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Abstract
Background: The field of orthobiologics traditionally utilizes cellular products, including bone-marrow
aspirate concentrate (BMAC), micronized adipose tissue, and platelet preparations to address pain from
degenerative processes, orthopedic injuries and medical conditions characterized by chronic inflammation
and tissue degradation. For BMAC, maximizing the concentration of mesenchymal stem cells (MSCs) in a
reduced volume is thought to allow for the therapeutic delivery of the cellular concentrate, secretome, and
extracellular vesicles to a site of orthopedic injury or surgical repair. The extracellular matrix (ECM) within
the bone marrow stroma contains collagens and proteoglycans known to regulate cell proliferation, migra-
tion, differentiation, and cell-cell communication among resident bone marrow cells. This study aimed to
evaluate the cellular effects on MSC health and function when harvested to retain their native tissue stroma.
Methods: We evaluated a novel and unique processing method and device (BMAX™) to mechanically gen-
erate a purified MSC product derived from bone marrow in a nonenzymatic manner. BMAX™ products,
including cells and stroma, were plated in MSC culture media and incubated for 3—14 days (P0-P1) before
evaluation with flow cytometry for cell phenotyping and immunoassays for secretome profiling.
Results: The orthobiologic product containing three-dimensional stromal components can be produced
in minutes using an automated bedside device requiring minimal benchtop space. We found increased
MSC adherence, improved proliferative density in culture, and significantly elevated enrichment of stro-
mal-derived MSCs versus traditional BMAC centrifugation-based preparations. Further, we demonstrate a
unique secretome profile in BMAX™ versus traditional BMAC centrifugation-based preparations.
Conclusions: These qualities provide a novel and unique platform for autologous and allogeneic bone-
marrow-derived therapy to better address inflammatory and destructive processes that may improve bone-
marrow-derived cell therapies’ efficacy.
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BACKGROUND

Mesenchymal stem cells (MSCs) are multipo-
tent precursor cells with adipogenic, osteogenic,
and chondrogenic potential. Through the secretion
of various cytokines and growth factors, MSCs
have also exhibited paracrine anti-inflammatory and
trophic effects that promote tissue repair.'> Bone-
marrow aspirate concentrate (BMAC) has become a
popular autologous source of MSCs for therapeutic
use in many regenerative medicine applications.>!°
The bone marrow microenvironment contains an
array of cellular and structural components that
mediate the health and function of resident MSCs
and hematopoietic stem cells (HSCs). The cellular
and acellular components of bone marrow have been
found to regulate MSC proliferation, self-renewal,
and differentiation and promote a pro-regenerative
MSC secretome.!' This includes the proteoglycan,
glycosaminoglycan (GAG), and collagen-rich extra-
cellular matrix (ECM) that promote cell adhesion
and communication, which are important for hema-
topoiesis and bone formation.'>!* The bone-marrow
microenvironment is thus paramount for MSC health
and function thus, the retention of native niche com-
ponents may significantly improve autologous and
allogeneic MSC-based therapies.

BMAC is obtained following step-wise centrifu-
gation and bone-marrow aspirate (BMA) concen-
tration to reduce red blood cells and granulocytes
while enriching progenitor cells and associated
cytokine/growth factors.® The procedure done mini-
mally manipulatively is currently compliant with
the US Food and Drug Administration guidelines
for autologous use under the same surgical proce-
dure exemption for homologous uses. In the case
of BMAC, the objective has long been to maximize
MSC yield in a reduced volume to allow delivery of
the cellular concentrate to a site of injury. The per-
centage of MSCs in the bone-marrow compartment
is relatively low, making up 0.001 to 0.01% of the
nucleated cell population (i.e., does not account for
mature red blood cells or platelets).'*!> Nonetheless,
aspiration and density gradient concentration of
bone marrow into BMAC has been demonstrated to
increase the concentration of MSCs from marrow
by 400 to 600%.!%'” BMAC is also enriched with

soluble factors such as transforming growth factor-3
(TGF-p), platelet-derived growth factor (PDGF-AA/
BB/AB), and vascular endothelial growth factor
which promote tissue repair.!3-2°

