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Summary

Background: amnion-derived stem cells are con-
sidered a promising alternative source for tendon
tissue regeneration.

Purpose: aims of this paper were to illustrate the ul-
trasound and histological outcomes following the
treatment of acute and chronic superficial digital
flexor tendon spontaneous lesions in horses with
ovine amniotic epithelial cells xenotransplantation.
Methods: six adult horses suffering from unilateral
acute (4 cases) and chronic (2 cases) tendinopa-
thy (clinical and ultrasound diagnosis) were en-
rolled. At baseline, ovine amniotic epithelial cells
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were grafted, in sterile conditions and under ultra-
sound control, into the most damaged area. Ultra-
sound controls were performed at 30, 60, 90, 120,
150 and 180 days after cells implantation; after
horse euthanasia (180 days) tendon samples were
collected and submitted to histological examina-
tion (cellularity, extracellular matrix fiber organiza-
tion, blood vessels).

Results: at baseline, in the acute cases, the ultra-
sound exam showed a focal, dis-homogeneous,
hypo-echoic area into the superficial digital flexor
tendon, with loss of the normal fibrillar pattern,
while in the chronic cases the damaged tendon
area appeared thickened and completely hyper-
echoic. At the final follow-up tendon echotexture
was more regular, the cross-sectional area similar
to the contra-lateral limb, and the collagen fibers
were oriented in parallel to the longitudinal axis
of the tendon both in the acute and chronic cas-
es, suggesting a positive healing response.

These findings were supported by the histological
analyses which showed an almost complete
restoration of normal tendon architecture with an
optimal alignment of tendon fibers.

Conclusions: the present pilot study supports the
hypothesis that amniotic epithelial cells are pro-
vided of an excellent healing potential and shows
a very good correlation between the ultrasound
findings and the histologic features.

KEY WORDS: amniotic epithelial cell, histology, tendon, ul-
trasound, xenotrasplantation.

Introduction

Adult tendons do not heal thorough a regenerative
process!, but with the formation of a fibrotic scar,
which is characterized by an abnormal collagen fiber
alignment and weakened biomechanical proper-
ties?3. For this reason, re-injury rate following super-
ficial digital flexor tendon (SDFT) lesions in horses is
very high and can reach 43%%5. Because the poor
outcome is likely to be related to the limited regener-
ative capacity of tenocytes®, an increasing interest
has been devoted to stem cells based therapies”. At
this purpose, Hertel first reported positive results
with an implant of whole bone marrow (BM) into sus-
pensory ligament lesions in horses®. After this semi-
nal work, the autologous implantation of in vitro cul-
tured BM-derived mesenchymal stem cells (BM-
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MSCs) has been widely used in the treatment of
equine tendon and ligament injuries®?, showing signif-
icant improvements in the structure and biomechani-
cal properties of the tendons. However, some practi-
cal and biological concerns related to BM-MSCs au-
to-transplantation have been raised, including the
morbidity for the donor site, the delay between the
BM collection and the grafting procedure, and the
difficulties in cells standardization®.'". For these rea-
sons, many authors have recently investigated alter-
native sources for MSCs, including adipose and ten-
don tissues'. Amnion-derived stem cells (AECs) are
considered a promising alternative of stem cells to
be used in tendon tissue engineering'3, since they
conjugate a remarkable plasticity with safety proper-
ties'416. In a recent study it has been demonstrated
that, when co-cultured with equine tenocytes, ovine
AECs (0AECs) can differentiate in tenocytes and
that, after transplantation into equine SDFT sponta-
neous acute tendon lesions, they allow very good
clinical results and the restoration of a quite normal
ultrasound (US) pattern of tendon fibers orienta-
tion'7. However, the clinical nature of the study has
precluded a proper standardization of the US evalua-
tion of the healing process and a comparison be-
tween US and histological features.

Moreover, it must be added that all the clinical stud-
ies reported in literature refer to the use of MSCs in
acute lesions, and that the treatment of chronic cases
has never been attempted. Therefore, the aim of the
present research was twofold: first, to study with a
standardized protocol the US and histological out-
comes following the treatment of acute SDFT sponta-
neous lesions with oAECs xenotransplantation; sec-
ond, to illustrate, for the first time, the efficacy of this
treatment in the spontaneous chronic SDFT lesions.

