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Abstract

Once thought to have revolutionized therapeutic intervention in surgery, Recombinant Human
Bone Morphogenic Protein 2 (rhBMP2) is now in its second decade of sustained controversy over
the side effects associated with its use. Side effects associated with clinical use of rhBMP2 (Infuse,
Medtronic Inc) include a marked inflammatory response, pain, therapeutic failures, ectopic bone,
tissue degradation, and death. What is missing, despite the depth of literature on the subject, is a
direct interrogation of rhBMP2, specifically for inflammation. Here we set out to determine if
rhBMP2 alters traditional macrophage markers associated with pro-inflammatory responses, and
pro-reparative responses to injury. Based on our previous work, we hypothesized there would be
no direct effect of peptide on macrophage polarization. Here we utilized commercially available
murine macrophages, RAW 264.7, and treated these cells with rhBMP2 in standard growth media
or macrophage polarizing media (M1 and M2) at several doses of the peptide. Our readouts were
cell viability, apoptosis, gene expression of M1 and M2 markers, and ELISA for M1 marker iNOS,
and M2 marker Argl. Our data give very little evidence to support an alteration in macrophage
phenotype by rhBMP2 alone, or alteration of the phenotype when cultured in enriched M1 or M2
media. These results further suggest that other factors associated with the clinical use of Infuse,
likely supraphysiological rhBMP2 doses and off label usage, are more likely the culprit for poor
outcomes. This further reinforces the utility of rhBMP2 and other peptides in tissue engineering
therapies when conditions are tightly controlled.
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Introduction?

Controversy exists for the use of biologicals and the products of bioengineering technology
in medical therapy (Badylak et al., 2011; Krzyszczyk et al., 2018; Lowenthal and Sugarman,
2015; Lu et al., 2015; Nerem, 2006; Sabetkish et al., 2015; Taylor et al., 2014; Vaquette et
al., 2018; Yano et al., 2018). Concerns primarily center on spatial and temporal control of
combinatory therapies that often include some combination of cell, growth factor, and
scaffold delivery for the treatment of disease or augmentation of surgical intervention and
tissue repair. Possibly one of the biggest controversies has centered around the use of
recombinant human bone morphogenic proteins (rhBMP) more specifically rhBMP2 which
has been patented and marketed as Infuse by Medtronic (Cooper and Kou, 2018; Hopper and
Kapadia, 2018; Schnurman et al., 2016; Vorrasi and Kolokythas, 2017). Infuse is FDA
approved for several indications including closed tibial fracture, spinal fusion, alveolar ridge
augmentation, and maxillary sinus lift. However, greater than 90% of reported use of Infuse
is off label. This off label use may potentially be fueling the controversy (Bauer and
Muschler, 2000; Giannoudis et al., 2005; Kaiser et al., 2014; Miyazaki et al., 2009; Sarkar
and Lee, 2015). In 2008 the FDA issued a black box warning concerning the side effects of
Infuse and removed cervical spinal fusion as an indication after several deaths were
attributed to the use of Infuse (Molinari et al., 2016; Molinari and Molinari, 2016).
Nevertheless, Infuse continues to be used regularly in the fields of orthopedics and dentistry.
Reported side effects of Infuse treatment, particularly in dental procedures, include rampant
inflammation, pain, seroma formation ,and even surgical failures (James et al., 2016; Suarez-
Lopez Del Amo et al., 2015; Vaquette et al., 2018; Vorrasi and Kolokythas, 2017).

Marshall Urist identified rhBMP2 in 1965 after experimentation definitively showed its
ability to produce ectopic bone within a muscle pocket in a surgical lagomorph model
(Canalis, 1985; De Biase and Capanna, 2005; Einhorn, 2003; Ripamonti, 2017; Ronga et al.,
2013; Urist, 1965; Urist et al., 1983). Decades of improvement followed with research
primarily focused on how to make delivery more efficient in order to augment bone healing
and create bone in spaces that previously could only be treated with autologous bone graft,
allograft, xenograft, or alloplastic graft. Although there remains disagreement over whether
the rhBMP2 delivery schema is appropriate due to purported poor binding of the growth
factor to scaffold (Howie et al., 2018a; Hsu et al., 2013; Suarez-Gonzalez et al., 2012) and
the supraphysiological doses delivered (James et al., 2016; Krishnan et al., 2017; Zara et al.,
2011) it remains a fact that use of Infuse precipitates bone fill when used for appropriate
clinical indications.

