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Background: Tissue engineering has exhibited great effect on treatment for bone-tendon interface (BTI) injury. The
aim of this study was to evaluate the effect of a book-shaped acellular tendon scaffold (ATS) with bone marrow
mesenchymal stem cells sheets (MSCS) for BTI injury repair.

Methods: ATS was designed based on the shape of “book”, decellularization effect was evaluated by Hematoxylin
and eosin (H&E), 4/, 6-diamidino-2-phenylindole (DAPI) and scanning electron microscopy (SEM), then bone
marrow mesenchymal stem cells (MSCs) were cultured on ATS to assess the differentiation inductivity of ATS. A
rabbit right partial patellotomy model was established, and MSCS seeded on ATS were implanted into the lesion
site. The patella-patellar tendon (PPT) at 2, 4, 8 or 16 weeks post-operation were obtained for histological,
biomechanical and immunofluorescence analysis.

Results: H&E, DAPI and SEM results confirmed the efficiency of decellularization of ATS, and their in vitro
tenogenic and chondrogenic ability were successfully identified. In vivo results showed increased macrophage
polarization toward the M2 phenotype, IL-10 expression, regenerated bone and fibrocartilage at the patella-
patellar tendon interface of animals received MSCS modified ATS implantation. In addition, the level of tensile
strength was also the highest in MSCS modified ATS implantation group.

Conclusion: This study suggests that ATS combined with MSCS performed therapeutic effects on promoting the
regeneration of cartilage layer and enhancing the healing quality of patella-patellar tendon interface.

The translational potential of this article: This study showed the good biocompatibility of the ATS, as well as the
great efficacy of ATS with MSCS on tendon to bone healing. The results meant that the novel book-shaped ATS
with MSCS may have a great potential for clinical application.

Introduction

The bone-tendon interface (BTI) has a transitional structure [1,2],
which can disperse stress from bone to tendon and balance the mechanical
load at the interface [3,4]. BTI injury is common in exercise, such as
jumping, cutting and pivoting. Unfortunately, because of the slow and
difficult regeneration of the fibrocartilage layer [4-7], surgery to establish
bone and tendon reattachment often has high failure rate [8-10].

In recent years, scaffolds and stem cells have been widely used in

tissue engineering for the repair of tendon to bone [11-15]. However, the
scaffolds used in these studies are all synthetic biomaterials, which
cannot completely simulate the special tissue structure and matrix
components at the BTI, and lack internal biological activity, so their
application is limited to some extent. Acellular bioscaffolds have the low
immunogenicity, preserved physiological structure and extracellular
matrix components of the native tissue [16-18], which are important for
cell proliferation and differentiation [19]. At the same time, studies have
shown that bone marrow mesenchymal stem cells (MSCs) have the
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potential of multidirectional differentiation into bone, cartilage and
tendon under different inductive microenvironment [20-22], so seeding
MSCs on certain acellular scaffolds with inductive property might be
effective for patella—patellar tendon (PPT) repair.

Traditional tissue engineering techniques often use high-density cell
suspension for cell planting, but this method is prone to cell loss, uneven
cell distribution and lack of cells in the surrounding areas of the scaffold.
Recently, cell sheet engineering characterised by abundant cells and ECM
has avoided above disadvantages, which has been used for the repair of
damaged tissues, such as cartilage, cornea and skin [23-25]. In addition,
mesenchymal stem cells sheets (MSCSs) have been applied in the
regeneration of bone, cartilage and ligament [26-28]. To better combine
the cell sheets with the scaffold, we designed a novel book-shaped scaf-
fold, which is not only convenient for operation but also easy for decel-
lularisation and cell plant. Therefore, based on abovementioned
conditions, we hypothesised that the novel acellular tendon scaffold
(ATS) sandwiched with bone marrow MSCSs can promote regeneration
of the fibrocartilage layer at BTI injury.

In this study, a composite containing MSCS and the book-shaped ATS
was applied to the rabbit partial patellotomy model. After 2, 4, 8 or 16
weeks postoperation, the effects of the composite on the healing quality
at the PPT interface were investigated.

Materials and methods
Design of book-shaped acellular tendon scaffolds

After euthanasia (intravenous injection with sodium pentobarbital,
100 mg/kg) of New Zealand white rabbits which weigh 3.0 + 0.5 kg (18-
weeks-old), samples of the tendon were collected from the Achilles
tendon and trimmed into cuboid (about 7 mm x 2 mm x 2 mm).

