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Abstract

Purpose: Tendon tears are common injuries that heal with scar formation. Interestingly,
MRL/MpJ mice heal without scar in several tissues, including tendon. Most hypotheses regarding
scarless healing implicate the systemic environment. However, the tissue-specificity of this
regenerative response and our previous findings showing regeneration of subrupture tendon
injuries, which lack an overt systemic response, motivate a tissue-driven hypothesis. Our objective
is to investigate the potential of the local tendon environment in driving scarless healing (1) by
comparing the systemic response and the healing capacity associated with ear and tendon injuries
in MRL/MpJ mice, and (2) by comparing intrinsic healing properties between MRL/MpJ and
normal healer C57BI/6 tendons.

Methods: We examined the systemic inflammatory and local structural environments of ear and
tendon punch injuries in MRL/MpJ and C57BI/6 mice. Systemic differences were analyzed to
assess effects of different injuries on the inflammatory response. Correlations were assessed
between MRL/MpJ ear and tendon injuries to compare the extent of healing between regenerative
tissues.

Results: Analysis showed similarities between the systemic environment in MRL/MpJ post ear
or tendon injuries. However, comparable inflammatory responses did not translate into analogous
healing between tissues, suggesting that the systemic environment is not the driver of regeneration.
Supporting the regenerative role of the local environment, healing MRL/MpJ tendons exhibited
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improved matrix and cell alignment and a distinct composition of growth factors and Hyaluronan
from C57BI/6.

Conclusion: These findings support the tissue-driven hypothesis for MRL/MpJ tendon
regeneration and motivate further investigation regarding specific roles of extracellular factors in
scarless healing.
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Growth factors; Hyaluronan; matrix alignment; Murphy Roths Large Mice (MRL/MpJ); scarless
healing; tendon regeneration

Introduction

Tendon tears are common musculoskeletal injuries that impact athletes and the general
population (1). Canonical tendon healing is characterized by scar formation, with
disorganized structure and inferior mechanical function, predisposing the healing tendon to
re-injury and rupture (2). Extensive attempts to recapitulate the regenerative tendon healing
environment have been unsuccessful due to the lack of a guiding model of adult mammalian
scarless healing (3). While regenerative tissue healing has been identified in amphibians and
fetal mammals, the large discrepancies of the mechanical environment and immune response
between these models and the adult mammalian healing environment have hindered the
development of effective tendon therapeutics. Consequently, identification of Murphy Roths
Large (MRL/MpJ) mice as an adult model of mammalian regeneration holds much potential
for advancement of therapeutics in this area.

While the driver of the regenerative properties of MRL/MpJ mice is largely unknown, the
immunocompromised environment of this mouse strain has led to the prevailing hypothesis
that these phenotypes are interdependent. Supporting this hypothesis, injuries in which
circulating inflammatory cytokines from the blood thoroughly infiltrate the damaged region,
such as ear cartilage and full thickness articular cartilage wounds, have been noted to
recuperate naive-like structure and composition (4,5). However, no improvements have been
identified in injuries that lacked blood flow such as partial-thickness articular cartilage
lacerations (5).

Conversely, the fact that regenerative healing of the MRL/MpJ mouse is tissue specific, and
does not extend to skin, dopaminergic neurons, or certain types of myocardial and cartilage
injury, supports an alternative hypothesis wherein the local environment of the injured tissue
may be integral to the regenerative outcome (5-8). For instance, the growth factor-rich cell-
free extracellular matrix (ECM) generated in vitro by isolated MRL/MpJ ear blastema cells
stimulated scarless dorsal cutaneous wound healing in C57BI/6 mice (9). This suggests the
potential role of the MRL/MpJ tissue-specific growth factor environment in driving a
regenerative response. Furthermore, very weak correlations were found between extent of
healing in articular cartilage and closure of ear punch injury despite their shared systemic
environment (5). Recently, Sereysky et al. examined the healing capacity of tendons from
MRL/MpJ in response to both acute injury, which exhibits the typical systemic
inflammatory cascade, and sub-rupture fatigue injury, which is largely characterized by a
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biological response that is intrinsic to the tendon (10). Interestingly, the improved healing
capacity of these mice extended to both types of injuries, as exhibited by restoration of
structural and mechanical integrity, providing evidence that implicates the tissue’s local
environment as a driver of the improved healing response.