Our group and others have been focused on the pathway of effect for delivery of rhBMP2
using preclinical surgical models (Durham et al., 2018a; Durham et al., 2018b; Grey et al.,
2019; Herberg et al., 2017; Herberg et al., 2014; Howie et al., 2018a; Howie et al., 2018b).
Within our models, we have been relatively unable to replicate the side effect of rampant
inflammation that is described in the clinical literature case studies. In fact, much of our
preclinical data has even suggested that not only does rhBMP2 not precipitate an abnormal
inflammatory response to injury, in some conditions it may even act in an anti-inflammatory
manner (Durham et al., 2018a; Grey et al., 2019). These data precipitated our focus on
rhBMP2 in the inflammatory axis. In this work we hypothesize that rhBMP2 does not alter

Mol Immunol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Durham et al.

Page 3

macrophage activity, specifically polarization, when modeled /n vitro. We utilize murine
derived macrophages and culture conditions that mimic an M1, pro-inflammatory
environment and M2 pro-reparative environment and utilize transcriptional and translational
readouts to address this controversy.

2. Materials and Methods

2.1 Cells and Growth Conditions

Raw 264.7 cells (ATCC, TIB-71) were obtained as a gift from Dr. Beth Lee, The Ohio State
University. These cells were maintained in a 75cm? flask using standard culture media
(Dulbecco’s Modified Eagle’s Medium (DMEM, Lonza, Walkersvile Inc., MD, 12604F)
with 10% Fetal Bovine Serum (FBS, Atlanta Biologicals, Atlanta, GA, S11150H) and 1%
Penicillin/Streptomycin (Lonza, 10k/10k 17-602E)) until 85% confluent, when they were
moved to a 175cm? flask after cell scraper dissociation. Cells were sub-cultured as necessary
throughout the experimentation.

To induce M1 pro-inflammatory macrophage polarization standard culture media (as defined
above) was supplemented with 100 ng/ml Lipopolysaccharides (LPS, Sigma-Aldrich, St.
Louis, MO, L2880) and 100 ng/ml Interferon-gamma (IFN-Gamma, R&D Systems,
Minneapolis, MN, 485-MI/CV). For M2 pro-reparative macrophage polarization, standard
culture media was supplemented with 100 ng/ml Interleukin-4 (IL4, R&D Systems, 404-
MI/CV)(Wei et al., 2018).

For rhBMP?2 treatment, recombinant human bone morphogenic protein 2 (rhBMP2,
Medtronic, Warsaw, IN) was reconstituted in sterile water per manufacturer protocol. For
cell treatment, rhBMP2 was diluted in cell culture media to the following concentrations: 0
ng/ml, 10 ng/ml, 50 ng/ml, and 100 ng/ml.

2.2 Immunocytochemistry

To assess presence of iINOS (inducible nitic oxide synthase) and Arginase, RAW 264.7 cells
were seeded at a density of 25,000 per well in 8 well chamber slides (Thermo Fisher,
Waltham, MA,154534). Cells were treated for 24 hours with standard culture media
supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP2, M1 polarization media
supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP2, or M2 polarization
media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP2. For
immunocytochemistry, cells were washed with phosphate buffered saline (PBS, HyCloneg,
Fisher Scientific, SH30256.01), fixed with 10% Neutral Buffered Formalin, permeabilized
with 0.1 % Triton-X, and blocked with 1% Bovine Serum Albumin. Cells were incubated
overnight at 4°C with Anti-iNOS antibody (iNOS, AbCam, Cambridge, MA, ab15323,
1:100) to confirmM1 polarization and Anti-Arginase antibody (Arginase, AbCam, ab91279,
1:200) to confrimM2 polarization. After primary antibody incubation, cells were washed and
incubated with fluorescent tagged (FITC) secondary antibody (AbCam, ab96899, 1:250) for
one hour at room temperature in the dark. Cells were then washed, chambers were removed,
and slides were mounted with Vectashield with DAPI nuclear counterstain (MVector
Laboratories, Burlingame, CA, H-1500).
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All stained slides were photographed for analysis using FITC and DAPI epifluorescence
detection (Olympus, Miami, FL, USA, TH4-100). A region of interest including the center
of each chamber on three replicate slides for each treatment was imaged at 10x
magnification for analysis. Positive cell counts were assessed using Image J Software to
convert color images to greyscale, set a standard threshold, create a binary mask, and
analyze particles, to count single color images. Counts for positive iNOS and Arginase were
standardized to total cell counts (DAPI).