The book-shaped ATSs were prepared as previously described [17].
Briefly, the trimmed tendon segments were frozen into sections with a
thickness of 200 pm but left the end uncut using cryostat (CM1950; Leica,
Nussloch, Germany), and a book-shaped tendon scaffold with five layers
was achieved, which was about 7 mm x 2 mm x 1 mm. Then, the
book-shaped ATS were treated with five freeze-thaw cycles, followed by
sodium dodecyl sulfate (0.1%) for a slight shaking for 4 h.

Evaluation of tendon scaffolds decellularisation effect

The samples used for histological evaluation were fixed with 4%
paraformaldehyde. Haematoxylin and eosin (H&E) and 4’,6-diamidino-
2-phenylindole (DAPI) were used to show the collagen fibrous structure
and cellular components (n = 3).

After being treated with glutaraldehyde (2.5%) for 24 h, the samples
were dehydrated with gradient ethanol, soaked with osmium tetroxide,
dried and sprayed, then being observed by scanning electron microscopy
to analysis the microstructure (n = 3).

Isolation, culture and seeding of bone marrow MSCs

MSCs were collected from New Zealand rabbits, isolated and cultured
by a previously established protocol [29]. The sterilised ATSs were
soaked in complete culture medium (DMEM/F12 containing 10% foetal
bovine serum and 1% penicillin/streptomycin) for 24 h before seeding.
The third generation MSCs were planted into a 24-well culture plate with
100 pL each, at a concentration of 2 x 105 cells/mL, and the well with
ATS placed is the experimental group. After incubating for 2 h (5% COa,
37°C), culture medium was added into the culture plate with 2 mL each
well and continue to culture in the incubator.

Quantitative real time - polymerase chain reaction (qRT-PCR)

The gene expression of tenomodulin, alpha-1 type I collagen, Sox-9
and Aggrecan were measured after co-culture for 7 and 14 days
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Table 1
Reverse transcription-polymerase chain reaction primer sequences.

Genes Forward primer sequences Reverse primer sequences

GAPDH ATGGTGAAGGTCGGAGTGAA GCAAACCTTCTCAAACTCGCCCAC
Sox-9 CGCCCCCGCTAGCCGCACGA CTGGTGCTCCGCGTAGTCGAACTG
Aggrecan CCCAACTGCGGCGGAAACCT ATGTCCTCCTCACCGCCCACTCC

Tenomodulin CCATGCTGGATGAGAGAGGTT ~ CCGTCCTCCTTGGTAGCAGT
Alpha-1 type ATGGATTCCAGTTCGAGTAGGC CATCGACAGTGACGCTGTAGG
I collagen

(n = 8). After digestion and centrifugation, samples of cells in each group
were collected in liquid nitrogen. Then extracted mRNA from cells were
resuspended in RNAase-free Hy0, then subjected to Prime-Script™ RT
reagent kit (TaKaRa, Kusatsu, Japan) for synthesis of complementary
DNA. SYBR Green PCR Master Mix was used for qRT-PCR. The primer
sequences of genes to be tested for QRT-PCR were summarised in Table 1.

Immunofluorescence

Protein expression of Sox-9 and tenomodulin in each group were
detected with fluorescence microscope (IX71, Olympus) after co-culture
for 14 days. After being treated with 4% paraformaldehyde, the samples
were blocked with 4% BSA and were incubated with primary antibody
(Sox-9: bs-4177R, Bioss; Tenomodulin: bs-7525R, Bioss, Woburn, MA,
USA) at 4°C overnight. Then, the samples were treated with the sec-
ondary Anti-Rabbit IgG (ab150075, Abcam, Cambridge, UK) at room
temperature for 1 h. Subsequently, DAPI was added. Three visions were
selected randomly for each sample, and total 24 visions were measured
for each group of eight samples.

Macrophage polarisation and release of inflammatory factors at the
bone-tendon healing interface were observed by immunofluorescence
staining. Briefly, paraffin sections were dewaxed and subjected to a
graded alcohol series and distilled water. For antigen retrieval, tissue
sections were incubated with trypsin at 37°C for 30 min, placed in so-
dium borohydride solution at room temperature for 30 min and blocked
with 4% BSA for 1 h. After incubation at 4°C overnight with primary
antibody (CD206: bs-2664R, Bioss; IL-10: bs-0698R, Bioss) diluted in
0.01 mol/L phosphate buffered saline (PBS), sections were incubated
with secondary Anti-Rabbit IgG (ab150075, Abcam) at room temperature
for 1 h, followed by DAPI counterstained. Three visions were selected
randomly for each sample, and total 18 visions were measured (n = 6).

