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Amniotic Suspension Allograft and Bone
Marrow Aspirate Concentrate Results in
Highly Variable Proinflammatory
Cytokines in a Coculture Model
of Osteoarthritis

Charles P. Hannon, M.D., M.B.A.,' Navya Dandu, M.D.," Hailey P. Huddleston, M.D.,’
Divesh Sachdev, M.H.A.,' ©® Neal B. Naveen, M.D.,! David Frisbie, D.V.M., Ph.D.,?
Wayne Mcllwraith, B.V.Sc., Ph.D., D.Sc., F.R.C.V.S.,> Arnavaz Hakimiyan, M.S.,

Brian J. Cole, M.D., M.B.A.," Susanna Chubinskaya, Ph.D.,’
and Adam B. Yanke, M.D., Ph.D."*

Purpose: To evaluate the anti-inflammatory and disease-modifying potential of bone marrow aspirate concentrate (BMAC) and
amniotic suspension allograft (ASA) in a chondrocyte and synovium coculture model of osteoarthritis.
Methods: Seventeen patients were enrolled for cartilage, synovium, and bone marrow aspirate tissue donation prior to a total knee
arthroplasty. Cartilage and synovium explants were cocultured into four different groups: one baseline group, one control group
(96-hour coculture), BMAC group, and ASA group. Interleukin-1p (IL-1f), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a) were measured at 96 hours in the media with enzyme-linked immunosorbent assay. Collagen type 1 o 1, Collagen type 2 o 2,
Collagen type 3 o 1, aggrecan, and Cartilage Oligomeric Matrix Protein were measured in the cartilage and synovium by reverse
transcription polymerase chain reaction. Safranin-O staining were performed on all groups and scored by the modified Mankin
scoring system.
Results: Samples treated with ASA showed a significantly lower concentration of IL-1 when compared to control samples
(11.2 = 13.9 vs 20.2 = 39.5 pg/mL, P=.04). Treatment with BMAC was associated with a significantly lower concentrations
of IL-6 when compared to control samples (607.32 * 271.07 vs 767.11 * 30.84, P=.02). No significant differences were
observed in gene expression within chondrocytes and synoviocytes or for Mankin scoring between treatment and control groups.
Conclusions: Osteoarthritic chondrocytes and synovial tissue may respond to BMAC and ASA by a reduction in IL-1f and IL-6
concentrations, but short-term cytokine responses are variable. The mechanism of response remains unknown.
Clinical Relevance: This study aims to reveal the mechanism of BMAC and ASA by which these biologics function in a model of
an arthritic joint.
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steoarthritis is a chronic, costly, and debilitating con-  and alterations in cartilage metabolism in the pathogene-
dition that historically has been attributed to  sis of the disease.”” Increased catabolism and decreased
mechanical degeneration. However, this understanding  anabolism lead to a breakdown of cartilage extracellular
has evolved to incorporate the roles of inflammation  matrix and increased inflammation in synovial fluid
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and tissue.” The goal of nonsurgical treatment is to slow
the physiologic process, reduce pain, and increase func-
tion. However, to date, there are no treatments that have
been proven to modify these metabolic and inflammatory
processes and affect progression of the arthritic process.

The use of intra-articular cellular-based therapies as
sources of growth factors, anti-inflammatory mediators,
and potentially mesenchymal stem cells (MSCs) for osteo-
arthritis is rapidly evolving. MSCs have garnered signifi-
cant interest due to their chondrogenic potential and
promise for tissue regeneration.’ In addition, MSCs may
also have significant trophic and immunomodulatory
effects on osteoarthritis.” Bone marrow aspirate concen-
trate (BMAC) is one of the safest and most feasible sources
of MSCs currently available.” While MSCs represent only a
small fraction of the total population of nuclear cells
(0.001%-0.01%), when concentrated, bone marrow aspirate
also contains a rich supply of growth factors.”” Many of
these growth factors such as vascular endothelial growth
factor and transforming growth factor-§ have chondro-
genic effects on MSCs that may be beneficial in osteoar-
thritis.'>"" As a result, many translational and clinical
studies have investigated the therapeutic potential of
BMAC for osteoarthritis, with promising findings of histo-
logic improvement and symptom relief up to 12 months
post-injection.'*'* Despite the limitations of cost and
the necessity of another procedure to extract bone marrow
aspirate, enthusiasm remains for BMAC for treatment of
osteoarthritis.

