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Abstract
Bone marrow-derived mesenchymal stem cells (BMDMSCs) have been targeted for use in
enhancement of bone healing; and their osteogenic potential may be further augmented by genes
encoding bone morphogenetic proteins (BMP’s). The purpose of this study was to compare the
effect of genetic modification of human and equine BMDMSCs with BMP-2 or 7 or BMP-2 and 7
on their osteoblastogenic differentiation in the presence or absence of dexamethasone. The
BMDMSCs were harvested from the iliac crest of 3 human donors and tuber coxae of 3 equine
donors. Monolayer cells were genetically modified using adenovirus vectors encoding BMP-2, -7
or both and cultured in the presence or absence of dexamethasone. Expression of BMPs was
confirmed by enzyme linked immunosorbent assay. To evaluate osteoblastic differentiation,
cellular morphology was assessed every other day and expression and secretion of alkaline
phosphatase (ALP), as well as expression levels of osteonectin, osteocalcin, and Runx2 were
measured for up to 14 days.

Human and equine BMDMSCs showed a capacity for osteogenic differentiation regardless of
genetic modification or dexamethasone supplementation. Dexamethasone supplementation was
more important for osteoblastogenic differentiation of equine BMDMSCs than human
BMDMSCs. Genetic modification of BMDMSCs increased ALP secretion with AdBMP-2
homodimer having the greatest effect in both human and equine cells compared to AdBMP 7 or
AdBMP 2/7. BMP protein elution rates reached their maximal concentration between day 4 and 8
and remained relatively stable thereafter, suggesting that genetically modified BMDMSCs could
be useful for cell-based delivery of BMPs to a site of bone formation.
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Introduction
Bone Morphogenetic Proteins (BMPs) are growth factors important for skeletal
development and bone growth and are classified amongst the transforming growth factor
beta (TGF-β) superfamily.1–5 The benefits of BMP supplementation appear to occur early in
healing, with more rapid bone formation and maturation and an earlier increase in
mechanical strength compared with controls.6–7 A dose effect with BMP-2 and -7
homodimers has also been identified, with higher doses resulting in more bone formation
and faster bone healing; however, complete healing was not dose dependent.8–14 While
many studies have focused on the bone forming activity of recombinant BMP homodimers
and/or expression of a single BMP gene, in bone and other organs, two or more BMP genes
are often co-expressed in the same tissue.1–5, 15–18 Because of these findings, several
groups including our own, have investigated BMP heterodimers and have shown that they
are more potent than their respective homodimers.19–23 Such studies suggest that BMP-2
and BMP-7 heterodimers may be particularly attractive for clinical BMP gene transfer
applications. However, the effects of homodimer genetic modification has not been
compared to heterodimer genetic modification in human or equine bone marrow-derived
mesenchymal stem cells nor have the effects of dexamethasone been compared in these cells
when genetically modified with BMP homo or heterodimers.

Mesenchymal stem cells are multipotential cells capable of differentiating into multiple
types of connective tissue cells.24 Bone marrow-derived mesenchymal stem cells
(BMDMSCs) are an autologous source of cells that can be harvested by aspiration, isolated,
and expanded in culture with minimal loss of differentiation potential.25 The capacity of
BMDMSCs to differentiate into osteoblasts, has been well documented;26–29 therefore,
BMDMSCs have been targeted for use in enhancement of bone healing. In this context,
studies suggest that the osteoblastogenic capacity of BMDMSCs can be further augmented
by delivery of genes encoding BMP’s.22

In addition to BMP’s, dexamethasone is a known osteoblastogenic supplement and has been
demonstrated to support early osteoblastic differentiation in vitro.30 Treatment of
BMDMSCs with dexamethasone alone can stimulate in vitro bone formation.24,31–35

However, this effect of dexamethasone varies considerably among species.32–35 Human
BMDMSCs have previously been shown to require dexamethasone treatment to undergo
osteoblastic differentiation and to produce alkaline phosphatase (ALP), a hallmark for
distinguishing osteoblastic cells in culture.33,34 A recent study suggests equine BMDMSCs
behave similarly to human BMDMSCs in the presence of dexamethasone in terms of
osteoblastogenesis but the effects of dexamethasone on BMP 2 or 7 (homodimer or
heterodimer)-expressing genetically modified cells have not been reported.36