Materials and methods
Animals

This study was approved by the local Ethical Commit-
tee (PROT. 48/2011/CEISA/COM 07/07/2011) and
was conducted in compliance with the Italian Animal
Welfare guidelines following the ethical standard of
the Muscles, Ligaments and Tendons Journal®8. Six
adult horses suffering from acute and chronic SDFT
tendinopathy were included in the study. The inclu-
sion criteria were the following: retirement from activi-
ty; no treatment in the previous 15 days (in acute
cases) and 4 months (in chronic cases) before the
beginning of the study; lesion located in the mid
metacarpal region where the tendon is not surround-
ed by the sheath at US evaluation.

Ultrasonography
Before enrollment, horses underwent an US and

Power Doppler (PD) evaluation of the affected ten-
don, using a high-resolution, multi-frequency (6-15

6

MHz) linear array transducer. The assessment was
performed by the same operator (AM) using both lon-
gitudinal and transverse scans, with horses standing
and bearing weight on the examined limb. Both fore-
limbs were examined in order to exclude the involve-
ment of the contra-lateral one.

The US criteria adopted for the diagnosis of
tendinopathy were the following:

1) the presence of dishomogeneous hypo- or hyper-
echoic thickening, diffuse or focal, of the mid metacarpal
region of the tendon, associated with loss of the nor-
mal fibrillar pattern and/or irregularity of the tendon
margins and/or increased cross-sectional area, was
interpreted as a sign of degeneration; 2) the presence
of peritendinopathy was diagnosed when a patchy
thickening of the paratenon, associated or not with ir-
regularities of tendon margins, was found; and 3)
neovascularization was estimated by means of PD
and graded as (0), (1), (2), (3), (4), according to the
appearance of vessels inside the region of interest. In
detail (0) is no Doppler activity; (1), one or two tiny fo-
ci; (2), up to 50% colour inside the region of interest;
(8), 50-90% colour inside the region of interest; (4),
90-100% colour inside the region of interest'®. To
avoid artifacts, sensitivity was optimized for low flow,
and the gain was set just below the noise level. Fur-
ther sonographic controls were performed at 30, 60,
90, 120, 150 days after oAECs implantation. The last
US and PD examination was performed at 180 days
(horses euthanasia).

oAECs isolation, culture, characterization and
storage

The preparation of 0AECs has been previously de-
scribed'”. Briefly, placentas were collected from
slaughtered sheep at 3 months of pregnancy. The
cells were obtained from the isolated amniotic epithe-
lial layer after enzymatic digestion (0,25% trypsin-ED-
TA, Sigma Chemical Co.®, St. Louis, MO, USA). After
culture, o0AECs were screened by flow cytometry for
the major surface molecules cluster of differentiation
and for intracellular stem cell markers. The oAECs
ability to differentiate into osteogenic?® and
tenogenic® lineages was tested prior to their implan-
tation as previously reported. In particular, tenocytes
were isolated after in vitro incubation of SDFT tendon
explants collected from slaughtered adult horses.
Tenogenic differentiation was monitored after 28 days
of co-culture by analyzing the ability of oAECs cul-
tured alone (CTR) or exposed to primary tenocytes
(co-culture) to down regulate cytokeratin 8 (epithelial
marker [immunohistochemical analysis]), to generate
three dimensional tendon-like structures (stereomi-
croscope and inverted microscope), to express colla-
gen type | (COL1) and tendon-ligament related genes
(RT-PCR technique). The oAECs with a stable prolif-
eration index (expressed as mean doubling time
which was about 15-20 h in all fetuses analyzed dur-
ing the first three passages of in vitro expansion), a
conserved expression pattern and the ability to un-
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dergo in vitro tenogenic cell lineage differentiation,
were stored in vials of 2.5 x 106 by cryopreservation
in liquid nitrogen.

0AECs implantation

The procedure was performed as previously de-
scribed'?, with the horses standing and sedated using
detomidine 10 pg/kg (Domosedan® - Pfizer, Italy) and
butorphanol 20 ug/kg (Dolorex®, Intervet, Italy). Be-
fore implantation the intended pool of cells was de-
frosted. Briefly, after regional analgesia, cell injection
was always performed with the limb bearing weight.
After aseptic preparation, the tip of a needle (20G X
1.5 inch) was guided, under US control, into the de-
fect where a core lesion (acute) was present, or in
the area where US showed the most severe upset of
tendon echo-texture in chronic cases. A total of 7x
106 oAECs in 500 pl of cMEM was grafted into the
tendon. Limbs were then bandaged and ice packs
were daily applied for a few days. Horses were rested
in box for 7 days before commencing a rehabilitation
period equal for all animals and consisting in daily
hand-walking and trotting.