BMA can be harvested from different sites,
including the tibia, calcaneus, or posterior iliac
crest (pelvis/ilium). BMA is most often harvested
from the iliac crest due to procedural ease and
accessibility. It has yielded a greater number of
MSCs and desirable amounts of cytokine/growth
factor concentrations.?! Multiple studies have found
diminishing returns for volumes over 120 mL due
to overt blood dilution and deviation from subcor-
tical regions known to contain the highest amount
of MSCs and other target cells.?>** Here, we report
a human bone-marrow harvesting and processing
technique that captures subcortical core samples
that retain the three-dimensional properties of native
stroma with minimal manipulation using a hand-
held device in an intraoperative window of time.
As a result, adherent MSCs remain in contact with
ECM components in culture with distinct morpho-
logical and secretory phenotypes compared to tradi-
tionally processed BMAC. The harvesting technique
also yields a smaller volume negating diluting blood
effects and results in a significantly lower hemato-
crit which has been shown to have deleterious effects
on MSC function and tissue repair mechanisms.?%
Overall, this technique may improve efficacy for
bone-marrow-derived therapies through retention of
MSC functionality while also decreasing procedure
time and patient/physician burden.

BMAC is a known orthobiologic product for
treating many orthopedic-related injuries and mus-
culoskeletal disorders, such as osteoarthritis (OA)
and cartilage damage. Patient reports have shown
BMACs potential to attenuate pain associated with
the specific injury while initiating a faster healing
response. One issue is that BMAC still only contains
a small percentage of MSCs, which might be why
BMAC has limited cartilage regrowth. We propose
that obtaining MSCs from the subcortical bone from
the bone marrow maintains more of the “stemness”
of the MSC’s bone-marrow niche which might lead
to better cartilage regeneration, making it a more
promising therapeutic. Current ongoing in vitro and
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in vivo experiments have confirmed that BMAX™
has more potential as an orthobiologic product than
traditional BMAC.

METHODS

Human donors

BMA samples for a pilot series of patients (n=3)
were obtained from consented human donors at the
clinic site in conjunction with an ongoing procedure.
BMAX™ processed samples were compared to
patient-matched BMAC samples prepared through
two-step centrifugation as described.®

Bone-marrow aspirate concentrate and BMAX™
preparation

Bone marrow was harvested from a single side
from the iliac crest as described,”” using the hepa-
rin 1,000 U/mL protocol. For the BMAX™ system,
bone cores (BC) were harvested from the iliac crest
using an 11-gauge trocar (Supplemental Figure 1).
The BC was loaded into the sterilized BMAX™
prototype with 2.0 mL of total media to submerge
the BC (as shown in Figure 1C). The BC enters a
compartment that includes a rotating and actuat-
ing upper grinding plate that is designed to both
grind the BC and create a microfluidic turbulence
that pulls the GAG and cells from the bone and
further micronizes the GAG. Subsequently, having
been separated from the bone and in fluid suspen-
sion, the BMAX™ product containing micronized
GAG and MSCs is removed from the device with a
syringe (leaving the bone particles behind). It would
be ready for immediate administration back to the
patient via injection or further centrifuged into a
pellet to treat defects. The prototype was mounted
onto a test stand equipped with a variable speed
motor to control RPM and a distance meter to con-
trol travel of the grinding plate (see Supplemental
Video 1). The mobile (upper) grinding plate was set
to 1.5 mm above the immobile grinding plate and
then set at 180 RPM. Every 60 seconds, the grind-
ing plate advanced in 0.25-0.05 mm increments for
2 min. At this point, supernatant was collected via
aspiration including the glycosaminoglycans-rich
component of the BC (BC-GAG) (Figure 1C.3)

while leaving behind the denser residual calcified
bone from the BC (Calcified-BC) which had settled
at the bottom. Lastly, the Calcified-BC was collected
separately from the BC-GAG for separate analysis.

Total Nucleated Cell and Viability Quantification
For donor-matched BMAX™ and BMAC-
processed specimens (n=12), 10 plL from each
sample was diluted before quantification using
Neubauer hemocytometer/counting and viability
assessment via Calcein-AM as described.?

In vitro Cell Culture Conditions

BMAX™ and BMAC products (including cells
and stroma) were plated as described.”> For TNF-«
challenge, BMAX™ and BMAC-products from
100 mg equivalent of starting trabecular BC mate-
rial were plated in 6-well plates with 2.5 ng/mL of
TNF-a (BioLegend, Cat.# 570102) and carried out
for 8-days.

Flow cytometry

MSCs from BMAX™ and BMAC cultures were
identified via flow cytometry following International
Society for Cell & Gene Therapy (ISCT) minimal
criteria for multipotency?® (minimum 10,000 cells
analyzed).