The purpose of this study was to compare the effect of BMP-2, 7 and 2/7 genetic
modification in human and equine BMDMSCs undergoing osteoblastogenic differentiation
in the presence or absence of dexamethasone supplementation. We hypothesized that 1)
combined expression of BMP-2/7 would be more efficacious than single BMP gene transfer
to increase osteoblastogenic differentiation in human and equine BMDMSCs, 2)
dexamethasone supplementation would not be necessary for AdBMP induced osteogenesis
in either species, and 3) there would be a species difference between human and equine
BMDMSCs in terms of osteoblastogenic differentiation with regards to BMP genetic
modification and dexamethasone supplementation.
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Materials and Methods
Cell Harvest and Culturing

Bone marrow aspirates were obtained aseptically from the iliac crest of 3 human donors (26-
year-old male, and 26- and 23-year-old female) and tuber coxae of 3 equine donors (3- and
4-year-old male, and 6-year-old female), processed and cultured as previously described.
37,38 The Institutional Animal Care and Use Committee and Institutional Review Board
approved all procedures. Primary cells derived from the bone marrow were designated as
passage 0 and each subsequent subculture of BMDMSCs was considered one further
passage. All cells were cryogenically preserved at concentrations of 2 million cells/ml and
stored for less than 6 months in liquid nitrogen prior to experimentation.

Identification of Appropriate Adenovirus dose
For dose-response studies, human and equine BMDMSCs were transduced with AdBMP-2,
AdBMP-7 or Ad encoding the marker gene β-galactosidase (AdLacZ) at 1) 50,000 viral
particles per cell (vpc), 2) 100,000 vpc, 3) 200,000 vpc, and 4) 400,000 vpc. Following
transduction the following was assessed: a) BMP-2 or BMP-7 protein concentration in the
media, b) cell viability, c) cell morphology, and d) transduction efficiency based on
percentage β-galactosidase staining. All BMP genetically modified cells were compared to
AdLacZ and untransduced control cells. Outcomes in human and equine cells were
compared to determine whether species-specific differences to the reaction of adenovirus
may be present.

Transduction
Second passage human and equine cells were thawed and seeded at 50% confluence in 48-
well culture dishes (Corning, Corning, NY) supplemented α-MEM and allowed to grow two
days (~70–80% confluence) prior to transduction. Cells were rinsed in 1x PBS and
transduction occurred in serum-free DMEM with 25 mM HEPES and PSA for 4 hours. Cells
were incubated with 1) AdBMP-2 (200,000 vpc), 2) AdBMP-7 (200,000 vpc), 3)
AdBMP-2/7 (100,000 vpc of each AdBMP-2 and -7), 4) adenovirus-reporter gene construct
encoding bacterial β-galactosidase (AdLacZ at 200,000 vpc), or 5) a negative control (no
virus, transduction media alone). After transduction, media containing virus was removed,
and cells were cultured in Media 1) supplemented DMEM, Media 2) supplemented DMEM
with 170 μM ascorbic acid (Sigma, St. Louis, MO) and 5 mM β-glycerol phosphate (Sigma,
St. Louis, MO), and Media 3) Dex-DMEM with 170 μM ascorbic acid, 5 mM β-glycerol
phosphate, and 10−9 M dexamethasone (Sigma, St. Louis, MO). The assigned media was
changed every other day for 14 days. Therefore, each treatment group was cultured in 3
different medias.

Cell Morphology Screening
Cells were monitored every other day by inverted light microscopy and cell morphology was
scored on days 0, 2, 4, 6, 8, 10, 12, and 14 to assess cell health by a single examiner unaware
of treatment groups as previously described.39

Transduction Efficiency
Transduction efficiency was assessed by staining cells using the in situ β-galactosidase
staining kit (Stratagene, La Jolla, CA) on days 0, 8, and 14. Media from all cells was
collected at days 0, 4, 8, 10, and 14 and stored at −20°C prior to testing for BMP production
by enzyme linked immunosorbent assays (ELISAs) for BMP-2 and BMP-7 (R & D Systems,
Minneapolis, MN).