Tendon analysis and histological examination

Horses were euthanized after 180 days post-cell im-
plantation by an overdose of thiopental (Pentothal Sodi-
um®, Intervet) and embutramide (Tanax®, Intervet).
Samples were submitted to histological examination.
The explanted tendons were transversally cut at least
5 mm from the injured area. A portion of the contra-
lateral healthy tendon (same level) was also collected
for comparison. The specimens were immediately
cryopreserved; longitudinal sections were cryosec-
tioned at 7 um-thickness, collected on glass slides,
and stained with haematoxylin-eosin (H&E) to collect
information on tissue micro-architecture and on colla-
gen fibers reorganization within the injured tendon. In
brief, for H&E stain sections were brought to water
and the nuclei stained with an alum hematoxylin (Sig-
ma®, St. Louis, MO) for 5 minutes. Then, slides were
immersed into tap water for 5 minutes. The cytoplasm
was contrasted with Eosin (Sigma®, St. Louis, MO)
for 5 minutes, and then rinsed well with distilled wa-
ter. Finally the sections were mounted with an aque-
ous medium (Sigma®, St. Louis, MO).

Cellularity, extracellular matrix fiber organization, and
blood vessels were used to describe tendon healing
process. Finally, all stained sections were analyzed with
the Axioscop2 plus microscope (Zeiss, Oberkochen,
Germany).

Results

0AECs isolation, culture, characterization and
storage

Accordingly to previous studies®13.17 in vitro expand-
ed 0AECs showed a constant proliferative ability, a
conserved phenotype and stable expression profile of
stemness markers. Differentiation into tenocytes was
also regularly documented.

Clinical data

Four horses affected from unilateral acute SDFT
tendinopathy and two horses with chronic SDFT
tendinopathy were enrolled. Typical signs of acute
(heat, swelling, pain on palpation, lameness) or chronic
(profile deformity, thickness and lameness) tendinopa-
thy were present in all cases. Demographic (age, sex,
discipline) and clinical data (lameness score [evaluated
according to American Association of Equine Practition-
ers (AAEP) scoring system?'], time of onset of sympto-
matology, mean injury duration) are reported in Table 1.
The transplantation procedure was well tolerated by
all horses that did not exhibit any discomfort or ad-
verse effects. No antibiotics or other drugs were ad-
ministered at any time. The clinical outcome was
characterized by a progressive reduction of lameness
(during walking and trotting), which was no more de-
tectable on an average of three weeks post 0AECs
implantation.

Ultrasound features

At baseline, US signs of tendon lesions were ob-
served in four right (three acute and one chronic) and
two left (one acute and one chronic lesions) thoracic
limbs, respectively; the contra-lateral limb of all hors-
es did not show any US damage.

In the four acute lesions, US examination showed a
focal, dishomogeneous, hypo-echoic area into the

Table 1. Athletic performance’s signalment of the horses combined with the clinical evaluation of lesion.

Case number Aptitude Sex Age (years) Lesion type Lameness scoring *
1 Dressage Gelding 4 Acute 2
2 Racing Flat Stallion 3 Acute 1
3 Racing Flat Mare 4 Acute 2
4 Racing Flat Gelding 5 Acute 2
5 Racing Flat Mare 7 Chronic 2
6 Eventing Gelding 7 Chronic 2

* According to AAEP scoring system
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SDF tendon, with loss of the normal fibrillar pattern. In
the two tendons with chronic damage a longitudinal
hyper-echoic area with a similar pattern, located in the
medial portion of the tendon, was observed (Fig. 1).
Neovessels were never detected at PD evaluation.

