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ABSTRACT: Tendinitis remains a catastrophic injury among athletes. Mesenchymal stem cells (MSCs) have recently been investigated for
use in the treatment of tendinitis. Previous work has demonstrated the value of insulin-like growth factor-I (IGF-I) to stimulate cellular
proliferation and tendon fiber deposition in the core lesion of tendinitis. This study examined the effects of MSCs, as well as IGF-I gene-
enhanced MSCs (AdIGF-MSCs) on tendon healing in vivo. Collagenase-induced bilateral tendinitis lesions were created in equine flexor
digitorum superficialis tendons (SDFT). Tendons were treated with 10 x 10 MSCs or 10 x 108 AdIGF-MSCs. Control limbs were injected
with 1 mL of phosphate-buffered saline (PBS). Ultrasound examinations were performed atz =0, 2, 4, 6, and 8 weeks. Horses were euthanized
at 8 weeks and SDFTs were mechanically tested to failure and evaluated for biochemical composition and histologic characteristics.
Expression of collagen types I and III, IGF-I, cartilage oligomeric matrix protein (COMP), matrix metalloproteinase-3 (MMP-3), matrix
metalloproteinase-13 (MMP-13), and aggrecanase-1 (ADAMTS-4) were similar in MSC and control tendons. Both MSC and AdIGF-MSC
injection resulted in significantly improved tendon histological scores. These findings indicate a benefit to the use of MSCs and AdIGF-MSCs

for the treatment of tendinitis. © 2009 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res
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Tendinitis remains a catastrophic injury amongst
athletes. Tendon injuries are predominantly degener-
ative in nature and are often recalcitrant to treatment,
being slow to heal, and rarely regaining their original
strength and elasticity. Despite improvements in the
early detection and serial evaluation of damaged
tendons using ultrasound, and advances in rehabilita-
tion techniques and treatments, a consistently success-
ful treatment regimen has yet to be developed.

Recent work has focused on the use of mesenchymal
stem cells (MSCs) as well as growth factors to improve
the quality and speed of healing in tendinitis repair.
MSCs are the pluripotent precursor cells of connective
tissues and are believed to play an important role in
tendon and ligament repair, fracture healing, and
cartilage resurfacing.'~® Although MSCs have been used
empirically for the treatment of tendinitis in larger
species for the past several years,®” there are very few
controlled studies documenting the efficacy of MSCs for
tendinitis lesion repair in large animal models.®

A combination of MSCs and anabolic growth factors
would seem very useful as an enhanced cell therapy
repair technique. Growth factors are peptide signaling
molecules that regulate many aspects of cellular metab-
olism including the cell cycle, cell growth and differ-
entiation, and the production and destruction of
extracellular matrix products.®!® Their effects are
mediated primarily via autocrine and paracrine mecha-
nisms, which provides the rationale for local adminis-
tration of exogenous growth factors to influence cellular
metabolism.'* Previous work has demonstrated the
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value of growth factor injections, particularly insulin-
like growth factor-I (IGF-I), to stimulate cellular pro-
liferation and matrix synthesis in animal tendon and
ligament models.’>=2° Although exogenous IGF-I has
been shown to stimulate tendon healing in vivo in an
equine model,?° it has a short half-life, which neces-
sitates repeated dosing, making clinical application
challenging and costly. These problems could be abol-
ished by a gene therapy approach to insert the IGF-I gene
directly into healing tendon lesions. The objective of this
study, therefore, was to examine the effects of MSCs as
well as IGF-I gene-enhanced MSCs (AdIGF-MSCs) on
tendon healingin vivo using an equine collagenase model
of flexor tendinitis.

MATERIALS AND METHODS

Study Design

For these studies, 12 young adult horses, ranging in age from
2-5 years (five male, seven female) were used. All horses were
examined clinically and ultrasonographically to rule out
preexisting tendinitis, and all horses were treated with their
own cultured stem cells. This project was approved and
performed according to guidelines of the Institutional Animal
Care and Use Committee of Cornell University.