Carpenter et al. Page 3

J Orthop Res. Author manuscript; available in PMC 2011 October 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mineralization
Production of ALP was measured in the culture media and cell lysate by ELISA (Sigma, St.
Louis, MO). Cells were also stained for ALP (Sigma kit # 85-L, St. Louis, MO) and mineral,
calcium or calcium salts using Von Kossa stain (Von Kossa Kit, Sigma, St. Louis, MO) and
scored on days 0, 8, and 14 by a single examiner as previously described.39

Gene Expression of Osteogenic Markers with Quantitative PCR
Cells were harvested at days 0, 8, and 14 for RNA extraction which was performed using
RNeasy Mini Kit (Qiagen, Valencia, CA). RNA quantity and quality were measured
(ND-1000 spectrophotometer, Nanodrop, Fisher, Pittsbugh, PA) prior to transcription of
cDNA using 100 ng of total RNA and oligo(dT) primers with the SuperScript III first-strand
synthesis kit (Invitrogen, Carlsbad, CA). Primers for house-keeping gene glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), and osteoblast marker genes ALP, osteocalcin (OCN),
osteonectin (OSTN), and runt-related transcription factor-2 (Runx2) were designed to
homologous regions of equine and human sequences. Quantitative real-time PCR was
performed in as previously described.38 Relative quantitation of gene expression was
determined using comparative CT method (Applied Biosystems, Foster City, CA) and
calibrated to the highest delta CT value for each gene.

Statistical Analysis
Categorical data were analyzed using a Fisher’s Exact test (PROC FREQ, SAS Institute,
Cary, NC). Continuous data were analyzed using an ANOVA (The GLIMMIX Procedure,
SAS Institute Inc, Cary, NC) following log transformation. Species (Human or Equine),
treatment (AdBMP-2, AdBMP-7, AdBMP-2/7, AdLacZ, negative control), media (media 1,
media 2, and media 3), and day were used as class variables. Species nested within
treatment, media, and day was used as the random variable. Data were analyzed using
several models to evaluate the association between dependent variables (BMP and ALP
protein production, and gene expression of osteogenic markers) and fixed effects (treatment,
media, and day). When individual comparisons were made, least square means (LSM) was
used and P<0.05 was considered significant. Values are reported as LSM ± standard error of
the mean (SEM).

Results
Appropriate Adenoviral dose

The optimal adenoviral dose was identified as 200,000 vpc based on the BMP-2 and -7
protein production, absence of cell toxicity and a transduction efficiency (β-galactosidase-
positive cells) that was between 50% and 90% in the preliminary study and is similar to
previous reports.40

BMP Protein Production
After transduction with the optimized dose, human BMDMSCs treated with AdBMP-2 and
AdBMP-2/7 demonstrated a 4.5 (1.7×106 pg/ml) and 4.3 (8.5×105 pg/ml) fold increase in
BMP-2 protein compared to controls, respectively (p<0.0001, both comparisons) (Figure 1).
Human BMDMSCs treated with AdBMP-7 and AdBMP-2/7 demonstrated a 4.5 (3.0×106

pg/ml) and 4.2 (8.7×105 pg/ml) fold increase in BMP-7 protein compared to controls,
respectively (p<0.0001, both comparisons) (Figure 1). BMP-2 and -7 protein elution rates
reached their maximal concentration by day 4 and 8 and remained relatively stable thereafter
(p<0.0001). Equine BMDMSCs treated with AdBMP-2 and AdBMP-2/7 demonstrated a 4.1
(9.9×105 pg/ml) and 3.8 (5.0×105 pg/ml) fold increase in BMP-2 protein compared to
controls, respectively (p<0.0001, both comparisons) (Figure 1). Equine BMDMSCs treated
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with AdBMP-7 and AdBMP-2/7 demonstrated a 7.1 (1.1×106 pg/ml) and 6.7 (4.2×106 pg/
ml) fold increase in BMP-7 protein compared to controls, respectively (p<0.0001, both
comparisons) (Figure 1). The fold increase represents log transformed data and the averages
represent raw data. The BMP-2 and -7 protein elution rates reached their maximal
concentration by day 4 and remained relatively stable thereafter (p<0.0001). Media groups
did not significantly influence BMP protein production in either human or equine
BMDMSCs.