The preparation of MSCS and seeding of MSCS onto ATS

MSCs were cultured at 1 x 104 cells/cm2 on temperature-responsive
culture dish (Thermo Fisher Scientific, Waltham, MA, USA) at 37°C. After
about 1 week, MSCS was formed by placing the culture dish at room
temperature for about 30 min. Then MSCSs were set on each layer of the
sterilised book-shaped ATS. Fig. 1 shows the diagrammatic drawing of
the preparation of MSCSs and seeding of MSCSs onto ATS.

Establishment of partial patellectomy model and grouping

A total of 144 male or female rabbits which weigh 3.0 + 0.5 kg (18-
weeks-old) were used for partial patellectomy at a previous protocol
[30]. After being treated with sodium pentobarbital (3%) for narcosis,
the transverse osteotomy was performed between the distal 1/3 and the
proximal 2/3 of the patella. After removing the distal 1/3 of the patella
and the fibrocartilage tissue, two holes (diameter, 0.8 mm) were perfo-
rated parallelly through the residual patella, then the residual patella and
the patellar tendon were reattached with 3-0 polydioxanone suture
(Ethicon, Bridgewater, NJ, USA). A figure-of-8 tension band wire was
applied from the superior pole of the residual patella to the tibial tu-
berosity to enhance the reattachment at the junction. The knee was
immobilised with plaster and bandage after surgery.


https://en.wikipedia.org/wiki/Bridgewater,_New_Jersey
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Figure 1. The diagrammatic drawing of the preparation of MSCS and the combination of MSCS and ATS. ATS = acellular tendon scaffold; MSCS = mesenchymal stem

cells sheet.

The experiment was divided into three groups: (1) control group:
partial patellotomy with nothing implanted; (2) ATS group: ATS was
implanted between residual patella and patellar tendon and (3)
ATS + MSCS group: the complex of ATS and MSCS was implanted be-
tween residual patella and patellar tendon.

All experimental procedures about animals were approved by the
Ethics Committee of the Center for Scientific Research with Animal
Models of Central South University (2014-3-12).

Tissue samples preparation

The PPT complex samples were collected after postoperative week 2,
4, 8 and 16, respectively. The samples for histological evaluation were
decalcified with 0.5 M ethylene diamine tetraacetic acid (EDTA) (Sig-
ma-Aldrich, USA) for 90 days (n = 6 for each group). Then samples were
paraffin-embedded and cut into the thickness of 5 pm sections. Samples
for biomechanical testing were placed at —80°C (n = 6 for each group).

Histological analysis

Section was stained with H&E for the evaluation of new bone and
with toluidine blue to evaluate the regenerated fibrocartilage. The area of
regenerated bone and the thickness of the newly formed fibrocartilage
zone were calculated by a previously established protocol [30-32].

Mechanical analysis

The mechanical property was evaluated by a biomechanical testing
machine (MTS Insight, Eden Prairie, MN, USA), including the failure
load, energy at failure and ultimate tensile strength. Before testing, the
samples were thawed overnight at 4°C, then the soft tissue, suture, band
wire around the PPT were carefully dissected. The width and thickness of
the PPT were measured by a caliper under a constant tensile load (5 N),

and the operation was repeated three times, and the average value was
used to calculate the area of the PPT. The failure load was tested at a rate
of 20 mm/min after a preload of 1 N. The failure load divided by the area
of the PPT was the ultimate tensile strength.

Statistical analysis

All data were expressed as mean + standard deviation and were
analysed by SPSS 25.0 software. Two-way analysis of variance was used
to compare the effect of stem cell or scaffold and healing time on the
regeneration of damaged tissue, with Bonferroni post hoc test for sta-
tistical differences. A p < 0.05 indicates statistically significant
difference.

Results
Characterisation of ATS

The gross observation of the scaffold (7 mm x 2 mm x 1 mm) was
shown in Fig. 2A. H&E staining of the scaffold showed that the native
collagen structure of the acellular scaffold was preserved without any
residual of cellular components (Fig. 2B), and DAPI staining results
demonstrated that there was almost no cell observed after decellular-
isation (Fig. 2C). The microstructure of the scaffold before and after
decellularisation was observed by SEM. Before decellularisation, the
cellular components were observed, whereas after decellularisation,
absolutely no cellular components were remained on the tendon fibres,
and the native collagen structure was preserved (Fig. 2D).

