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Abstract

Purpose: Interleukin-10 (IL-10) is a potent anti-inflammatory cytokine shown to inhibit scar
formation in fetal wound healing. The role of IL-10 in adult tendon healing and scar formation,
however, remains unknown. The objective of this study is to investigate the effect of IL-10
overexpression on the properties of adult healing tendon using a well established murine model of
tendon injury and a lentiviral-mediated method of IL-10 overexpression.

Methods: A murine model of patellar tendon injury was utilized and animals divided into 3
groups. Mice underwent bilateral patellar tendon injections with a lentiviral vector containing an
IL-10 transgene (n=34) or no transgene (n=34). Control mice (n=34) received injections of sterile
saline. All animals then underwent bilateral, central patellar tendon injuries 2 days post-injection
and were sacrificed at 5, 10, 21, and 42 days post-injury. IL-10 content was analyzed by
immunohistochemistry (n=4/group). Tendon healing was evaluated by histology (n=4/group) and
biomechanical analysis (n=10/group).

Results: Overexpression of IL-10 in patellar tendon was confirmed following injection of the
lentiviral vector. IL-10 immunostaining was increased at day 10 in the 1L-10 group relative to
controls. Histologically, there was no significant difference in angular deviation between groups at
day 21, but a trend toward decreased angular deviation in controls relative to empty vector was
seen at day 42 (p<0.1). Biomechanically, the 1L-10 group showed significantly increased
maximum stress at day 42 relative to controls (p<0.05). Percent relaxation showed a trend toward
an increase at day 10 (p<0.1) and a significant increase at day 42 (p<0.05) in the IL-10 group
relative to controls.

Conclusions: This study demonstrates successful gene transfer of IL-10 into adult murine
patellar tendon using a lentiviral vector. While the effects of overexpression of IL-10 on adult
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tendon healing have not yet been fully elucidated, the current study may help to further clarify the
mechanisms of tendon injury and repair.
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Interleukin-10; Tendon injury

Introduction

Tendon healing after injury and repair is often complicated by scar and adhesion formation
that hinder restoration of function, a problem seen following injury and repair in both
sheathed, flexor tendons and unsheathed, extensor tendons of the hand.1~10 While the initial
formation of scar between tendon ends provides physical continuity at the site of disruption,
proliferation of scar between the tendon and adjacent tissues is undesirable because these
attachments can impede the gliding mechanism of the tendon, whether sheathed or not.11
The majority of research in the area of flexor and extensor tendon repair in the hand has
focused on the development of improved suture repair techniques and the enhancement of
postoperative rehabilitation protocols allowing early motion.#>:12-23 These improved
surgical and rehabilitation methods have led to better clinical outcomes, but scarring and
adhesion formation remain significant complications.1:2 Even with the best surgical
techniques and the optimal therapeutic protocols, results can be unpredictable.1-3:11

There is extensive experimental evidence that early and midgestational fetal tissue responds
to injury in a fundamentally different way.11.24-28 Fetal wound healing has been shown to
occur at a faster rate than adult healing and in the absence of scar formation. This scarless
healing response has been observed in a number of fetal tissues, including tendon.11:25.29-32
Although the precise mechanisms of scarless fetal wound healing are not completely
understood, the response has been attributed in part to the absence of a substantial
inflammatory response. Studies in fetal wound healing suggest that the lack of inflammation
is associated with alterations in the balance of pro- and anti-inflammatory cytokines in the
fetal environment.33-38 Pro-inflammatory cytokines, such as interleukin-6 and interleukin-8,
have been shown to be decreased in scarless fetal wound repair in dermal tissue,33:34 while
anti-inflammatory cytokines have also been suggested to play a critical role.35:39:40 |n
particular, the presence of interleukin-10 (IL-10) appears to be necessary for scarless fetal
wound repair to occur, and IL-10 overexpression in adult dermal tissue appears to be
sufficient to produce a scarless healing response.35:39:40