Separately, amniotic membrane is a metabolically
active tissue that has also garnered recent interest in car-
tilage research for its anti-inflammatory and chondrorege-
nerative potential.">'® Amniotic membranes both contain
anti-inflammatory factors and upregulate several anti-
inflammatory pathways, such as IL-10, which may posi-
tively affect osteoarthritis inflammation.'” In addition,
amniotic membranes are rich sources of hyaluronic acid
and some proteoglycans, which may play a role in thera-
peutic relief of osteoarthritis.'® Amniotic membranes are
most attractive for their source of pluripotent stem cells
with chondrogenic potential.'>'® Cryopreserved cellular
human amniotic suspension allograft (ASA) has showed
symptomatic relief in murine models of OA* as well as
superior outcomes to control saline and hyaluronic acid
injections in randomized controlled clinical trials.”'
There are limitations, however, with regard to cost and
the amount of growth factors after treatment of the amni-
otic membrane tissue.

While early clinical efficacy results are promising, the
exact underlying mechanisms of both orthobiologics
remain a significant question. Therefore, the purpose of
this study was to evaluate the anti-inflammatory and
disease-modifying potential of BMAC and ASA in a

chondrocyte and synovium coculture model of osteoar-
thritis. We hypothesized that there would be histologic
and biochemical changes associated with the presence
of BMAC and ASA in a chondrocyte and synovium cocul-
ture model of osteoarthritis.

METHODS
Study Population and Study Design

A prospective series of 17 patients were enrolled at one
clinical center by three treating surgeons prior to under-
going elective primary total knee arthroplasty between
August 2018 and June 2019 (Figure 1). A total of 18
patients were enrolled in the study prior to their scheduled
TKA. One patient was excluded due to failure of bone mar-
row aspiration intraoperatively, leaving a final cohort of 17
patients with sufficient tissue collection. Sixty five percent
(n=11) were female and the mean age was 65 years of age
+7.43. All patients had a Kellgren-Lawrence grade 3
(n=10) or grade 4 (n="7) on preoperative radiographs.
All three surgeons were experienced fellowship trained
total joint arthroplasty surgeons. Sample size was deter-
mined based on prior studies by Cook et al. and adapted
by Sundman et al. and Osterman et al all of which utilized
similar study designs.”*** Institutional review board
approval was obtained prior to the initiation of the study
(ORA# 17013001), and all subjects provided informed con-
sent before any study-related procedures were conducted.
The inclusion criteria for the study were as follows:
(1) symptomatic osteoarthritis of the knee involving the
medial femoral condyle prompting election of total knee
arthroplasty and (2) radiographic Kellgren-Lawrence
grade 3 or 4.”” Exclusion criteria included revision cases,
bone marrow aspiration failure, concern for septic arthri-
tis, distal femur intra-articular fracture, and a steroid
or PRP injection within 3 months of surgery. Enrolled
patients consented to donation of cartilage, synovium,
and bone marrow aspirate tissue samples for histologic
and biochemical analyses.

Tissue Harvest Technique

Synovial tissue was harvested from the anterior aspect
of the distal femur utilizing a knife or electrocautery.
Cartilage and subchondral bone samples were preferen-
tially harvested from the medial femoral condyle from
the femoral cuts routinely performed in a total knee
arthroplasty. Areas with intact full-thickness cartilage,
with gross normal appearance, and subchondral bone
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FIGURE 1 Schematic Representation of Study Design. (ACAN, Aggrecan; ASA, Amniotic Suspension Allograft; BMAC, Bone Marrow
Aspirate Concentrate; COL1A1, Collagen Type I o 1; COL2A1, Collagen Type II a 1; COL3A1, Collagen Type III a 1; COMP, Cartilage
Oligomeric Matrix Protein; ELISA, Enzyme-Linked Immunosorbent Assay.)

were selected for explants. Cartilage tissue was dissected
into 10 to 12 explants (3 X 5 X 5 mm).