Osteoblastogenic Differentiation
Cell Morphology and Staining—Human BMDMSCs transduced with AdBMP-2,
AdBMP-2/7 or AdLacZ demonstrated a significantly higher cell morphology score
compared to human BMDMSCs transduced with AdBMP-7 alone and negative control,
respectively (p<0.0001) suggesting the lowest toxicity for AdBMP-7 and control (data not
shown). Equine BMDMSCs transduced with AdBMP-2, and -7 alone or in combination
demonstrated a significantly lower cell morphology score compared to those transduced
with AdLacZ (positive) or negative control, respectively (p<0.0001), suggesting the lowest
toxicity for AdBMP genetic modification (data not shown). Equine BMDMSCs cultured in
media supplemented with dexamethasone demonstrated a higher cell morphology score
compared to other media groups, respectively (p<0.0001), suggesting increased
osteoblastogenic differentiation (data not shown).

Alkaline Phosphatase Expression and Secretion—Expression and secretion of
ALP, an important enzyme for matrix mineralization, was used as one parameter of
osteoblastic differentiation. Genetic modification of human BMDMSCs with AdBMP-2,
AdBMP-7, and AdBMP-2/7 resulted in a 4.5, 3.9, and 5.3-fold increase in ALP gene
expression compared to AdLacZ-treated or naïve controls, respectively (p<0.0001). Human
BMDMSCs treated with AdBMP-2 demonstrated a 14-fold increase in ALP secretion
compared to controls (p<0.0001, Figure 2). Human BMDMSCs cultured in media
supplemented with dexamethasone demonstrated a 3.1-fold increase in ALP mRNA levels
compared to cells cultured in media that did not contain dexamethasone regardless of
genetic modification (p<0.0001); however, no increase in ALP protein secretion could be
detected in this group. The combination of genetic modification of human BMDMSCs
cultured in media supplemented with dexamethasone demonstrated the highest levels of
ALP mRNA (p<0.0001) (Figure 3). Genetic modification of equine BMDMSCs with
AdBMP-2, AdBMP-7, and AdBMP-2/7 demonstrated a 2.5, 2.3, and 2.1-fold increase of
demonstrated ALP mRNA levels compared to controls, respectively (p<0.0001), and ALP
protein level was increased to a similar level (1.7-fold increase) compared to controls in
AdBMP-2 treated cells (p=0.003, Figure 3). Equine BMDMSCs cultured in media
supplemented with dexamethasone demonstrated a 12.2-fold increase in ALP mRNA levels
compared to media that did not contain dexamethasone regardless of genetic modification
(p<0.0001), and this correlated with a 1.95-fold increase in ALP protein (p<0.0001). As with
human cells the combination of genetic modification of equine BMDMSCs cultured in
media supplemented with dexamethasone demonstrated the highest levels of ALP mRNA
(p=0.05) (Figure 3). The ALP protein levels continued to increase in cells cultured in
dexamethasone for 14 days; whereas, ALP protein levels remained relatively constant or
showed a decline in the cells cultured in the media not supplemented with dexamethasone
(p=0.0002) (Figure 4). Genetically modified cells had higher ALP and Von Kossa scores
compared to controls, suggesting increased mineralization capacity (Figure 5).

Gene Expression—Gene expression levels for OCN, OSTN and Runx2 were also
assessed as measures of osteoblastic differentiation. In human BMDMSCs 1.7, 1.2, and 1.2-
fold increases of OCN, OSTN and Runx2, respectively, were detected on day 14 compared
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to day 8 (p=0.02, p=0.0001, p=0.03) regardless of genetic modification or dexamethasone
treatment. Similarly, expression levels for OCN, OSTN, and Runx2 in equine BMDMSC
demonstrated a 1.9, 1.2, and 2.4 -fold increase on day 14 compared to day 8, respectively
(p=0.02, p=0.05, p=0.0002). In both human and equine BMDMSCs dexamethasone
supplementation increased OSTN mRNA levels by 1.3 (p=0.0001) and 1.4-fold (p=0.005),
respectively, regardless of genetic modification.

Discussion
In this in vitro cell culture study, genetic modification of BMDMSCs with AdBMPs
enhanced ALP expression and secretion with AdBMP-2 appearing to have the greatest effect
in both human and equine BMDMSCs. Furthermore, dexamethasone supplementation
appeared to be important for the osteoblastogenic differentiation of both genetically
modified and naive equine BMDMSCs but not human BMDMSC in which increased Runx2
expression and BMP stimulation of ALP were evident regardless of dexamethasone
treatment. Upon Ad-mediated gene transfer, BMP protein expression peaked by day 4 and 8
and remained relatively stable thereafter, until day 14 suggesting that transfer of genetically
modified cells into a healing defect 4 days after transfection might be a good strategy for
prolonged, high level growth factor delivery.