While 1L-10 appears to be important in scarless wound healing, the role of IL-10 in adult
tendon healing and scar formation remains unknown. Therefore, the objective of this study is
to investigate the effect of IL-10 overexpression on the properties of healing adult paratenon
covered tendon. We hypothesized that IL-10 overexpression would lead to decreased
inflammation and improved biomechanical and histological properties in adult healing
tendon in comparison to the normal healing state. To test this hypothesis, we used a well
established murine model of tendon injury*! and a lentiviral-mediated method of IL-10 gene
delivery to create a state of IL-10 overexpression.
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Materials and Methods

This study was approved by the Institutional Animal Care and Use Committee (IACUC) and
utilized one hundred and twenty-six male, 10 week-old C57BL/6 mice (The Jackson
Laboratory, Bar Harbor, ME). To complete the objectives of this study, a consistent and
reproducible C57BL/6 murine model of patellar tendon injury was used to assess tendon
healing#142 and gene transfer with a lentiviral vector was used to create 1L-10
overexpression.

Lentiviral Vector Preparation

A cDNA library was prepared from C57BL/6 bone marrow-derived dendritic cells cultured
in the presence of LPS (1 pg/ml) using TRIzol Reagent and SuperScript (Invitrogen,
Carlsbad, CA) per the manufacturer’s recommendations. The mouse 1L-10 coding domain
was amplified with the forward primer 5’-
GCGGCCGCGGTACCATGCCTGGCTCAGCACTG-3’ and the reverse primer 5’-
GCTAGCTTAGCTTTTCATTTTGATCATCATG-3’ using standard methods and confirmed
by sequence analysis (GenBank Sequence accession number NM010548). The flanking Notl
and Nhel sites were inserted to simplify cloning into the HIV-1 based transfer plasmid. The
CS-CG HIV-1 transfer plasmid, modified as previously described, was used to generate a
self-inactivating lentiviral vector.#3-46 This lentiviral vector allows expression of an eGFP
reporter gene (Clontech Laboratories, Mountain View, California) or IL-10 and eGFP genes
as a single transcript under the control of the human CMV promoter. For bicistronic gene
expression, the internal ribosome entry sight (ires), identical to that of the
encephalomyocarditis virus, was inserted between the IL-10 gene and the eGFP reporter.
VSV-G protein pseudotyped viral particles were generated by transfection into a 293T cell
line and titered as previously described*’.

Gene Expression Pilot Study

A preliminary study was performed with the lentiviral vector to confirm incorporation of the
IL-10 transgene into the patellar tendon and to determine the time point, post-injection of the
lentiviral vector, when I1L-10 gene expression peaked. The lentiviral vector expressing both
the eGFP reporter gene and the 1L-10 transgene was used and twenty-four C57BL/6 mice
placed into 8 groups underwent injections. In twenty-one mice, 10uL of 1 x 1010 viral
copies/mL titer of the lentiviral vector was injected into the patellar tendon of each hindlimb
(right and left). Three mice each were then sacrificed at 1, 2, 3, 4, 5, 7, and 10 days post-
injection. A final group of three mice served as negative controls and were sacrificed on the
day of injection (day 0) after undergoing bilateral patellar tendon injections with sterile
saline (10pl per side). In preparation for injections, mice were anesthetized with a mixture of
isoflurane (5%) and oxygen (0.6%), weighed, and both hindlimbs shaved. During the
procedures, anesthesia was delivered via a nose cone with the level of isoflurane reduced to
1% with the oxygen. For each hindlimb, a skin incision was made over the patellar tendon,
the retinaculum was incised on both sides of the tendon, and a plastic coated blade was
placed underneath the patellar tendon for support. In this position, the tendon was injected
with the lentiviral vector or sterile saline using a syringe with 30-gauge needle placed in a
longitudinal direction into the midsubstance of the tendon. Following injection, the skin
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wound was closed and the procedure repeated on the opposite hindlimb. Following the
contralateral injection and skin closure, mice were allowed to resume normal cage activity
until they were sacrificed. Mice were sacrificed by CO» inhalation.