2.3 Cell Activity Assays

To determine the effects of rhBMP2 on RAW 264.7 cell polarization, cells were seeded into
96 well plates at a density of 4,000 cells per well. Cells were treated with standard culture
media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP2, M1 polarization
media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP2, or M2
polarization media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100 ng/ml rhBMP?2 for
24 hours. Cell viability (proliferation) was assessed with the colorimetric MTS assay
(Promega, Madison, WI, G3581) and apoptosis was assessed using the Apo-ONE
Caspase-3/7 assay (Promega, G7791) per manufacturer’s protocol using a gen5 plate reader
(BioTek, Winooski, VT).

2.4 Quantitative Real-Time PCR

RAW 264.7 cells were seeded at a density of 150,000 cells per well in 6 well culture plates,
and treated for 24 hours with standard culture media supplemented with 0 ng/ml, 10 ng/ml,
50 ng/ml 100 ng/ml rhBMP2, M1 polarization media supplemented with 0 ng/ml, 10 ng/ml,
50 ng/ml 100 ng/ml rhBMP2, or M2 polarization media supplemented with 0 ng/ml, 10
ng/ml, 50 ng/ml 100 ng/ml rhBMP2. RNA was isolated using the OMEGA bio-tek E.Z.N.A.
Total RNA Kit 1 (Omega Bio-tek, Norcross, GA, R6834-02) according to manufacturer’s
protocol. Quality and quantity of RNA was assessed using a Synergy Hi Microplate reader
and a Take3 Microvolume Plate (BioTek). Complimentary DNA synthesis was performed
using Quanta gScript cDNA Synthesis reagents following manufacturer’s protocol (Quanta
Biosciences, Beverly, MA, 95047-025).

To quantify expression of M1 and M2 macrophage polarization targets, cDNA was subjected
to quantitative PCR using Applied Biosystems TagMan Gene Expression Master Mix and
targeted TagMan gene expression assays for the following M1 macrophage targets; Nos2
(Mm00440502_m1), //6 (Mm00446190_m1), 7nf-Alpha (Mm00443258_m1), Sosc3
(MmO00545913_s1), 111 (MmO00434228_m1), and //126 (Mm001288989_m1) and M2
macrophage targets; ArgZ (MmO00475988 m1), //10(Mm01288386_m1), Mrcl
(Mm01329362_m1), Ppar (Mm00440940_m1). Data were normalized to 18S
(Mm03928990_g1) ribosomal RNA expression by ACT. Quantitative data were compared
for gene expression changes due to rhBMP2 treatment by AACT methodology. Previously
published statistical analysis methodology was used to determine differences for gene
expression after rhBMP treatment (Yuan et al., 2006). Differences were considered
significant if p<0.05 and are represented by fold change compared to control 0 ng/ml
rhBMP2 in Figures 1-3. To confirm the function of M1 and M2 polarization media, gene
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expression was compared to standard culture media alone (Sup Fig 1) and differences were
considered significant if p<0.05

2.5 Protein Analysis

Protein was isolated form RAW 264.7 cells seeded at a density of 300,000 cells per well and
treated with standard culture media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100
ng/ml rhBMP2, M1 polarization media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml 100
ng/ml rhBMP2, or M2 polarization media supplemented with 0 ng/ml, 10 ng/ml, 50 ng/ml
100 ng/ml rhBMP2 for 24 hours. For protein isolation, cells were washed with PBS and
protein was extracted using radioimmunoprecipitation buffer (RIPA, G Biosciences, St.
Louis, MO, 786-490) for 30 mins at 4°C with agitation. Cell lysate was used for iNOS
(LSBio, Seattle, WA, LS-F4110) and Arginase (LSBio, LS-F6864) enzyme-linked
immunosorbent assay (ELISA) according to manufacturer’s protocol.