The capacity of BMDMSCs to differentiate into osteoblasts has been well documented.26–29

Our gene expression data is consistent with these data and show that human and equine
BMDMSCs are capable of osteoblastic differentiation regardless of genetic modification or
the presence of dexamethasone supplementation. Runx2 is an essential transcription factor
for osteoblastic differentiation while ONC is a terminal marker for mature osteoblasts.40

Regardless of treatment or media groups, an increase in Runx2 and ONC gene expression
was detected between day 8 and 14 suggestive of osteoblastogenic differentiation in both
human and equine BMDMSCs during that time period. These data suggest that the
BMDMSCs used in this study may already have been committed to the osteoblast
phenotype; this degree of commitment may have diminished possible effects of BMP’s and
dexamethasone in our study.

One surprising finding was the relative lack of BMP mediated osteoblastogenic
differentiation in the equine BMDMSCs compared to human BMDMSCs. Based on gene
expression and immunohistochemistry data for ALP, human BMDMSC responded to
BMP’s with dexamethasone having an additive effect. This is in contrast to equine
BMDMSCs, which only responded to BMP’s in the presence of dexamethasone. Our finding
that human BMDMSCs did not require dexamethasone to increase ALP expression is in
contrast to Jorgensen et al.41 who reported increased ALP activity in young healthy human
BMDMSCs cultured in dexamethasone supplemented media as well as an additive effect
when BMP-2 was combined with dexamethasone. Recently, Stolzing et al.42 identified an
age-related decline in ALP activity showing a 40% and 60% reduction in ALP activity in
adult (19–40 years old) and aged (>40 years old) BMDMSCs compared to young
BMDMSCs (7–18 years old) cultured in dexamethasone. Our study population consisted of
individuals over 26 years of age. A larger and significant effect of dexamethasone may have
been identified if a younger population was used. The requirement for dexamethasone
supplementation for increased ALP expression and secretion in equine BMDMSCs is
consistent with previously published work.36 In addition, we report here that dexamethasone
has effects that are additive to BMP gene transfer in equine BMDMSCs.

Another surprising finding was that combined AdBMP-2 and -7 (heterodimer) gene transfer
did not have a greater effect than using a single AdBMP (homodimer). Previously, we have
shown that this strategy results in the secretion of BMP-2/7 heterodimers, which have a
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significantly greater potency for osteoblastogenic differentiation of murine C2C12 myoblast
cells23 and for forming bone in rats in vivo.22 Another group has also shown the superior
potency of BMP-2/7 heterodimers in osteoblastic differentiation of C3H10T1/2 and in
ectopic bone formation.40 Absence of a heterodimer effect in our studies may represent a
species specific differences; alternatively, myoblasts may be specifically sensitive to
BMP-2/7 heterodimers whereas BMDMSCs are not. Furthermore, it remains to be
investigated whether in vivo effects of BMP-2/7 heterodimer which are evident in rodents
occur in horses and/or humans. In our study, there appeared to be a synergistic effect when
combining BMP-2 and -7 together in terms of the respective protein production as 100,000
vpc of each vector resulted in as high BMP-2 and -7 levels as 200,000 vpc of either one
alone. In the preliminary dose titration studies identifying the appropriate adenoviral dose,
we identified a significant difference between 100,000 vpc and 200,000 vpc for single BMP
protein production. Therefore, we believe that this is related to a synergistic effect seen with
the combined group and not over saturation of the BMDMSCs with adenovirus.