Following sacrifice, patellar tendons were dissected out and analyzed for eGFP and IL-10
gene expression using standard protocols for reverse transcription polymerase chain reaction
(RT-PCR). The six experimentally injected tendons (two tendons in each of three animals) at
each time point were combined for RNA extraction using TRIzol (Invitrogen, Carlsbad, CA)
and reverse transcription using SuperScript I RT (Invitrogen, Carlshad, CA) according to
the manufacturer’s instructions. Semi-quantitative PCR was then performed with primers
specific for the eGFP sequence within the 1L-10 vector, the 1L-10 sequence within the
vector, endogenous murine IL-10, and B-actin. Gene expression was normalized to
expression of the housekeeping gene, p-actin. Successful transfer of the IL-10 vector into
the patellar tendon was confirmed, with peak expression of the eGFP reporter gene and
IL-10 transgene at two days post-injection (see Results section).

Patellar Tendon Injury Experiments

Following the pilot study, one hundred and two C57BL/6 male mice divided into three
treatment groups were utilized for the patellar tendon injury study: (1) a saline control group
(n=34), which underwent patellar tendon injections with sterile saline; (2) an empty vector
group (n=34), which underwent patellar tendon injections with the lentiviral vector
expressing only the eGFP reporter gene; and (3) an IL-10 group (n=34), which underwent
patellar tendon injections with the lentiviral vector expressing both the eGFP reporter gene
and the IL-10 transgene. Control group mice received bilateral 10ul injections of sterile
saline into their patellar tendons, empty vector group mice received bilateral 10pl injections
of 1x1010 viral copies/ml titer of the empty vector (eGFP gene only), and IL-10 vector
group mice received bilateral 10ul injections of 1x1019 viral copies/ml titer of the IL-10
vector (eGFP gene and IL-10 transgene) as described in the previous paragraphs.

All mice then underwent bilateral patellar tendon injuries 2 days post-injection, at the peak
of eGFP and IL-10 gene expression. The tendon injury model used is one developed and
established in our laboratory.*1 Animals were prepared and anesthetized for surgery as
described for the injection procedure, and the skin incision and exposure of the patellar
tendon was made identically. With the patellar tendon supported by a plastic coated blade, a
0.75 mm diameter biopsy punch (Shoney Scientific, Waukesha, WI) was used to make a
central defect (approximately 60% of tendon width) in the patellar tendon, creating a distinct
and reproducible injury.#! Following bilateral injuries and skin closure, mice were allowed
to resume normal cage activity until they were sacrificed. At 5, 10, 21, and 42 days
following tendon injury, mice were sacrificed by CO, inhalation. Four mice per treatment
group were sacrificed at 5 days post-injury for immunohistochemical analysis. Ten mice per
treatment group were sacrificed at 10, 21, and 42 days post-injury for immunohistochemical,
histological, and biomechanical analysis. The post-injury time points for
immunohistochemical, histological, and biomechanical analysis were chosen based on
previous studies utilizing the patellar tendon injury model.#1:42
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Immunohistochemistry—For immunohistochemistry, the degree of immunostaining for
IL-10 was evaluated at the patellar tendon injury site. Four patellar tendons per treatment
group were analyzed at 5, 10, 21, and 42 days post-injury. Following sacrifice, patellar
tendons were dissected free from the right or left hindlimb of each animal and processed
with standard histological techniques (fixation, dehydration, clearing, infiltration).
Specimens were subsequently embedded in paraffin blocks and serial, sagittal 7-um sections
were cut parallel to tendon fibers and collected on UltraStick slides (Gold Seal, Portsmouth,
NH), three sections per slide. A rat anti-mouse I1L-10 primary antibody (Endogen, Woburn,
MA\) was used to stain for IL-10 and followed standard methodology.4! One section per
slide was reacted with the IL-10 primary antibody (1:200 dilution), with the other two
sections serving as controls. One control section was reacted with rat 1gG antibody (Jackson
ImmunoResearch, West Grove, PA) to serve as an isotype control to detect non-specific
background staining, and the other was treated with sterile saline to serve as a negative
control. Following incubation with the primary antibody, isotype, or saline (60 minutes,
room temperature), reactivity was detected and developed with the SuperPicTure Polymer
Detection Kit (Zymed, San Francisco, CA) which utilizes a HRP polymer conjugate and
diaminobenzidine tetrahydrochloride (DAB) chromogen. Slides were counterstained with
hematoxylin.