Cytokine Chemokine Secretome Analysis from
BMAX™ and BMAC Products

Cell culture medium from BMAX™ and BMAC
preparations challenges with TNF-a described
above were sampled at Day O (immediately after
plating), Day 1, Day 4 and Day 8. These samples
were stored at —20°C until analyzed via bead-based
multiplex (BioLegend 13-plex LEGENDplex™,
Cat.# 740502).

Statistical analysis

Data was analyzed in GraphPad Prism version
8.4.3. For total nucleated cell counts (TNC), viabil-
ity and adherent cell counts, and densities from PO
and MSC populations (by percent) as determined
by flow cytometry, an unpaired two-tailed t-test was
used to compare the groups. In cytokine/chemokine
concentration comparisons in TNF-a challenged
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cultures, BMAX™ and BMAC groups were ana-
lyzed via an unpaired one-tailed t-test based on our
hypothesis that the cellular constituency and cell-
tissue construct of BMAX™-products will result
in less inflammatory factors compared to BMAC-
products. For all tests, normality testing of the data
set determined if parametric or non-parametric
parameters were used.

RESULTS

BMAX™ processing generates a customizable
homogenized bone marrow product that contains
viable MSCs within their native stroma
Subcortical core marrow samples are removed
and ejected from the trocar with a typical weight

range between 80—120 mg and 1.0-1.5 cm long,
which we call the BC. Interested in the composition
and cellular distribution of cells in the bone-mar-
row stroma, we stained the BC with Alizarin Red
(red) and Alican Blue (blue) and positively detected
calcified bone and glycosaminoglycan (GAG)-rich
compartments, respectively (Figure 1A). In addi-
tion, freshly harvested BCs were briefly stained
with calcein-AM and we identified spherical cells
in the GAG component of the BC (Figure 1B).
We designed many iterations of an enzyme-free
custom prototype, BMAX™_ to grind/mill the
small BC samples and mechanically separate the
calcified bone from the GAG component, yield-
ing viable cells associated with the soft stroma
(Figure 1C). The noncalcified GAG-rich material
remains suspended immediately after processing

(A) (€) 1. Load BC into

bottom component
a7

2. Process BC

(B)

Rotating and

component
(includes
grinding plate)
Mobile

Lower
component
Immobile

grinding plate

=

4 |

(BC-GAG) and plate

actuating upper 4 Remove

(calcified-BC)

grinding plate

3. Aspirate
supernatant

residual BC *

Figure 1. BMAX™ processing methodology. (A) A core derived from the iliac crest contains a calcified
compartment (red positive staining via Alizarin Red) and a GAG-rich compartment (blue positive staining
via Alican Blue). (B) Viable cells with a spherical morphology are observable within the loose GAG-rich
compartment via staining with calcein-AM (red arrows). (C) The step-wise use of the BMAX™ processing
system to mechanically strip the GAG-region (BC-GAG) from the calcified bone (calcified-BC) of the BC.
The GAG-rich component remains in suspension, allowing it to be easily separated from the residual calci-

fied BC. The GAG-rich component contains viable
components of the BMAX™ prototype.

cells which were plated for further analysis. (D) Key
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and is easily collected apart from the dense calci-
fied residual BC.

BMAX™ yields cells with clinically relevant
viability, with lower nucleated cell counts
compared to BMAC with unique in vitro growth
characteristics

Following the processing of BC with BMAX, we
performed post-processing assays that are typical of
BMAC, using donor-matched BMAC as a bench-
mark. Immediately following the production of
BMAX™ and BMAC-processed BCs, TNC and via-
bility were determined. Because BMAC is a liquid
volume, originating from a liquid starting mate-
rial 50 mL BMA, the counts are reflected as count/
microliter (uL) in the final product. In contrast, the
BC is solid and based on weight (milligrams) and
so, the TNC is reported based on the cells yielded
from BMAX™ processing per mg of BC processed.
Of clinical importance, this means that a physi-
cian can deliver the final BMAX™ product in any
volume desired. On average, BMAC yielded 76,188
(£8358) cells per uL., whereas BMAX™ resulted
in 46,050 (£6338) cells per mg of BC (P = 0.0088)
(Figure 2A). Similarly, the viability of BMAC cells
were significantly higher compared to BMAX™-
processed BC cells, 95.83% (£0.6822) and 89.38%
(£1.497), respectively (P = 0.0007) (Figure 2B).

