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Abstract

Development of tendon therapeutics has been hindered by the lack of informative adult
mammalian models of regeneration. Murphy Roth’s Large (MRL/MpJ) mice exhibit improved
healing following acute tendon injuries, but the driver of this regenerative healing response
remains unknown. The tissue-specific attributes of this healing response, despite a shared systemic
environment within the mouse, support the hypothesis of a tissue-driven mechanism for scarless
healing. Our objective was to investigate the potential of MRL/MpJ tendon extracellular matrix
(ECM)-derived coatings to regulate scar-mediated healing. We found that deviations in the
composition of key structural proteins within MRL/MpJ vs C57BI/6 tendons occur synergistically
to mediate the improvements in structure and mechanics following a 1-mm midsubstance injury.
Improvement in mechanical properties of healing MRL/MpJ vs C57BI/6 tendons that were
isolated from systemic contributions via organ culture, highlighted the innate tendon environment
as the driver of scarless healing. Finally, we established that decellularized coatings derived from
early-deposited MRL/MpJ tendon provisional extracellular matrix (provisional-ECM), can
modulate canonical healing B6 tendon cell behavior by inducing morphological changes and
increasing proliferation in vitro. This study supports that the unique compositional cues in
MRL/MpJ provisional-ECM have the therapeutic capability to motivate canonically healing cells
toward improved behavior; enhancing our ability to develop effective therapeutics.
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1| INTRODUCTION

Tendinopathies are debilitating injuries that account for over 30% of musculoskeletal
consultations.? Tendons typically heal by scar formation, which is structurally and
mechanically inferior to the pre-injured tissue. Despite the prevalence of these injuries,
current options to treat the scar-mediated response that drives canonical healing are
fundamentally ineffective. Furthermore, efforts to identify new potential therapeutics, to
improve functional and structural outcomes, have been hindered by the lack of knowledge
regarding the biological cues necessary to promote scarless healing in adult mammals.

Recently the Murphy Roth’s Large (MRL/MpJ) mouse has been shown as a potential model
for adult mammalian regeneration, due to its improved wound healing capacity in a variety
of tissues such as ear,? intra-articular fractures,® and cornea defects.* This regenerative
healing phenomenon has been shown to be tissue-specific and does not extend to commonly
injured tissues such as the skin.> However, we and others have recently shown that MRL/
MpJ’s improved healing capacity extends to acute patellar tendon injuries, suggesting that
this mouse can provide a therapeutic template to improve canonical tendon healing.5-8
However, identifying the drivers of improved tendon healing in MRL/MpJ so that they can
be harnessed into therapeutics remains a major hurdle toward translation.

We have previously shown that healing MRL/MpJ tendons exhibit improvements in matrix
structure and cell alignment, and possess a unique growth factor environment as early as 1
week following a 0.75-mm acute patellar tendon biopsy punch injury.® These early
deviations between MRL/MpJ and canonical healing C57BI/6 (B6) tendons occur during the
proliferative phase of healing, where accumulation of a complex provisional extracellular
matrix (provisional-ECM) provides a bioactive structural template for subsequent matrix
deposition and overall healing. We have also found an absence of correlation between extent
of regeneration of ear and tendon injuries despite a similar systemic response in MRL/MpJ
healing, providing further support for a focus on the healing tendon composition and
structure as drivers of regeneration. However, the rate of wound healing within the body
differs depending on the anatomical location and specific environment of each injured tissue,
indicating the need for direct investigation of the intrinsic tendon properties as drivers of the
improved healing in the MRL/MpJ in isolation from the systemic environment.

The notion of utilizing the naturally deposited extracellular matrix (ECM) scaffold is
supported by recent studies in other tissues, which have been interrogating the isolated ECM
to develop tissue therapeutics.® For instance, decellularized kidney,10 skeletal muscle,!! and
heart!? matrices from non-regenerative mammalian models have been utilized in attempts to
reprogram cell behavior in vitro and in vivo with the goal of elucidating mechanisms to
reverse tissue damage and encourage regeneration. Consequently, the overarching goal of
this study is to identify the potential of MRL/MpJ tendon ECM-derived coatings to regulate
canonical healing. Our overarching hypothesis is that therapeutic coatings derived from
MRL/MpJ tendon ECM can harness the cues to guide cells from a canonical tendon healing
model toward the cellular behavior characteristic of a regenerative healing model under in
vitro conditions.
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We conducted three experiments to interrogate our overarching hypothesis. First, we set out
to confirm that MRL/MpJ’s regenerative healing capacity still extends to a larger tendon
defect, in comparison to our previous studies, thereby providing a larger region of injury in
the tendon midsubstance that could be utilized for therapeutic interrogation. Previous studies
have shown that injury size affects the regenerative outcome within the MRL/MpJ. For
instance, while 2-mm full-thickness ear cartilage injuries in the MRL/MpJ have been shown
to heal through a scarless-mediated mechanism of complete wound closure after 25 days,3
4-mm in diameter injuries do not reach full tissue closure and heal through scarring even
after 85 days of healing.14 Furthermore, synergistically to the previously analyzed growth
factor environment, we evaluated the large structural components of this provisional-ECM,
including collagen 1,156 collagen 111,17 decorin,8 and fibromodulin,19 in the context of
regenerative tendon healing, given their known roles in modulating tendon function,
scarring, fibrillogenesis, and growth factor sequestration.2% Our first hypothesis was that
compositional differences in the provisional-ECM of MRL/MpJ will be apparent by the
early proliferative stage of healing.

Our second experiment utilized organ culture to determine the ability of the MRL/MpJ
innate tendon environment to drive scarless healing in the absence of systemic contributions.
As previously stated, we have recently shown that the MRL/MpJ exhibits a similar
inflammatory response following ear and tendon injuries.5 Yet, no correlations have been
found between the level of healing of scarless-mediated ear punch injuries and patellar
tendon alignment, hyaluronan content, growth factor concentration, or cell behavior.6 These
findings, coupled with the tissue specificity of the scarless healing response, allude that the
systemic environment is not the driver of regeneration in the MRL/MpJ, but do not directly
isolate the contribution of the systemic from the local tendon environment in healing. We
hypothesized that MRL/MpJ tendons will continue to exhibit an improved healing response
compared to B6 mice after 4 weeks in organ culture despite isolation from the systemic
environment.

