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Summary

The treatment of cartilage defects in trauma injuries and
degenerative diseases represents a challenge for orthopedists.
Advanced mesenchymal stromal cell (MSC)-based therapies are
currently of interest for the repair of damaged -cartilage.
However, an approved system for MSC delivery and maintenance
in the defect is still missing. This study aimed to evaluate the
effect of autologous porcine bone marrow MSCs anchored in
a commercially available polyglycolic acid-hyaluronan scaffold
(Chondrotissue®) using autologous blood plasma-based hydrogel
in the repair of osteochondral defects in a large animal model.
The osteochondral defects were induced in twenty-four minipigs
with terminated skeletal growth. Eight animals were left
untreated, eight were treated with Chondrotissue® and eight
received Chondrotissue® loaded with MSCs. The animals were
terminated 90 days after surgery. Macroscopically, the untreated
defects were filled with newly formed tissue to a greater extent
than in the other groups. The histological evaluations showed
that the defects treated with Chondrotissue® and Chondrotissue®
loaded with pBMSCs contained a higher amount of hyaline
cartilage and a lower amount of connective tissue, while
untreated defects contained a higher amount of connective tissue
and a lower amount of hyaline cartilage. In addition,
undifferentiated connective tissue was observed at the edges of
defects receiving Chondrotissue® loaded with MSCs, which may

indicate the extracellular matrix production by transplanted

MSCs. The immunological analysis of the blood samples revealed
no immune response activation by MSCs application. This study
demonstrated the successful and safe immobilization of MSCs in
commercially available scaffolds and defect sites for cartilage
defect repair.
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Introduction

Articular cartilage defects are a major cause of
disability worldwide, affecting more than 22 % of adults
older than 40 years [1]. The self-regeneration capacity of
cartilage tissue is limited due to the terminal degree of
chondrocyte  differentiation  and  poor  tissue
vascularization. The cartilage defects cause pain, bone
deformities, joint swelling, and may lead to further

degenerative joint diseases like osteoarthritis [2]. Despite
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the reported successes in the therapy of cartilage damage,
only an insignificant number of treatment options may
provide long-term

[2-4].

multipotent mesenchymal stromal cells (MSCs) have

improvement of cartilage tissue

function New therapeutic strategies using
been investigated for the treatment of cartilage defects
[5,6]. MSCs are multipotent progenitor cells with
prominent  paracrine  activity, immunomodulatory
properties, and a capacity for multilineage differentiation
[7]. Being successfully isolated from various adult and
perinatal tissues (bone marrow, adipose tissue, skin,
umbilical cord and others), their treatment potential for
cartilage repair is the focus of many research and clinical
studies [8-12].

Successful implantation and retention of MSCs
in the defect is an important and non-negligible step in
effective cell-based therapy. The use of a 3D scaffold
may improve the therapeutic outcome by providing
their

incorporation into the surrounding tissue and/or the

support for the implanted cells, enabling

migration of the host tissue cells into the implant [13].
scaffolds
certified for the restoration of osteochondral defects in

There have been several medical device

human medicine available on the market. The influence
of 3D scaffolds on the restoration of cartilage defects is
currently the subject of research [13-15]. Chondrotissue®
(BioTissue AG, Zurich, Switzerland) is one of the
scaffolds certified for the
treatment of osteochondral defects in human medicine.

commercially available

The cell-free application of the Chondrotissue® graft has
been shown to improve the quality and formation of
reparative tissue, compared to the microfracture
technique applied alone [16]. It has also been successfully
used as a scaffold for autologous MSC implantation [17].

