stimulation of the BM compartment, a portion of the stem/
progenitor cells egress from the BM, circulate into peripheral blood and contribute to tissue
repair. Recent studies have shown that chronic G-CSF therapy, combined with acute
administration of a CXCR4 antagonist, synergistically enhances hematopoietic stem cells
(HPC) mobilization from the bone marrow [11,12]. This combination therapy has been
shown to be more effective when compared to G-CSF alone in phase III clinical trails of BM
transplantation [13]. It has been shown that administration of a CXCR4 antagonist alone
increases the number of circulating EPC and improves tissue perfusion following ischemia
in animal models [14,15], and there is evidence that BM-derived MSC contribute to tissue
regeneration, suggesting that these cells may also be mobilized in response to tissue injury.
MSC have multilineage potential for differentiation hence may be used therapeutically to
promote tissue regeneration. Thus, we hypothesized that systemic mobilization and
proliferation of the stem/progenitor cells would be effective in bone healing and growth,
especially in situations of ineffective bone formation such as in non-union fractures. In the
present study, we tested the effectiveness of combinations of growth factors with AMD3100
in modulating stem cell peripheral mobilization and proliferation in a mouse tibial fracture
model and determined that treatment with IGF1 and AMD3100 not only effectively
mobilized progenitors into peripheral circulation but also resulted in improved bone growth.
Further, characterization of possible mechanisms indicated that this effect was pronounced
mainly through Akt, Erk and Smad pathways.

MATERIAL AND METHODS
Cells and Reagents

Mesenchymal stem cells were isolated from mouse bone marrow and maintained in
Mesenchymal stem cell expansion medium (Sigma Aldrich, St. Louis, MO) supplemented
with 10% newborn calf serum as described [16]. The Akt, total Akt, Phosho smad2/3, beta
actin, P70, EGFR, Jak3, and cadherin antibodies were purchased from Cell signaling (Cell
Signaling Inc, Danvers, MA). The CXCR4 antibody was purchased from e-biosciences (San
Diego, CA). Purified recombinant IGF1, SCF, PDGF and VEGF were purchased from
Prospec (Rehovot, Israel).
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Creation of segmental defect in mouse tibia
All animal protocols were performed by approved guidelines of the Institutional Animal
Care and Use Committee. Ten to twelve-week-old C57BL/6 mice were used for creating
segmental defect. Briefly, mice were anesthetized with an isofluorane and oxygen mixture
and transferred onto a heating pad (maintained at 37°C) in the operating field. Right tibiae of
mice were fractured using a three point bending apparatus and a 2-3 mm-long segmental
defect was created [17]. The fracture was stabilized with external pins and surgical sutures
and tapes. Buprenorphine (0.05 mg/kg) was injected intraperitonially once before surgery
and Carprofen (5 mg/kg) subcutaneously once before the surgery and repeated 24 hours later
as a post-operative analgesia. Animals had free access to food and water and were monitored
daily in the post operative period for any complications or abnormal behavior.

Growth factor treatments in vivo
In the initial experiment to test the potential of peripheral mobilization of various cytokines,
mice were injected with PBS, IGF1 (2.5 μg/mouse, i.p.), SCF (2.5 μg/mouse, i.p), PDGF
(2.5 μg/mouse, i.p) or VEGF (2.5 μg/mouse, i.p) for five consecutive days and on the 5th

day, AMD3100 (5 mg/kg i.p.) was injected in a volume of 100 μl in PBS.

Colony Assay
Blood from all mice were collected in a heparin tube and cells were plated with mesencult
medium supplemented with mesenchymal stem cell stimulatory factors (StemCell
Technologies Inc, Vancuor, Canada), conditioned with mouse bone marrow cells for 48
hours and then filter sterilized (0.22 micron). The cells were allowed to grow for 10 days
and numbers of adherent cell colonies were enumerated in a phase contrast microscope.