A qualitative analysis of the sections was then performed by three independent, blinded
graders to assess the degree of 1L-10 immunostaining at the patellar tendon injury site, as
previously described.?! 1L-10 staining intensity was normalized by comparison of each
tendon section treated with IL-10 antibody to the isotype control section on the same slide.
Sections were subsequently graded for degree of IL-10 staining on a scale of 0-3, with 0
defined as undetectable, 1 low, 2 moderate, and 3 high relative to background staining.
Standard images representing each grading level (0-3) were prepared and used to provide
consistency across graders. An overall grade for each tissue section was determined by
averaging the values from the three graders. Values were then averaged for each treatment
group at each time point. A difference of = 1 of the average grade between treatment groups
at each post-injury time point was chosen as a meaningful result.

Histology—*For histology, the angular deviation of the collagen fiber orientations at the
injury site of patellar tendon specimens was determined. Angular deviation is a measure of
collagen fiber distribution spread used to reflect overall collagen fiber organization and
alignment. Well aligned, parallel fibers seen in uninjured tendon will have low angles of
divergence between collagen fibers and low angular deviation, while poorly aligned fibers
seen in disorganized scar tissue will have high angles of divergence between collagen fibers
and high angular deviation.

Four patellar tendons per treatment group were analyzed at 21 and 42 days post-injury.
Specimens were processed as described above and serial, sagittal, paraffin-embedded 7-um
sections were cut and stained with hematoxylin and eosin by standard protocol. Tissue
sections were then analyzed using a quantitative polarized light microscopy method as
described previously.#1:4248:49 Briefly, using a green bandpass filter (BP 546 nm), grayscale
images of the tendon were taken at 10° increments with crossed analyzer and polarizer and
simultaneously rotated through 90°. Subsequently, the filter was removed and images taken
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again at 10° increments while a A compensator was rotated through 90° along with the
crossed analyzer and polarizer. Custom-designed software was then used to determine
collagen fiber orientations and the angular deviation of the collagen fiber orientations was
calculated.

Biomechanical Analysis—For biomechanical testing, ten patellar tendons per treatment
group were evaluated at 10, 21, and 42 days post-injury as previously described.41:42:50
Following sacrifice, patellar tendons were dissected free from the left hindlimb of each
animal, leaving only the patella, patellar tendon, and tibia as one connected unit. The tendon
was prepared as a standardized dumbbell-shaped specimen with Verhoeff stain lines placed
on either end of the dumbbell to serve as a gauge section for optical strain analysis. Tendon
width and thickness were quantified, and cross-sectional area calculated as the product of the
two.41:4251 The tibia was then embedded in polymethylmethacrylate in a custom-designed
fixture and secured in place with a metal staple. The patella was held in place with a custom-
designed cone-shaped wedge fixture and the potted tibial end was secured to a custom-
designed base. Each tendon specimen then underwent a standard loading protocol while
immersed in a physiologic 37°C saline bath; preloaded to 0.02 N at a rate of 0.1%/s (0.003
mm/s), preconditioned for 10 cycles from 0.02 to 0.04 N at a rate of 0.1%/s (0.003 mm/s),
and held for 300 s. Immediately following this preconditioning, a stress-relaxation
experiment was performed by elongating the tendon to a strain of 5% (0.15 mm) at a rate of
25%/s (0.75 mm/s), followed by a relaxation for 600 s. Finally, a ramp to failure was applied
at a rate of 0.1%/s (0.003 mm/s).4142 |_ocal tissue strain was measured optically as
described previously.11:4142.50 From the ramp to failure test, maximum stress was
determined and modulus was calculated using linear regression from the near-linear region
of the stress-strain curve. The peak and equilibrium stresses were determined from the stress
relaxation test and used to calculate a percent relaxation.

Statistical Analysis—The angular deviation and biomechanical data were averaged for
each treatment group at each post-injury time point and a one-way analysis of variance
(ANOVA) comparing treatments followed by Fisher’s post-hoc test were used to detect
differences between the three treatment groups at each post-injury time point. Statistical
significance was set at p<0.05, with a trend set at p<0.1.