Sternal bone marrow aspirates were obtained by using a
Jamshidi bone marrow biopsy needle under sterile conditions
following local anesthesia. A total of 120 mL of bone marrow
aspirate was collected from each horse into two 60-mL syringes
containing heparin. MSCs were then grown to confluency and
stored frozen as previously described.?! Briefly, cell isolation
consisted of plating marrow aspirate in low glucose Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal bovine
serum and 0.0125 pg/mL of bFGF. The cultures were then left
undisturbed for 3 days to allow the cells to attach to the culture
plasticware. After the initial 3 days, the medium was replaced
every other day. To expand cell numbers, confluent monolayers
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of cells were trypsinized and passaged as needed. All cultures
were maintained at 5% COs, 90% humidity, and 37°C. When the
passaged cells had reached confluency, they were trypsinized,
resuspended in freeze media (medium with 10% fetal bovine
serum and 10% dimethyl sulfoxide), and frozen at 5 x 108 cells/
vial until used for injection.

Collagenase-induced lesions were created in the tensile
region of the superficial digital flexor tendons (SDFT) of both
forelimbs using filter sterilized bacterial collagenase type I
(Sigma, St. Louis, MO) diluted in sterile water. A total of
2000 units of collagenase were delivered to two sites centered in
the tensile region of the SDFT tendon under ultrasonographic
guidance, as described by this group previously.2%2?2 The horses
were confined to box stalls and their forelimbs bandaged. Each
horse served as its own control, with one forelimb randomly
assigned as the treated limb and the other as the control.
Five days postcollagenase injection (£ =0), six of the horses
were treated with 10 x 10° MSCs and six were treated with
10 x 10 AdIGF-MSCs suspended in 1 mL of phosphate-
buffered saline (PBS). Control limbs were injected with 1 mL
of PBS. All injections were performed under ultrasonographic
guidance to confirm injection into the lesion. Ten days prior to
injection, frozen cell aliquots were thawed and cultured.
AdIGF-MSCs were transduced with 500 MOI of AdIGF-I
overnight in preparation for injection the following day.23
Briefly, medium was removed from two culture flasks each
containing approximately 10 x 10° cells from each horse in the
AdIGF-MSC group, the cell layer rinsed with Hanks solution,
and adenoviral inoculum added to each flask using a dose based
on actual cell number per flask to achieve 500 MOI. The flasks
were incubated with the virus for 1.5 h with gentle rocking
every 15 min. The medium was then changed to high glucose
Dulbecco’s modified Eagle’s medium supplemented with 1%
ITS+, 50 pg/mL of ascorbic acid, 100 pg/mL of sodium pyruvate,
and 40 pg/mL of proline and incubated overnight. Real-
time polymerase chain reaction (PCR) was used to confirm
IGF-I gene expression. IGF-I gene expression in AAIGF-MSCs
was significantly greater than in naive MSCs (n =6; p < 0.001;
paired t¢-test). IGF-I gene expression (copy#/ug RNA)
was an average 160,000-fold greater in AdIGF-MSCs
(168,109 + 59,624 copy#/ugRNA) than in naive MSCs (1.5 +
0.17 copy#/ugRNA).

Horses were confined to box stalls for the duration of the 8-
week study and their forelimbs bandaged. Ultrasound exami-
nations of the tendons were performed at ¢=0, 2, 4, 6, and
8 weeks. Cross-sectional area of the tendon and lesion,
echogenicity, loss of linear fiber pattern, and compressibility
were measured by the same blinded ultrasonographer (A.E.Y.).