We next plated and cultured a subset of BMAC
and BC-paired donors to determine if the cells
embedded within the GAG-rich stroma can estab-
lish culture. While BMAC formed typical colony
forming units with a fibroblast morphology (CFU-f)
by Day 12 (Figure 3A), BMAX™-derived cells (in
donor-matched cultures) emerged from the GAG-
particles which immobilized to the cell culture flask
surface (Figure 3D). As is common in BMAC cul-
tures, we observed that CFU-fs varied in cell den-
sity and size (Figure 3A[i] and 3A[ii]) and remained
distinguishable from one another. In contrast,
BMAX™.-derived adherent cells grew consistently
throughout the culture vessel, with several cells
remaining attached to the GAG-stroma and no evi-
dence of CFU-f formation (Figure 3 D[i]. and 3D[i]).
We also allowed a subset of BMAX™ and BMAC-
derived cell cultures to reach >90% confluence,

as we observed that the BMAX™-derived cells
appeared to grow in smaller confines before sub-
mitting to cell-contact inhibition. Cell quantitation
at >90% confluence at PO revealed that in donor-
matched BMAC/BMAX™ cultures, BMAX™.
derived cell cultures resulted in 1.7% more cells than
BMAC cultures (Figure 2C), growing at a density of
34.90*10% (+4.154) and 20.03*103 (+1.846) per cm?
(Figure 2D) (P = 0.0170).

BMAX™-derived adherent cells possess MSC
characteristics

To verify that cellular content obtained from
BMAX™ processed samples, adherent cells were
analyzed using flow cytometry targeting ISCT-
validated epitope signatures for MSC populations
in cells from Passages 0, 1, 2 and 3 concurrent
with donor-matched BMAC adherent cells. After
gating to remove white blood cells, it was found
that BMAX™.-derived cells directly matched the
percentage donor-matched BMAC adherent cells
for CD90+/CD73+/CD105+ cells at each passage,
resulting in 86.86% (+6.663) and 90.01% (£3.313)
of the cells being positive for ISCT MSC surface
marker criteria by Passage 3 (Figure 4A).

BMAX™-derived adherent cells have shown
characteristics of an MSC based on plastic adher-
ence, proliferation potential in standard culture con-
ditions, and surface marker phenotypes. To verify
that the actively proliferating BMAX™-derived
cells contain a substantial MSC population, as our
flow cytometry analysis suggested, we initiated a
trilineage differentiation protocol on these cells
from Passage 2. Treatment and staining protocols
for adipogenic, osteogenic, and chondrogenic dif-
ferentiation revealed positive results for BMAX™-
derived adherent cells (Figure 5 A—C, respectively)
compared to untreated BMAX™-derived cell con-
trols for each stain (Figure 5 D—F).

Challenge with TNF-a reveals unique secretory
responses that differentiate uncultured BMAX™
and BMAC products

BMAC is not a purified nor refined mesenchy-
mal stem cell therapy, where ~99% of the nucleated
cells are hematopoietic. The BMAX™ processing
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Figure 2. Contrasts in total nucleated cells, viability and cell culture densities in BMAX™ and BMAC-
derived cells. (A) TNC quantification and (B) viability for BMAX™ and BMAC samples assessed using
fluorescent microscopy. Cultures were carried out until each respective condition reached >90% confluence
and adherent cells were quantitated and report ed as (C) total cells per culture vessel and (D) the respective

cell density per cm?.

system results in a tissue-cell construct that is lower
in cellularity compared to BMAC, which we suspect
may be a pivotal differentiating factor with thera-
peutic value based on the delivery of fewer leuko-
cytes and MSCs embedded in their native ECM.
Under inflammatory conditions, this difference
may be revealed via changes in immunomodulatory

factors. To assess this possibility, BMAX™-derived
cell-tissue construct and donor-match final BMAC
products were seeded immediately after processing
and challenged with 2.5 ng/mL TNF-a. Cell culture
supernatants were sampled immediately after plating
(Day 0) and at Days 1, 4 and 8 and assayed for vari-
ous secreted factors. We only observed differences
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Figure 3. Differences in vitro characteristic between BMAX™ and BMAC-derived MSCs. Calcein-AM
stating of donor-matched cultures (cells are stained green) reveal that A BMAC-derived adherent cells form
CFU-fs at (i). high and (ii). low densities whereas D(i).(ii). cells derived from the BMAX™ system results
in cells embedded in native stroma (large green foci, highlighted by red arrows in E and F). Compared to
BMAC-derived adherent cell cultures, BMAX™-derived cells grow rapidly at a higher density throughout
the culture vessel and do not form CFU-fs. B. Increased magnification highlights differences in cell density
between cells in culture derived from BMAX™ gystem (right column) and BMAC (left column).
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Figure 4. Donor-matched BMAX™- and BMAC-derived adherent cells match MSC surface marker phe-
notypes. (A) Labeling and assessing ISCT standards for MSC surface markers in BMAX™ and BMAC-
derived ex vivo expanded adherent cells reveals no difference in the MSC population (by percentage) through
passage 3. (B) Adherent cell cultures for each adherent cell culture show no difference in the frequency of