2.6 Statistics

Standard two-way Analysis of Variance (ANOVA) with post-hoc Bonferoni analyses were
conducted for all comparisons based on means where appropriate. Violations of
homogeneity of variance and normality were corrected through transformations of the data
where needed. Differences were considered significant with p<0.05. All discrete data are
presented as means + standard error of the mean (SEM).

3. Results
3.1 rhBMP2 Does Not Affect Macrophage Polarization

To determine the effect of rhBMP2 treatment on macrophage cell polarization and
inflammation, RAW 264.7 cells were treated /n vitro with 0 ng/ml (control), 10 ng/ml, 50
ng/ml, and 100 ng/ml rhBMP2 for 24 hours. Assessment of native iNOS and Arginase
activity under these conditions indicated no significant modulation of these markers of
macrophage polarization with rhBMP2 treatment (Figure 1A—C). Further, 24-hour treatment
with rhBMP2 did not affect cell proliferation or apoptosis (Figure 1D-E). Assessment of
native expression of M1 pro-inflammatory associated genes indicated an increase in Nos2
expression with 50 ng/ml rhBMP2 treatment as compared to control (0 ng/ml) (p=0.005).
Sosc3 expression was decreased with 10 ng/ml rhBMP2 treatment as compared to control (0
ng/ml) (p=0.020) //1-Betaexpression was also decreased (p=0.030) as compared to control
(0 ng/ml) but only for the 100 ng/ml rhBMP2 treatment. Expression of //12-Betawas below
the threshold of detection in unpolarized RAW 264.7 cells (Figure 1F). Native expression of
M2 pro-reparative macrophage associated gene //Z0was increased with both 50 ng/ml and
100 ng/ml rhBMP2 treatment as compared to control (0 ng/ml) (p=0.023, p=0.050
respectively). Expression of Pparwas below the threshold of detection in unpolarized RAW
264.7 cells (Figure 1G). Quantification of iINOS and Arginase protein indicated no
significant change in the amounts of these proteins with rhBMP2 treatment, and no
polarization of macrophages due to rhBMP2 treatment alone (Figure 1H-1).
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3.2 rhBMP2 does not augment pro-inflammatory M1 macrophage activity

As rhBMP2 alone did not affect macrophage polarization, we next sought to determine if
rhBMP2 treatment increased M1 pro-inflammatory macrophage activity. iNOS positive cells
were increased with M1 polarization media as compared to control media (p<0.001) (Sup
Fig. 1) however, combined treatment with rhBMP2 and M1 polarization media did not
change iNOS presence in RAW 264.7 cells (Figure 2A-B). Neither M1 polarization media
nor rhBMP?2 treatment affected cell proliferation or apoptosis (Figure 2C-D). Assessment of
M1 pro-inflammation associated gene expression when M1 polarization was induced
indicated a decrease in Nos2 expression with 10 ng/ml rhBMP2 treatment as compared to
control M1 polarization media alone (p=0.009). Sosc3 expression was also reduced as
compared to control M1 polarization media alone with 10 ng/ml rhBMP2 treatment
(p=0.029). //1-Betaexpression was reduced with 10 ng/ml rhBMP2 as compared to control
M1 media (p=0.021) and //12-Beta expression was increased with 50 ng/ml rhBMP2
treatment as compared to M1 control media (p=0.037)(Figure 2E). Quantification of iNOS
protein with M1 polarization indicated no change in protein levels with rhBMP2 treatment
(Figure 2F).

3.3 rhBMP2 does not augment pro-reparative M2 macrophage activity

As rhBMP2 did not augment M1 pro-inflammatory macrophage activity, we assessed if
rhBMP2 treatment increased M2 pro-reparative macrophage activity. Arginase positive cells
were increased with M2 polarization media as compared to control media (p=0.04) however,
combined treatment with rhBMP2 and M2 polarization media did not significantly change
Arginase presence in RAW 264.7 cells (Figure 3A-B). M2 polarization media did not
change proliferation or apoptosis of these cells, nor did concurrent treatment with rhBMP2
(Figure 3C-D). Expression of the M2 pro-reparative gene /L 10increased over control M2
polarization alone in a stepwise fashion with increasing BMP2 treatment (p=0.017, p=0.012,
p=0.013 respectively) (Figure 3E). Quantification of Arginase protein via ELISA revealed
no change in Arginase with rhBMP2 treatment in M2 polarized cells (Figure 3F).