Tissue Harvest and Mechanical Testing

Horses were euthanized at 8 weeks posttreatment and the
entire SDFTs were harvested for analysis under RNAse-free
conditions and stored on ice for immediate mechanical testing.
Tendons were loaded at a rate of 40 mm/s to failure in a
servohydraulic testing system (Bionix, MTS Systems Corpo-
ration, Eden Prairie, MN) using custom-designed cryoclamps.
Load and displacement data were collected digitally at 10 Hz.
Midsubstance strain was recorded by videotape using markers
fixed to the surface of the tendon. Load data were normalized
by CSA to determine stress, and modulus was calculated from
the slope of the linear portion of the stress/strain curve.
Following mechanical testing, entire tendon longitudinal
segments through the healing lesion were collected. Tissue
samples were collected from the grossly damaged areas,
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extending into the surrounding normal tendon. Tendon
samples were snap-frozen in liquid nitrogen for gene expres-
sion studies, rinsed in protease inhibitors in water and snap
frozen in liquid nitrogen for biochemical analysis, or fixed in
4% paraformaldehyde at 4°C for histology. Tendon samples for
molecular and biochemical analyses were then pulverized in a
freezer-mill and stored at —80°C until use.

RNA Isolation and Quantitative RT/PCR
Total cellular RNA was isolated using Trizol (Invitrogen,
Carlsbad, CA) according to the manufacturer’s directions
with minor modifications as previously described,?* and
precipitated RNA was further purified using RNeasy spin
columns (Qiagen, Chatsworth, CA). RNA was assessed by
spectrophotometry at 260:280 nm and by 1% agarose gel
electrophoresis. RNA was used for quantitative RT/PCR of
collagen types I and III,2%24 IGF-I,?° and cartilage oligomeric
matrix protein (COMP),26-28 as indicators of tendon matrix
synthesis, and matrix metalloproteinase-3 (MMP-S),%’31
matrix metalloproteinase-13 (MMP-13),242%%2 and aggre-
canase (ADAMTS-4)3%33 as indicators of tendon catabolism.
Total RNA was reverse transcribed and amplified using
the One-Step RT-PCR technique and the ABI PRISM
7900 Sequence Detection System (Applied Biosystems,
Foster City, CA). The primers and dual-labeled fluorescent
probe (6-FAM asthe 5’ label (reporter dye) and TAMRA as the 3’
label (quenching dye) were designed using Primer Express
Software version 2.0b8a (Applied Biosystems). All probes and
primers were designed using equine specific sequences either
published in Genbank, or sequenced in our laboratory and
described previously.343® Total copy number of each gene was
obtained from a standard curve and normalized to 18s RNA
expression.

Biochemical Analysis

Pulverized tendon samples were lyophilized and digested in
papain (1 mL papain/10 mg lyophilized tendon) at 65°C. Total
DNA content was determined in duplicate aliquots of tendon
samples digested in papain for 24 h. The samples were mixed
with bisbenzimide compound for DNA quantification by
fluorometric assay.?® Total glycosaminoglycan content was
determined in duplicate aliquots of samples digested in papain
for 4 h. The samples were mixed with dimethylmethylene blue
dye for glycosaminoglycan quantification by colorimetric
assay.?” Total soluble collagen content was determined in
lyophilized tendon samples using the Sircol Assay (Biocolor
Ltd., Newtownabbey, Northern Ireland) according to the
manufacturer’s directions for pepsin soluble collagens with
modifications as previously described.?*

Histology

Paraformaldehyde-fixed longitudinal tissue sections for his-
tology were dehydrated, cleared in xylene, embedded in
paraffin, sectioned, mounted on microscope slides, and stained
with hematoxylin and eosin (H&E). Sections for collagen type I
immunohistochemistry were deparaffinized, rehydrated, and
treated with 5 pL/mL hyaluronidase (Sigma-Aldrich, St. Louis,
MO) at 37°C for 60 min to facilitate antibody penetration
into the tissue. After blocking with nonimmune goat
serum, sections were incubated with polyclonal rabbit anti-
equine type I collagen primary antibody diluted 1:100 in PBS
for 60 min at 37°C. The sections were washed with PBS and
the secondary goat antirabbit antibody labeled with Alexa
fluorescent 488 (Invitrogen, Carlsbad, CA) was applied. Cell