Faxitron imaging
Whole body X-ray imaging was performed in a Faxitron soft X-ray machine (Faxitron X-
Ray LLC, 575 Bond St. Lincolnshire, IL 60069 USA) in UAB Small Animal Bone
Phenotyping Core (SABPC). Briefly, mice were anesthetized with isofluorane and imaging
was performed for 2-10 seconds to confirm the fractures in the tibia.

Dual-Energy X-ray Absorptiometry (DXA) analysis of bone
For DXA analysis, animals were briefly anesthetized with isoflurane (2%) and oxygen
mixture and placed in a prostrate position on the imaging plate. Bone mineral density
(BMD), bone mineral content (BMC) and other body composition were assessed using the
GE-Lunar PIXImus, software version 1.45.

Micro-CT analysis
For determination of 3D architecture of the trabecular and cortical bones, mice were
sacrificed, and tibiae were harvested and analyzed in an advanced micro-computed
tomography instrument (μCT 40, Scanco Medical AG) at UAB SABPC. Two scans were
obtained on each tibia around the fracture site. A three-dimensional reconstruction of the
images was done with the region of interest consisting of trabecular and cortical areas.
Histomorphometric parameters including bone volume, trabecular connectivity, trabecular
thickness, trabecular separation and degree of anisotropy were evaluated.

Cell proliferation assay
Bone marrow from the fractured tibia was isolated from 5 animals from each group after 2
weeks of therapy with PBS, IGF1, AMD3100 or IGF1+AMD3100. Marrow contents from
tibia were flushed and cultured for a week. MSC, obtained after 2 weeks of culture, were
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seeded in 96-well plates (Falcon 3072, Becton-Dickinson, Lincoln Park, NJ) at a density of
5000 cells per well and incubated at 37°C in MSC medium, supplemented with 10% FBS
(Sigma, Mesenchymal stem cell expansion medium (Cat # 1569-1L, St. Louis, MO) for 4
days. Cell growth was measured by using a non-radioactive cell proliferation assay kit
(CellTiter 96RAqueous from PROMEGA, Madison, WI). On days 2, 4 and 6, optical density
was determined at 490 nm in a multi-well plate reader (BioTek Synergy 2, Vermont).
Background absorbance of the medium in the absence of cells was subtracted. All samples
were assayed in triplicate, and the mean for each experiment was calculated.

Cell migration assay
Transwell filters were coated on the underside of inserts with 20 μg/ml of fibronectin
overnight at 4°C and air dried before the cells were seeded. Bone marrow mononuclear cells
were isolated from PBS, IGF1, AMD3100 or IGF1+AMD3100 injected groups after 2
weeks of injections and cells were washed twice with FBS-free medium. Then, 0.5 ml cells
in FBS free medium was added to the top of the insert and 1 ml of stem cell growth
expansion medium with 10% FBS and 10 μg/ml collagen I was added to the lower chamber.
The transwell filter inserts were placed into the lower chamber and incubated overnight at
37°C. Extra cells from the upper side of the filter were removed by scrubbing with a cotton-
tipped swab, moistened with medium, and cells were stained with crystal violet followed by
wash with distilled water.

Western blot
To identify possible major signaling pathways, MSC were isolated 24 hours after creation of
fracture and cultured in serum-free stem cell medium in the absence or presence of IGF1 for
2 days. The cells were harvested and lysates containing equal amount of protein were
separated in SDS-PAGE and transferred to PVDF membrane. Western blotting of the
membrane was performed using antibodies for AKT, phosphor-AKT, SMAD, phosphor-
SMAD, ERK, Phospho-ERK, CXCR4, p70, EGFR, cadherin and beta actin.

Histology
Formalin-fixed tissues were decalcified in EDTA solution for two weeks and embedded in
paraffin. Longitudinal sections of 5 μm thicknesses were cut from paraffin embedded blocks
of frontal sections of tibia, using a Leica 2265 microtome. Sections were then stained with
hematoxylin and eosin for microscopic examination.