4. Discussion

Here we set out to test the hypotheses that rhBMP2 does not drive alterations in macrophage
polarization and that under M1 or M2 mock conditions rhBMP2 does not drive an
accentuation or decrease in the expected macrophage responses. When macrophages were
simply treated with rhBMP2 low levels of iINOS and even lower levels of Argl protein were
detected and no statistically significant alterations were observed due to rhBMP2 treatment.
Gene expression results were mixed with an increase in Mos2at 50 ng/ml of rhBMP2 but a
decrease in Sosc3at the lower 10 ng/ml dose and 111-Beta at the higher 100 ng/ml dose. The
M2 gene expression data were similarly mixed with increases observed for //10at higher
rhBMP2 doses (50 and 100 ng/ml) but decreases in those same doses of Mrc. Note also we
observed no amplification of //12-Beta, an M1 target, or Ppary, an M2 target, when standard
growth media was used. Overall, rhBMP2 appears to have no great effect on macrophage
activity in these baseline conditions.
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Our M1 conditioned media (Wei et al., 2018) had the intended effect of increased markers
associated with pro-inflammation compared with standard growth media (Sup Fig 1). Thus,
these growth conditions are deemed appropriate to mimic a pro-inflammatory environment
associated with injury, injury repair, or iatrogenic intervention. In these conditions, rhBMP2
did appear to drive small but not statistically significant increases in /\os at the protein level
associated with increased dose. However, gene expression data was not confirmatory in the
case of NMos2, which appeared to have some decreased expression at 10ng/ml, or Sosc3 at
100ng/ml. Only /12-Beta expression was significantly increased as compared to M1 media
alone with 50 ng/ml rhBMP2. Thus, data here do not support rhBMP2 as a factor that
greatly alters M1 polarization and overall is inconsistent with clinical reports of rampant
inflammatory symptomology being driven solely by rhBMP2.

Our M2 conditioned media (Wei et al., 2018) had the intended effect of increased markers
associated with pro-reparative macrophage activity compared with standard growth media,
especially Ppary gene expression (Sup Fig 1). Thus, these growth conditions are deemed
appropriate to mimic a pro-reparative environment associated with injury repair and healing.
Like the results for the M1 studies, there were no major changes at the protein level with the
exception of an increase in ArgZ at 100ng/ml rhBMP2 that was not statistically different,
likely due to the variability in response. Gene expression did show /L 10increases with
rhBMP2 in a dose dependent manner. Also noted, though not significant, was a dose
dependent decrease in apoptosis of the macrophages with increasing rhBMP2 concentration.
Thus, there is no evidence to suggest rhBMP2 decreases M2 macrophage polarization or
pro-reparative macrophage activity and may support an alternative hypothesis that rhBMP2
can be partially harnessed to increase pro-reparative response.

5. Conclusions

Overall our data do not support the supposition that rhBMP2 alone or in response to caustic
M1 or repetitive M2 environments drives changes that may impact healing. It remains
unexplained why rhBMP2 might drive the observed patient responses, but these data suggest
the peptide alone is not likely solely responsible. What is still very much up for debate is the
supraphysiological doses used in human therapies that are difficult to mimic in culture and
in preclinical models (Durham et al., 2018a; Grey et al., 2019; Herberg et al., 2014;
Krishnan et al., 2017; Molinari et al., 2016; Molinari and Molinari, 2016; Zara et al., 2011).
As rhBMP?2 is thought to act in a feedback loop where the delivered peptide is cleared
within 24-48 hours and then the endogenous system begins to make more bone growth
factors in response at that site (Kim et al., 2014; Lissenberg-Thunnissen et al., 2011; Tsuji et
al., 2006), future research should interrogate the delivered doses of rhBMPs in clinical
scenarios. Further this is even more important as emerging peptides are being patented for
use including rhBMPs 4, 7 and 9 aimed at bone therapies (Jiang et al., 2006; Kang et al.,
2004; Nakashima, 2005; Nakashima and Akamine, 2005; Xiang et al., 2012). As there is no
evidence to suggest that the delivered peptide will not precipitate the desired fill over a
longer recovery period, reduced doses may reduce side effects and restore confidence in the
use of these important drugs.
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BMP2 Recombinant human bone morphogenic protein 2
DAPI 4’ 6-diamidino-2-phenylindole