nuclei were counterstained with propidium iodide, and
examined under confocal fluorescent microscopy to determine
type I collagen distribution. Negative procedural control
samples consisting of tendon sections incubated with non-
immune goat serum instead of primary antibody were included
on each slide. All slides were examined by two blinded
observers (A.J.N. and L.V.S.), using a calibrated reticule
to sequentially examine across and down the entire
tendon section, using low power and high power where
appropriate for cell detail, to derive a complete histologic
impression. Scores were assigned after examining at least two
independent sections from each tendon. All tendon parameters
were scored from 1 (normal) to 4 (severe changes) for: tenocyte
shape, tenocyte density, free hemorrhage, neovascularization,
perivascular cuffing, collagen fiber linearity, collagen fiber
uniformity, polarized light crimping, and collagen type I
deposition as previously described.?? Scores from both observ-
ers were averaged. This grading scheme expands on previously
described systems which utilize a four-parameter score.?%3°

Statistical Analysis

For statistical purposes, each animal served as its own control.
Numerical data were analyzed using paired ¢-tests when
comparing treated tendons to their respective controls and
two-sample #-tests when comparing treated tendons to each
other. Ordinal data (scores) were analyzed using Wilcoxon
signed rank tests when comparing treated tendons to their
respective controls or Wilcoxon rank sum tests when compar-
ing treated tendons to each other. When comparing treated
tendons to each other as well as their controls, a one-way
analysis of variance (ANOVA) and Least Significant Difference
(LSD) post hoc test was used. For all tests, Statistix 8 software
(Analytical Software, Tallahassee, FL) was used and signifi-
cance was set at p <0.05.

RESULTS

Ultrasound Data

There were no significant differences in ultrasound
parameters between treated tendons and their respec-
tive controls or between MSC and AdIGF-MSC-treated
tendons (data not shown). All parameters were normal-
ized as a percent of the baseline measurement or score
of the lesion on the first day of treatment. As expected,
the lesion CSA, grade of echogenicity, and lesion
compressibility all increased compared to their baseline
measurements during the first 2 to 4 weeks and then
gradually decreased, while the percentage increase in
linear fiber pattern compared to baseline was initially
negative and then gradually increased in all groups.

Mechanical Testing

By the time mechanical testing was performed at
8 weeks posttreatment, the tendon lesions had healed
well enough to withstand sizeable tensile loads and only
1 of the 24 tendons failed at the lesion. Of the remaining
tendons, 21 failed proximal and 2 failed distal to the
lesion. As ultimate failure loads were limited by the
clamps used and extent of normal tissue present,
the most critical parameter was the tensile modulus.
Both MSC and AdIGF-MSC-treated tendons were stiffer
than their respective controls; however, these results
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were not significant (paired ¢-test; p =0.46 and p = 0.20,
respectively). AdIGF-MSC-treated tendons were stiffer
than MSC-treated tendons; however, this difference was
not statistically significant (two sample ¢-test; p =0.10)
(Fig. 1).

Gene Expression

There were no significant differences in anabolic
(collagen type I and 3, COMP, or IGF-I) gene expression
between MSC and AdIGF-MSC-treated tendons or
between treated and control tendons within the
AdIGF-MSC group. In the MSC group, COMP expres-
sion in control tendons was greater than COMP
expression in MSC treated tendons (Table 1). There
were no significant differences in catabolic (ADAMTS-4,
MMP-13, or MMP-3) gene expression between treated
tendons and their respective controls within both the
MSC and AdIGF-MSC groups. AdIGF-MSC-treated
tendons, however, had increased MMP-13 gene expres-
sion compared to MSC-treated tendons (Table 1).

Biochemical Analysis

There were no significant differences in DNA, glyco-
saminoglycan, or total collagen content between treated
tendons and their respective controls or between MSC
and AdIGF-MSC-treated tendons (Table 2).