Of the BMPs tested, AdBMP-2 appeared to have the greatest effect on ALP protein
production in both human and equine BMDMSCs. ALP is an important indicator of
mineralization capacity and its expression is a characteristic of osteoblastic cells.33,34 Our
findings are consistent with previous studies that have identified BMP-2’s ability to induce a
more robust response in terms of osteogenic differentiation of BMDMSCs compared to
other BMP’s. 22,23,39,40 Whereas all BMPs increased ALP gene expression, significant ALP
increase was detected by ELISA only after genetic modification to over express BMP-2. The
lack of direct correlation of the gene expression and cell staining data with the ELISA for
ALP protein may be related to a limitation of the ALP assay; however, this is unlikely as a
significant difference was detected within the AdBMP treated groups. In some instances a
difference in mRNA data and protein data exists as we observed in this study and we
speculate that the degree of ALP transcription appeared to be greater than ALP translation. It
is our opinion that the protein data carries more relevance because the protein is what is
ultimately biologically active regardless of the degree of mRNA expression. Although
AdBMP-2 significantly increased ALP protein production in equine BMDMSCs, the
magnitude of the effect of dexamethasone on ALP protein production was larger than that
seen with AdBMP-2. This finding may be related to our use of an adenoviral vector
encoding the human BMP gene. The homology between human and equine BMP-2 or 7 is
greater than 90%;43 however, protein from the target animal species has been shown to yield
better results at lower doses compared with protein derived from another species.43,44 Future
studies using Ad vectors encoding equine genes will address this question, and will aid in
developing clinical strategies for equine patients specifically.

In conclusion, overexpressin of BMPs by BMDMSCs enhanced the expression and secretion
of ALP in equine and human BMDMSCs undergoing osteoblastogenic differentiation, with
BMP-2 having a greater effect than BMP-7 or BMP-2/7. Furthermore, dexamethasone
supplementation was required for the osteoblastogenic differentiation of both genetically
modified and naive equine BMDMSCs but not human BMDMSCs. Finally, our hypothesis
that there would be species differences between human and equine BMDMSCs in regards to
BMP genetic modification and dexamethasone effects was confirmed. Human BMDMSCs
appear to be more influenced by genetic modification by AdBMP-2; whereas greater
osteoblastogenic differentiation of equine BMDMSCs could be attributed to the presence of
dexamethasone. BMP protein expression data suggest that the ideal time to transfer these
cells to a healing defect may be between day 4 and 8 after transduction when they are
secreting the highest amount of BMP protein. In the equine cells, the ALP activity continues
to increase through day 14 in the presence of dexamethasone supplementation, therefore the
addition of dexamethasone in the matrix surrounding these cells may be important when
delivering them to a healing bone defect. To the best of our knowledge, this is the first study
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to compare BMP homodimer to heterodimer effects in human and equine BMDMSCs when
cells are genetically modified to produce these proteins. Although no effect of combined
AdBMP-2 and -7 genetic modification was detected on the BMDMSCs in this in vitro study,
future studies examining an in vivo model may show enhanced healing in horses or humans,
just as we have previously shown in rats.22 Such a finding, in combination with these studies
would suggest that other local cells such as myoblasts may be the target of BMP-2/7
heterodimer stimulation, and that the BMDMSCs are more suited to be the delivery vehicle
for the factor, rather than the target cell.
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Figure 1.
Protein elution rates measured with an ELISA for BMP-2 (left) and BMP-7 (right) for each
of the 5 different human (top) and equine (bottom) BMDMSCs treatment groups.
BMDMSCs treated with AdBMP’s exhibited BMP protein levels higher than controls.
Different letters indicate significant (P<0.05) differences among groups.
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Figure 2.
Alkaline phosphatase activity for genetically modified human (top) and equine (bottom)
BMDMSCs for each of the 5 different treatment groups. AdBMP-2 elicits the greatest effect
on ALP production. Different letters indicate significant (P<0.05) differences among groups.
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Figure 3.
Alkaline phosphatase mRNA levels for human (top) and equine (bottom) BMDMSCs for
each of the 5 different treatment groups in the 3 different cell culture medias. The
combination of dexamethasone and genetic modification with AdBMP’s demonstrated the
highest levels of ALP mRNA. Different letters indicate significant (P<0.05) differences
among groups.
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Figure 4.
Alkaline phosphatase activity for equine BMDMSCs for the 3 different cell culture media as
a function of time. ALP protein levels show a dramatic increase in cells cultured in
dexamethasone (media 3) containing media on day 14. Different letters indicate significant
(P<0.05) differences among groups.
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Figure 5.
Appearance of human (top) and equine (bottom) BMDMSCs in monolayer for each of the 5
different treatment groups stained for alkaline phosphatase on day 14. Human BMDMSCs
treated with AdBMP-2 and AdBMP-2/7 demonstrated osteogenic cell morphology
compared to other treatment groups. Original magnification, 200x.
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