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Abstract Adipose-derived stromal cells (ASCs) have been investigated as a cell source for tissue regeneration. The
purpose of this study was first to confirm if medial meniscectomy induces osteoarthritis (OA) in goats within a relative
short period of time, and more importantly, to investigate if systemic treatment with immunosuppressive drugs is necessary
in intra-articular ASC xenotransplantation for successful regeneration of articular cartilage and prevention of joint
inflammation. Eight Korean native black goats 1-2 years of age underwent medial meniscectomy. To evaluate the gross
and histological appearance of articular cartilage, knee joints were re-exposed by a medial parapatellar incision at 8§ weeks.
After macroscopic scoring of gross appearance, cartilage biopsy specimens 6 mm in diameter were obtained from the
femoral condyle in four goats. The goats were injected with single intra-articular dose of 7x 10° human ASCs (hASCs) 7
days after the second arthrotomy. Four animals were treated with daily injections of cyclosporin A 10 mg/kg for 7 days,
followed by a reduced dose of 5 mg/kg for another 7 days, while other 4 animals did not receive immunosuppressive
therapy. All animals were sacrificed for analysis 8 weeks after injection of hASCs. OA was successfully induced 8 weeks
after medial meniscectomy. Eight weeks after injection of hASCs, various signs of articular cartilage regeneration were
observed. There were no significant macroscopic and histological differences between goats treated with cyclosporine and
untreated goats. Interleukin-18 and tumor necrosis factor-o level from synovial fluid did not differ between cyclosporine-
treated and untreated goats. The results indicate that immunosuppressive therapy did not influence the result of ASC
xenotransplantation to treat OA.
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1 Introduction

Articular cartilage (AC) does not regenerate itself after
injury in adults. Although several therapeutic measures
have been developed to induce the healing of AC, none of
them successfully regenerated hyaline cartilage [1].

X Gun-Il Im
gunil @duih.org

Department of Orthopedics, Dongguk University Ilsan
Hospital, 814 Siksa-Dong, Goyang 410-773, Republic of
Korea

Research and Development Institute, MCTT Inc., Seoul,
Republic of Korea

Osteoarthritis (OA) is a degenerative disease involving AC
and subchondral bone [1, 2]. Progression of OA causes pain
and stiffness of joints, and eventually results in long-term
disability of the patient [2]. Local therapy by IA injection of
anti-inflammatory agents has been effectively used to alle-
viate symptoms and prevent the progression of OA [3, 4].
Tissue engineering purposed to regenerate damaged
tissue or organs using combination of cell, growth factor
and scaffolding materials [5]. Cartilage tissue engineering
using various cell sources is a rapidly growing area in this
field of research. Autologous chondrocytes were first used
in clinical practice [6]. However, autologous chondrocyte
implantation is fraught with problems, such as dediffer-
entiation of cells with passaging, as well as donor site
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morbidity [7-9]. For this reason, alternative cell sources
have also been investigated for cartilage tissue engineering
[10, 11].

Adipose-derived stromal cells (ASCs) have been inves-
tigated as a cell source for tissue regeneration [12]. ASCs
can differentiate into multiple tissue lineages including
osteogenic and chondrogenic phenotypes [13]. Data from
several groups including ours suggests that successful
in vitro chondrogenesis and in vivo cartilage regeneration
can be achieved using ASCs [13-18]. Eventual commer-
cialization of cell therapy may include use of xenograft as
well as allograft. In addition, preclinical trials in cell ther-
apy have used human cells in animal models [19-22].
However, the host immune response against transplanted
human ASCs (hASCs) is not well characterized. In fact,
whether or not hASCs are immune-privileged cells remains
debatable. Since AC is relatively protected from the
immune response due to the absence of a blood supply, the
necessity for immune suppression in an intra-articular (IA)
xeno- or allogenic ASC therapy is even more controversial.
Immunosuppressive drugs (ISDs) suppress or reduce the
strength of the body’s immune system. In xenotransplan-
tation, ISDs are used to prevent the rejection of implanted
foreign tissue or cells [19, 23, 24]. ISD use considerably
raises the cost and complexity of an animal model, and
lowers the resistance of the animals to infection.