Differentiation inductivity of ATS

Gene expression profiles of MSCs seeded on ATS at 7 days and 14 days
were analysed by qRT-PCR. The expression levels of tenomodulin, alpha-



Y. Zhou et al. Journal of Orthopaedic Translation 26 (2021) 162-170

; o
2 P
> g
© E
2 ?
S (¥}
®

2 2
Q -
S L)
e -
S ?
o 5 mm B
- — ] D

Figure 2. (A) Macroscopic features of the book-shaped acellular tendon scaffold; (B) H&E staining of the native and acellular book-shaped tendon scaffold; (C) DAPI
staining of the native and acellular book-shaped tendon scaffold; (D) SEM observation of the native and acellular book-shaped tendon scaffold. H&E = haematoxylin
and eosin; DAPI, 4°,6-diamidino-2-phenylindole; SEM = scanning electron microscope.
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Figure 3. (A,B) Analysis of gene expression involving tenogenic differentiation; (C, D) analysis of gene expression involving chondrogenic differentiation. Different
letters represent statistical significant difference, p < 0.05. ATS = acellular tendon scaffold; TNMD = Tenomodulin; ACAN = Aggrecan.
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1 type I collagen, Sox-9 and aggrecan in the ATS group all up-regulated
compared with the control group at 7 days and 14 days (p < 0.05), and
expression of above genes were also upregulated from day 7 to day 14 in
the ATS group (p < 0.05) (Fig. 3A-D).

On analysing the expression of tenomodulin and Sox-9 by IF, the
amount of cells positive for tenomodulin in the ATS group (158 + 44/
mm?) was higher than the control group significantly (0/mm?)
(p < 0.05). And the amount of cells positive for Sox-9 in the ATS group
(114 + 46/mm?) was also higher than the control group significantly (0/
mm?) (p < 0.05) (Supplementary Fig. 1).

Histomorphometric analysis of repaired PPT

After 4, 8 and 16 weeks postoperation, the repaired PPT were ob-
tained for histomorphometric evaluation. At 8 weeks postoperatively,
new bone could be observed at the regenerated PPT in all groups, but
much more regenerated bone was shown in the ATS+MSCS group than
other groups (p < 0.05). At 16 weeks postoperatively, there was more
regenerated bone in the ATS + MSCS group than other groups (p < 0.05),
and there was also statistical difference between the ATS group and

A Control
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control group (p < 0.05) (Fig. 4).

Meanwhile, the regeneration of fibrocartilage layer was analysed. At
8 weeks postoperatively, fibrocartilage layer could be seen at the re-
generated PPT interface in all groups. The thickness of fibrocartilage
layer between the control group (0.30 + 0.03 mm) and the ATS group
(0.32 + 0.04 mm) did not show a statistical difference (p > 0.05).
However, the specimens in the ATS+MSCS group (0.52 + 0.07 mm)
showed a significantly thicker fibrocartilage layer than other groups
(p < 0.05). At 16 weeks after surgery, the thickness of the fibrocartilage
layer among the ATS+MSCS group, the ATS group and the control group
was 0.98 £ 0.07 mm, 0.88 £ 0.06 mm and 0.77 + 0.06 mm, respectively,
and pairwise comparisons between groups also showed a statistical dif-
ference (p < 0.05) (Fig. 5).

Effect of ATS and MSCS on macrophage polarisation toward the M2
phenotype and IL-10 expression

Considering the potential of the ATS and MSCS to modulate

macrophage polarisation, we examined the expression of M2 marker
CD206 by immunofluorescence (IF) staining, and the amount of CD206"