Moreover, structure and composition have also been identified as vital players in
regeneration of tissues such as the liver, fetal skin, and oral mucosa (11-13). Namely,
Hyaluronan (HA), a key structural glycoprotein of the ECM, has been shown to modulate
the local inflammatory healing phase, provide structural matrix integrity, and regulate
availability and activation of growth factors such as TGF-B, FGF, and PDGF during the
regenerative healing response of these tissues (14-16). These key growth factors are
upregulated during repair and play a major role in modulating cell proliferation,
angiogenesis and fibrosis. Gaining a better understanding of the role of this glycoprotein and
growth factors in the regenerative tendon healing response of the MRL/MpJ could elucidate
promising targets for the development of effective tendon therapeutics.

Accordingly, we hypothesize that the structural and compositional differences in the
provisional ECM of MRL/MpJ mice orchestrate a biological environment that stimulates
cell activity to ultimately promote improved tendon healing. As a first step toward testing
this hypothesis, the objectives of this study are to (1) compare the systemic inflammatory
response associated with different injuries, (2) evaluate the correlation in the extent of
healing between tendon and ear punch injuries, and (3) assess the alterations in the intrinsic
tendon healing response of MRL/MpJ and C57BI/6 mice as determined by HA content,
growth factor environment, matrix alignment, and cell alignment.

In vivo patellar tendon punch and ear punch injuries

Under IACUC approval, skeletally mature 8-9-week-old male “super-healer” MRL/MpJ
mice (n=41) and “normal-healer” C57BI/6 mice (7= 28) underwent left unilateral ear
punch at the start of the 4-week study period using a standard 2-mm ear tag punch (Fisher
Scientific, Waltham, MA, USA). In addition, all animals underwent left unilateral full-
thickness, excisional 0.75-mm patellar tendon punch as described previously (17,18) and
were allowed to heal for either 1 week or 4 weeks so that all animals were sacrificed at the
completion of the 4-week study period. Ear punches were imaged using a digital SLR
camera (Nikon D7100, Tokyo, Japan). Images were analyzed for degree of ear wound
closure in MRL/MpJ and C57BI/6 mice. Following bulk ear analysis, some MRL/MpJ (n=
13) and C57BI/6 (= 4) were allocated for other experiments not encompassed in this study.

Serology associated with ear and tendon punch injuries was analyzed utilizing standard
techniques of blood sample collection from the facial vein 24 h following ear punch and 24
h following tendon punch. Mice were then sacrificed and their left patellar tendons were
dissected at the completion of the study period. Contralateral patellar tendons from the 24-h
time-point of a separate study were used as “naive” uninjured controls. Finally, following
sacrifice, tendons were randomly designated to histology, or ELISA for analysis (Figure 1).
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Serological analysis

Previous studies have noted key differences in circulating inflammatory cytokines in the
MRL/MpJ compared to C57BI/6 after injury. These differences include decreased pro-
inflammatory IL-1 (19), IL-6 and TNF-a (20), as well as increased anti-inflammatory IL-10
and IL-4 (21). Therefore, to assess the differences in the inflammatory environments
between ear and tendon injuries, we utilized a comprehensive non-biased multiplex ELISA
panel commercially designed to measure the concentration of the previously mentioned pro
and anti-inflammatory markers as well as nine additional factors that could be implicated in
tendon regeneration. This assay was utilized according to the manufacturer’s protocol (14
markers) (Quansys Biosciences, Logan, UT, USA). For each cytokine with at least half of
the samples in the detectable range, levels in MRL/MpJ were compared to levels in C57BI/6
by ttest (7= 6-8). For MRL/MpJ samples, cytokine levels following ear punch injury were
compared to levels following tendon injury by #test.