Establishment of proper animal models is a prerequisite
for any study that tests the effect of a certain therapeutic
measure. While small animal models, such as mouse and
rat, have been used to study differences in cartilage
structure, discrepant metabolic rate between these species
and humans makes it difficult to translate the results into
clinical significance. Goats are a manageable large pre-
clinical animal model for human OA [25, 26]. Several
studies have shown that medial meniscectomy cause OA
on 4 to 8 months post-surgery in sheep [27-29] and goats
[19]. In goats, surgical partial or complete meniscectomy is
generally used to induce OA, as ACL transection causes
only limited cartilage damage [30].

With this in mind, the present study was undertaken first
to confirm if medial meniscectomy induces OA in goats
within a relative short period of time, and more importantly
to investigate if systemic ISD treatment is necessary in
intra-articular ASC xenotransplantation for successful
regeneration of AC and prevention of joint inflammation.

2 Material and methods
2.1 Induction of OA using medial meniscectomy

The goat experiments were approved by the Animal
Research and Care Committee of Research and
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Development institution (MCTTIACUC ASP-15-001).
Eight Korean native black male goats (Dooyeol Biotech,
Seoul, Korea) were used. All goats were aged between 1
and 2 years and weighed 30 to 35 kg (mean, 32.5 kg) at the
time of surgery. The goats were kept in a barn and were fed
nutrient pellets and hay on a daily basis. The animals were
anesthetized using ketamine (Yuhan Corp., Seoul, Korea) 2
mg/kg and xylazine (Bayer Korea Corp., Seoul, Korea) 10
mg/kg. After skin preparation, a knee joint of each goat
was exposed using a medial parapatellar approach. The
medial meniscus was removed by sharp dissection. Work-
ing from caudal to lateral then cranial, the meniscus was
excised from its attachments until it was completely
removed (Fig. 1a). After recovery, animals were allowed
free movement in an unconfined environment.

2.2 Verification of OA induction

To evaluate the gross and histological appearance of AC,
the previously altered knee joint of each goat was re-ex-
posed by a medial parapatellar incision 8 weeks after
medial meniscectomy. After macroscopic observation of
gross appearance, 6-mm diameter cartilage biopsy speci-
mens were obtained from the femoral condyle in four
goats. Biopsies were evaluated histologically using hema-
toxylin (Merck, Darmstadt, Germany)-eosin (Sigma-
Aldrich, St. Louis, MO, USA) (HE) and Safranin-O-fast
green (Sigma-Aldrich) staining.

2.3 Preparation of hASCs

hASCs were isolated from the lipoaspirates generated during
elective liposuction of three female patients with a mean age
of 52 years. The protocol involving human tissue was
approved by the Institutional Review Board (IRB) Of Hallym
University Hangang Sacred Heart Hospital (IRB 2015-001).
All patients gave informed consent. The hASCs were cultured
and expanded as previously described [31]. The 10 ml of
Dulbecco’s modified Eagle’s medium(DMEM)/F12 (Gibco,
Gaithersburg, MD, USA) containing 10% fetal bovine serum
(Gibco) was changed every 48—72 h. Cells passaged 5—7 times
were used for implantation.

2.4 1A injection of hASCs and ISD treatment

Seven days after second arthrotomy (verification of OA
induction), each goats was injected with single IA dose of
7x10° hASCs as a suspension in DMEM/F12. The animals
were anesthetized and placed in dorsal recumbency. After
aspiration of synovial fluid, 1 ml of the cell suspension was
injected into the operated knee joint (Fig. 1b). Four animals
were assigned to either group 1 (with ISD treatment) or
group 2 (without ISD treatment; control group). Goats in
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Fig. 1 The surgical process of medial meniscectomy to induce OA in goat (A), IA injection of hASCs (B)

group 1 received daily injections of cyclosporin A
(Chongkendang Bio., Seoul, Korea) 10 mg/kg for 7 days,
followed by a reduced dose of 5 mg/kg for 7 days. All
animals were sacrificed for analysis 8 weeks after hASC
injection.