Finally, as a step toward utilization of the provisional-ECM for therapeutic potential, in our
third experiment, we interrogated the efficacy of early-deposited MRL/MpJ provisional-
ECM in modulating canonical healing B6 tendon cell activity in vitro using tissue-specific
decellularized ECM-derived coatings. Previous studies have shown that a single application
of ECM produced by cells isolated from healing MRL/MpJ ear punches was able to induce
regenerative healing of scar-mediated healing B6 dermis in a full-thickness dorsal skin
injury.21 However, no previous studies have been performed to assess the ability of the
MRL/MpJ tendon ECM to stimulate a regenerative response on canonical healer B6-derived
cells. We hypothesized that the different compositional properties of decellularized
MRL/MpJ provisional-ECM compared to B6 provisional-ECM will provide a biological
environment that modifies B6 cell behavior, highlighting the potential utility of MRL/MpJ
matrix-driven therapeutics to improve tendon healing. Identification of early changes in the
in vivo compositional behavior of vital structural matrix components within the MRL/MpJ
compared to B6 tendons, coupled with the assessment of the innate tendon environment as
the driver of regeneration will further elucidate the effectiveness of the MRL/MpJ ECM in
providing the regenerative cues necessary to develop future tendon therapeutics.
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2| MATERIALS AND METHODS

2.1| Midsubstance patellar tendon punch injury

Under IACUC approval, a full-thickness hole punch injury was introduced into the
midsubstance of male MRL/MpJ (n = 65) and B6 (n = 67) left patellar tendons at 16 weeks
of age.b Briefly, mice were placed under isoflurane (2% by volume, 0.3 L/min), fur was
removed from the entire leg, and the patellar tendon was exposed through a skin incision
above the patellar tendon. A stainless-steel backing coated with a thin layer of polyurethane
was introduced beneath the tendon, and a 1-mm biopsy punch was utilized to create the
defect. The backing was then removed, and skin incision was sutured utilizing commercially
available 6-0 Prolene sutures (Ethicon Inc, Somerville, NJ, USA). Right tendons were
utilized as uninjured controls. Following the procedure, analgesic (Buprenorphine, 0.2
mg/kg) was administered and mice were allowed to resume cage activity until the time of
sacrifice. With IACUC approval, MRL/MpJ and B6 mice were obtained directly from The
Jackson Laboratory (MRL/MpJ #000486 & B6 #000664, Bar Harbor, ME, USA) (n = 155)
and a subset were bred in house (MRL/MpJ n = 5) with the original dame and sire obtained
from The Jackson Laboratory (MRL/MpJ #000486, Bar Harbor, ME, USA).

2.2| Analysis of structure and mechanics of in vivo healing MRL/MpJ and B6 tendons

A subset of patellar tendons were dissected, fixed in zinc buffered formalin, embedded in
paraffin, and sectioned (8 pm/section) for microscale structural analysis via fluorescent
imaging. Tendon sections were imaged at 10X magnification utilizing a fluorescence
microscope under a blue light filter to capture the tissue structural auto-fluorescence. A
previously validated custom MATLAB code was used to quantify the fraction of aligned
matrix deposited at the injury site for both MRL/MpJ and B6 tendons at 1 (n = 8/strain) and
6 weeks (n = 7-8/strain) post-injury.®

Following dissection, injured (n = 8-9/strain) and uninjured control (n = 8/strain) tendons
were placed in a 1X PBS bath at room temperature for mechanical testing. An initial 0.2 N
preload was applied, and tendons were preconditioned for 15 cycles at 1% strain, with a
frequency of 1 Hz. Stress relaxation testing was performed at 5% strain for 300 seconds.
Load was then removed, and tendons were allowed to recover for 300 seconds between tests.
Preconditioning was reapplied for 15 cycles (1% strain, 1 Hz). Finally, pull to failure testing
was performed at a rate of 0.1% strain/second. Ultimate load and stiffness were calculated.
Digital images were taken utilizing a monochrome industrial camera (DMK 33UX250) at a
0.2 N nominal load prior to mechanical testing to measure cross sectional area.

2.3| Analysis of provisional-ECM composition of in vivo healing MRL/MpJ and B6

tendons

Immediately post-sacrifice, the midsubstance region of MRL/MpJ and B6 injured (n = 8/
strain/timepoint) and uninjured control (n = 8/strain/timepoint) tendons were dissected and
placed individually in 1 mL of Deionized (DI) water supplemented with 1X Halt protease
inhibitor cocktail (Thermo Fisher Scientific, Waltham, MA, USA). Samples were then flash
frozen in liquid nitrogen and lyophilized for 48 hours to ensure all water content was
removed from the tendons. A progression of four homogenization cycles (15 seconds/cycle)
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was then performed utilizing 2.8-mm in diameter ceramic beads followed in sequence by
1.4-mm diameter beads for a total of eight cycles. Tendons were placed at —80°C for 2
minutes between cycles to maintain tissue stability. Homogenized tendons were then
digested utilizing individual solutions of 6 M Gdn-HCL to solubilize proteoglycans followed
by 0.1 mg/mL of pepsin in 0.05 M of acetic acid (Sigma-Aldrich, St. Louis, MO, USA) to
solubilize collagen content (Protocol adapted from Chondrex Inc, Redmond, WA, USA).
Samples were maintained at 4°C with agitation (350 rpm) for 72 hours during per digestion.
Following individual digestions, samples were centrifuged at 10 000 rpm for 5 minutes.
Supernatant was collected in a separate vial and prepared for analysis via colorimetric assay.
Gdn-HCL supernatant was utilized to analyze proteoglycan content, while pepsin digest
supernatant was utilized to measure collagen content. Commercially available 96-well plate
enzyme-linked immunosorbent assay (ELISA) Kits were utilized to measure decorin
(Abcam, Cambridge, MA, USA), fibromodulin (LifeSpan BioSciences Inc Seattle, WA,
USA), collagen | (LifeSpan BioSciences Inc Seattle, WA, USA), and collagen 111 (LifeSpan
BioSciences Inc Seattle, WA, USA) content in both injured and control samples for both
MRL/ MpJ and B6 tendons. Proteins and proteoglycans of interest were normalized to
respective total protein content measured with a Pierce BCA Protein Assay kit (Thermo
Fisher Scientific, Waltham, MA, USA). Duplicate measures were averaged from each
sample for both ELISA and BCA analysis. Optical density of this colorimetric assay was
determined using a microplate reader.