Histology and immunohistochemistry

Dissected tendons designated for histology were prepared in paraffin using standard
technique and sectioned in the coronal plane at 6-um thickness. Sections were stained for
toluidine blue and hyaluronic acid (Abcam, Cambridge, United Kingdom) and imaged at 5x
and 40x%. Hyaluronic acid-stained sections were thresholded using MATLAB to calculate the
fraction of positively stained matrix (7= 6-9). Toluidine blue-stained sections were
analyzed using a custom MATLAB code to determine fraction of aligned ECM (n=5-8).
Briefly, a digital grid was placed on each image and fast Fourier transforms were used to
determine the power spectrum and entropy, so as to categorize each grid element as aligned
or unaligned. Subsequently, a blinded user analyzed cell orientation in three images sampled
each from regions of aligned and unaligned matrix from each tendon (77 = 5-8). Binary
conversion was performed utilizing ImageJ and the angle of cell alignment was calculated in
MATLAB for each cell using an ellipse-fit method. The matrix alignment histomorphometry
algorithm was validated by six blinded users (7= 6) tasked to grade several matrix regions
as aligned or unaligned (number of regions graded per user: 73-107 Aligned, 60-90
Unaligned). The algorithm was then utilized to also perform this task on the same regions.
Percent agreement between the users and the code was measured to assess the accuracy of
the code (Percent Agreement for Aligned Regions = 89.6 + 6.77%; Percent Agreement for
Unaligned Regions = 90.0 = 5.52%) (Figure S1 in Supplementary Material).

Bulk tendon analysis

Dissected tendons designated for bulk tissue analysis were flash frozen in liquid nitrogen
and stored at —80°C until time of processing. Samples were lyophilized and then
homogenized with mechanical disruption (2010 Geno/Grinder, SPEX Sample Prep,
Metuchen, NJ, USA). Protein was extracted from homogenized tendons in 1% SDS in 1M
Tris-HCI (pH 7.4) and total protein concentrations were measured using the BCA assay
(Thermo Scientific Pierce, Waltham, MA, USA) at a 1:25 dilution. ELISAs for bFGF, TGF-
B, and PDGF were performed on MRL/MpJ (1= 6/cytokine) and C57BI/6 (1= 6/cytokine)
according to manufacturer’s instructions (MyBioSource, San Diego, CA, USA).
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Ear punch analysis

Numerous studies have identified ear punch injuries to heal regeneratively in the MRL/MpJ
by assessing parameters such as the degree of wound closure (4,5,22,23). Therefore, in order
to interrogate the correlations between the level of healing of tendon and ear injuries, the
percent closure of ear punch areas was calculated by comparing ear punches at onset of
injury and 4 weeks later (ImageJ, NIH, Bethesda, MD, USA). Percent ear closure for
MRL/MpJ (n=41) and C57BI/6 (n = 28) were compared by #test, and MRL/MpJ ear
healing was subjected to non-subjective A~-means cluster analysis using Minitab software
(Minitab, State College, PA, USA). MRL/MpJ ear healing clusters were designated as
“normal-healer,” “healer,” or “super-healer.” Measurements of tendon healing for MRL/MpJ
animals were then segregated by corresponding ear punch healing cluster for each animal. 7-
tests were used to com-pare super-healer and healer clusters, as defined by ear punch
closure, for each tendon parameter. Correlations were calculated between each tendon
healing parameter and percent ear punch closure.

Statistical analysis

Results

Comparisons between MRL/MpJ and C57BI/6 at each time point were assessed using
parametric two-tailed #tests. To further analyze changes within each strain, one-way
ANOVA with post-hoc Bonferroni was used to compare naive, 1-week injured, and 4-week
injured. For cell alignment, ~tests were used to test for differences in variance in cell
orientation between strains at each time point. Statistical significance was set at p < 0.05
(denoted by *) and a trend was set at p < 0.1 (denoted by #).