Lineage differentiation of cultured mouse MSC
Osteoblast differentiation was induced with culture medium containing 10% FBS, 0.1 μM
dexamethazone, 2 mM β-glycerophosphate, and 150 μM ascorbate-2-phosphate.16 Cells
were seeded at 10,000 cell/cm2 and incubated for 21 days at 37°C. Medium was changed
every 3 days. Adipogenic differentiation was induced by culturing in medium with 20%
FBS, 1 μM dexamethazone, 0.35 μM hydrocortisone, 0.5 mM isobutyl-methylxanthine
(IBMX), 100 ng/ml insulin, and 60 μM indomethacin.16 Cells were seeded at 20,000 cells/
cm2 and incubated for 21 days at 37°C. Medium was changed every alternate day. For
evaluation of mineralized matrix, the cell layer was fixed in 10% buffered-formalin, then
stained by von Kossa stain using 5% (w/v) silver nitrate (Sigma) under ultraviolet light for
30 min, followed by 5% (w/v) sodium thiosulphate (Sigma) for 2 min. For Oil red-O
staining, cells were fixed in formalin and stained for 1 h with oil red-O (Sigma).

Statistical analysis
All data are reported as mean ± standard deviation (SD). Bone mineral density (BMD) and
bone mineral contents (BMC) were analyzed using ANOVA. Comparison of differences
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between two variables was performed using the two-tailed, two-sample with equal
variances, independent t-test. Results were con considered significant when p<0.05.

RESULTS
Progenitor cells egress from bone marrow in response to growth factor and CXCR4
antagonist (AMD3100)

To examine the potential of growth factors in stem/progenitor cell mobilization with
CXCR4 antagonist AMD3100, first, cohorts of mice were injected with PBS, IGF1, SCF,
PDGF or VEGF for five consecutive days and on the fifth day ADM3100 was administered.
Peripheral blood mononuclear cells were obtained for colony assay to enumerate MSC
mobilization. Results of this preliminary screening for the mobilization efficiency performed
indicated an increased number of colony-forming MSC in the peripheral blood after
injection of all compounds in a tibia fracture mouse model (Figure 1A). However, the
number and size of the colonies were highest in IGF1 plus AMD3100 injected mice
compared to PDGF, SCF and VEGF treated groups, in combination with AMD3100
(Figure1B & 1C; p<0.05). Hence, subsequent studies were focused on the effectiveness of
IGF1 plus AMD3100 in bone remodeling following segmental defect in the tibia.

Treatment with IGF1 and AMD3100 results in augmented bone growth in a mouse
segmental defect model

Therapeutic benefit of growth factor pretreatment and mobilization in vivo by injection of
IGF1 and AMD3100 compounds were tested in a mouse segmental defect. Results indicated
augmented bone growth in the IGF1+AMD3100 injected group. Data shown in Figure 2 on
BMD, analyzed by DXA, around the fracture area indicated a significant enhancement in
BMD in the IGF1+AMD3100 group compared to untreated or those treated with either IGF1
or AMD3100 (p<0.05). However, there was also a modest improvement in bone growth
with IGF1 treatment alone compared to the AMD3100 or PBS treated group. The
combination therapy with IGF1 and AMD3100 also resulted in an increase in the bone
mineral content (BMC) as determined by DXA. The difference in total bone growth was
also corroborated by micro-CT (Figure 3A), and hematoxylin and eosin (H&E) staining both
around the fractured area (Figure 3B) and around the growth plate (Figure 3C).
Morphologically, there were differences in the gross structure of bone marrow as treatment
with IGF1 alone increased the number of adipocytes in the bone marrow. AMD3100
treatment did not show a significant change in bone marrow cellularity or overall bone
marrow cell number but total BMC was highest in the IGF1+AMD3100 treated group (data
not shown). Histological analysis of isolated bone sections revealed improved fracture
healing and higher bone growth in IGF1+AMD3100 treated mice, as shown in Figures 3B
and 3C, with increased cellular activity and involvement of bone forming cells around the
fracture healing area (Figure 3B) as well as in the growth plate (Figure 3C).