The efficient immobilization of viable cells
within the scaffold may play a crucial role in the overall
therapeutic effect. The fast immobilization of cells within
the scaffold in the surgery room using hydrogel
formulations can be considered the method of choice for
ensuring the safety and reproducibility of the study.
Among the clinically acceptable hydrogels which can be
used for the localized delivery of the cells, fibrin-
/fibrinogen-based biomaterials are the most applied due
to confirmed biocompatibility, safety, and natural origin
[18]. The

fibrinogen and thrombin are widely applied as tissue

double-component products based on
sealants, glues, or adhesives. However, their direct use
for cell immobilization is challenging due to an extremely

fast coagulation rate and significant stiffness of the

obtained gels, which may lead to the reduction of cellular
viability. As a natural autologous alternative to tissue
sealants, the use of the mixture based on blood plasma
(containing fibrinogen) and serum from the same patient
(the source of natural thrombin) can be applied in clinical
medicine and prepared in the operation hall immediately
prior to use. In the presence of CaCl,, such mixtures form
a hydrogel in situ and have confirmed biocompatibility
with both cells and the patient.

The safety of the autologous bone marrow MSCs
implantation in Chondrotissue” scaffolds and plasma-
based hydrogel was recently confirmed in a phase I/II
[19].
examination of the healing processes following the MSC-

clinical study However, a deep histological
based graft implantation is needed to fully understand the
therapeutic effects of implanted MSCs. Such histological
studies are challenging to conduct in humans. Therefore,
suitable animal model and

establishing a large

recapitulating the treatment conditions is required.
Additionally, these models will serve for the further
development of cell-based therapies using allogeneic
MSC:s that represent great opportunities for regenerative
medicine as ready-to-use therapeutics.

The aim of this study was to evaluate the
potential of autologous bone marrow MSCs immobilized
in the Chondrotissue® scaffold by autologous blood
plasma-based hydrogel in the repair of osteochondral
defects. The adult minipig was used as the preclinical
model to enable the histological evaluation of newly
formed tissue in the defect.

Methods

Design of the experiment

Twenty-four minipigs (miniature Minnesota-
based breed) with completed bone maturation at the age
of 9 - 10 months, weighing 55 + 5 kilograms, were
included in the experiment. The animals were divided
into one experimental and two control groups, with eight
minipigs in each group. In all animals, the cartilage in the
area of the medial femoral condyle of the left knee was
artificially damaged. The induced osteochondral defects
were either left without any treatment (group A), filled
with Chondrotissue” combined with blood plasma-based
hydrogel without pBMSCs (group B), or filled with
Chondrotissue” enriched by pBMSCs isolated from the
bone marrow of each individual animal and blood
plasma-based hydrogel (group C). After 90 days, the
entire knee condyles were explanted, and macroscopic
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evaluation and histological analyses were performed to
determine and compare the results of the individual
treatment group. The animals originated from the colony
of the Institute of Animal Science in Kostelec nad Orlici,
Czech Republic. All the experimental procedures were
approved by the Advisory Committee for Animal Welfare
of the Ministry of Education of the Czech Republic
(approval ID MSMT 12048 2019 5) and conducted
under the supervision of the Advisory Committee for
Animal Welfare of the Faculty of Medicine of the Charles
University in Pilsen. The animals received standard care
according to the EU Directive 2010/63/EU.

Isolation, culture, and characterization of autologous
pBMSCs

pBMSCs were isolated from each of the 8 animals
included in experimental group C. Three months before the
experiment, bone marrow was collected from the femoral
bone of each animal by a puncture with a sterile Ben
biopsy needle (S. A. B. Impex, s.r.o., Bedfichovice, Czech
Republic) and immediately transferred into 50 ml tubes
(TPP)
Germany). Aspiration was performed under general

containing heparin (B Braun, Melsungen,

anaesthesia and according to standard surgical procedure.
pBMSCs were isolated as reported previously [20]. After
isolation, pPBMSCs on the second passage were cryo-
preserved in liquid nitrogen (0.5 — 1.0 x 10° cells/cryotube)
for further use.

To confirm the purity of the pPBMSCs intended
for transplantations, their immunophenotypic profile
(clusters of differentiations CD90, CD29, CD44, CD45
and major histocompatibility complex MHC II) and the
ability to differentiate into adipocytes, osteoblasts, and
chondrocytes was determined according to our previous
study [21].