DMEM Dulbecco’s Modified Eagle’s Medium
ELISA Enzyme-linked immunosorbent assay
FBS Fetal Bovine Serum

FITC Fluorescein isothiocyanate

IFN - Gamma Interferon Gamma

IL4 Interleukin 4

iNOS Inducible nitric oxide synthase

LPS Lipopolysaccharide
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Highlights
. rhBMP2 does not affect macrophage polarization
. rhBMP2 does not augment pro-inflammatory M1 macrophage activity
. rhBMP2 does not augment pro-reparative M2 macrophage activity
. Supraphysiological dosing may be responsible for poor clinical outcomes
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Figure 1: BMP2 does not affect macrophage polarization.
A. Representative images of iNOS (first column) and Arginase (third column) stained RAW

264.7 cells treated with 0 ng/ml, 10 ng/ml, 50 ng/ml and 100 ng/ml BMP2 (descending
order). Higher magnification inset for cellular localization of staining. B. Count of positive
INOS and Arginase cells normalized to total cells (DAPI). C. Ratio of iNOS:Arginase
positive cells natively in the macrophage population. BMP2 treatment did not affect cell
proliferation (D) or apoptosis (E). F. BMP2 treatment did increase expression of M1 pro-
inflammatory gene AMos2 with the 50 ng/ml dose, reduced expression of Sosc3with the 10
ng/ml dose, and reduced expression of //1-Beta at the 100 ng/ml dose. No native expression
of //12-Betawas detected in these cells. G. M2 pro-reparative gene expression with BMP2
treatment indicates an increase in //Z0expression with 50 ng/ml and 100 ng/ml BMP2 and a
decrease in expression of MrcZ with 50 ng/ml BMP2. No native expression of Pparwas
identified in these cells. H-I. Quantity of iNOS and Arginase were not changed with BMP2
treatment (H), nor did BMP2 treatment affect macrophage polarization (). n=3 replicates
per assay Scale= 100 pm Grey horizontal bar = mean Black horizontal bar = media (C,1) ###
Expression below detectable threshold *p<0.05 **p=<0.01
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Figure 2: BMP2 does not augment pro-inflammatory M1 macrophage activity.
A. Representative images of iNOS stained RAW 264.7 cells treated with M1 polarization

media and 0 ng/ml, 10 ng/ml, 50 ng/ml and 100 ng/ml BMP2 (descending order). Higher
magnification inset for cellular localization of staining. B. Count of positive INOS cells
normalized to total cells (DAPI) indicates an increasing trend with increasing BMP2
treatment. C-D. Treatment of M1 polarized RAW 264.7 cells with BMP2 did not affect
proliferation (C), or apoptosis (D). E. Assessment of M1 pro-inflammatory associated gene
expression indicates a reduction in Mos2with 10 ng/ml and Sosc3with 100ng/ml BMP2
treatment and an increase in 1112-Beta with 50 ng/ml treatment. F. Quantity of iNOS protein
did not vary with BMP2 treatment. n=3 replicates per assay Scale= 100 pm *p<0.05
**p<0.01
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Figure 3: BMP2 does not augment pro-reparative M2 macrophage activity.
A. Representative images of Arginase stained RAW 264.7 cells treated with M2 polarization

media and 0 ng/ml, 10 ng/ml, 50 ng/ml and 100 ng/ml BMP2 (descending order). Higher
magnification inset for cellular localization of staining. B. Count of Arginase cells positive
cells normalized to total cells (DAPI) indicates an increasing trend with increasing BMP2
treatment. C-D. Treatment of M2 polarized RAW 264.7 cells with BMP2 did not affect
proliferation (C), or apoptosis (D). E. Assessment of M2 pro-reparative associated gene
expression indicates a stepwise increase in IL10 expression in M2 polarized cells with
BMP2 treatment. F. Quantity of Arginase protein did not vary with BMP2 treatment. n=3
replicates per assay Scale= 100 pm *p<0.05
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