2.4] Assessment of healing tendon mechanical properties post ex vivo organ culture

Immediately after sacrifice, naive left patellar tendon-tibia complexes were dissected from
male 16-week-old MRL/MpJ (n = 14 total) and B6 (n = 14 total) mice. A 1-mm patellar
punch injury was introduced into a subset (n = 7/strain) of the dissected tendons under sterile
conditions. Injured and uninjured tendons were then mounted into a sterile polycarbonate
chamber utilizing a stainless-steel clamp to secure the tibia. 7-0 Vicryl braided sutures
(Ethicon Inc, Somerville, NJ, USA) were placed under the patella and a static load of 2.5 N
was applied onto the tendons. Samples were then placed into culture utilizing low-glucose
Dulbecco’s Modified Eagle Medium (DMEM; Corning, Corning, NY) supplemented with
10% of fetal bovine serum (FBS; Corning, Corning, NY, USA), 1% of antibiotic/antimycotic
solution (Gibco, Grand Island, NY, USA), and 1% of ascorbic acid for 4 weeks at 37°C with
5% CO5. Media changes were performed every 2-3 days. At the end of the culture period (4
weeks), tendons were removed from the culture chamber, imaged for cross sectional area
measurements, and mechanical testing was performed, as described above, to calculate
ultimate load, stiffness, ultimate stress and modulus.

2.5| Development of decellularized tendon ECM-derived coatings and growth factor

analysis

Detergent-free decellularization of mouse patellar tendons was adapted from a published
protocol?2 for mouse skeletal muscle. Four experimental groups were harvested after 1-week
post-injury as described above: 1) B6 control (C57BI/6 uninjured control ECM, BC); 2)
MRL/MpJ control (MRL/MpJ uninjured control ECM, MC); 3) B6 injured/provisional (BP);
and 4) MRL/MpJ injured/provisional (MP). Samples were incubated in 50 nM of
Latrunculin B (BioVision, Milpitas, CA, USA) in low-glucose DMEM for 2 hours at 37°C
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with agitation (450 rpm) to disrupt actin cytoskeletal networks. All further steps were
performed with agitation (450 rpm) at room temperature. All solutions contained 1X Halt
protease inhibitor cocktail to minimize proteolytic degradation, and DI water washes were
performed for 30 minutes between hypertonic incubation steps. Samples were then
incubated in 0.6 M of KCI for 2 hours, 1.0 M of KI for 2 hours, and washed in dH20 for 12
hours before repeating KCI and Kl incubations to lyse cells. Finally, samples were incubated
in 1X PBS containing 1 kU/mL Pierce Universal Nuclease for Cell Lysis (Thermo Fisher
Scientific, Waltham, MA) to remove cellular remnants, washed in 1X PBS for 48 hours to
remove residual nuclease, and flash frozen in liquid nitrogen before long-term storage at
-80°C.

Decellularized naive and provisional patellar tendons from B6 and MRL/MpJ mice were
lyophilized for 72 hours, homogenized as described above, and solubilized at a
concentration of 10 mg dry tissue weight/mL in 1 mg/mL of 0.1 M HClI-pepsin (Sigma-
Aldrich, St. Louis, MO, USA) at 4°C with agitation (150 rpm) for 72 hours. Solubilized
ECM digest was diluted in 0.1 M of AcOH to a final concentration of 3 mg/mL, aliquoted,
and stored at —80°C for long-term storage. Coatings were prepared by incubating 40 pL of
ECM digest in flat-bottomed 96-well plates (Corning, Corning, NY, USA) at 4°C for 18
hours to facilitate optimal protein adsorption. Rat tail type I collagen (Gibco, Grand Island,
NY, USA) was incubated similarly and served as a control for wound closure and cell
morphology experiments. All coatings were rinsed twice with 1X PBS immediately prior to
use to remove residual acid.

To assess differences in B6 and MRL/MpJ growth factor compositions, decellularized
control and provisional-ECM digests (n = 3/group) were analyzed using a RayBiotech C-
Series Mouse Growth Factor Antibody Array Kit (RayBiotech, Norcross, GA, USA).
Samples were loaded at a concentration of 200 pug/mL total protein per membrane, as
quantified using a Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Waltham, MA,
USA), in 1X PBS supplemented with 1X Halt protease and phosphatase inhibitor (Thermo
Fisher Scientific, Waltham, MA, USA). All incubation steps were performed at room
temperature with the maximum times recommended as per the manufacturer’s instructions.
Chemiluminescent exposures of BC, MC, BP, and MP were concurrently captured using a
ChemiDoc MP imager (Bio-Rad Laboratories, Hercules, CA, USA). Images were analyzed
in ImageJ with the background subtracted. All sample spots were normalized to a B6 (for
comparisons across strains) or control (for comparisons across within strains) reference
membrane using the arithmetic mean of the positive control spots. Semiquantitative
measurements of growth factor content were reported as normalized integrated intensity. To
determine whether meaningful levels of growth factor content were detected, the normalized
integrated intensity had to exceed two standard deviations of the mean of the negative
control spots. Fold changes of MRL/MpJ control and provisional-ECM compared to their
B6 counterparts were calculated for growth factors detected consistently in at least 2 of 3
technical replicates. Growth factors with at least a two-fold change in content were reported
and subsequently grouped together as anti-inflammatory, mitogenic, pro-inflammatory, or
angiogenic based on previous reports in the literature.
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2.6 | Invitro analysis of cell behavior following decellularized ECM-derived coating

stimulation

For isolation and culture of B6 primary patellar tendon cells, tendons from five 16-week-old
male B6 mice were dissected, stripped of the tendon sheath and fat pad, pooled, and digested
with 2 mg/mL of collagenase type | (Gibco, Grand Island, NY, USA) and 1 mg/mL of
collagenase type IV (Gibco, Grand Island, NY, USA) in low-glucose DMEM for 2 hours at
37°C on a rocking shaker. Single-cell suspensions were passed through a 70-um cell strainer
and expanded in low-glucose DMEM supplemented with 10% of lot-selected FBS, 1% of
antibiotic/antimycotic, sodium pyruvate, and L-glutamine at 37°C with 5% CO,. All in vitro
experiments were performed at passage three with at least three biological replicates from
independent cell batches.