Bone marrow aspirate was obtained as previously
described from the iliac crest from patients undergoing
total knee arthroplasty who consented to the additional
procedure for the purpose of this study.”® Using a sharp
trocar with a hollow aspiration sleeve, approximately
60 mL of bone marrow was extracted from cancellous bone
just posterior to the anterosuperior iliac spine. The aspi-
rate was then prepared and centrifuged using a standard
commercially available BMAC centrifuge system (Arthrex
Angel System (Arthrex, Inc.; Naples, FL)), typically yield-
ing up to 3mL of BMAC.”’

Incubation and Coculture Model

Following dissection, the subchondral bone was dis-
carded. The cartilage and synovium explants were incubated
overnight (24 hours total) separately in 6-well plates within
medium (complete Dulbecco’s Modified Eagle Medium
[DMEM] 10% fetal bovine serum (FBS), 1% penicillin/
streptomycin (PS), and 50 mg/mL of ascorbic acid).

Following incubation, medium was removed, and
synovium and cartilage explant coculture systems were
created using 12-well culture plates containing 0.4 mm fil-
tered inserts, as previously described by Sundman et al.”®
One synovial explant was placed at the base of the well
with one cartilage explant from the same patient on top
of the filtered insert in the same well. Four coculture
systems were established per patient to accommodate

the 2 biologic treatment groups, one control group at
96 hours, and one baseline (untreated) control cartilage
group with no incubation. The four groups analyzed
included the following:

1. Untreated control group (2mL media) with no
incubation

2. Untreated control group at 96 hours (2 mL media)

3. Cryopreserved human amniotic suspension allografts
[ASA] 1:1 ratio (ReNu, Organogenesis, Birmingham,
AL)? (final total volume 2 mL) at 96 hours

4. Bone marrow aspirate concentrate [BMAC] 7:3 ratio
(Arthrex Angel System (Arthrex, Inc.; Naples, FL))
(final total volume 2 mL) at 96 hours

Cocultures were then incubated at 5% CO,, 37°C, and
90% humidity for 96 hours. Subsequently, treatment media
were stored at —80°C. Synovium and cartilage explants
were snap frozen with liquid nitrogen and stored at
—80°C until further use for RNA isolation. All incubation
and cocultures were created by one investigator highly
trained in this area (A.H.).

Multiplex Enzyme-Linked Immunoassay
(Luminex)

The instrument that was used is a Luminex
FlexMAP3D. The software is xPonent version 4.3.229.
The culture media was stored at —80°C before analysis.
Multiplex enzyme-linked immunoassay (Enzyme-Linked

85UBD17 SUOWWOD dAIeaID a(qedt|dde ayy Aq pausenob ale saie YO ‘asn Jo san. oy Areiqi]auluQO A3|IM UO (SUOIIIPUOD-pUe-SWLBY WY’ A3 1M Aleld 1putjuo//:Sdny) suonpuoD pue sws | auyy 89S *[9202/c0/ST] uo Akl auliuQ A8 |IA ‘NPa"usnI@ Bqusw-<yleogdius> Aq 1200, [#e/200T 0T/10p/wod’ /| 1m Ariqipul|uo's feuino [Adodso.ype//:sdny wo.y papeojumoq ‘0 ‘TEZE9ZST



MR Arthroscopy /8 AANA

HANNON ET AL.

The Journal of Arthroscopic and Related Surgery T e e T )

Immunosorbent Assay) (Luminex) was used to measure
concentrations of proinflaimmatory mediators interleu-
kin-1b (IL-1B), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a) at 96 hours. Each sample was mea-
sured in duplicate to ensure accuracy, and the mean value
was obtained.

Polymerase Chain Reaction (PCR)

Frozen cartilage samples were pulverized using a Bio-
Pulverizer. Total RNA was then isolated from cartilage
and synovial explants using the TRIzol Reagent
(Ambion, Life Technologies; Cat# 15596018; 5791 Van
Allen Way, Carlsbad, CA 92008, USA).

Endogenous glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) was used as control. Each sample was
run in duplicate to ensure accuracy.