At the time of surgery and sacrifice, there were no visible differences among the three
groups of mice and no differences in body mass. Eight patellar tendons (two specimens from
the saline control group and six specimens from the empty vector group) were found to
either be spontaneously ruptured at the time of dissection or damaged during testing and
were excluded from the study.

Confirmation of IL-10 Overexpression

Successful transfer into patellar tendon of the lentiviral vector containing the eGFP reporter
gene and the IL-10 transgene was confirmed in the gene expression pilot study, with parallel
temporal expression of the eGFP and IL-10 PCR products. Expression of the eGFP reporter
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gene and IL-10 transgene were found to peak at two days post-injection of the vector, with
the IL-10 transgene demonstrating more than six times greater expression in comparison to
endogenous IL-10 at this time point (Figure 1).

Immunohistochemistry

Histology

IL-10 immunostaining was increased at the patellar tendon injury site at day 10 in both the
IL-10 and empty vector groups relative to saline controls (difference of > 1 in the average
staining grade between groups) (Figure 2). No other meaningful differences in IL-10
staining were found between the three treatment groups at any other time points, including
no differences between the 1L-10 and empty vector groups at all four post-injury time points.
IL-10 staining peaked at day 10 in both the IL-10 and empty vector groups (Table 1).

There were no significant differences between the three treatment groups in collagen fiber
organization as measured by angular deviation at day 21 post-injury. There was a trend
(p<0.1) towards decreased angular deviation at day 42 post-injury in the saline controls
relative to the empty vector group (Table 2).

Biomechanical Analysis

A number of significant differences between the three treatment groups were noted on
biomechanical testing. The empty vector group showed a trend (p<0.1) toward increased
maximum stress (MPa) at day 10 post-injury relative to the saline controls. Maximum stress
was significantly increased (p<0.05) in the IL-10 group at day 42 post-injury relative to the
saline controls (Figure 3).

Percent relaxation was significantly increased (p<0.05) in the empty vector group relative to
the saline controls at day 10 and day 42 post-injury. It showed a trend (p<0.1) toward an
increase at day 10 and a significant increase (p<0.05) at day 42 post-injury in the IL-10
group relative to the saline controls (Figure 4).

No significant differences or trends were found in modulus (MPa) between the three
treatment groups at any of the post-injury time points (Figure 5).

Discussion

Interleukin-10, originally termed cytokine inhibitory factor, is a potent anti-inflammatory
cytokine known to be an important agent in the suppression of the inflammatory response.>?
In addition to inhibiting the expression of pro-inflammatory cytokines, including IL-6 and
IL-8, IL-10 has been shown to inhibit the migration of inflammatory cells to sites of injury
by inhibiting the expression of specific chemokines, including macrophage inflammatory
protein-1la (MIP-1a) and monocyte chemoattractant protein-1 (MCP-1).53-61 Evidence also
suggests that 1L-10 may play a specific anti-inflammatory role during pregnancy. The
cytokine is known to be present in amniotic fluid and has been implicated in preventing
immune and inflammatory responses to the fetus and fetal “foreign” antigens.39:62.63 The
presence of IL-10 may be necessary for scarless fetal wound healing to occur, despite the
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potential availability of compensatory factors.3® Liechty et al3> demonstrated that while
wounds in normal fetal skin grafts healed scarlessly with minimal inflammation and normal
dermal reticular collagen, wounds in IL-10 deficient fetal skin grafts from IL-10 knockout
mice healed with significant inflammation and scar formation. IL-10 has also been shown to
have potentially powerful effects in adult wound healing. In two murine models of IL-10
delivery using gene therapy approaches, scarless healing responses were observed in adult
skin that was intradermally injected prior to injury with viral vectors expressing the IL-10
transgene.3940 While these scarless responses have been observed in dermal wound healing
models, scarless healing has also been demonstrated in tendon. Using a sheep model of
lateral extensor tendon injury, we have previously shown that fetal tendon heals in a scarless
manner.11 While lateral extensor tendon injuries made in the limbs of adult sheep healed
with significant scar formation that was adherent to surrounding structures, the same injuries
made in fetal sheep healed with no signs of gross abnormality, scar, or adhesion formation.
Histologically, the healed fetal tendons showed complete reconstitution of uninjured
collagen architecture 11