For analysis of cell morphology B6 patellar tendon cells were seeded at 2000 cells/well (n =
9/group) in clear, flat-bottomed 96-well plates in low-glucose DMEM supplemented with
10% of lot-selected FBS, 1% of antibiotics/antimycotic, sodium pyruvate, and L-glutamine.
After incubating cells for 18 hours to facilitate cell spreading, cells were fixed with 4% of
paraformaldehyde (PFA; Electron Microscopy Sciences, Hatfield, PA, USA) for 20 min. To
assess the effect of different decellularized ECM-derived coatings on cell morphology, fixed
cells were permeabilized with 0.1% of Triton X-100 (Thermo Fisher Scientific, Waltham,
MA, USA) for 15 min, blocked in 2.5% of normal horse serum (Vector Laboratories,
Burlingame, CA, USA) for 30 min, and stained with rhodamine-phalloidin (Molecular
Probes, Inc, Eugene, OR, USA) and DAPI for 1 hour while covered from light. All
incubation steps were performed at room temperature. Fluorescent images of phalloidin-
stained samples were taken at 10X using a Zeiss Axio Observer Z1 inverted epifluorescence
microscope. Blinded measurements of cell circularity (defined as 4*r*area/perimeter?),
perimeter, area, and aspect ratio (defined as major_axis/minor_axis) were conducted in
ImageJ on a single-cell basis (8 cells/well; n = 72/group).

For cell proliferation, B6 patellar tendon cells were seeded at 10 000 cells/well (n = 6/group)
in clear, flat-bottomed 96-well plates in low-glucose DMEM supplemented with 10% of lot-
selected FBS, 1% of antibiotics/antimycotic, sodium pyruvate, and L-glutamine. After
incubating cells for 4 hours to facilitate complete attachment, cells were washed once with
1X PBS and subsequently cultured in serum-starved (1% lot-selected FBS) DMEM for 3
and 7 days with media changes every 2 days. B6 patellar tendon cells were exposed to
serum-starved conditions to suppress proliferation allowing us to isolate the effect of the
ECM-derived coatings on cell proliferation while maintaining cell viability and minimizing
high serum protein concentrations as a confounding factor. To measure cell proliferation as
determined by mitochondrial activity, the MTS assay was performed at each timepoint
following a 2 hours reagent incubation period as per the manufacturer’s instructions.
Relative proliferation (%) compared to non-coated wells (ie, B6 patellar tendon cells
cultured in serum-starved media conditions without ECM) was normalized to the average
protein adsorbed after coating (n = 6/group) quantified using a Micro BCA kit (Thermo
Fisher Scientific, Waltham, MA, USA) as per the manufacturer’s instructions.

Furthermore, B6 patellar tendon cells were labeled with CellTracker Green CMFDA Dye
(Invitrogen, Carlsbad, CA, USA) and seeded on Oris flat-bottomed 96-well plates (Platypus
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Technologies, Madison, WI, USA) at a density of 30 000 cells/well (n = 3/group) in serum-
starved DMEM. After incubating cells for 18 hours to facilitate complete attachment and
cell cycle synchronization, a 1-mm circular defect was created in each well by removing pre-
inserted silicone stoppers. Cells were washed once with 1X PBS to remove debris and
subsequently cultured in serum-free DMEM for 24 hours to suppress cell proliferation.
Fluorescent images were taken on a Spectra Max i3x Multi-Mode Microplate Reader
(Molecular Devices, San Jose, CA, USA) at 0, 12, and 24 hours to monitor cell migration
into the defect region. Wound closure activity was analyzed using ImageJ to quantify pre-
and post-migration integrated intensity. For analysis of cell proliferation and migration three
technical replicates were averaged for each independent cell batch.

Statistical analysis

Quantitative data are represented as mean + standard deviation. A one-way ANOVA with
Bonferroni post hoc multiple comparisons test was used to analyze selected comparisons for
matrix alignment, and all mechanical testing data. A one-way ANOVA with Sidak post hoc
multiple comparisons test was utilized for analysis of selected comparisons for provisional-
ECM composition of in vivo healing MRL/MpJ and B6 tendons. For collagen I/111 ratio,
individual Student t-tests were performed at each timepoint to assess differences across
strains. For all compositional assessment, statistical analysis was performed on raw data
prior to normalization to respective controls. For cell morphology experiments, a one-way
Welch ANOVA with post hoc Games-Howell was performed for selected comparisons. For
cell proliferation experiments, a one-way ANOVA with post hoc Bonferroni was performed
for selected comparisons. Selected comparisons of relative cell proliferation normalized to
total protein adsorbed were performed using nonparametric Mann-Whitney tests corrected
by the number of comparisons. For cell migration experiments, a Kruskal-Wallis one-way
ANOVA with post hoc Dunn for nonparametric data was performed for selected
comparisons (#P< .1, *P< .05, **P< .01, ***P< .001, ****P< .0001).

3| RESULTS

3.1]

All animals in this study tolerated surgery well and survived until the designated timepoint.

Analysis of structure and mechanics of in vivo healing MRL/MpJ and B6 tendons

Results showed significant early improvements in matrix alignment in the MRL/MpJ
tendons by 1 week post-injury (P=.012) compared to B6. Additionally, similar significant
improvements in matrix alignment were identified in the MRL/MpJ tendons by 6 weeks
compared to B6 (P=.0002) (Figure 1).

By 6 weeks after injury, healing MRL/MpJ tendons exhibited decreased stiffness (P
=.0005), yet a recovery in ultimate load from uninjured controls (Figure 2A,B). At this
timepoint, healing B6 tendons exhibited significant decreases in both stiffness (P< 0.0001)
and ultimate load (P =.0024) compared to uninjured controls (Figure 2 A,B). Healing
MRL/MpJ tendons showed improvements in stiffness (P=.0032) and ultimate load (P
=.0785) when compared to healing B6 tendons (Figure 2A,B). Assessment of stress
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relaxation did not show differences between MRL/ MpJ and B6 healing or control patellar
tendons after 6 weeks post-injury (Figure 2E).

Furthermore, analysis of material properties showed improved Young’s Modulus and
ultimate stress in the injured MRL/MpJ compared to B6 tendons (£ =.0658, = .0919) at 6
weeks post-injury (Figure 2C,D). The Young’s Modulus was significantly lower for both
MRL/MpJ and B6 injured tendons compared to respective controls (P=.0444, P=.0005)
(Figure 2C). Injured B6 tendons showed significant decreases and ultimate stress (P=.0134)
compared to uninjured controls, yet no differences were found in the ultimate stress between
injured and uninjured MRL/MpJ tendons (Figure 2D). All samples included in this study
failed via rupture at the midsubstance of the tendon during mechanical testing.

3.2 | Analysis of provisional-ECM composition of in vivo healing MRL/MpJ and B6

tendons

At 1 week post-injury, MRL/MpJ healing tendons exhibited significantly higher collagen Il
content (P=.0178) but no difference in collagen | content in comparison to healing B6
tendons. Furthermore, both MRL/MpJ and B6 tendons showed significant increases in
collagen 111 (P<0.0001, A< 0.0001) and decreases in collagen | (P< 0.0001, A< 0.0001)
content compared to uninjured controls by 1 week post-injury (Figure 3A,B). Additionally,
healing MRL/MpJ tendons exhibited significantly higher decorin content (P=.0117) in
comparison to healing B6 tendons at 1 week post-injury; yet, no differences were found in
fibromodulin between mouse strains at this timepoint. Compared to uninjured controls,
healing MRL/MpJ tendons presented significantly higher levels of decorin (£ =.0305),
while healing B6 tendons showed lower fibromodulin content (P=.0573) at 1 week post-
injury (Figure 3C,D).