Both chondrocyte and synovium RNA was isolated
followed by cDNA synthesis and quantitative reverse-
transcription PCR assays (qRT-PCR) using the ViiA7
Real-Time PCR system (Thermo Fisher Scientific,
Waltham, MA). Gene expression was carried out for the fol-
lowing genes: Collagen type I al (COL1A1), Collagen type
IT al (COL2A1), Collagen type III al (COL3Al), Aggrecan
(ACAN), and Cartilage Oligomeric Matrix Protein (COMP).

Histology

Before culture, only one of the 10 to 12 cartilage explants
was used as a baseline control and fixed in 4% paraformal-
dehyde for 24 hours and processed for histological assess-
ment immediately upon collection to preserve the native
state of the tissue. The remaining explants were allocated
to various experimental groups and subjected to culture
conditions. After 96 hours of culture, these samples were
also fixed in PF and processed for histological analysis to
evaluate treatment-related changes relative to the baseline.
Paraffin-embedded samples were sectioned (6 pm) and
stained with hematoxylin and eosin (H&E) and Safranin
O staining. One graduate level grader (C.H.) scored the
samples using a modified Mankin score.”

Statistical Analysis

All statistical analyses were performed on STATA v16.1
(Statacorp, Houston TX). Treatment groups were com-
pared to control cartilage cocultures utilizing paired
Wilcoxon signed-rank tests. Statistical outliers were deter-
mined as those exceeding 1.5 times the interquartile range
from the first or third quartile of each group. Measurement
errors occurred during assay processing, resulting in data

points that were markedly inconsistent with the rest of the
dataset. These extreme values were excluded to reduce the
standard deviation and minimize distortion of the overall
statistical results. Data are presented as mean =+ standard
deviation. All testing was two-sided, and significance was
set at P <.05.

RESULTS
Enzyme-Linked Immunosorbent Assay

Measured concentrations of each analyte showed signif-
icant variability (range) between patients (Figure 2). There
was a significantly lower concentration of IL-1f in the
ASA group compared to the control group (ASA:
11.2 = 13.9 pg/mL vs control: 20.2 £ 39.5 pg/mL, P=.04)
(Figure 2). There was no difference in IL-1p concentration
between the ASA group and the BMAC group (P=.31).

After removal of statistical outliers, the concentration
of IL-6 in the BMAC coculture was significantly lower
than the control coculture (Control: 767.11 + 30.84 vs
BMAC: 607.32 = 271.07, P=.03). There was no difference
in IL-6 concentration between the ASA group and the
BMAC group (P=.24). Lastly, although there was a
downward trend with the BMAC and ASA treatments,
there were no significant differences in concentration of
TNF-a between groups (Figure 2).

PCR

No significant differences in expression were observed
for COL1A1, COL2A1, COL3A1, COMP, or ACAN in either
cartilage or synovium samples between the treatment and
control groups (Tables 1 and 2). However, COL1A1 expres-
sion in cartilage was significantly greater in the ASA com-
pared to BMAC groups (P =.002), and COL2A1 expression
in synovial tissue was significantly reduced in the ASA
group compared to BMAC groups (P =.004).

Histology

Five samples were excluded from grading due to poor
slide preparation, leaving a total of 14/17 and 15/17 slides
available for grading in the BMAC and ASA groups,
respectively (Figure 3). An increase in Mankin score sig-
nified a higher degree of cartilage degeneration. Mean
Mankin score increased from the baseline to the 96-hour
control samples (3.35 £ 1.80 to 5.12 = 3.10, P =.026).
When compared to the control samples, the Mankin scores
of the BMAC (4.29 + 2.64, P=.24) and ASA (4.33 + 2.29,
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FIGURE 2 Boxplot With Overlaid Points Showing Concentrations of Each Analyte (IL-1p, IL-6, TNFa) From Sample Media From

The Three Treatment Groups. IL-1f P-Values: Control vs BMAC: P = .407, Control vs ASA: P =.044***, BMAC vs ASA: P =.309. IL-6
P-Values: Control vs BMAC: P =.080, Control vs ASA: P =.636, BMAC vs ASA: P=.266. TNFa P-Values: Control vs BMAC: P = .463,
Control vs ASA: P=.218, BMAC vs ASA: P =.421. The Box Shows the IQR, With the Bottom and Top of the Box Marking the 25th and
75th Percentiles, Respectively. The Horizontal Line Represents The Median. Whiskers Extend to Values Within 1.5 Times the IQR.
Overlaid points indicate individual sample measurements. (ASA, Amniotic Suspension Allograft; BMAC, Bone Marrow Aspirate

Concentration; IQR, Interquartile Range.)