ATS + MSCS

ATS

[ Control
184 [HI ATS
Il ATS+MSCS

0
8W 16 W

Figure 4. The area of new bone of regenerated patella—patellar tendon interface at 8 and 16 weeks postoperatively: (A) Representative H&E staining images; (B)
semiquantitative analysis of the area of new bone. Scale bars = 100 pm. “Significantly different from the control group at the same time point postoperatively, p <
0.05; Pstatistically significant difference between the ATS group and the ATS+ MSCS group at the same time point postoperatively, p < 0.05; Statistical difference
between 8 and 16 weeks postoperatively in the same group, p < 0.05. The dotted line shows the osteotomy site. ATS = acellular tendon scaffold; MSCS = mesenchymal
stem cells sheet; NB = newly formed bone; RP = remaining patella; TF = tendon fibre.
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Figure 5. The regenerated fibrocartilage of regenerated patella—patellar tendon interface at 8 and 16 weeks postoperatively: (A) Representative toluidine blue staining
images; (B) semiquantitative analysis of the thickness of the regenerated fibrocartilage layer. Scale bars = 600 pm *Significantly different from the control group at the
same time point postoperatively, p < 0.05; Statistical difference between the ATS group and the ATS+ MSCS group at the same time point postoperatively, p < 0.05;
“Statistical difference between 8 and 16 weeks postoperatively in the same group, p < 0.05. ATS, acellular tendon scaffold; FC, fibrocartilage; MSCS, mesenchymal

stem cells sheet; NB = newly formed bone; TF = tendon fibre.

cells were calculated by positive nuclear staining. The results showed
the gradually increased amount of CD206" macrophages from week 2 to
8 postoperatively in each group, whereas there was no statistical dif-
ference between 8 and 16 weeks postoperatively. Moreover, the number
of CD206" macrophages in the control group was significantly lower
than other groups at 4, 8 and 16 weeks postoperatively (p < 0.05), and
the number of CD206 " macrophages in the ATS + MSCS group was also
significantly higher than that in the ATS group at week 8 and 16 after
surgery (p < 0.05). There is no significant difference among the groups
at 2 weeks after surgery (Fig. 6).

Meanwhile, there was an increasing trend of the expression of
interleukin (IL)-10" cells from 4 to 8 weeks postoperatively but
decreasing from postoperative week 8-16. The amount of IL-10™ cells in

167

the ATS+MSCS group was higher than other groups significantly at 4 and
8 weeks postoperatively (p < 0.05). Moreover, the difference was also
statistical difference between the ATS and the control groups at 8 weeks
after surgery (p < 0.05), but there was no statistical difference among
groups at 16 weeks postoperatively (p > 0.05) (Supplementary Fig. 2).

Biomechanical analysis

Mechanical testing results indicated that the biomechanical property
of the regenerated PPT were greatly advanced with healing time and
improved with the implantation of ATS and MSCS (Table 2). At post-
operative week 8 and 16, the failure load, energy at failure, and ultimate
tensile strength in the ATS+MSCS group were significantly higher than
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Figure 6. The expression of CD206 at regenerated patella—patellar tendon interface at 2, 4, 8 and 16 weeks postoperatively: (A) IF staining images of representative
CD206" macrophages; (B) semiquantitative analysis of CD206+ macrophages. Scale bars = 45 pm. Different letters represent statistical significance, p < 0.05. ATS =
acellular tendon scaffold; MSCS = mesenchymal stem cells sheet.
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Table 2
Biomechanical properties of the patella-patellar tendon interface.
Test item 8w 16W
Control group ATS group ATS+MSCS group Control group ATS group ATS+MSCS group
Failure Load(N) 152.62 + 16.21 193.18 + 9.41° 229.54 + 9.65™° 249.38 + 10.14¢ 308.25 + 22.59%¢ 389.5 + 20.47">¢4
Ultimate Strength (Mpa) 3.81 +0.82 6.21 + 0.43" 7.86 + 0.38>¢ 5.22 + 0.42¢ 7.31 + 0.75%4 10.33 + 0.87>%4
Energy at Failure(J) 0.27 + 0.02 0.35 + 0.03" 0.47 + 0.02"¢ 0.61 + 0.03¢ 0.78 + 0.04™¢ 0.95 + 0.03™%¢

ATS = acellular tendon scaffold; MSCS = mesenchymal stem cells sheet.

# Statistical difference between the ATS group and the control group at the same time point postoperatively, p < 0.05.

b Statistical difference between the ATS+MSCS group and the control group at the same time point postoperatively, p < 0.05.
¢ Statistical difference between the ATS+MSCS group and the ATS group at the same time point postoperatively, p < 0.05.

4 Statistical difference between 8 and 16 weeks postoperatively in the same group, p < 0.05.

other groups (p < 0.05), and there was also significant difference be-
tween the ATS group and the control group (p < 0.05). Furthermore,
from week 8 to 16 postsurgery, the biomechanical properties advanced in
the same group. All samples failed at the place between the residual
patella and the regenerated bone, and all samples were tested at the same
condition and parameter.