pericyte-like MSC phenotypes.

between BMAX™- and BMAC-products in IL-6
and IP-10 levels within the 8-day time course. In
IL-6, although levels remained relatively low in both
TNF-a challenged BMAX™- and BMAC-products
at Day 1, averaging 2.268 pg/mL (+0.922) and 5.306
pg/mL (£0.8592) respectively, the difference was
statistically significant, elevated in BMAC cultures
(P = 0.0368). At Day 4, IL-6 levels in BMAX™-
cultures were rapidly rising compared to BMAC
cultures and reached significance by Day 8 where
BMAX™.cultures averaged 6849 pg/mL (£3644)
and BMAC cultures averaged 46.47 pg/mL (£22.64)
(P = 0.050) (Figure 6A). Regarding IP-10, TNF-a
challenged BMAC cultures resulted in signifi-
cantly higher levels compared to BMAX™-cultures
at Day 1 (9.89 pg/mL (+1.05) and 2.737 pg/mL
(£1.02 respectively), Day 4 (38.46 pg/mL (+15.30)
and 0.72 pg/mL (+0.36 respectively)) and Day 8

(80.56 pg/mL (£30.98) and 0.72 pg/mL (+0.35
respectively) (P = 0.0041, P = 0.0346 and 0.0500
respectively) (Figure 6B). We also show that IL-1
receptor antagonist protein (IRAP) levels in both
BMAC and BMAX™-product cultures stimulated
with TNF-o trend upwards over the time course and
overlap at Day 8 (Figure 6C).

CONCLUSIONS

MSC delivery via BMAC is widely used in
orthopedic settings with positive clinical outcome
data for orthopedic ailments such as OA,”3° lower
back pain,*'*? and as an adjunct to improve healing
in rotator cuff repair®* and foot and ankle repair pro-
cedures.’* The immunomodulatory signaling attri-
butes of MSCs that augment regeneration are now
considered a more critical therapeutic property of
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Figure 5: Tri-lineage differentiation potential of BMAX™-derived adherent cells. Exposure of BMAX™-
derived cells to commercially available differentiation kits confirm BMAX™-derived adherent cells
(A) adipogenic (oil red O staining), (B) osteogenic (Alizarin Red staining) and (C) chondrogenic (micro-
sphere and Alcian blue staining) properties. Basal media controls for each respective stain are shown for
(D) oil red o, (E) alizarin red and (F) alcian blue. Scale bars in images (A, B, D, E) =200 pum; (C, F) =400 pum.
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Figure 6. Secretomes from Donor-Matched BMAX™ and BMAC Primary Cultures Differ with TNF-a
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CXCL10 and (C) IRAP in primary cultures of BMAX™ and BMAC-products over 8 days. Concentrations
are normalized per 1 million cells plated.
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the cells than replicative cellular replacements for
damaged tissue.’® However, evidence suggests that
the lack of MSC persistence and proliferation at
injury sites in vivo may be due to disrupted focal
adhesion-associated pathways and homing signaling
caused by the dissociation of MSCs from their native
niche.***7 Although MSCs are a rare population in
the marrow niche, they interact directly with HSCs,
providing physical support and secreting various
factors that modulate HSC-driven hematopoiesis.*
Outside of progenitor cells, nonhematopoietic cells
(pericytes, osteocytes, adipocytes, endothelial cells)
and hematopoietic cells (neutrophils, lympho-
cytes, monocytes, and megakaryocytes) are pres-
ent that aid in the maintenance of the bone-marrow
niche.>**% Another critical component is the physi-
cal three-dimensional architecture comprising the
extracellular matrix (ECM). The ECM contains
proteoglycans, collagens, elastins, glycosaminogly-
cans, heparin, and various matricellular proteins.'>!?
The ECM also acts as a reservoir for growth factors
and proteases*' and as a junction for cell-cell com-
munication and receptor engagement that regulates
hematopoietic cell localization and migration. !>+