Examination of the late tendon healing response during remodeling showed significantly
lower collagen 111 content (£=.0028) and no difference in collagen | content in the MRL/
MpJ tendons compared to B6 after 6 weeks of healing. As expected, healing MRL/MpJ and
B6 tendons showed significantly higher collagen 111 content (P< 0.0001, A< 0.0001)
compared to uninjured controls by 6 weeks. At this timepoint, collagen | was significantly
lower in the healing MRL/MpJ (P = .0063) but not B6 tendons in comparison to uninjured
controls (Figure 3A,B). Small leucine-rich proteoglycan (SLRP) analysis at the 6 week
timepoint showed that healing MRL/MpJ tendons exhibited higher levels of decorin (P
=.1029) compared to healing B6 tendons. Healing B6 tendons showed a significant decrease
in decorin content compared to uninjured controls by 6 weeks post-injury (P=.0184). No
differences were found in fibromodulin content of healing tendons between strains or
relative to uninjured controls at 6 weeks (Figure 3C,D). No differences were found in the
collagen I/111 ratio between MRL/MpJ and B6 tendons at either 1 or 6W (Figure 3E).

3.3| Assessment of healing tendon mechanical properties post ex vivo organ culture

There was no difference in stiffness or ultimate load between uninjured MRL/MpJ and B6
tendons after 4 weeks in organ culture (Figure 4A,B). Healing MRL/MpJ tendons showed
higher stiffness (P=.0360) and ultimate load (P=.0147) compared to B6 after 4 weeks in
culture, while stiffness and ultimate load were decreased in healing B6 (£ =.0001, <.0001)
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and ultimate load was decreased in healing MRL/MpJ tendons (P = .0209) compared to
uninjured controls (Figure 4A,B).

Additionally, both the Young’s Modulus and ultimate stress were higher in injured
MRL/MpJ compared to B6 tendons (P=.0992, P=.0972) after 4 weeks in culture (Figure
4C,D). No differences were identified in the Young’s Modulus between injured and
uninjured MRL/MpJ tendons after 4 weeks in culture. However, a decrease in ultimate stress
was found in the injured MRL/MpJ tendons compared to respective uninjured controls (P
=.116). Decreases in both Young’s Modulus (£=.0019) and ultimate stress (= .0002)
were found in injured B6 tendons compared to uninjured controls by this timepoint (Figure
4C,D).

3.4 | Growth factor analysis of decellularized ECM

Innate decellularized compositional differences were found (five differentially regulated
growth factors), with mitogenic growth factors (FGF-7) and pro-inflammatory
(amphiregulin, granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin-2
(IL-2), and interleukin-7 (IL-7)) cytokines elevated/detected only in MC compared to BC
(Figure 5A). A greater number of differentially regulated growth factors (eight total) was
found between BP and MP. Mitotic growth factors (IGF-2) and pro-inflammatory cytokines
(GM-CSF, granulocyte colony-stimulating factor (GCSF), IL-2, and IL-7) were elevated/
detected only in MP compared to BP, but MP exhibited reduced anti-inflammatory
(hepatocyte growth factor, HGF) cytokines and angiogenic growth factors (platelet-derived
growth factor AA (PDGF-AA) and placental growth factor (PLGF)) (Figure 5B).

3.5] Invitro analysis of cell behavior following decellularized ECM-derived coating

stimulation

Cells cultured on MP exhibited significantly decreased circularity (£ < .0001) and increased
area (P=.0694) compared to cells cultured on BP or collagen I, respectively (Figure 6 A,B).
Similarly, cells cultured on MC exhibited significantly decreased circularity compared to
cells cultured on BC (P =.003). No significant differences in circularity were found between
strains, but cells cultured on BP exhibited increased area compared to ones cultured on BC
(P=.1256) and collagen I (P=.0857). Cells cultured on BC and BP showed comparable
circularity to that of cells in collagen I. (Figure 6A).

Cells cultured on MP showed significantly enhanced cell proliferation compared to BP (P
=.0015) after 3 days of culture (Figure 7A). No significant differences in cell proliferation
were found for all comparisons after 7 days of culture (Figure 7B). After 3 days of culture,
relative proliferation normalized to total protein content on a per microgram basis similarly
showed that MP significantly enhanced cell proliferation compared to BP (P =.0058),
suggesting that cell proliferation was driven by compositional differences rather than protein
content (Figure 7C). No differences in cell migration were found for all comparisons at each
measured timepoint (Figure 8).
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DISCUSSION

Development of effective tendon therapeutics to overcome aberrant matrix deposition during
canonical healing has been hindered by the lack of informative regenerative healing models.
In this study, we have identified that the early-deposited MRL/MpJ provisional-ECM
following acute tendon injuries harnesses unique compositional cues that drive the improved
tendon healing outcome of this mouse strain and have the therapeutic capability to motivate
canonical healing cells toward improved morphological and proliferative behavior.

The wound healing response is complex and can gather cues from both the systemic and
innate tissue environment; however, the scarless healing response in the MRL/MpJ has been
shown to be tissue-specific suggesting the need to further interrogate the role of the intrinsic
tissue properties in its regenerative healing response23:5, We have previously demonstrated
that structural and cellular improvements can be identified in the MRL/ MpJ following a
patellar punch injury compared to a canonical healing B6 model, which, similarly to the
human tendon healing response, have been shown to heal through deposition of disorganized
matrix ultimately leading to scar formation and poor mechanical outcomes.5:7:18:23
Additionally, regenerative attributes have also been identified following ear punch injuries in
the MRL/MpJ2; however, despite results showing a similar systemic environment compared
to tendon, no correlations were identified between the systemic inflammation and the extent
of ear and tendon healing.® Together, these findings led us to the overarching hypothesis that
therapeutic coatings derived from MRL/MpJ tendon ECM have the potential to provide the
necessary cues to guide tendon cell behavior toward improved healing.