IGF1 and AMD3100 treatment increased proliferation and migration of isolated MSC
To investigate the direct effect of MSC mobilization following IGF1 treatment on fracture
healing, fractures were created in the tibia of mice and peripheral blood was isolated from
three mice in each of the groups following PBS, IGF1, AMD3100 and IGF1+AMD3100
treatments. Ten thousand cells were seeded and cultured in vitro using conditioned stem cell
expansion media for up to six days and proliferation index of MSC was determined by MTT
assay. Results of the study, shown in Figure 4A, indicated an increase in proliferative
capacity of MSC after combined treatment with IGF1 and AMD3100 (p<0.05). Migration
assay of cultured MSC in a Boyden chamber assay also corroborated the results of
proliferation assay combination therapy with IGF1+AMD3100, as shown in Figure 4B.
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PI3K/Akt, MEK1/2-Erk1/2 and smad2/3 as possible, major signaling pathways involved in
MSC-mediated bone growth after IGF1 and AMD3100 treatment

In order to identify the effect of IGF1 treatment on MSC and key signaling pathways
through which the effects are mediated during fracture healing, MSC were isolated from the
tibia 24 hrs after creating a fracture and cultured for 2 days in serum-free, stem cell
expansion medium with or without IGF1 and cell lysates were subjected to Western blot
analysis using specific antibodies. Results of this study, shown in Figure 5, indicated
elevated phospho-Akt, phospho-Erk1/2 and phospho-smad2/3, signifying as likely pathways
involved in the increased fracture healing response and augmented bone growth, while no
significant changes were observed in p70, EGFR or cadherin levels.

Effect of IGF1 and AMD3100 on the number of progenitor cells and their osteogenic,
adipogenic differentiation

To test the possibility that IGF1 and AMD3100 might have altered the number of progenitor
cells in the treated animals, isolated mononuclear cells from PBS+AMD3100 and
IGF1+AMD3100 groups were subjected to colony assays and their differentiation potential
was analyzed in osteoblast and adipocyte differentiation assays. Results of this study, shown
in Figure 6, indicated a relatively higher number of oil red O-positive cells and significantly
more mineralized von kossa positive cells in IGF1+AMD3100 group, combined with a
greater number of colonies (data not shown) implying enhanced proliferative, osteogenic
and adipogenic differentiation of MSC following mobilization.

DISCUSSION
The widespread increase in life expectancy in the U.S. and an increase in the incidence of
bone-related complications suggest the need for new skeletal reconstruction strategies. In the
present study, we hypothesized that cytokines that have the potential to induce bone stem/
progenitor cell proliferation may be used to augment bone healing through in vivo
mobilization and expansion. Several reported evidences indicate that bone marrow harbors
various primitive cells that possess the ability to repair non-hematopoietic organs [18,19].
Moreover, the identification of bone marrow-derived cells in various injured tissues,
including brain, liver, kidney, lung, and heart, indicates that tissue injury can induce
mobilization of cells from the bone marrow into the peripheral blood [20-25]. However, the
mobilization of pluripotent stem cells to repair bone fracture has never been reported.

Despite the potential of MSC in regenerative medicine, in particular for bone remodeling, ex
vivo manipulation and therapy using MSC have indicated serious limitations including the
number of cells that could be infused without causing entrapment in the lungs, poor bone
homing of transplanted cells and possible tumorigenesis [26-28].Thus, a major goal of this
study was to enhance fracture repair through endogenous stem cell mobilization, whereby
damaged or lost cells are replaced by cells with functional characteristic and organization
similar to those represented before injury, alleviating the aforementioned limitations.
Following initial analysis of IGF1, PDGF, SCF and VEGF for their influence on in vitro
MSC proliferation, which indicated highest proliferative potential of IGF1, we chose to
study the effect of IGF1 in detail.