Thirty days after transplantation in all horses with
acute damage the affected areas, compared with
baseline, appeared widened (increased cross-sec-
tional area), and the sonographic changes were still
present; progressively, from the day 60 to the day 90,
the cross-sectional area, was found comparably re-
duced, however showing an irregular contour, and
the echotexture was more homogeneous. Finally, at

120, 150 and 180 days after the treatment, the echo-
texture was more regular, the cross-sectional area
similar to the contra-lateral limb, and the collagen
fibers were oriented in parallel to the longitudinal axis
of the tendon (Fig. 1).

In the two chronic lesions, at 30 days after transplan-
tation, the damaged areas appeared less hyper-
echoic but without any change in the cross-sectional
area (Fig. 2); a progressive reduction in the
echogenicity and in the cross-sectional area was then
observed after 60, 90, 120 and 150 days. At the final
follow up (180 days), tendons resumed a quite nor-
mal appearance (Fig. 2). During the whole duration of

Figure 1. Ultrasound features of an acute lesion.

At baseline (panel a), the presence of a focal, dishomogeneous, hypo-echoic area (dotted circle) into the SDF tendon, with

loss of the normal fibrillar pattern, is observed (core lesion).

At the final follow-up (180 days after treatment, panel b) the tendon seems to be healed at US exam: indeed, the echotex-
ture is more regular, the cross-sectional area similar to the contra-lateral limb, and the collagen fibers are oriented in parallel

to the longitudinal axis of the tendon.

Figure 2. Ultrasound features of a chronic lesion.
At baseline (panel a), the tendon damaged area into the SDFT appears thickened and completely hyper-echoic, with loss of
the normal fibrillar pattern.
At the final follow up (180 days after treatment, panel b), a progressive reduction in echogenicity and in cross-sectional area
is observed, with the tendon resuming a quite normal appearance.
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the study neovascularization was never detected at
the PD exam.

Tendon histology

The histological analyses of the oAECs treated-ten-
dons showed an advanced healing process that in-
volved the whole injured area both in acute and chron-
ic lesions (Fig. 3). Tendon and endotenon connective
tissues were properly and similarly restored in both
cases. The interface between the two tissue types
was readily defined. The proper tendon tissue consist-
ed of large groups of collagen fibrils lying in parallel
alignment, with tenocytes, characterized by a typical
fusiform shape, among them. In detail, a higher con-
centration of fusiform cells was present within the le-
sion site, compared to the healthy tissue. These cells
were surrounded by an abundant extracellular matrix
organized in parallel fibers oriented along the longitu-
dinal axis of the tendon. The extracellular matrix with-
in the regenerated site closely resembled a healthy
tissue with a similar eosin staining density. Endotenon
layers, composed of loose connective tissue and
rounded cells, were running within the proper tendon
tissue. Blood vessels, contained within the endotenon,
did not show any difference between regenerated and
control healthy tendons and were aligned along the
longitudinal axis of the tendon as in healthy ones.

At the end of the co-cultural period (28 days) some
bundle structures became three dimensional, while
CTR 0AECs reached a confluent monolayer. Immuno-
histochemistry analysis showed that all fusiform cells
lost their positivity for the epithelial marker Cytokeratin

8, while strongly increased their content in COL1 pro-
tein, differently from CTR oAECs. The co-culture sig-
nificantly changed oAECs gene profiles increasing
COL1 and SCX and decreasing COL3 mRNA content.
The intracellular mRNA levels of all the three tendon
related genes became similar to those recorded in
ovine tendons analyzed as control tissues.

Discussion

Many experimental and clinical studies published in
recent years have shown the potential therapeutic
benefit and safety of MSCs in tendon repair®22,
These cells can be obtained by different sources (au-
tologous and heterologous), but their use is ham-
pered by technical difficulties. On the other hand,
AECs can be easily collected, expanded in vitro with
a constant proliferative ability, a conserved pheno-
type, and a stable expression profile of stemness
markers'. Their differentiation into tenocytes is also
regularly documented’2. Moreover, these cells can be
stored thanks to cryopreservation and used for allo-
geneic transplantation in veterinary medicine. Previ-
ous experimental studies, in mechanically-induced
acute tendon injuries in large animals species
(sheep), have shown their good tolerance by the
host, due to their low immunologic potential, and their
efficacy in regenerating tendon®17. Very good clinical
results have been also obtained after transplantation
into equine SDF acute tendinopathies, with restora-
tion of a quite normal US pattern of tendon fibers ori-
entation'”. However the clinical nature of this study
has precluded a proper standardization of the US

~,
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Figure 3. Morphological analysis of advanced healing process in acute and chronic SDFT lesions. H&E stain micrographs
(100X magnification) of SDFT tissue sections at 180 days post treatment with oAECs.