Systemic inflammatory response to injury in different tissues

As expected, systemic responses to tendon injury and ear cartilage injury were not different
in 8 of 10 detectable cytokines in MRL/MpJ, suggesting a generally similar systemic
response between these injuries (Figure 2). More specifically, only higher levels of IL-6 and
lower levels of RANTES were observed in response to tendon injury compared to ear injury.
In addition, the systemic response in MRL/MpJ due to tendon or ear injury differed from
that of C57BI/6 injuries. More specifically, MRL/MpJ tendon injury elicited a lower
response than C57BI/6 in 7 of 12 detectable cytokines whereas MRL/MpJ ear injury elicited
a lower response than C57BI/6 in 3 of 8 detectable cytokines (Figure 3).

Correlations between extent of healing in tendon and ear punch injuries

After 4 weeks of healing, MRL/MpJ ears healed significantly more (64% area closed)
compared to C57BI/6 ears (8% area closed, £ < 0.0001, Figure 4). Analysis with ~means
clustering non-subjectively divided MRL/MpJ ear healing capacity into “normal-healers,”
“healer,” and “super-healer” clusters. Note that 95.12% of MRL/MpJ mice fell into the
“healers” or “super-healers” category, which both far exceed the range of C57BI/6 healing.
While distinctly superior to the healing of control C57BI/6 mice, the variation in MRL/MpJ
ear punch healing enables correlations to be made within the strain.
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Tendon alignment, HA content, and growth factor measurements did not differ between
super-healer and healer groups as defined by ear punch healing clusters (Figure 5),
suggesting that extent of healing in the tendon injury does not correlate with that of the ear
injury. Furthermore, correlations between ear healing in MRL/MpJ and HA content, growth
factor levels, and cell activity indicate that of the 10 correlations conducted, only PDGF
levels in the tendon at 4 weeks correlated with ear healing (= 0.03, /2 = 0.64; Table 1).

Deviations in the innate tendon healing response between mrl/mpj and c57bl/6

Consistent with findings from tendon laceration studies (10), MRL/MpJ tendons exhibited a
significantly larger area of aligned ECM (1 week, P=0.0164; 4 weeks, P< 0.0001; Figure
6A), and a significantly smaller area of unaligned ECM (1 week, £=0.0281; 4 weeks, P<
0.0001; Figure 6B) compared to C57BI/6 tendons at both 1 and 4 weeks. Cells in MRL/MpJ
matrix demonstrated significantly lower variation in alignment at 1 week and 4 weeks in
both highly aligned and unaligned matrix compared to cells in C57BI/6 matrix (1 week
aligned, £<0.0001; 4 weeks aligned, £< 0.0001; 1 week unaligned, A< 0.0001; 4 weeks
unaligned, £< 0.0001; Figure 6C-D). As expected, HA levels were not different between
naive C57BI/6 and naive MRL/MpJ (Figure 6E, £=0.1010). HA levels in C57BI/6 tendons
were elevated compared to naive levels only after 4 weeks (2= 0.0003). In MRL/MpJ, HA
levels were elevated after 1 week compared to naive, but returned to levels not different
compared to naive by 4 weeks (P = 0.0144). Representative images are shown for each
histological stain and group (Figure S2 in Supplementary Material).

Assessment of key growth factors using ELISA showed that MRL/MpJ tendons exhibited a
decrease in TGF-B at 1 week that returned to naive levels by 4 weeks (P = 0.0342) (Figure
7). In contrast, C57BI/6 tendons exhibited elevated TGF-p only at 4 weeks (P < 0.0001).
PDGF levels in MRL/MpJ tendons were similar to naive levels (P=0.1943) after 1 and 4
weeks but higher than C57BI/6 at 4 weeks (P = 0.0087). On the other hand, PDGF levels in
C57BI/6 tendons were significantly lower than naive only at 4 weeks (P = 0.0058). bFGF
levels in C57BI/6 tendons were not changed at 1 or 4 weeks. However, MRL/MpJ tendons
exhibited marked elevations in bFGF at both 1 and 4 weeks compared to both naive (P=
0.0041) and C57BI/6 tendons (£ = 0.0022).