Insulin-like growth factors are known mediators of skeletal growth and bone formation
[29-31]. Studies have shown that IGF1 can promote the differentiation of bone cells in
autocrine and paracrine fashion [32,33]. In an aged rat model, it was demonstrated that IGF1
can stimulate osteogenesis by regulating the marrow-derived osteoblasts [34-36], and also
IGF1 has been shown to have similar osteogenic effects on human adipose-derived MSC
[37]. Previous studies have demonstrated that expression of IGF1 decreases with age and
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senescence [37-39]. Given the complexity of bone formation and the involvement of several
growth factors in the regulation of bone forming cells, it is reasonable to speculate that
increasing the number of available progenitor cells for bone repair through endogenous
mobilization and proliferation might increase the recruitment of progenitors, and the
influence of IGF1 and/or other growth factors on these progenitors will have pro-
osteoblastic microenvironment at the site of fracture site for augmented bone growth. In this
study, we found that IGF1 treatment increased the bone marrow stem/progenitor cells in the
bone marrow, which might have enabled more progenitors to home to the fracture site and
participate in bone growth. This may be one of the possibilities because the results suggest
that MSC isolated from experimental mice had higher migration capability and in the in
vitro assay also showed higher CXCR4 receptor expression, which may translate into
increased homing to required site. Further, an increase in osteogenesis in the growth plate
may have resulted from an overall enhancement of the progenitor cells following treatment
with AMD3100 and IGF1.

Observations of the present study also imply that enhancing the mobilization of endogenous
progenitor cells via cytokine or growth factor administration may be utilized therapeutically
to promote bone repair. The observed therapy effects of IGF1 and AMD3100 combination
may have also been influenced through improved vasculogenesis/angiogenesis around the
fracture site from mobilization of hematopoietic stem cells (HPC) and endothelial progenitor
cells (EPC). Data from preclinical models have shown that inhibition of CXCR4/SDF1
interaction plays an important role in enhanced progenitor cell mobilization [40]. In the
present study, IGF1 treatment was initiated prior to AMD3100 to ensue sufficient stem/
progenitor cell proliferation before mobilization. This may have also altered the profile of
progenitor cells and leukocytes in the blood, similar to the effects of GCSF treatment, which
mobilizes both HPC and neutrophils by reducing their expression of CXCR4 and decreasing
levels of SDF1α within the bone marrow [41,42]. HPC, mobilized by GCSF have been
found to be exclusively in the G0/G1 phase of cell cycle, whereas HPC remaining in bone
marrow are actively cycling [43-45]. This may be explained by the fact that proliferating
HPC cannot migrate, a necessary step in their mobilization from bone marrow. Also, studies
have demonstrated that mobilization of progenitor cell subset is differentially regulated by
growth factors that affect their retention and cell cycle status [39]. Immediately following
fracture, many cellular signals are released and IGF1 growth factor treatment at that time
might help increase the pool of mobilizable progenitor cells in their niche.

IGF1 is among a number of well-characterized growth factors that promotes cell survival
and regulation of bone biology. Characterization of MSC following treatment with IGF1 and
AMD3100, which indicated elevated PI3k/Akt, suggests its effects on MSC proliferation
[46,47]. PI3k-driven signaling, recruitment of GRB2/SOS by phosphorylated IRS1 or SHC
leads to the recruitment of Ras and activation of MEK/ERK/RAF-1 pathway and
downstream nuclear factors, resulting in the induction of cell proliferation [47]. Thus, the
coordinated influence of IGF through PI3k appears to be highly effective with IGF1. The
extent of SHC/GBR2 binding also appears to correlate with elevated levels of IGF1-
activated ERK and c-fos transcription [48]. Although there appears to be a role for PI3
kinase/AKT in the observed effects, it remains to be studied further to precisely determine
whether these two pathways alone are involved.