Histology

Cumulative histology scores were significantly lower
(more normal) for both MSC and AdIGF-MSC-treated
tendons compared to their respective controls (Table 3
and Fig. 2). Several individual parameters, including
collagen type I immunohistochemistry, were signifi-
cantly more normal in AdIGF-MSC-treated tendons
compared to their controls, whereas in the MSC group
no individual parameters were significantly different
between treated and control tendons (Table 2 and
Figs. 2 and 3). The cumulative score for AAIGF-MSC-
treated tendons was also lower (more normal than MSC-
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Figure 1. Mean tensile modulus (ksi) of treated and control
tendons within both MSC and AdIGF MSC groups. Bars represent
mean (n=6)+SE. Both MSC and AdIGF-MSC-treated tendons
were stiffer than their respective controls; however, these results
were not significant. In addition, AAIGF-MSC-treated tendons were
stiffer than MSC-treated tendons, but these results were also not
significant (two sample ¢-test; p = 0.10).

JOURNAL OF ORTHOPAEDIC RESEARCH 2009



4 SCHNABEL ET AL.

Table 1. Quantitative PCR Analysis of Gene Expression in Treated and Control Tendons

Gene Expression (Copy
No./ug RNA):18s RNA

MSC

No MSC
Control (PBS)

AdIGF-MSC

No AdIGF-MSC
Control (PBS)

Col I

Col III
COMP
IGF-1
ADAMTS-4
MMP-13
MMP-3

5.68 x 105 +0.70
3.20 x 106+ 0.45
0.93 x 10°+0.21
1.77 x 10+ 0.28
3.48 x 102+1.06
1.91 x 1024+ 0.30
0.22 x 102+0.09

6.70 x 105 £0.77
3.52x 10%+0.34
1.12 x 1054-0.17¢
1.63 x 102+0.26
2.00 x 102+0.28
2.81x 102+0.77
0.18 x 102+£0.05

4.91 x 105+0.62
2.41 x 109+0.30
1.17 x 10540.17
1.57 x 103+0.18
3.11 x 102+0.49
3.07 x 102+ 0.99°
0.23 x 102+£0.08

6.65x 10°+0.93
3.45 x 10°+£0.38
0.89 x 10°+£0.23
1.72 x 102+ 0.37
3.31x102+0.54
430 x 102+1.10
0.18 x 102+£0.05

Data are presented as the mean (n =6) 4+ SE. “Indicates significant differences between treated tendons and their respective controls
(paired t-test; p < 0.05). ®Indicates significant differences between MSC and AdIGF-MSC-treated tendons (two-sample ¢-test; p < 0.05).

treated tendons); however, the difference was not
significant (Wilcoxon rank sum test; p =0.62).

DISCUSSION

The aims of this study were to evaluate the efficacy of
MSCs for the treatment of tendinitis and to determine
whether a gene therapy approach with MSCs could be
used to exploit the beneficial effects of IGF-I on tendon
healing in vivo. Both MSC and Ad IGF-MSC injections
into tendinitis core lesions resulted in significant histo-
logical tendon healing and a trend towards improved
biomechanical characteristics of healing tendon in the
early period after injury. Few differences, however,
were found between MSC and AdIGF-MSC-treated
tendons, suggesting that further work is needed to
enhance IGF-I gene delivery.

Much of the recent literature surrounding the use of
MSCs in larger species has focused on clinical experience
alone and is hindered by small case numbers without
significant follow-up times and without controls.®”*°
The collagenase-induced model of tendinitis is well
documented and has been used extensively in equine
and lab animal studies as a model for human tendini-
tis,20:22:2541-45 The ygse of this technique to create a
suitable model for the study of naturally occurring
tendinitis has been supported by the evaluation of
gross and histopathological changes, clinical signs, and
ultrasonographic findings following the induction of
injury.***6=48 In addition, our laboratory has success-
fully investigated the effects of recombinant IGF-I on
equine tendon healing using this collagenase induced
model of tendinitis.Z°

The histologic, biochemical, and mechanical charac-
teristics of the injured tendons in this study are
consistent with those described in previous reports using

the collagenase induced model.2%4446:4749 Al] tendons
had anechoic core lesions and an increase in CSA on
ultrasound examination following collagenase injection
indicative of acute matrix destruction. Interestingly,
however, no differences in ultrasonographic parameters
between MSC and AdIGF-MSC-treated tendons and
their respective controls were found during the 8-week
healing period posttreatment despite significant
improvement in histologic evaluation in the MSC and
AdIGF-MSC-treated tendons at the termination of
the study. The insensitivity of ultrasound to provide
fine structural detail has been described previously in
adipose-derived stem cells injected into this same
model.?