Discussion

The discovery of the adult regenerative healing response observed in the MRL/MpJ mouse
provides a promising template to elucidate the biological and structural cues necessary to
achieve tissue regeneration. Recent studies on the MRL/MpJ have led to the development of
two common hypotheses regarding the driver of its regenerative healing response. The first
hypothesis attributes these regenerative properties to the systemic inflammatory
environment, while the second credits the role of the local tissue environment as the driver
for scarless healing.

Consequently, the objective of this study was to analyze the systemic and local tendon
healing properties to provide support for the prominent role of the extracellular environment
in driving the regenerative healing response of the MRL/MpJ strain. Consistent with
previous studies, initial evaluation of the systemic environment showed that MRL/MpJ
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exhibited a decreased inflammatory response compared to C57BI/6 mice 24-h post-tendon
and ear injury (21). This deviation from canonical healing has become a major contributor to
the idea that the systemic environment acts as a driver for tissue regeneration in the MRL/
MpJ. However, contrary to this hypothesis further analysis showed that although the
systemic environment between MRL/MpJ ear and tendon injuries was similar, no
correlations were found between the level of healing of ear punch injuries and levels of
tendon alignment, HA content, growth factor concentration, or cell behavior. These findings
suggest that the extent of the regenerative healing trait seen in this mouse strain differs
between tissues despite a similar systemic environment, alluding that while it may aid in the
mechanisms of regeneration; the systemic response does not drive this process. A major
limitation of this study is that the majority of cytokines and chemokines in naive MRL/MpJ
and C57BI/6 mice were found to be undetectable (21,24) and were therefore not analyzed
herein. Additionally, the systemic response to ear injury in MRL/MpJ elicited minimal
responses in several of the cytokines that were below the detectable threshold, which made
assessment of correlations impossible for some of the cytokines in this study, but is
consistent with previously reported literature describing the muted inflammatory response to
injury in MRL/MpJ. Future studies investigating the specific role of the inflammatory
environment in MRL/MpJ regeneration could benefit from wide-ranging assays such as
RNAseq to identify potential mechanistic pathways that may contribute to scarless healing.

Surprisingly, IL-10 was undetectable in all samples. While low naive levels of I1L-10 are
expected, other studies have shown its upregulation in MRL/MpJ after injury, noting its
important anti-inflammatory role (21,24). Interestingly, we also found a decrease in the
presence of circulating anti-inflammatory cytokine IL-4 after both ear and tendon injury.
While this result is not consistent with other studies in ear and articular cartilage, we expect
that this discrepancy could be due to the difference in timing of data collection after injury
between studies.

Supporting the role of the local environment in tissue regeneration, we have demonstrated
that MRL/MpJ tendons exhibited superior healing than normal-healer C57BI/6 tendons with
earlier and sustained improved cell and ECM alignment. This improved alignment is
consistent with the enhanced tendon healing noted in other studies and insinuates that the
provisional ECM of MRL/MpJ tendons harnesses unique structural cues that drive scarless
tendon healing (10,25). In-vitro studies have also noted the benefit of proper matrix
alignment on cell behavior, with increased alignment of cells in culture leading to improved
cell morphology, matrix deposition and tenogenic marker expression over time (26,27).