TABLE 1 PCR Cartilage Samples (Ratio to Baseline Sample)

BMAC versus

Control ASA P-Value BMAC P-Value ASA (P-Value)
COL1A1 1.45 [0.55-2.92] 2.28 [1.49-2.96] 16 1.02 [0.53-1.55] 13 .002
COL2A1 1.18 [0.56-3.07] 1.15 [0.65-1.70] .93 1.36 [0.36-2.97] .35 28
COL3A1 1.13 [0.52-5.30] 1.50 [0.23-3.42] .58 0.75 [0.25-5.96] 75 75
ACAN 3.83 [1.07-10.73] 2.43 [1.36-17.32] .50 1.08 [0.34-23.34] .10 33
COMP 2.18 [1.35-12.73] 6.55 [0.50-13.54] 25 2.14 [1.33-18.89] .38 .76

Note: Presented as median [interquartile range]. Bold = Statistically significant (P < .05).
ASA, Amniotic Suspension Allograft; ACAN, aggrecan; BMAC, Bone Marrow Aspirate Concentrate; COL1A1, Collagen type 1 o 1; COL2A1, Collagen
type 2 o 2; COL3Al, Collagen type 3 o 1; COMP, Cartilage Oligomeric Matrix Protein.

P =.55) groups decreased, although these differences were
not statistically significant.

DISCUSSION

The findings of this study suggest that BMAC and
ASA may induce an anti-inflammatory response on oste-
oarthritic cartilage and synovial tissue via a reduction in
IL-6 and IL-1f concentrations within the media,

respectively. BMAC and ASA did not result in changes
in cartilage matrix metabolism compared to the control
groups during the culture period, although some differences
were observed between treatment groups in collagen
production.

The observed decrease in IL-6 with BMAC treatment is
in parallel to a prior study by Zhang et al,’° which
highlighted the anti-inflammatory effect of bone-marrow
derived MSCs on cultured osteoarthritic chondrocytes.
Similarly, a prior translational study by Wang et al.*'
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TABLE 2 PCR Synovium Samples (Ratio to Baseline Sample)

BMAC versus

Control ASA P-Value BMAC P-Value ASA (P-Value)
COL1Al 1.05 [0.79-1.75] 1.02 [0.18-1.69] 27 0.76 [0.32-3.74] 98 22
COL2A1 0.30 [0.19-1.01] 0.12 [0.09-0.70] 53 0.77 [0.22-2.53] 13 .004
COL3Al 1.63 [0.53-3.25] 1.13 [0.47-4.20] 55 1.88 [0.48-3.39] 33 94
COMP 1.43 [0.25-2.93] 1.71 [0.70-2.89] 16 1.05 [0.44-2.61] 19 07

Note: Presented as median [interquartile range]. Bold = Statistically significant (P < .05).
ASA, Amniotic Suspension Allograft; BMAC, Bone Marrow Aspirate Concentrate; COL1A1, Collagen type 1 a 1; COL2A1, Collagen type 2 o 2;
COL3ALl, Collagen type 3 o 1; COMP, Cartilage Oligomeric Matrix Protein; PCR, polymerase chain reaction.