Collectively, the present study suggests the potential of combining MSC dissociation- and
proliferation-inducing compounds in increasing the bone formation by enrichment of the
stem and progenitor cells endogenously. Further development of this strategy should verify
the long-term fate of mobilized MSC prior to clinical application.
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Highlights

• The manuscript describes a novel method to enrich endogenous mesenchymal
stem cells from the bone marrow for fracture healing

• Results of this study demonstrate the therapeutic potential this approach in an
immunocompetent mouse model of bone fracture

• Molecular analysis signaling pathways indicated a key role for Akt/PI3K,
MEK1/2-Erk1/2 and smad2/3 activation effecting the stem cell mobilization

• Method described in this study has suggests its implication for non-union
fractures in humans, which are difficult to treat
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Figure 1. Colony assay from the peripheral blood after treatment with growth factors and
AMD3100
Following the creation of segmental bone fracture (A), cohorts of mice were administered
with PBS, IGF1, PDGF, SCF, or VEGF for five consecutive days and AMD3100 on the 5th

day. Peripheral blood mononuclear cells were collected on day 7. The cells were cultured in
mesencult medium supplemented with mesenchymal stem cell stimulatory factors (Stem
Cell Technologies Inc. Vancouver, Canada) for 10 days and the number of colonies were
enumerated (B). The size of the colonies was determined using an inverted microscope (C).
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Figure 2. Bone mineral density (BMD) in the fracture area following treatment with growth
factors and AMD3100
Segmental defect was created in the right tibia of eight-week-old mice and indicated
compounds were injected for five consecutive days. Total bone mineral density (BMD) was
determined around the fracture area by non-invasive dual energy X-ray absorptiometry
(DXA) from the beginning of the experiment and thereafter on weeks 4 and 8. Briefly, mice
were anesthetized with isofluorene for DXA analysis. DXA was done in GE Lunar
PIXImus, Madison, WI, and data analysis was done with PIXImus software version
1.43.020.
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Figure 3. Micro-CT and histomorphometry of fractured tibia following treatment with IGF1 and
AMD3100
Tibia from PBS, IGF1, AMD3100 and IGF1+AMD3100 injected group of mice were used
for μCT analysis of cortical bone and trabecular bones. Representative images from
indicated groups show three-dimensional images of tibia, extracted from reconstructed bone
volume at the fracture site, 8 weeks after treatments. For histological analysis, bones were
isolated and fixed in 10% buffered formalin for 48 hrs and decalcified in 2.5% EDTA
solution for 3 weeks. Bones were mounted in a paraffin block and 5 μm sections were
stained with hematoxylin and eosin (H&E) for microscopic analysis. Representative images
from indicated groups shows hematoxylin and eosin (H&E) stained images of fractured tibia
after the treatment (B), and bone growth around the growth plate of fractured tibia (C).
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Figure 4. Proliferation and migration assay to analyze the effects of IGF1 and AMD3100 on
MSC
Bone marrow mononuclear cells were isolated from cohorts of mice from each group (PBS,
IGF1, AMD3100 and IGF1+AMD3100) and cultured using mesenchymal stem cell
expansion medium. Cell proliferation assay was performed using a non-radioactive MTT
assay kit (A). Replicates of MSC, treated similarly were further subjected to Boyden
chamber assay to analyze their migratory response (B).

Kumar and Ponnazhagan Page 15

Bone. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Western blot analysis to identify key signaling events in MSC following IGF1
treatment
Mesenchymal stem cells were isolated from fractured tibia and grown for 2 days with 1 ng/
ml of recombinant IGF1 or without any additives in mesenchymal stem cell expansion
medium and cell lysates were analyzed by Western blotting with indicated antibodies.
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Figure 6. Lineage differentiation of MSC following IGF1 and AMD3100 treatment
MSC, isolated from bone marrow of sham or IGF1+AMD3100 treatment for 5 days were
cultured in vitro in adipogenic or osteogenic media for 21 days to assess multilineage
differentiation capability of isolated MSC from experimental mice. The cells were fixed and
stained with von Kossa stain and oil red-O stain for osteoblast and adipocyte differentiation,
respectively.
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