Furthermore, the tendon field has shown a growing interest in the use of small extracellular
molecules as potential therapeutics (3). For instance, TGF-p has been shown to play an
important role in the healing process, and much study has been devoted to the role of each of
its three isoforms. Whereas TGF-p1 and TGF-B2 are generally considered to promote
fibrosis, TGF-P3 has been shown to reduce scarring in both fetal and adult wounds (28-30).
bFGF and PDGF on the other hand have been reported to affect matrix properties by
modulating cell proliferation, cell migration and angiogenesis during early phases of healing
(31). However, while the expression pattern of these individual growth factors is important;
their synergistic relationship, timing, and function are responsible for their overall effect on
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cell behavior throughout healing. Together, the early decreased levels of TGF-p and
sustained elevation of PDGF and bFGF that we describe in MRL/MpJ could suggest local
growth factor mechanisms that underlie tenocyte mitogenesis without initiating fibrotic
pathways. Characterization of the of time course of these growth factors throughout the
healing of MRL/MpJ tendons in this study provides further insight into the properties of the
local environment necessary to guide regeneration and allows for the ability to identify
connections between adult and fetal scarless healing models.

Compositionally, we also found changes in HA content between MRL/MpJ and C57BI/6
mice throughout injury. This glycoprotein has been identified to modulate the structural
environment of regeneratively healing fetal skin and adult liver wounds (16,32). Similar to
the results found in MRL/MpJ, early increases in HA in the peri-cellular and extra-cellular
space during early fetal healing modulates the cell-matrix relationship, and can increase
availability and efficiency of receptor-ligand interactions necessary to modulate cell
behavior and induce regeneration (15,16,32). In adulthood, however, prolonged increases in
HA, similar to what is seen in scar-mediated healing C57BI/6 tendons at 4-week post-injury,
have been implicated in lung, liver, and kidney fibrosis labeling this glycoprotein as a
marker for disease progression (33-35). These conflicting results suggest that changes in
HA concentration at different stages of maturation could play an integral role of modulating
the tissue environment throughout healing and highlight the necessity to further explore the
role of HA in tissue regeneration.

Motivated by this current study suggesting a role for the ECM in driving regenerative
healing, future studies will elucidate the key ECM structural, compositional and functional
parameters that correspond to the extent of tendon regeneration in MRL/MpJ. For instance,
in addition to alignment, fiber quality as determined by fiber diameter and density play a
significant part in modulating cell behavior throughout injury and should therefore be
interrogated. Moreover, while we evaluated HA due to its role in the early deposited
provisional ECM of regeneratively healing tissues such as the liver, the role of HA in
moderating inflammatory cytokines has also been described. In this context high molecular
weight HA has been noted to promote induction of anti-inflammatory cells, while cleaved
fragments of HA lead to the production of pro-inflammatory cytokines (36). Therefore,
assessing the concentrations of different HA isoforms throughout MRL/MpJ injury could
help elucidate the role of this glycoprotein in influencing the local inflammatory
environment during regenerative healing. The presence of other major structural proteins
should be interrogated. For example, proteoglycans such as Decorin and Heparan sulfate,
which sequester TGF-B and FGF/PDGF, respectively, could play a role in moderating the
growth factor environment leading to the changes in concentration between MRL/MpJ and
C57BI/6 observed in this study (37,38). Furthermore, while PDGF, FGF, and TGF- play
major roles in modulating tendon homeostasis, other growth factors and glycoproteins such
as VEGF or Tenomodulin should be investigated to further elucidate the role of vascularity
and collagen fibrillogenesis in tendon regeneration (31,39,40) In addition, a multi-scale
evaluation of tendon mechanics should be conducted, particularly at the early time-points, to
identify early differences in mechanical stability, functionality and tissue properties between
scar-mediated C57BI/6 and scarless healing MRL/MpJ mice. Finally, cell behavior such as
proliferation, apoptosis and cell morphology should be studied to make connections between
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these parameters and the previously mentioned structural components. Appropriate cellular
stimulation is necessary to enhance subsequent matrix deposition, therefore assessing the
synergistic role between cells and matrix could further elucidate the mechanisms of tendon
regeneration.