96 hr Control

ASA

FIGURE 3 Sample Histology From Select Patients (A-D) Highlighting the Variability in Response to Treatment With BMAC or
ASA. Tissue (A) Showed a Slight Worsening of Surface Fibrillation in Response to Either Treatment. Tissue (B) Showed Improvement
with BMAC, But a Minimal Response to ASA, Whereas Tissue (C) and Tissue (D) Showed Greater Response to ASA. Pink Signifies
Proteoglycan is Present, and Blue Signifies the Loss Of Proteoglycans and Is an Indicator of Tissue Damage or Altered Cell Function.
Modified Mankin Scores: (A) 3, (B) 14, (C) 13, and (D) 16. (ASA, Amniotic Suspension Allograft; BMAC, Bone Marrow Aspirate

Concentrate.)

showed significant decreases of IL-6 in the synovial fluid
of goats with osteoarthritis (represented by the media
surrounding this coculture model) after a series of intra-
articular BMAC injections. The effects of IL-6 in mainte-
nance of articular cartilage are two-fold.”> While higher

levels of circulating IL-6 have been associated with worsen-
ing radiographic progression’” and cartilage loss in the set-
ting of OA,* the cytokine has also been associated with
some chondroprotective properties, especially in the setting
of acute pathology.”” The findings of the present study
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suggest that the observed clinical benefits of BMAC injec-
tion'>"*~® may be attributed then to a potential reduction
in MMP-1 and MMP-13, which are typically upregulated
by a combined effect of IL-1p and IL-6.*

In contrast to the present study, however, Zhang et a
and Wang et al.>' observed concurrent decreases in gene
expression or protein concentrations of IL-1p and TNFa,
respectively. The differential response observed in this
study compared to prior literature could be explained
by the composition of BMAC. Ziegler et al.”’ showed
the relatively high concentrations of interleukin-1 receptor
antagonist (IL-1Ra) in BMAC compared to bone marrow
aspirate (BMA) and leukocyte-rich and -poor platelet rich
plasma (PRP) preparations. The anti-inflammatory mech-
anisms of IL-1Ra have been explored previously in a study
by van Vulpen et al.,”® which studied the damaging effects
of hemarthrosis in an in vitro chondrocyte model. Within
their study, the presence of blood was associated with
increased concentrations of IL-1p, TNFa, and IL-6.**
After addition of IL-1Ra, concentrations of IL-1f and
IL-6 decreased, but TNFo was unaffected, which suggests
separate inflammatory cascades.” The results of the cur-
rent study then validate these findings of IL-6, supporting
the potential IL-1Ra driven mechanisms of BMAC.
However, no effect of BMAC was observed on IL-1f
concentrations, which is in contrast to several prior stud-
ies.***"** This could be due to baseline variation in IL-1
concentration, location of cartilage harvest, or heterogene-
ity in BMAC content.’>*° Similarly, the range of composi-
tion and effects of processing on BMAC promote
heterogeneity in the product.’” In the broader context
of literature, the precise role of IL-1p in the pathogenesis
of OA has been reconsidered.”’ Several findings have
raised question to the significance of the marker due to
(1) similar concentrations in early and late OA,** (2) phys-
iologic concentrations of IL-1ra vastly exceeding that of IL-
1B,* and (3) conflicting clinical results with blockade of
its signaling pathway.***° Therefore, the lack of showed
effect within the present study does not necessarily pre-
clude a lack of effect on the OA phenotype of tissue.
Future investigation is needed to better characterize the
response of chondrocytes in relation to various BMAC
contents as well as clarify the association between inflam-
matory markers and OA pathology.

In contrast to the effects of BMAC in the present study,
ASA treatment was associated with reduced concentra-
tions of IL-1f without an effect on IL-6 and TNFa.
Although the role of IL-1f in clinical benefit is unclear,
the observed symptomatic benefits of ASA injections in
clinical studies of osteoarthritis”' could be explained by
a reduction of IL-1p, which would reduce nuclear factor —
kappa b (NF-xB) pathway activation and its associated
downstream proinflammatory effects.*”** However, these
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findings differ from the findings of Kimmerling et al,,
which utilized the same ASA product as the current study
in a murine model and showed decreases primarily in IL-6
(nonsignificant), without any significant trends in IL-1.%
Similarly, intra-articular injections with human amniotic
MSCs with hyaluronic acid were associated with decreased
concentrations of IL-1f, IL-6, and TNFa in the synovial
fluid of rats with osteoarthritis.’® Therefore, there is
considerable heterogeneity in the responses of osteoar-
thritic tissue in current literature, which is potentially
reflective of the variation in formulations and content of
amniotic products. Prior characterization of nine samples
of amniotic-derived products showed a broad range of
detected proteins (919 total), including IL-1Ra and
TIMPs.”" However, unlike BMAC, there were no live cells
detected in these products.