An initial step toward interrogating the healing potential of the MRL/MpJ ECM was the
assessment of the innate tendon environment as the driver of scarless healing. Thereby,
principles of organ culture were utilized to preserve the cell-matrix tendon environment,
while removing systemic contributions throughout healing. A key characteristic of uninjured
tendons is their ability to resist high levels of tensile loading experienced throughout daily
activity; therefore, while histological analysis of the deposited matrix in organ culture was
not conducted, mechanical testing provided a robust and stringent assessment of the tendon
healing in isolation from the systemic environment. Accordingly, analysis of mechanical
improvements accurately identifies the extent of functional recovery following tendon
injuries. Results showed no differences in mechanics between uninjured controls after
culture, elucidating similar effects of organ culture on patellar tendons regardless of genetic
strain. Supporting our hypothesis, analysis of healing tendons showed that MRL/MpJ
tendons exhibited improvements in stiffness and ultimate load compared to B6 when
separated from the systemic environment. Thereby, elucidating that tissue-specific changes
mediated by a unique provisional-ECM in MRL/MpJ tendons serve as the driver of scarless
healing.

Further in support of these findings, in vivo assessment of the concentration of key structural
matrix components in MRL/MpJ patellar tendon highlighted the promising role of the early-
deposited ECM on subsequent healing. Introduction of the biopsy punch injury removes the
collagen I rich matrix at the tendon midsubstance, resulting in the decreased levels in

collagen I observed in MRL/MpJ and B6 tendons compared to uninjured controls, creating a
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defect in which a bioactive provisional-ECM is deposited throughout healing.2°
Interestingly, the early increases in collagen Il at the injury site in the MRL/ MpJ compared
to B6 tendons could implicate a beneficial role for this structural protein in providing a
mechanosensitive cellular template for subsequent matrix deposition. However, the later
decrease in collagen 111 compared to B6 tendons, combined with the increased matrix
alignment in the MRL/MpJ, high-lights the need for this collagenous component to be
replaced by an organized matrix structure to achieve scarless healing. Assessment of the in
vivo healing response in MRL/MpJ and B6 tendons following our modified midsubstance
punch injury model showed the expected improvements in stiffness, ultimate load, Young’s
modulus, and ultimate stress, in healing MRL/ MpJ tendons compared to B6; however,
compositional analysis showed that the collagen I/111 ratio did not differ between MRL/MpJ
and B6 tendons at 6W, and while collagen I returns to uninjured levels in B6 tendons after 6
weeks post-injury, it remained lower in the MRL/MpJ tendons at this timepoint. Collagen |
is a key player in allowing healthy tendons to resist the large levels of load applied during
locomotion.?4 Therefore, the lack of collagen I recovery in the MRL/MpJ tendons and lack
of improvement in the collagen I/111 ratio compared to B6 during the late timepoint, despite
an improvement in alignment and mechanical properties, was unexpected. Nevertheless,
studies have shown that in addition to collagen | content, structural matrix cross-link quality
is a key primary regulator of mechanical function.16:25 For instance, alterations in cross-
linking behavior due to increased advanced glycation end products have been shown to
modulate failure behavior of tendon fibrils, 26 while others have attributed hydroxylysyl-
pyridinoline cross-link density, mediated by lysyl-oxidase, to the resulting stiffness changes
in tendons throughout aging.2” Furthermore, secondary regulators, such as collagen fiber
diameter, could further explain the unexpected discrepancy between collagen I content and
mechanical behavior in the MRL/MpJ tendons.16:28 arger, densely packed fibers at the
subcellular scale could result in a higher cross-sectional area over which the mechanical
loads are distributed, thereby allowing the fibers to withstand higher loads before reaching
failure. Additionally, tissue engineering studies have shown that fiber diameter regulates
fibroblast growth and differentiation,2® suggesting a role in modulating the structural matrix
quality deposited by these cells. Potential improvements in fiber and cross-linking quality
coupled with our observed improvement in fiber alignment in healing MRL/MpJ tendons
could help explain the resulting mechanical improvements post-injury despite the decrease
in collagen I and lack of improvements in the collagen I/111 ratio; however, further
assessment of fiber structure and cross-linking profile of healing MRL/MpJ and B6 tendons
is necessary to confirm this notion.

Additionally, we have previously shown that Transforming Growth Factor-p (TGF-B), a
soluble growth factor implicated in fibrosis, is significantly decreased in the MRL/MpJ
compared to B6 after patellar tendon injury in vivo.® Interestingly, in this study, we found
higher levels of decorin, a SLRP demonstrated to play a major role in the sequestration of
this growth factor,30 in the early-deposited ECM of MRL/MpJ tendons compared to B6. The
presence of decorin has been shown to inhibit the TGF- signaling pathway,3! which
coupled with the previously observed decreases in this cytokine’s concentration in the
MRL/MpJ tendons after injury, could provide a possible mechanism responsible for the
scarless healing observed in this model. On the other hand, the collagen-binding SLRP
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fibromodulin provides a functionally active ECM for tendon stem-like progenitor cells by
modulating their interactions with growth factors associated with aberrant matrix deposition
such as TGF-B and Bone Morphogenetic Proteins (BMPs).32:33 Unexpectedly, no
differences were identified in fibromodulin content between MRL/MpJ and B6 tendons
throughout injury. However, we found an early decrease in the presence of fibromodulin in
healing B6 tendons when compared to uninjured controls. Studies have shown that while
fibromodulin is fundamental for regeneration of cutaneous wound healing observed during
fetal stages,34 decreased levels of this SLRP result in hypertrophic scar formation in adult
models.32:36 Therefore, it is possible that, early maintenance of fibromodulin levels observed
in MRL/MpJ tendons compared to controls, in contrast to the decrease observed in healing
B6 tendons, are sufficient for successful contribution of this SLRP toward a synergistic
ECM environment that leads to regeneration. Collectively, this data suggest that tissue-
specific changes mediated by a unique provisional-ECM in MRL/MpJ tendons serve as the
driver of scarless healing.