With prior studies showing the potential role of IL-10 in scarless healing, as well as the
potential to create a scarless healing response in tendon with a histologically normal
appearance, the objective of this study was to investigate the effect of IL-10 overexpression
on the properties of healing adult murine patellar tendon. We hypothesized that IL-10
overexpression would lead to decreased scar formation and improved biomechanical and
histological properties and used a well established murine model of tendon injury and a
lentiviral-mediated method of IL-10 overexpression to test this hypothesis. The animal
model has previously been shown to create a distinct and reproducible tendon injury*! and in
the current study we have demonstrated successful gene transfer and overexpression of
IL-10 and eGFP transgenes in adult tendon through the use of a lentiviral vector. To our
knowledge, this is the first study to report successful gene transfer into tendon using a
lentiviral vector. The use of another retrovirus has been reported, but not through a direct in-
vivo approach.54-67 The literature on the application of gene therapy in tendon healing and
repair has been relatively scarce to date. The majority of studies have focused on an
adenoviral-mediated method of gene delivery and while several have reported successful in-
vivo delivery of a gene of interest (often a marker gene) into tendon,54-72 only a few studies
have examined the effect of the altered gene expression on either injured or uninjured
tendon.”3-76 These studies has demonstrated mixed results; with some showing beneficial
effects of increased gene expression of a growth factor of interest on tendon healing and
repair,”37° and others showing less clear findings.”4 76

Overexpression of 1L-10 in the current study led to several effects on tendon healing and
repair. Following tendon injury, IL-10 treated patellar tendons showed improved properties
relative to control tendons treated with saline. Maximum stress and percent relaxation were
increased, particularly at 42 days post-injury. In addition, 1L-10 immunostaining at the
tendon injury site was increased in the IL-10 group relative to saline controls at 10 days
post-injury. IL-10 immunostaining peaked at this 10 day time point in the IL-10 group,
findings that seem to correlate with the PCR results in our preliminary gene expression
study. Finally, a trend toward increased angular deviation (more collagen disorganization) in
the empty vector group relative to saline controls was seen at day 42 post-injury (7.8° vs.
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3.8°). Although not reaching significance or the level of a trend, angular deviation in the
empty vector group was also higher than in saline controls at day 21 (9.9° vs. 7.6°) post-
injury, and higher than in the IL-10 group at both day 21 (9.9° vs. 5.0°) and day 42 (7.8° vs.
4.8°) post-injury.

There are some limitations in the present study. A third treatment group was utilized to
evaluate the effects of the lentiviral vector alone on tendon healing in our animal model.
This empty vector group also showed improved tendon properties relative to the saline
control group, including increased maximum stress and percent relaxation and increased
IL-10 immunostaining at the injury site 10 days after wounding. While these findings were
seen between each of the vector groups relative to the saline controls, no significant
differences were found between the IL-10 group and the empty vector group when compared
directly, although angular deviation showed some non-significant trends toward
improvement in the IL-10 group relative to empty vector. This unexpected result potentially
suggests that the differences seen in the two vector groups relative to the saline controls may
represent an effect of injection of the vector itself, rather than IL-10. Injection of the
lentiviral vector may cause a significant inflammatory response and increased scar formation
following tendon injury, potentially obscuring the anti-inflammatory effects of IL-10.
Indeed, an increased immune and inflammatory response has been observed in some studies
of viral-mediated gene transfer, although adenoviral vectors have typically been more
problematic in this regard than retroviral vectors such as lentivirus.85:66.72.77

The results of the current study are less dramatic than in prior dermal wound studies
examining the effects of I1L-10, where scarless responses were reported.3%40 The
discrepancy in findings may relate to differences in tissue properties between tendon and
dermis. While dermal tissue is highly cellular, tendon is relatively hypocellular, potentially
impacting the amount of IL-10 gene transfer at the injury site and the magnitude of any anti-
inflammatory or anti-fibrotic effects.%6 Cellularity differences may also impact the degree of
the inflammatory response potentially caused by injection of the viral vector, as this
response has been reported to vary depending on the tissue that is investigated.®® In addition,
the current tendon healing model involves a load-bearing environment, while dermal studies
have not, potentially impacting the duration the lentiviral vector remains at the injury site
and the degree of IL-10 gene transfer. Finally, it should be noted that this study was
performed in unsheathed, paratenon covered tendons. These data should not be extrapolated
or applied to the healing properties of sheathed tendons (synovial-lined flexor tendons in the
hand).