Preparation of autologous blood plasma-based hydrogel
for pBMSCs immobilization inside the scaffold

Four days before surgery, the stored pBMSCs
were thawed and seeded at 10,000 cells per cm” into the
75¢m? cell culture flasks (Techno Plastic Products, TPP,
Trasadingen, Switzerland). At the time of operation,
blood samples were collected from each animal, and the
autologous serum and plasma were prepared for each
animal (centrifugation 2000 x g, 10 min). At the same
time, the pBMSCs were harvested and counted. To
anchor the cells inside the scaffold, the cells were
immobilized with an autologous blood plasma-based
hydrogel prepared with minor modifications according to
our previous studies [22,23]. Briefly, for group C,

approximately 2.5 x 10° cells were mixed with 90 ul of
autologous plasma, and after transport from the lab to the
operating room, cells with plasma were aspirated into
a syringe containing 7.5 pl of autologous serum and
2.5 pl 10% CaCl, (BB Pharma a.s., Prague, Czech
Republic). The syringe was gently tapped several times,
and the MSC suspension was immediately applied to the
Chondrotissue” filling of the cartilage defect. For group
B, the procedure was similar, but the addition of cells was
omitted. The
hydrogel was completed within one to two minutes.

gelation of the blood plasma-based

Surgical technique

After a premedication of Zoletil, Xylazine, and
Atropine, general anaesthesia was maintained by
administration of 1.0 — 2.0 % of isoflurane in O,. The
anesthetic gases were administered via a human laryngeal
mask using a standard veterinary anesthesiologic
apparatus equipped with an isoflurane evaporator. All
surgical procedures were performed in aseptic conditions
with sterilized surgical instruments. Subsequently, the left
knee joint on the left hind leg was assessed through
medial arthrotomy, the cartilage was exposed, and
a circular osteochondral defect of standardized size
(6 mm in diameter, 2 mm deep to bleeding subchondral
bone) was created using a custom-made tube osteotome
in the load-bearing area of the medial femoral condyle

(Fig. 1A,B). In control group A, the defect was left

Fig. 1. Surgical technique of the animal experiment. A) medial
approach to the knee joint with the creation of a standardized
osteochondral defect with a custom-made osteotome; B) an arti-
ficially created osteochondral defect in the weight loading area of
the medial condyle of the knee joint (6 millimetres diameter,
2 millimetres depth); C) defect filled with Chondrotissue® graft,
cut in a circular shape corresponding to the diameter of the
osteochondral lesion and; D) osteochondral defect filled with
Chondrotissue® and covered with plasma-based hydrogel mixed
with pBMSCs to cover the defect and anchor the cells inside the
carrier.
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without treatment. In control group B, the Chondrotissue®
scaffold cut into a circular shape with the same diameter
as the defect was inserted in the defect (Fig. 1C).
Subsequently, autologous blood plasma-based hydrogel
was applied. In experimental group C, Chondrotissue®
was inserted into the defect the same way as for control
group B, and then the plasma-based hydrogel containing
autologous plasma and serum with 10 % CaCl, and
autologous pBMSCs was applied on the surface of the
scaffold (Fig. 1D). The hydrogel soaked into the
Chondrotissue® scaffold and solidified within about 1 or
2 minutes. The joint capsule, subcutaneous tissue, and
skin were sutured, and a liquid Novikov dressing was
applied to the wound to reduce the risk of wound
complications.

After the surgery, the animals were observed in
the intensive care unit for 12 hours and then transferred
back to pens. Immediate weight-bearing and a full range
of motion were allowed postoperatively. Trained animal
keepers, supervised by a veterinarian, closely observed
the animals. The minipigs were administered analgesia
with Nalbuphine 0.25 mg/kg, and Tramadol 2 mg/kg
together with Meloxicam 0.4 mg/kg during the following
3 days. 90 days after surgery, the minipigs were
euthanized using intracardiac administration of thiopental
and potassium chloride solution under general anesthesia.
Medial defects
explanted, underwent a macroscopic evaluation and were

condyles with osteochondral were
fixed in a 4% formaldehyde solution for further

histological analyses.