The lack of a statistically significant reduction in TNF-a
following BMAC may be attributable to p error. Baseline
TNF-a concentrations exhibited considerable variability
across samples (mean 12.9 £ 43.2 pg/mL; range 0.13-179.91),
suggesting biological heterogeneity. This variability likely
contributed to reduced statistical power, despite a directional
trend.

Therefore, although this study was able to identify a
response from osteoarthritic tissues to the biologics, fur-
ther investigation is required to determine the specific
mediators driving the reduction in proinflammatory
markers. Prior studies of intra-articular BMSCs and amni-
otic membrane have been associated with improvements
in histologic scoring'***>* and changes in gene expres-
sion.'**%>*>>* However, the majority of these studies
utilized in vivo models which allowed for longer incuba-
tion periods prior to analysis, in comparison to the
96 hours in the present study. Since the coculture study
by Sundman et al.*® identified changes in COL1 and aggre-
can gene expression within 96 hours in response to PRP,
this may suggest a relatively delayed effect of BMAC and
ASA on cartilage matrix metabolism and resultant histol-
ogy, if there is a true effect.

Recent clinical data suggest limited efficacy of MSCs in
osteoarthritis management. A recent prepublication meta-
analysis by Sadeghirad et al.>* of randomized trials con-
cluded that MSCs for chronic knee pain associated with
osteoarthritis likely provide little to no improvement in
pain or physical function. In addition, several studies sup-
port the use of MSCs and umbilical derived products for
osteoarthritis treatment by highlighting their proposed
mechanisms of action, including modulation of inflamma-
tion and promotion of tissue repair via secretion of growth
factors and cytokines.”*”” Future research should aim to
integrate both mechanistic endpoints and clinical out-
comes to better contextualize biological findings within
real-world, patient-centered frameworks. Additionally,
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studies with extended culture durations and more refined
analysis of product composition will be essential to eluci-
date the temporal and mechanistic effects of BMAC and
ASA on osteoarthritic tissues.

Limitations

There were several limitations to this study. First, there
is tremendous heterogeneity in baseline characteristics of
osteoarthritic chondrocytes and synovium. This variability
may be due to method of harvest, degree that the tissues
were affected by osteoarthritis, or Variability in the location
of the sampling. This likely contributed to the wide range
of proinflammatory cytokine concentrations observed in
the study. In addition, the coculture model may not have
truly represented osteoarthritis if the cartilage and syno-
vial samples were not osteoarthritic. Similarly, the
BMAC and ASA products were not formally analyzed
due to cost limitations of the study, and therefore consis-
tency in treatments between samples could not be
ensured. Combined, these factors limited the ability to
draw conclusions regarding the effect of biologic compo-
sition on overall response, which is a question of increas-
ing interest. Variability in biologic composition can
further compound the effects of a relatively small sample
size (n=17). The study may be underpowered to detect
differences between groups. There also may have been het-
erogeneity between the three surgeons in the samples pro-
vided, albeit all were from the medial femoral condyle and
anterior distal femur. Although no changes were observed
in gene expression and histology compared to control sam-
ples, this may be due to an inadequate sample size or time-
frame or due to the inherent limitations of the coculture
model. The genes investigated are not early response
genes, and therefore the 96-hour time frame may have
been insufficient. There may have been measurement
errors inherent in the testing methods. Disaggregation
by sex and/or gender was not performed, as the study
was neither designed nor sufficiently powered to detect
sex- or gender-based differences. The primary objective
and methodology did not include stratification these
variables, and doing so would risk overinterpretation
of underpowered subgroup analyses. Lastly, this is an
in vitro study and may not represent what happens
in vivo or clinically.

CONCLUSIONS

Osteoarthritic chondrocytes and synovial tissue may
respond to BMAC and ASA by a reduction in IL-1f and
IL-6 concentrations, but short-term cytokine responses

are variable. The mechanism of response remains
unknown.
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