When mechanically tested to failure at 8 weeks
posttreatment, all tendons had healed well enough to
withstand high tensile loads, and only 1 of 24 (4%) of the
tendons failed at the lesion. As ultimate failure loads are
limited by the clamps used and the extent of normal
tissue present, lack of failure at the lesion site is a
commonly reported finding,?® and tensile modulus
measurements, rather than ultimate failure loads, are
used as the critical assessment of mechanical tendon
healing. Both MSC and AdIGF-MSC-treated tendons
showed a trend toward increased modulus compared
to their respective PBS-treated controls. In addition,
AdIGF-MSC-treated tendons showed a trend toward
increased tensile modulus compared to MSC-treated
tendons. These results are consistent with the histologic
findings in this study and with the previously reported
IGF-Iin vivo tendon healing study, in which treatment of
collagenase-induced tendon lesions with recombinant
IGF-I resulted in a trend toward increased modulus
compared to untreated controls.?°

The DNA content of the lesion tissue was similar in all
tendons, regardless of previous MSC cell injection. This

Table 2. Biochemical Analysis of DNA, Glycosaminoglycan, and Total Collagen Content of Treated and Control Tendons

Molecule MSC No MSC Control (PBS) AdIGF-MSC No AdIGF-MSC Control (PBS)
DNA (ng/ug) 1.55+0.35 1.85+0.45 1.62+0.17 1.38+0.23
Glycosaminoglycan (ug/mg) 12.79+1.35 10.70 £ 2.24 10.26 +1.56 7.96+1.19

Total Collagen (ug/mg) 330.96 +20.75

298.67+17.75

245.85+27.89 308.75£26.73

Data are presented as the mean (n = 6) + SE.
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Table 3. Histological Scores for Treated and Control Tendons

No MSC Control No AdIGF-MSC

Tendon Parameter MSC (PBS) AdIGF-MSC Control (PBS)
Cell shape 2.50+0.22 2.75+0.17 2.46 +0.25 2.67+0.21
Cell density 2.50+0.22 3.00+0.00 2.13+0.18** 3.08+0.20
Free hemorrhage 1.58 £0.33 2.25+0.17 1.33+0.25 1.67+0.25
Neovascularization 2.33+0.21 2.75+0.17 1.92+0.08 2.424+0.15
Perivascular cuffing 1.58+0.30 2.08 +0.08 1.50+0.18 1.83+0.17
Collagen linearity 2.00 +0.00 2.50+0.22 1.83+0.31%* 3.17+£0.17
Collagen uniformity 2.00+0.00 2.67+0.21 2.08 +£0.33* 3.17+0.17
Polarized crimping 2.33+0.33 3.00+0.00 2.00 +0.45%* 3.50+0.22
Epitenon thickening 2.50+0.22 3.00+0.00 2.33+0.21 2.67+0.21
Col I Immunohistochemistry 2.584+0.15 3.17+0.31 2.50+0.22* 3.25+0.21
Cumulative score 21.92 +1.66%% 27.17 4 0.46° 19.92 +1.84%%¢ 27.42 +0.86°

Each parameter scored from 1 (normal) to 4 (most damaged); the resultant cumulative score is from 10 (most normal) to 40 (most damaged).
Data are presented as the mean (n =6)+ SE. *Indicates significant differences between treated tendons and their respective controls
(Wilcoxon signed rank test; **p < 0.05; *p < 0.06). Superscript letters indicate significant differences between treatment groups when all

groups were compared together (p < 0.05).