Macroscopic evaluation of explanted condyles

Immediately after the explantation of the medial
condyles, all samples were evaluated by an experienced
orthopedist for the presence and visibility of the healed
defects. The area of each healed defect underwent the
macroscopic description.

Qualitative histological analysis

The explanted medial condyles were fixed in
a 4% formaldehyde solution for 8 weeks and then
decalcified in an ethylenediaminetetraacetic acid solution
for 12 weeks. The samples were further decalcified for
8 weeks using Osteosens (Biognostd.o.o., Zagreb,
Croatia) and then immersed in 70 % ethanol for 2 days.
After dehydration and embedding in paraffin blocks,
condyles were cut into 5 um thick sections perpendicular
to the long axis of the defect. The sections were stained
by Verhoeff’s hematoxylin/green trichrome and by

periodic acid/Schiff reaction (PAS) plus alcian blue to

distinguish connective tissue structures and acidic and

neutral glycosaminoglycans forming the cartilage
extracellular matrix. Digitalization of the slides was
provided using the Olympus VS200 scanning system
(Olympus, Japan). From the area of each histological
section, which was blinded to the evaluator, the extent of
healed tissue was determined, and the presence of hyaline
cartilage, fibrous connective tissue, and undifferentiated
connective tissue was qualitatively analyzed [24]. The
samples were also analyzed for the presence of remnants

of Chondrotissue® material.

Determination of inflammatory parameters in peripheral
blood

Blood samples from the peripheral blood vessels
were collected on days 0, 10 and 90 post-implantation to
assess the safety and potential systemic inflammatory
reaction in response to mesenchymal stem cell
administration. The concentration of interleukins
IL-1 beta, IL-4, IL-6, IL-8, IL-10, interferons alpha and
gamma (IFN o and y), tumor necrosis factor alpha
(TNFo) and IL-12/IL-23p4 were measured using the
Luminex assay (ProcartaPlex pig Cytokine, Chemokine
Panel 9 plex, ThermoFisher Scientific, catalogue number
EPX090-60829-901) according to the manufacturer’s
instructions using Luminex® xMAP Technology AtheNA
Multi-Lyte® (ZEUS Scientific, Inc., NJ, USA). In
ascending order, detection limits ranged from 1.14 to 6.91
for IFN o, IL-4, IL-10, IL-1 beta, IL-6, IFN y and TNF a.
The detection limits for IL-8 and IL-12/IL-23p4 were

24.9 and 72.1, respectively.

Statistical analysis

The minimum sample size for this experimental
setup, estimated using G*Power software 3.7.1. [25],
reached the value of 37 minipigs per group, assuming
a medium effect size of 0.5 and a minimum power of 0.8.
However, based on the previous experiments, it is not
possible for economic and capacity reasons to have
111 animals in 3 groups. Only 8 animals were used in
each group, which is in line with other animal studies
[8,10,16,17], where 4 to 12 experimental animal models
(rabbit, sheep, pig) were used per group. Moreover, the
limited number of animals is in line with the 3Rs (three
principles of welfare and protection of experimental
animals - Replacement, Reduction and Refinement),
which is the framework for experimental scientific work.
The histological analysis did not provide any quantitative
data requiring hypothesis testing.
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Results

Isolation, culture and characterization of autologous
pBMSCs

After isolation, porcine BMSCs adhered to the
culture plastic and exhibited an elongated spindle-like
morphology. The immunophenotypic profile of the cells
confirmed the positivity of MSC markers CD90, CD29 and
CD44 and the negativity of MHC II and hematopoietic cell
marker CD45. The ability of cells to differentiate into
adipocytes, osteoblasts, and chondrocytes was confirmed
by histological staining using oil red “O”, alizarin red and
alcian blue (not shown).