Overall, the findings of this study further support the role of the intrinsic tendon properties
as the drivers of regenerative tendon healing in MRL/MpJ mice. The lack of correlation
between healing of different tissues in MRL/MpJ or between the systemic responses to these
injuries highlights the importance of each tissue’s individual environment in the resulting
healing response. Further work is warranted to determine the specific functional, structural,
and temporal role of the local ECM environment in driving the scarless tendon healing
response in MRL/MpJ.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic of experimental design.
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Figure 2.
Serological measurement of cytokine and chemokine levels in MRL/MpJ 24 h following ear

and tendon injuries. For an individual cytokine, each data point from the tendon injury was
normalized to the average measurement of the same cytokine in the ear injury. Therefore,
data are shown as fold change in serologic response of MRL/MpJ tendon injury relative to
MRL/MpJ ear injury. The dotted line along the y-axis represents equal cytokine levels
between ear and tendon serum post injury. Systemic responses to tendon injury and ear
cartilage injury were not different in 8 of 10 detectable cytokines in MRL/MpJ. *Statistically
significant difference compared to MRL/MpJ ear injury (p < 0.05).
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Serological measurement of cytokine and chemokine levels 24 h following tendon injury (A)
and ear injury (B). Data are shown as fold change in serologic response of MRL/MpJ
relative to C57BI/6. Equal cytokine serum levels between strains after either tendon (A) or
ear (B) injury are represented by the dotted line. MRL/MpJ tendon and ear injuries elicited a
lower response than C57BI/6 in 7 of 12, and 3 of 8 detectable cytokines, respectively.
*Statistically significant difference compared to C57B1/6 (p < 0.05).
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Figure 4.
Ear punch healing. (A) Representative images of ear punch healing after 4 weeks in C57BI/6

and MRL/MpJ. (B) Quantification of ear punch closure indicates significantly greater
closure in MRL/MPJ and clustering of healing ability in MRL/MpJ. Cluster analysis
separated MRL/MpJ into (1) normal-healer, (2) healer, and (3) super-healer. Bar indicates
average.
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Figureb.
(A) Tendon alignment, hyaluronan, and (B) growth factor levels separated into two groups as

determined by ear punch healing cluster analysis. No differences were detected between
groups determined by ear healing cluster analysis for any of the tendon parameters evaluated
at either 1 week (1W) and 4 weeks (4W) post-injury.
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Figure6.

ECM alignment, cell alignment, and hyaluronan content of provisional ECM in MRL/MpJ
and C57BI/6 tendons 1 and 4 weeks after injury. MRL/MpJ tendons exhibited higher area of
aligned matrix (A) and lower area of unaligned matrix (B) compared to C57BI/6. Lower
variation in MRL/MpJ cell alignment was observed in both aligned (C) and unaligned (D)
matrix compared to C57BI/6. Hyaluronan levels (E) were elevated at 1 week in MRL/MpJ
tendons and at 4 weeks in C57BI/6 tendons. *Statistically significant difference compared to
naive (P < 0.05). Lines indicate statistically significant difference between groups (P <

0.05).
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Figure 7.
Assessment of key growth factors in healing MRL/MpJ and C57BI/6 tendons. (A) TGF-B

was decreased in MRL/MpJ tendons at 1W but elevated in C57BI/6 tendons at 4W. (B)
PDGF was elevated in MRL/MpJ tendons. (C) bFGF was elevated in MRL/MpJ tendons at
1W and 4W. Dotted line indicates levels of naive for the appropriate strain. *Statistically
significant difference compared to naive (P < 0.05). Lines indicate statistically significant
difference between groups (P < 0.05). Lines with # indicate trend (P < 0.1).
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Correlations between MRL/MpJ tendon and ear healing environment.

1 week 4 weeks
ECM alignment  P=0.47 P=0.74
£=009 £2=002
Hyaluronan P=0.27 P=0.18
£=006 r£=0.14
TGF-B P=0.35 P=0.35
P=004 £2=004
PDGF P=012 p_go3*
£=032 P£=064
bFGF P=0.13 P=0.11
£=031 P£=035

*
Statistically significant difference between the tendon environment of MRL/MpJ super-healer compared to normal-healer mice (o < 0.05).
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