2.5 Harvest of specimens and gross and microscopic
findings

Atropine sulfate (Jeil Pharm., Daegu, Korea; 0.1 mg/kg)
was given intramuscularly as a pre-anesthetic agent to
prevent any respiratory distress. The goats were then
anesthetized with an intraperitoneal injection of ketamine
2 mg/kg and xylazine 10 mg/kg. Finally, the goats were
euthanized by an intravenous injection of potassium
chloride (Sigma-Aldrich) 2 mmol/kg. Femoral and tibial
condyles were carefully dissected separately without
damaging the cartilage surface and examined to ascertain
the location, size and severity of cartilage degeneration.
These tissues were fixed in 4% paraformaldehyde (Sigma-
Aldrich), pH 7.4, for 3 days, decalcified and embedded in
paraffin. HE and Safranin-O staining were performed. The
Osteoarthritis Research Society International (OARSI)
Scoring System in goats was used to grade the degener-
ative status of the repaired tissue [25]. The system takes
into account the macroscopic findings of cartilage (score:
0-16) and osteophytes (score: 0—12) from 4 site in the
knee joint. The microscopic scoring of cartilage is
obtained from observing the cartilage structure (score:
0-10), chondrocyte density (score: 0-4), cell cloning
(score: 0-4), proteoglycan staining (score: 0—4) and
tidemark (score: 0-3).

2.6 Enzyme-linked immunosorbent assay (ELISA)
of inflammatory cytokines from synovial fluid

Synovial fluid (SF) of each goat was aspirated from the
knee joint during sacrifice. The fluid was centrifuged
within 4 h at 10,000x g for 10 min and then frozen at —70°
to =75 °C. The supernatant was assayed for goat tumor
necrosis factor-alpha (TNF-a), and interleukin-1 beta (IL-
1B) by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions (Mybiosource,
San Diego, CA, USA). The optical density (OD) of each
assay well was read at 450 nm.

2.7 Statistical analyses

All quantitative data are expressed as mean £+ SEM of at
least four independent experiments. Statistical comparisons
were made by T-test (SPSS 18.0; SPSS Inc., Chicago, IL)
when two groups were involved. Statistical significance
was set at p < 0.05.

3 Results

3.1 Gross and histological appearance in surgically-
induced OA

Eight weeks after medial meniscectomy, we assessed
whether OA was successfully induced in goats. Gross
findings from all animals demonstrated broad areas of
cartilage destruction with irregular surface fibrillation.
Histological findings from biopsy revealed degenerative
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changes of AC including fibrillation and loss of proteo-
glycan (Fig. 2). The presence of femoral condyles after 8
weeks demonstrated that OA was successfully induced
after medial meniscectomy and that medial meniscectomy,
without any additional procedure, was sufficient to cause
osteoarthritic changes in all the goats.

3.2 Effects of ISD treatment on articular cartilage
after hASC transplantation

Animals tolerated the injection of ASCs well. There was no
evidence of local inflammation, immobilization or
unloading of the joint resulting from the cell treatment. To
determine whether ISD treatment is necessary in xeno-
transplantation of hASCs, we compared the macroscopic
observation, histological scoring and inflammatory condi-
tions of goats with and without ISD treatment.

Eight weeks after injection of hASCs, various signs of
regeneration were observed from AC. Cartilage of some
animals was almost completely covered by the repaired
tissues with relatively smooth surface, while other animals
showed incomplete coverage of the chondral damage cre-
ated by previous medial meniscectomy. There was no
discernable difference between goats with or without ISD
treatment. The macroscopic scores did not significantly
differ between the two groups (Fig. 3).

The histological findings also demonstrated various
levels of regeneration that corresponded with the gross
findings. Some animals showed osteoarthritic changes

A B

Fig. 2 Confirmation of the surgically-induced OA in goats. Gross
appearance (A) and histological analysis by Safranin-O staining
(B) from osteochondral punch biopsy from femoral condyle in 4 goats
demonstrates successful OA induction
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including the loss of proteoglycan and fibrillation up to the
deep zones of the cartilage layers, while relative smooth
margin and restoration of full thickness articular cartilage
was evident in other animals. As with the macroscopic
scores, the microscopic scores were of similar level, and
did not show significant differences between the two
groups (Fig. 3).