Macroscopic evaluation of the defects from explanted
condyles

The appearance of all explanted condyles was
assessed macroscopically. The induced defect was still

visible in all groups after 90 days,

macroscopic evaluation and subsequent histological

facilitating

analysis (Fig. 2A). The defect in control group A was
macroscopically almost completely filled with newly
formed tissue (Fig. 2B). The transition between the newly
formed tissue and the original cartilage was distinct, and
the quality of the newly formed tissue was different and
recognizable from the original hyaline cartilage. In
contrast, in groups B and C, the newly formed tissue did
not completely fill the induced defect (Fig. 2C,D).
An unfilled part remained in the middle of the defect in
these groups. The subchondral bone was no longer visible
in the centre of the defect, indicating the formation of
new tissue in all parts of the defect. A transition between
the original cartilage and newly formed tissue was more
clearly visible in groups B and C than in group A. There
were no local adverse reactions seen in any of the
specimens.

Table 1. The qualitative evaluation of the composition of newly formed tissue in osteochondral defects after 90 days of the healing.
The process of healing of the osteochondral defect was compared between 3 groups — the empty defect without any treatment (group
A), the group treated only with Chondrotissue® (group B), and the group treated with Chondrotissue® loaded with pBMSCs (group C).
Each group consisted of 8 animals (N = 8). (+++) indicates the highest amount; (++) indicates the medium amount; (+) indicates the
lowest amount; (n.i.) indicates that the defect was not included in the evaluation due to technical histological issues; (n.d.) indicates

not detected.

. . . . . . undifferentiated
analyzed new tissue in the hyaline cartilage in fibrous connective . . .
. . . . connective tissue in
parameters defect new tissue tissue in new tissue .
new tissue
groups A B C A B C A B C A B C
+++ ++ ++ + ++4+ +++ +++ + + n.d. n.d. +
+++ ++ ++ + ++4+ +++ +++ + + n.d. n.d. +
+++ ++ ++ + +++ +++ +++ + + n.d. n.d. ++
particular A+ o+ e + nd.  nd +
animalsper 45 4+ o+ ni. +++ +++ nii +  nd  ni +
group . . . .
+++  ni ++ + ni. +++ +++ ni + n.d. n.i. ++
+++ ++ ++ + +++ +++ +++ + + n.d. n.d. +
+++ ++ ++ + +++ +++ +++ + + n.d. n.d. +
A

Fig. 2. Macroscopic evaluation of the osteochondral defects after 90 days following implantation. A) the medial condyle with visible
osteochondral defect; B) defect without any treatment (group A); C) defect treated with Chondrotissue® alone (group B); D) defect

treated with pBMSC-loaded Chondrotissue® (group C).
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Fig. 3. The whole area scans of histological sections throughout the osteochondral defects after 90 days of healing. The articular
cartilage was observed around each sample. The healing defect (d) was approx. in the middle of the scan and was surrounded by bone
tissue. A) and D) defect without any treatment (group A); B and E) defect treated with Chondrotissue® without cells (group B); C and
F) defect treated with pBMSCs-loaded Chondrotissue® (group C). A — C) stained by Verhoeff's hematoxylin/green trichrome (green is
for cartilage and connective tissue, and purple is for bone tissue) and D — F) stained by PAS + alcian blue (violet is for connective tissue
and bone and blue is for hyaline cartilage). Scale bars 5 mm.

Fig. 4. Details of the healing process of osteochondral defects of cartilage after 90 days of healing. All sections were stained by
PAS + alcian blue (violet is for connective tissue and bone and blue is for hyaline cartilage). A) defect without any treatment (group A);
B) defect treated with Chondrotissue® without cells (group B); C) defect treated with pBMSCs-loaded Chondrotissue® (group C).
d = defect; fCT = fibrous connective tissue; HC = hyaline cartilage; undifCT = undifferentiated connective tissue; B = bone. Scale bars
200 pm.