Figure 2. H&E stained longitudinal sections of (a) MSC-treated
and (b) control tendons, and (e) AAIGF-MSC-treated and (f) control
tendons. Collagen fiber crimping for (¢) MSC-treated and (d) control
tendons, and (g) AdIGF-MSC-treated and (h) control tendons
examined under polarized light. Bar =200 pm.

suggests that many of the injected MSCs did not
persist or potentially reduced cohort inflammatory cell
influx. Several histologic parameters including cell
density, regions of hemorrhage, blood vessel abundance,
perivascular cuffing, and epitenon thickening all
trended lower in MSC and AdIGF-MSC-treated tendons.
Such a visible anti-inflammatory effect, while beneficial
in many regards, also drives down DNA content, and
therefore masks any MSC persistence data. It is clear
that injecting genetically or membrane dye labeled cells
would be ideal to gauge cell survival in follow-up
studies.®®

Similar DNA and total collagen content in AdIGF-
MSC-treated tendons and their controls contrasts to
previous IGF-I tendon healing studies, 15205152 g q

Figure 3. Collagen type I abundance shown by confocal immu-
nohistochemistry of (a) MSC-treated and (b) control tendons, and (c)
AdIGF-MSC-treated and (d) control tendons. Collagen type I is
shown by green Alexa 488 reaction and propidium incorporation
indicates cell nuclei (red). Bar = 120 pm.
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suggests that the IGF-I transgene expression may
persist for only a short period in the AdIGF-MSC-treated
tendons. This finding is supported by the fact that
there was no difference in IGF-I gene expression between
AdIGF-MSC-treated tendons and their controls at the
8-week termination of the study, while there was a
significant difference when compared to naive cells
immediately after transduction. Similarly, there
was no correlation between IGF-I gene expression in
AdIGF-I transduced cells and final histologic score
for each animal (data not shown). The transduction
dose of 500 MOI of AdIGF-I used was previously
determined in our laboratory for optimal MSC cell
survival and IGF-I gene expression in vitro,?® but may
not be the optimal dose in vivo. Adenovirus delivery
frequently results in only 4 weeks of transgene activity
before a combination of gene silencing and carrier cell
loss eliminate gene product.?>®2 In addition, while the
adenovirus vector is regarded as only moderately
immunogenic, it is likely that neutralizing antibodies
may have limited the transgene response and that the
use of a less immunogenic vector such as adeno-
associated virus (AAV) could improve IGF-I persistence
in tendon.

MSC and AdIGF-MSC-treated tendons had signifi-
cantly more normal cumulative histologic scores com-
pared to their respective controls. This finding, along
with the lack of significant differences in biochemical
parameters (DNA, glycosaminoglycan, and total colla-
gen content) and gene expression between MSC and
AdIGF-MSC-treated tendons and controls, suggests
that the predominant effect of MSCs on tendon healing
is through tendon structural organization rather than
cell numbers or anabolic gene expression. Quantitative
parameters accurately reflect constituents of the
healing tendon, but do little to measure the organization
of tendon that was provided here by histologic scores.
A combination of data is clearly more useful than
any one measure alone. Additionally, the dose of MSCs
used in this study (10 x 10® cells) was based on the
authors’ clinical experience and clinical reports in the
literature,”®* as to date there are no studies that
critically evaluate the optimal number of MSCs that
should be used in the treatment of tendinitis. It is
possible that optimization of a MSC dose in future
studies could affect biochemical and gene expression
results.

In conclusion, these findings support the use of
MSCs for the treatment of tendinitis. Both MSC
and AdIGF-MSC intralesional injection resulted in
significantly better tendon histological scores and a
trend toward improved biomechanical characteristics.
The added value of IGF-I gene-enhanced MSC implan-
tation was minimal compared to naive MSC injection.
Further investigation into the optimal dose of MSCs
and the potential of different dosing, extended IGF-I
expression, or less immunogenic viral vectors for
IGF-I delivery, would seem warranted before clinical
application.
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