The intrinsic tendon environment is composed of both resident cells and matrix that are
responsible for the ensuing healing response in vivo.16 However, introduction of cellular
components from one host to another has been shown to have potential adverse effects such
as high risks for infection and rejection of the transplanted therapeutics or grafts.3” To
overcome this limitation, decellularized constructs that maintain ECM environmental cues
without cell debris have become viable products for therapeutic applications.38-40
Interestingly, a number of studies have shown the ability of decellularized matrices to
stimulate improved healing and cell behavior in tissues such as the heart,*! skeletal muscle,
42 prain,*3 and adipose.** Still, whether the in vivo early compositional and growth factor
environment in MRL/MpJ could be harnessed toward effective tendon therapeutic strategies
remained unknown. Therefore, we interrogated the capacity of the early-deposited
MRL/MpJ provisional-ECM composition to modulate B6 tendon-derived cell activity in
vitro. To isolate the therapeutic effect of different MRL/MpJ and B6 ECM compositions on
B6 derived cells, we utilized a non-proteolytic detergent-free decellularization protocol that
eliminated cell-associated influences while preserving the natural composition and growth
factor environment within our coatings. Single-cell analysis of cytoskeletal networks from
MRL/MpJ ECM treated cells revealed a dendritic-like phenotype, marked by increased
presence of cellular protrusions and decreased circularity (ie, increased cell spreading),
compared to cells cultured on B6 ECM. Previous studies have implicated a role for tenocyte
protrusions and spreading in mechano-transduction processes vital for ECM production®®
and intercellular communication via formation of gap junctions.*647 Furthermore, decreased
cell circularity has been associated with actively proliferating cells in low-density 2D
cultures,*8 suggesting that the compositional components of MRL/MpJ provisional-ECM
provide biochemical cues that facilitate enhanced cell morphological and mitogenic
behavior.

Interestingly, early increases in cell proliferation have also been identified as a hallmark of
tendon regeneration in the MRL/MpJ.8 In accordance with these studies, our data showed
that MRL/MpJ provisional-ECM enhanced the proliferation of B6 cells compared to B6
provisional-ECM in vitro, further suggesting the promising ability of MRL/MpJ ECM-
derived therapeutics to stimulate improved cell behavior of canonically healing tendon
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injuries. Notably, elevated levels of pro-inflammatory factors GM-CSF, GCSF, IL-2, and
IL-7, implicated in the activation of resident tendon cells for effective healing,*° and
mitogenic IGF-2, shown to stimulate tendon cell proliferation,5%-51 were found in MRL/MpJ
provisional-ECM indicating that MRL/MpJ tendons harness distinct biological cues during
healing. The effect of these ECM-derived coatings on canonically healing tendon cells
illustrate that synergistic compositional differences in both uninjured and provisional
MRL/MpJ ECM, compared to their B6 counterparts, play a crucial role in mediating
effective cellular processes required for scarless tendon healing.

This study is not without some limitations. Tendon area was calculated through visual
interpretation from digital images obtained under a nominal load prior to mechanical testing.
As a small soft connective tissue, the mouse patellar tendon does not have exact boundaries
or edges that can be consistently identified in images; thereby, slight misalignment or
rotation of the tissue during imaging could lead to a significant misrepresentation of the
tendon’s cross sectional area, limiting the accuracy of material property measurements such
as Young’s modulus and ultimate stress. Adoption of precise laser-based methods®2 or
ultrasound imaging®3 could be utilized in future studies to increase the accuracy of cross
sectional area measurements. Analysis of the decellularized ECM growth factor environment
was limited to semiquantitative evaluation. Thus, future studies employing quantitative
measurements of growth factor content and activity are merited to further interrogate the role
of these ECM-associated soluble factors in promoting scarless tendon healing. To minimize
the confounding effect of serum proteins on cell proliferation, the effect of ECM-derived
coatings on cell proliferation was determined under serum-starved conditions up to 7 days.
Consequently, a limitation of this approach is that cellular stress due to prolonged serum
starvation could also have contributed to changes in cell mitochondrial activity. Future work
could measure active DNA synthesis (eg, 5-ethynyl-2”-deoxyuridine or EdU staining) and
cell cycle kinetics in vitro to further investigate the influence of our decellularized ECM-
derived coatings on cell proliferation. In addition, while the decellularized ECM-derived
coatings employed in this study assessed the effect of structural ECM components on cell
behavior, this 2D culture model does not fully recapitulate the spatial organization or
biochemical properties of the native ECM. Future work should examine cell-ECM
interactions and morphological behavior within 3D ECM-derived hydrogels. Furthermore,
no changes in cell migration were found in our study, suggesting that early alterations in cell
migration may not be a critical contributor to MRL/MpJ scarless tendon healing. However, a
3D ECM environment with chemotactic stimuli (eg, paracrine factors) may be needed to
definitively ascertain the role of cell migration during MRL/MpJ scarless tendon healing.
Moreover, while we have identified improvements in the healing response of MRL/MpJ by
6W in vivo and therapeutic potential for MRL/ MpJ ECM-derived coatings by 3 days in
vitro, future analysis of later timepoints are necessary to ensure persistence of these
outcomes. Finally, a limitation of this study is that only male mice were analyzed.
Differences in the MRL/MpJ healing response due to sex have been identified in tissues such
as ear and articular cartilage.3:545 Accordingly, future work should determine the extent to
which our findings extend to the healing response of female MRL/MpJ mice.

Overall, we have shown that the ability of the MRL/MpJ patellar tendons to heal through a
scarless-mediated pathway is driven by an intrinsic ECM environment. Furthermore, the
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distinctive decellularized composition of MRL/MpJ patellar tendons is able to enhance
canonical healing B6 cell activity in vitro. These findings support the therapeutic potential of
MRL/MpJ ECM-derived constructs in improving canonical tendon healing. Furthermore,
future work elucidating the complete compositional profile and fiber properties, such as
diameter and density, of these MRL/MpJ ECM-derived constructs could provide insight into
the development of tissue-engineering scaffolds that encourage improved matrix deposition
at the injury site. Finally, while in vitro analysis of cell behavior is a necessary first step to
identify the therapeutic potential of these MRL/MpJ derived therapeutics, subsequent studies
introducing the MRL/MpJ provisional-ECM environment in vivo will provide further insight
into the ability of these constructs to promote scarless healing in adult mammals.
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Abbreviations:

BC C57BI/6 uninjured control ECM

BP C57BlI/6 provisional-ECM (1-week post-injury)
DI deionized

ECM extracellular matrix

ELISA enzyme-linked immunosorbent assay

FGF-7 fibroblast growth factor 7

GCSF granulocyte colony-stimulating factor

GM-CSF granulocyte-macrophage colony-stimulating factor
HGF hepatocyte growth factor

IGF-2 insulin growth factor 2

IL-2 interleukin-2

IL-7 interleukin-7

MC MRL/MpJ uninjured control ECM

MP MRL/MpJ provisional-ECM (1-week post-injury)
MRL/MpJ Murphy Roth’s Large

PDGF-AA platelet-derived growth factor AA

PLGF placental growth factor
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Provisional-ECM provisional extracellular matrix