Qualitative histological analysis

The area of each histological section was
examined in order to determine the extent of healed
tissue. The area of newly formed tissue was qualitatively
analyzed for the hyaline cartilage, fibrous connective
tissue, and undifferentiated connective tissue. The results
of qualitative analysis are summarized in Table 1. Defects
filled with
a considerable amount of newly formed tissue without

without treatment (group A) were

any visible empty space (Fig. 3A,D). On the other hand,

defects treated only with Chondrotissue® (group B)
(Fig. 3B,E) and Chondrotissue” loaded with pBMSCs
(group C) (Fig. 3C,F) were also filled with newly formed
tissue. However, the unhealed empty space was still
The detailed
qualitative analysis revealed that the newly formed tissue

visible in the centre of the defects.

in the defects without any treatment (group A) was
mostly composed of fibrous connective tissue and the
hyaline cartilage was present to a lesser extent (Fig. 4A,
Table 1). On the contrary, a higher amount of hyaline
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cartilage and a lower amount of fibrous connective tissue
was evident in both groups B and C treated only with
Chondrotissue® (Fig. 4B, Table 1) and pBMSC-loaded

(Fig. 4C, Table 1),
the undifferentiated connective

Chondrotissue® respectively.

Interestingly, tissue
(immature connective tissue, precursor of the hyaline
cartilage) was observed at the interface of the defect and
the new hyaline cartilage in some samples from the group
treated with pBMSC-loaded Chondrotissue” (Fig. 4C,
Fig. 5). The remnants of Chondrotissue® material were

observed only in two cases in group B.

Inflammatory response

The values of all monitored inflammatory
parameters from the blood samples collected at all time
intervals (0, 10, 90 days) were below the limits of
detection of the given assay. The qualitative histological
analysis did not reveal any chronic inflammation
(immune cells infiltration or excessive connective tissue

capsules) in the healing defects of all explanted samples.

200 gm

Fig. 5. Detail of the undifferentiated connective tissue in sample
from the defect treated with Chondrotissue® loaded with
pBMSCs. The section is stained by PAS + alcian blue (violet is for
undifferentiated connective tissue and blue is for hyaline
cartilage). undifCT = undifferentiated connective tissue;
HC = hyaline cartilage. Scale bar 200 pm.

Discussion

Several surgical methods have been introduced
to treat damaged knee cartilage. These include pure

debridement, bone marrow stimulating techniques

(microfractures and drilling of the subchondral bone),
mosaicplasty,  autologous  cultured  chondrocyte
implantation (ACI) or matrix-induced ACI (MACI), and
filling the defect with an absorbable scaffold, usually
combined with some of the other methods mentioned
above [24]. However, most of these treatments lead to the
ingrowth of fibrous connective tissue in the defect and do
not ensure the formation of high-quality hyaline cartilage
[26,27]. In the case of ACI and MACI, the patient is
required to wundergo multiple surgical procedures.
Moreover, autologous chondrocytes are available in
limited quantities, and their use is not suitable for treating
large cartilage defects and older patients [11,27].

Due to the difficulties in obtaining autologous
articular chondrocytes the use of autologous MSCs,
derived mostly from bone marrow or adipose tissue, has
been preferred for knee cartilage defect repair in both
basic and clinical studies [9]. It has been shown that
MSCs may synthesize the extracellular matrix, which
closely mimics the healthy hyaline cartilage.
Additionally, they secrete a cocktail of soluble factors,
facilitating the regeneration and stimulating the growth of
progenitor cells in situ [28]. A number of reports describe
the use of autologous BMSCs as an effective and safe
way of treating cartilage defects [29-31].

In a recent clinical study, published with our
contribution, the implantation of BMSCs anchored in
a 3D scaffold resulted in satisfactory short-to-medium-
term therapeutic outcomes assessed by symptom relief
(standardized

changes (radiographs and magnetic resonance imaging)

scoring questionnaires) and structural

of the treated cartilage [19]. However, a histological
follow-up of the healed defect was not performed.

In our study, we established the large animal
model for a deep investigation of the regeneration process
using histological evaluation. We aimed to evaluate the
safety of intra-articular implantation of 3D graft, based on
autologous MSCs for the treatment of artificially
damaged knee cartilage as well as to establish the large
animal model and operative procedures for the testing of
future advanced therapy medicinal products in preclinical
settings. The experimental minipigs used in this study
share many physiological similarities with humans. Their
use in biomedical research offers several breeding,
economic, and handling advantages compared to other
large animal models [32].