In the micrographs, the healing and the healthy tissue is on the right and on the left of dotted lines respectively, and the en-
dotenon with blood vessels in the area between them. The images show that, both in acute (panel a) and chronic (panel b)
lesions, tendon and endotenon connective tissue are properly restored. Collagen fibrils are parallelly aligned, and tenocytes
are characterized by a typical fusiform shape. Blood vessels (arrows) are visible exclusively within the endotenon.

In the regenerating area a higher nuclei concentration and a lower density of the extracellular matrix fibers in comparison
with the healthy tendon are evident.
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evaluation of the healing process and a comparison
between US and histological features.

The present study enlarges our knowledge on acute
tendinopathies, not only confirming the excellent clini-
cal outcome after implantation, as previously report-
ed'?, but also showing a very good correlation be-
tween the US findings and the histologic features of
tendon samples, collected 180 days after implanta-
tion. Indeed, the US evaluation has shown a de-
crease of the cross-sectional area at the level of max-
imal injured zone and the recovery of a normal align-
ment pattern of tendon fibers, similar to that observed
in the contra-lateral healthy tendon. The early widen-
ing of the core lesions is considered normal during
the inflammatory phase and is due to fluid accumula-
tion during the digestion of disrupted fibers by prote-
olytic enzymes and their removal by phagocytosis23.
Accordingly, at histological evaluation, it has been
observed an almost complete restoration of normal
tendon architecture with an optimal alignment of ten-
don fibers and blood vessels, although a high cellu-
larity still present suggests that the regenerative
process was not completely concluded.

The new finding reported in the present study, first in
literature, is the demonstration of efficacy also in
chronic spontaneous tendinopathies. Again, this as-
sumption is demonstrated not only by the clinical im-
provement, but also by the normalization of US archi-
tecture and the corresponding histological analysis
that showed an almost normal structure of the tissue.
Surprisingly tendon histology in chronic lesions after
treatment was completely superimposable to that of
the acute ones. Therefore, it may be concluded that
the xenotransplantation of ovine AECs into horses is
able to normalize the mechanical and structural para-
meters of treated tendons, irrespective of the stage of
the lesions.

It is well known from histologic observations that the
tendon damage develops in a continuum in different
stages: the acute lesions are characterized by tissue
necrosis, oedema, and infiltrates of inflammatory
cells, with overproduction of inflammatory cytokines;
subsequently extracellular matrix is formed and orga-
nized in fibrils, which, however, do not reproduce the
normal tendon architecture, and evolves in a fibrotic
scar. Several growth factors are necessary to fuel
and support the tendon regeneration. Tenocytes play
a pivotal role, not only by means of the growth factors
they produce, but also soliciting a proper and physio-
logic alignment of the newly formed fibers24. The
equivalent results, as improvement in clinical symp-
toms, US and histologic features, observed in the
present study, support the hypothesis that stem cells,
differentiating into tenocytes, are equally useful and
induce a regenerative process both in the acute and
chronic stages of tendinopathy, irrespective of the
biochemical and histologic environment.

It is noteworthy that equine and human tendinopathies
have many similarities in their pathophysiology?25:26,
since equine SDFT recapitulates the main biomechan-
ical and histologic characteristics of human Achilles

10

tendon. However, further comparative studies are
needed to establish an equivalence also in sponta-
neous pathologic situations, before considering the
use of AECs for translational perspectives.

Some limitations of the present study must be ac-
knowledged. First, it is mandatory to increase the
number of cases (mainly of chronic tendinopathy) be-
fore definitely stating that the treatment with oAECs
can enhance tendon regeneration. Second, it could
be useful to know the number of cells to be injected
in relation to the size of the lesion for the best results.
Third, it will be necessary to evaluate whether the
clinical improvement is also present in conditions of
stressful exercise.

In conclusion, the use of heterologous AECs is very
promising because of the good results, the easy
availability and the low immunogenic potential. How-
ever, larger studies and a comparison with control
groups treated with stem cells of different source are
needed to establish their therapeutic potential in the
treatment of tendinopathies.
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