SLRP small leucine-rich proteoglycan
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FIGURE 1.
(A) Analysis of structural matrix alignment in healing MRL/MpJ and C57BL/6 (B6)

tendons. MRL/MpJ showed higher levels of matrix alignment compared to B6 at both 1
week (W) and 6W post in vivo healing. (B) Micrographs show representative histological
sections of B6 (1W), MRL/MpJ (1W), B6 (6W), and MRL/MpJ (6W), respectively. Red
arrows mark representative regions of matrix disorganization, while green arrows mark
representative regions of alignment. Scale bars represent 200 pm. **P< .01
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FIGURE 2.
Mechanical assessment of MRL/MpJ and B6 patellar tendons 6 weeks (W) following a

midsubstance punch injury. Healing B6 tendons exhibited decreased stiffness (A) and
ultimate load (B), while healing MRL/MpJ tendons exhibited decreased stiffness (A)
compared to uninjured controls after 6W. However, MRL/MpJ tendons showed higher
stiffness (A) and ultimate load (B) compared to B6 after healing for 6W in vivo. Material
properties showed improvements in (C) Young’s modulus and (D) ultimate stress in injured
MRL/MpJ tendons compared to B6. Injured MRL/MpJ and B6 tendons exhibited decreases
in Young’s Modulus, however, only B6 injured tendons showed differences in ultimate stress
compared to uninjured controls at 6W. E, Stress relaxation (%) was similar between all
groups evaluated. #P< .1, *P< .05, **P< .01, ***P< .001, ****P< .0001
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Assessment of key structural matrix proteins in healing MRL/MpJ and B6 tendons. (A)
Collagen | was decreased in healing MRL/MpJ and B6 tendons compared to controls at 1
week (W) but was recovered to uninjured levels in B6 by 6W. (B) While elevated in all
healing groups at 1W and 6W, collagen I11 was more elevated in healing MRL/MpJ than
healing B6 tendons at 1W, but was less elevated in healing MRL/MpJ than healing B6
tendons at 6W. (C) Decorin was increased at 1W in healing MRL/MpJ tendons compared to
controls and healing B6 tendons. At 6W decorin returned to uninjured levels in the
MRL/MpJ while it was decreased in healing B6 tendons compared to uninjured controls. (D)
Fibromodulin was decreased only in healing B6 tendons by 1W and returned to uninjured
levels by 6W. (A-D) Dotted line represents protein concentration in uninjured controls
respective to strain, and symbol above group denotes difference compared to uninjured
control. (E) No differences were found in the collagen I/111 ratio at 1 or 6W across strains.
Protein concentrations were normalized to respective total protein content for all groups. #P
<.1, *P< .05, **P< .01, ****P< 0001
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FIGURE 4.
Mechanical assessment of MRL/MpJ and B6 patellar tendons following 4 weeks in organ

culture. No differences were found in stiffness (A), or ultimate load (B) between uninjured
MRL/MpJ and B6 patellar tendons due to the organ culture environment. While still lower
than controls, healing MRL/MpJ tendons showed improved stiffness and ultimate load
compared to B6 at 4W post-culture. Injured MRL/ MpJ tendons showed higher Young’s
Modulus (C), and ultimate stress (D) compared to injured B6 after 4 weeks in culture.
Injured MRL/MpJ tendons showed a decreased ultimate stress, while decreases in both
Young’s Modulus and ultimate stress were identified in injured B6 tendons compared to
respective uninjured controls (C,D). #P< .1, **P< .01, ****P< .0001
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FIGURE 5.
Semiquantitative evaluation of growth factor content (MRL/MpJ relative to B6) in

decellularized uninjured control and 1-week provisional-ECM digests. Growth factor
content is presented as fold change expression. (A) Representative image of the RayBiotech
C-Series Mouse Growth Factor Antibody Array used to analyze decellularized B6 and
MRL/MpJ ECM digests. (8) MRL/MpJ control ECM contained pro-inflammatory cytokines
and mitogenic growth factors that were not detected in B6 control ECM (C) A greater
number of differentially regulated growth factors was found between B6 and MRL/MpJ
provisional-ECM. Pro-inflammatory cytokines and mitogenic growth factors were elevated
in MRL/MpJ provisional-ECM compared to B6 provisional-ECM. Anti-inflammatory
cytokines and angiogenic growth factors were reduced in MRL/MpJ provisional-ECM
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compared to B6 provisional-ECM. Fold changes in growth factor content are visualized by
the heat map where warm colors denote increased content in B6 ECM, whereas cool colors
denote increased content in MRL/MpJ ECM. “B6” denotes a growth factor detected only in
B6 ECM, “MRL” denotes a growth factor detected only in MRL/MpJ ECM
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FIGURE 6.
Single-cell analysis of actin cytoskeletal organization of B6 patellar tendon cells cultured on

decellularized control and 1-week provisional-ECM coatings. (A) Thresholded outlines of
five representative cells. MRL/MpJ 1-week provisional-ECM coatings increased cell
spreading and promoted the formation of visually apparent cellular protrusions, whereas B6
ECM coatings maintained comparable cell morphology to collagen type | control.
Quantified measurements of cell circularity are visualized by the heat map where warm
colors denote decreased cell circularity, whereas cool colors denote increased cell circularity.
Scale bars: 200 um. (B) Quantification of cell circularity. (C) Quantification of cell area.
Dotted line represents mean of collagen type I control. #P< .1, *P< .05, **P< .01, ***pP
<.001, ****pP < 0001. Symbol above group denotes difference compared to collagen |
control
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FIGURE 7.
Cell proliferation of B6 patellar tendon cells cultured on decellularized control and 1-week

provisional-ECM coatings via mitochondrial activity measured using an MTS assay.
Mitochondrial activity was normalized to that of a non-coated control (ie, cells cultured in
media without ECM). (A) After 3 days of culture, mitochondrial activity was significantly
enhanced on MRL/MpJ 1-week provisional-ECM coatings. (B) After 7 days of culture, no
significant differences in mitochondrial activity were found for all selected statistical
comparisons. (C) Relative cell proliferation was normalized on a per microgram basis to the
initial total protein adsorbed by each ECM coating. After 3 days of culture, MRL/MpJ 1-
week provisional-ECM coatings significantly enhanced the mitochondrial activity of B6
cells compared to B6 1-week provisional-ECM coatings. Dotted lines indicate mean of the
non-coated control. **P< .01
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FIGURE 8.
Cell migration of B6 patellar tendon cells cultured on collagen control and decellularized B6

and MRL/MpJ ECM coatings via integrated density of fluorescence micrographs. No
differences in cell migration were found for cells cultured between different ECM coating
groups at any of the timepoints measured
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