In this study, we compared the efficacy of
an implanted scaffold seeded with cultured autologous
MSCs, the scaffold alone, or the defect without treatment
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on the healing of artificially created cartilage defects. As
a 3D carrier, we used the resorbable polyglycolic acid-
scaffold
a commercially available 3D graft approved for human

hyaluronan-based Chondrotissue”,
cartilage repair in cases of traumatic and degenerative
changes of the synovial joints [14,15,19,33]. The safety
loaded Chondrotissue®™

confirmed by systemic blood testing for inflammatory

of cell implantation was
factors at days 0, 10, and 90 after surgery, and the
potential of the established 3D graft to stimulate new
cartilaginous tissue formation was evaluated by
macroscopic examination and qualitative histological
assessment 90 days postoperatively. The monitoring of
the inflammatory factors profile in the peripheral blood of
the minipigs showed that the implantation of autologous
MSCs was well-tolerated and did not cause any
undesirable systemic inflammatory reactions or induce
adverse effects and therefore was proved to be safe. The
safety of implantation of autologous BMSCs in cartilage
regenerative medicine has also been confirmed in other
studies using animal models [17,34,35].

Macroscopic  appearance and  qualitative
histological analysis revealed that all treated artificial
osteochondral defects were filled with newly formed
tissue. However, the quality of the newly formed tissue
differed between the control and experimental groups. In
particular, when observed macroscopically, the untreated
control contained the most abundant amount of newly
formed tissue. In contrast, histological analysis showed
the fibrous nature of the formed matrix rather than

cartilaginous. On the other hand, in the presence of

Chondrotissue” scaffolds, a predominantly hyaline
cartilaginous tissue was generated. The observed
supportive role of scaffold implantation in the synthesis
of new cartilage tissue during the healing of

osteochondral defects is in line with other reported
studies [16], confirming the potential of using this
approach for further clinical application.

In addition, we applied blood plasma-based
hydrogel to immobilize autologous BMSCs within the 3D
Chondrotissue” scaffold. The use of blood plasma-based
hydrogel improves the seeding efficiency and
immobilization of cells within the 3D scaffold and inside
the defect. Indeed, recent studies have confirmed that
a 3D culture of MSCs in a fibrin-based hydrogel
promotes cell proliferation, differentiation, and paracrine
activity [36]. In addition, a significant increase in the
secretion of various growth factors was observed in the

3D culture of MSCs inside the plasma-based hydrogels

compared to standard monolayer conditions [22]. After
implantation, the 3D MSC-based grafts possessed strong
anti-inflammatory activity via the secretion of bioactive
soluble molecules, additionally promoting hyaline
cartilage healing [37]. In our study, the application of
pBMSCs-loaded  Chondrotissue®

generation of hyaline cartilaginous tissue in the treated

resulted in the

defects, accompanied by the presence of undifferentiated
connective tissue around the lesion. This observation
suggests that MSCs may be involved in extracellular
matrix (ECM) production at the site of the defect, which
has been reported as a potential mechanism for cartilage
regeneration after MSC implantation [38,39]. While the
exact mechanism of MSCs in cell therapy and
regenerative medicine is not fully elucidated, it is
generally believed that their therapeutic activity is
mediated primarily through a paracrine effect, in addition

to ECM formation [40].

Conclusions

In the present study, we show the establishment
of a relevant large animal model suitable for testing of
tissue-engineered products combined with various types
of cells. The study confirms that the use of autologous
multipotent MSCs in a large animal model is safe.
No local adverse reactions or elevation of specific
inflammatory markers in the peripheral blood were
observed at the selected intervals 0 - 90 days after
surgery. In addition, morphological and histological
screening of the healed defects 90 days postoperatively
showed that both the scaffold without cells, as well as the
scaffold
supported  the

loaded with mesenchymal stromal cells

cartilaginous  regeneration of the
osteochondral defects. Establishing the preclinical model
is essential to test the safety of these cells before clinical
trials in humans. In future experiments, we intend to use
our experience with this preclinical model in large-scale
studies investigating the safety and efficacy of Wharton's
jelly-derived allogeneic cells in treating osteochondral

defects.
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