The retention of the physical/chemical properties
of the marrow microenvironment may significantly
improve the functionality of MSCs in regenerative
processes that are lost when expanded in monocul-
ture or disrupted during BMAC processing. Current
BMAC processing standards neglect the critical niche
elements of the marrow compartment by removing
ECM structural components through centrifugation
and aspirating large marrow volumes significantly
diluted with blood.>® previous studies evaluating
various BMAC harvesting protocols using different
devices, anatomical locations, or techniques have
yielded noticeably heterogenous products.?*** There
is also significant variation in accepted standardized
BMA harvest volumes which often surpass 120 mL
(either unilateral or bilateral) thereby introducing
large amounts of diluting blood.?>%

Here, we demonstrate a human bone-marrow
processing technique using a newly developed
device (BMAXT™) that retains the native prop-
erties of the marrow stroma important for MSC
health and function. The method produces a smaller

concentrated volume of injectate, significantly
reducing mitigating effects of diluting blood and
associated erythrocytes which can negatively impact
MSC properties and tissue repair ability.?>?® Using
the BMAX™ device we isolated viable adherent
MSCs with unique growth characteristics includ-
ing the close association with marrow ECM that
were distinct from BMAC-derived cells in culture.
BMAX™ derived cultures also had enhanced pro-
liferative ability when compared to standard pro-
cessed BMAC isolates. We posit that the retention of
marrow niche elements in BMAX™ may preserve
native MSC signaling and function that is lost when
attached in purified monoculture.

We further found BMAX™ derived MSCs to
exhibit an enhanced responsive pro-regenerative
and anti-inflammatory secretory profile following
stimulation with TNF-a, a potent pro-inflammatory
cytokine upregulated at injury sites that regulates
paracrine signaling in MSCs.*** TNF-a and IL-1
positively feedback on one another during OA pro-
moting inflammation, cartilage degeneration, and
pain.**7 IL-1 receptor antagonist (IRAP) is a pro-
tein that downregulates pro-inflammatory IL-1p as
a competitive antagonist and is an emerging small
molecule treatment strategy for OA.*#47]t was found
that when challenged with TNF-a, both BMAX™
and BMAC-products (i.e., not culture expanded)
actively expressed IRAP in vitro. Interestingly,
compared to donor-matched BMAC, the BMAX™
derived cell-tissue construct also responded to
TNF-a insult with significantly higher levels of IL-6,
a cytokine known to have both anti-inflammatory
and pro-inflammatory properties and a key factor
in retaining MSC “stemness’ or “plasticity” and for
maintaining the bone-marrow niche.*®** These dif-
ferences only demonstrate that innate differences of
the secretome between therapeutic-grade BMAX™
and BMAC products exist and are not inclusive of
all factors that may be clinically relevant.

BMAC is a known orthobiologic product used
for various orthopedic-related indications or disor-
ders such as osteoarthritis, osteonecrosis, tendon/
ligament repair, fracture repair, and cartilage
defects. BMAX™ is a similar product that may be
used for similar indications as an injectable form
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alone or as an adjuvant to other procedures, devices,
or biologics. Using the novel approach described
herein, BMAX™ processing of bone marrow offers
potential benefits over traditional BMAC prepara-
tions in its potential ability to (1) Retain MSCs at
the injection/delivery/engraftment site (2) Enhance
in vivo survival, (3) Provide adequate means for
proliferation and signaling and (4) Maintain plas-
ticity/ “stemness” due to the undisrupted contact
of MSCs with their native scaffold. We posit that
these properties within the BMAX™ product will
improve efficacy and clinical outcomes versus tra-
ditional BMAC preparations. Thus, for degenerative
joint conditions, particularly facet and knee joints,
BMAX™ may offer significant improvements in
pain relief for these common conditions given the
enhanced immunomodulatory effects highlighted
herein. Future studies will evaluate BMAX™ pro-
cessing methods in vivo, including ongoing preclini-
cal studies underway by our group using a murine
OA model to test the improved ability to mitigate
OA symptomology in BMAX™ versus BMAC.
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SUPPLEMENTARY

(A)

Figure S1. (A) Bone core (BC) collected before BMAX™ processing demonstrating general rigidity and
pliability. (B) Size of average BC collected for use in BMAX™ device.

Video S1. Video demonstrating BMAX™ processing device.
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