Discussion

BTI injury is common in clinical, but the surgery on it often has a
high failure rate [8-10], because of the slow and difficult regeneration
of the fibrocartilage layer [4-7]. Under the above circumstances, the
development of tissue engineering has promoted the BTI healing. In this
study, rabbit Achilles tendon as a substrate was removed cells to prepare
a book-shaped ATS. To enrich the biological property of the ATS, MSCs
were seeded on ATS, and the differentiation profiles of MSCs were also
investigated. Tenomodulin, alpha-1 collagen type I, Sox-9 and Aggrecan
are important indicators for evaluating MSCs differentiating into tendon
and cartilage. When MSCs were co-cultured with ATS for 7 and 14 days,
both qRT-PCR and IF staining results showed that MSCs express the
relevant markers, which indicated that ATS can induce MSCs to differ-
entiate into tendon and cartilage. The possible mechanism is that the
morphological and chemical structure of the scaffold is similar to that of
the native tendon, which has induced the differentiation of MSCs [16,
17]. Another possible mechanism is the similar biomechanical proper-
ties between ATS and the autologous tendons and appropriate biome-
chanical stimulation can facilitate the differentiation of stem cells [18].
In previous studies, the decellularised scaffold has the characteristics of
high density and low porosity, the implanted cells are usually confined
to the surface of the scaffold and it takes a long time to migrate into the
interior of the acellular scaffold [33-35]. Different from it, the novel
book-shaped scaffold designed in our study not only has the advantages
of traditional biomaterials, which has low immunogenicity and stem cell
differentiation inductivity, but also is easy for decellularisation and cell
plant.

Effective repair of fibrocartilage is the key issue for BTI injury repair.
In prior studies, the tissue-engineered scaffolds for bone tendon healing
are often synthetic and natural biomaterials. For example, Tien et al.
developed the calcium-phosphate cement, which can promote the
augmentation of tendon-bone healing [11]. Moreover, Mutsuzaki et al.
prepared the calcium phosphate-hybridised tendon graft, which can be
used for the anterior cruciate ligament reconstruction [13]. However, the
regeneration of BTI still remained a challenge because of the low
bioactivity of the above biomaterials. Therefore, to overcome these
shortcomings, a composite containing MSCS and the book-shaped ATS
was applied to the rabbit partial patellotomy model in the current study.
H&E and toluidine blue staining results in this study indicated that ATS
combined with MSCS could effectively promote the regeneration of bone
and cartilage at the PPT interface. Meanwhile, biomechanical analysis
showed that ATS combined with MSCS can effectively enhance the
biomechanical property of the PPT. Possible explanations for this
enhancement may be related to the chondrogenic differentiation of MSCs

induced by ATS, which need to be further studied.

In in vivo study, we also observed the effect of the complex on the
regulation of local immune microenvironment in tendon to bone inter-
face. The polarisation of macrophages plays a significant role in the
remodelling process after tissue injury [36]. M2 macrophages can reduce
inflammation and promote tissue regeneration [37,38]. Studies by Sicari
et al. have shown that ECM from small intestine submucosa can promote
macrophage polarisation to M2 [39]. Other studies have showed that
coating dermal-derived ECM hydrogel onto polypropylene mesh can
polarise macrophages towards the M2 phenotype [40]. Related parallel
studies have shown that adipose MSCs can secrete antiinflammatory
cytokines that promote macrophages polarisation to M2 [41]. Our results
are consistent with above results. IF staining showed that ATS can
stimulate local macrophages polarisation to M2 in healing process at PPT
interface. MSCs has no obvious influence on macrophage polarisation
towards M2 in the early healing stage but produced significant effect on
macrophage polarisation in the late healing stage. Meanwhile, both ATS
and MSCS promoted the expression of IL-10. Therefore, we believe that
ATS and MSCS can regulate the local immune inflammatory microenvi-
ronment at the PPT interface.

In conclusion, ATS can provide physical structure and chemical
component for MSCs to differentiate into cartilage and tendon. ATS
combined with MSCS can regulate inflammatory microenvironment and
promote fibrocartilage regeneration, thus promoting the healing of PPT
interface. The limitation of this study is that the MSCs were not labelled
to track the fate of transplanted cells. It was unknown whether the
transplanted cells survived in the healing zone. The host chondrocytes,
MSCs that were recruited to the defect margins or MSCs sheets implanted
may play a crucial role in fibrocartilage reconstruction. Moreover,
transplanted MSCs were not autologous, which may lead to immune
rejection to some extent.
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