3.3 Effect of ISD treatment on IA inflammation

The volume of synovial fluid (SF) was collected and
measured. Volume of SF showed great individual variation
(Fig. 4). To assess whether ISD treatment suppress
inflammation after IA injection of ISD, we measured the
IL-18 and TNF-a levels in SF using ELISA. IL-1p levels
ranged from 15.6 to 1000 pg/ml and did not differ
according to the presence of ISD (353.4 + 48.3 pg/ml) or
absence of ISD (395.6 = 81.8 pg/ml). Similarly, IL-6
levels were similar in the presence and absence of ISD
(group 1: 12.0 £ 1.8 pg/ml; group 2: 12.7 £ 0.8 pg/ml;
Fig. 4). These results suggest that ISD treatment did not
influence IA inflammation after xenotransplantation of
hASCs in the goat OA model.

4 Discussion

This study investigated if OA is induced by medial
meniscectomy in a relatively short period (8 weeks) and if
systemic ISD treatment is necessary after IA injection of
hASCs to successfully regenerate AC and suppress IA
inflammation. The overall results showed that OA is con-
sistently induced by medial meniscectomy and that ISD
treatment did not influence the results of IA xenoplantation
of hASC to treat OA induced in goats.

Goats are a large animal species commonly used to
study pathogenesis and treatment of OA. OA can be
induced by cutting of the anterior cruciate ligament, medial
meniscectomy or both [25, 30, 32-36]. Various periods are
also reported as the period of time needed for OA induction
[25, 30, 32-36]. In this study, we confirmed that the
removal of the medial meniscus was sufficient for the
surgical induction of OA in goats within 8 weeks. Also, the
results suggest that ISD treatment is not necessary in IA
xenotransplantation of hASCs to regenerate cartilage. IA
injection of hMSCs contributed to regeneration of AC in
this traumatic OA model. While the mechanism of carti-
lage regeneration is beyond the scope of this study, the
injected ASCs probably worked by a paracrine effect,
secreting cytokines that have a demonstrated anabolic
effect on the synthesis of matrix or recruiting stem cells. A
small portion of injected hASCs may have been incorpo-
rated into host tissue.
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Fig. 3 The gross observation and macroscopic scoring of articular cartilage after ASC injection with or without immunosuppression. ISD w/:
with immunosuppressive drug treatment, ISD w/o: without immunosuppressive drug treatment, NS: not specific

Fig. 4 The determination of
inflammatory conditions after
ASC injection with or without
immunosuppression in the goat
medial meniscus model.
Measurements of synovial fluid
volume (A) and evaluation of
IL-6 and TNA-o by ELISA (B).
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Cell therapy in OA aims to overcome the limitations of
current treatment modalities. While symptomatic treatment
to alleviate pain and subside IA inflammation are indicated
for early OA and joint replacements are used for advanced
disease, there is a lack of a treatment modality that acts to
regenerate the damaged tissue. Implantation of culture-
expanded autologous chondrocytes or autologous
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mesenchymal stem cells has been clinically applied to treat
focal AC defects. Because OA involves the entire AC, a
different strategy should be considered for treatment. TA
injection of cells provides a better and less invasive option
than focal treatment by arthroscopic or open arthrotomy. If
proven to be effective, IA cell injection can be a minimally
invasive regenerative therapeutic modality in the treatment
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of OA. ASCs have drawn great attention due to their
abundance and minimal morbidity during their collection.
Previous studies have demonstrated successful results of
ASCs for OA treatment in various animal models [37, 38]
and in a clinical study. Considering that various human cell
therapy products will be developed for clinical applica-
tions, an animal model that can reliability and reproducibly
test the effectiveness of the product are necessary. We
think that our study provides a model that will serve the
needs in preclinical testing. While the current study has
limitations including relatively small number of animals
which was not enough to provide statistical power to the
results and lack of detailed immunological investigation,
we believe that this study still offers a reference on the
posed question of proper animal model for the evaluation
of TA xenograft for the treatment of OA.
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