In conclusion, the current study demonstrates successful gene transfer of IL-10 into adult
tendon using a lentiviral vector. While the effects of overexpression of 1L-10 on adult tendon
healing have not yet been fully elucidated, the current study may help to further clarify the
mechanisms of healing and repair. Additionally, other critical factors in scarless wound
healing need to be investigated, such as hyaluronic acid38.78.79 as it is likely that multiple
factors work in concert to produce a scarless response. Ultimately, understanding the
complex process of tendon healing and the key factors involved may lead to future therapies
to improve the outcomes following tendon injury and repair.
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Figure 1:

Expression of the eGFP reporter gene (eGFP), IL-10 transgene (IL-10 tran), and endogenous
IL-10 (IL-10 endo) in adult mouse patellar tendon following injection of the lentiviral
vector. Expression of the eGFP reporter gene and IL-10 transgene were found to peak at two
days post-injection of the lentiviral vector. Gene expression was normalized to expression of
the housekeeping gene, p-actin.
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Figure 2:
Representative immunohistochemistry slides from day 10 post-injury demonstrate increased

IL-10 immunostaining (brown staining) at the patellar tendon injury site in the I1L-10 group
(left slide) relative to saline controls (right slide).
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Figure 3:
Maximum stress (MPa) at 10, 21, and 42 days post-injury. The empty vector group showed a

trend toward increased maximum stress at day 10 post-injury relative to the saline controls,
and maximum stress was significantly increased in the 1L-10 group at day 42 post-injury
relative to the saline controls. The asterisk (*) indicates a significant difference (p<0.05) and
the pound sign (#) denotes a trend (p<0.1) when comparing between treatment groups within
a post-injury time point.
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Figure 4:
Percent relaxation (%) at 10, 21, and 42 days post-injury. Percent relaxation was

significantly increased in the empty vector group relative to the saline controls at day 10 and
42 post-injury. It showed a trend toward an increase at day 10 and a significant increase at
day 42 post-injury in the 1L-10 group relative to the saline controls. The asterisk (*)
indicates a significant difference (p<0.05) and the pound sign (#) denotes a trend (p<0.1)
when comparing between treatment groups within a post-injury time point.
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Figure 5:
Modulus (MPa) at 10, 21, and 42 days post-injury. No significant differences or trends were

found in modulus between the three treatment groups at any of the post-injury time points.
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Table 1:
IL-10 immunostaining grading at 5, 10, 21, and 42 days post-injury.

Staining for IL-10 at the patellar tendon injury site was increased at day 10 in both the 1L-10 and empty vector
groups relative to saline controls (highlighted in red). An increase or decrease in IL-10 staining across
treatments was defined as a difference of = 1 in the average staining grade between the groups.

IL-10 Staining Post-Injury Time Point (Days)

Treatment Group 5 10 21 42

Saline Control 1.8 11 17 0.6

Empty Vector 19 2.1 19 14

IL-10 2.3 2.6 11 13
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Angular deviation at 21 and 42 days post-injury.

Table 2:

Page 20

There were no significant differences between treatment groups at day 21. There was a trend (p<0.1) towards
decreased angular deviation at day 42 in the saline controls relative to the empty vector group, as denoted by
the pound signs (#).

Angular Deviation

Post-Injury Time Point (Days)

Treatment Group 21 42
Saline Control 7.6°%6.2° 38°+1.1°#
Empty Vector 9.9°+55° 7.8°+48°#

IL-10 5.0°+0.8° 4.8°+2.1°
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