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Abstract : The purpose of this study is to investigate the clinical effects of carboxymethyl chitosan (CMC) and adipose-
derived mesenchymal stem cells (MSCs) on osteoarthritis (OA). Thirty New Zealand white rabbits were used as cranial
cruciate ligament transection and partial meniscectomy models. The rabbits were divided into five groups (n = 6)
according to the intra-articular injection materials: the control group with PBS, the HA group with hyaluronic acid,
the CMC group with CMC, the MSC group with MSCs emerged in PBS, and the MSC+CMC group with CMC
and MSCs. Knee thickness, extension angle, gross morphology, histopathology and immunohistochemistry were
performed to evaluate the effects of CMC and MSCs on rabbit OA. On the morphologic and histologic examination,
the articular surfaces of the femur and tibia were markedly damaged in control group with higher Mankin score and
lower cartilage surface thickness. However, OA related cartilage defects were alleviated by the treatment of MSC and/
or CMC. The expressions of apoptotic and inflammatory cytokines were decreased and cartilage extracellular matrix
(ECM) related collagens I and II were enhanced by the treatment of MSC and/or CMC. In conclusion, this study
showed that CMC and MSC treatments have a beneficial effects on OA via the protection of cartilage damage, the
stimulation of ECM, and the inhibition of inflammatory and apoptotic reaction.
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Introduction

Arthritis is an inflammatory condition in the structure of

joint, and it is well known that arthritis includes osteoarthri-

tis (OA), rheumatoid arthritis, psoriatic arthritis and trau-

matic arthritis. In addition, OA is called as degenerative

arthritis and is the most common arthritis. The clinical signs

of arthritis are lameness, joint pain, disturbed function and

swelling and compromise the quality of life (9,10,12). The

pathologic lesions of OA include loss of articular cartilage,

osteophytes and subchondral sclerosis. Synovitis is also com-

monly concomitant complications, which shows inflamma-

tory changes with increased thickness (8).

The process of OA is losing the proteoglycans (protein-

bonded polysaccharide) of extra-cellular matrix, and followed

by disruption of collagen networks. The homeostatic balance

between synthesis and degradation breaks down and these

changes consequently make cell metaplasia and death on

progression of OA (12). Generally, injured tissues undergo

necrosis or apoptosis, inflammation, repair and remodeling.

In this process, activation of vascular system is essential,

however unfortunately, hyaline cartilage is almost avascular.

Therefore, if articular cartilage is damaged, the lesions typi-

cally do not heal or heal in limited conditions, and it is the

reason that OA characterized by degenerative and progres-

sive process (1).

Chitosan has useful properties such as bio-degradability,

bio-compatibility, non-toxicity, water retention, anti-tumor,

anti-fungal and hemostasis (7,15,16). Chitosan has been used

in tissue engineering including scaffold, nanofiber (14,21).

Therefore chitosan shares some characteristics with GAGs

and hyaluronic acid naturally contained in articular cartilage

(3). However, the degradation of chitosan was relatively slow

due to insolubility in physiological pH. For these reasons, it

can be solved with carboxymethyl chitosan (CMC) which

has higher hydrophilicity and better degradation rate (17,29).

In previous reports, chitosan could accelerated wound heal-

ing (26) and water retention capacity of CMC was superior

to other chitosan derivatives (28). Furthermore, cell prolifer-

ation of chitosan did not identified, while CMC was regarded

to promote proliferation of cells (38).

The healing process of cartilage is limited, but when injury

penetrates into subchondral bone, regeneration process actively

occur. The beginning is mostly by bleeding, and the cells

including chondrocyte, osteoblast and mesenchymal stem

cells are participating to regenerate the cartilage with interac-

tions of various factors (34). Based on this mechanisms, chon-

drocyte, osteoblast and mesenchymal stem cells (MSCs) are
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applied with tissue engineering method before/after penetra-

tion of bone.

It has been known that MSC is a potent source of the

regeneration of body (35). As MSCs have the capacity to dif-

ferentiate into chondrogenic lineage cells as well as adipo-

genic and osteogenic lineage, MSCs have been applicated to

cell-base tissue engineering for articular cartilage repair tech-

niques (20,27). Because harvest of adipose derived MSC has

been regarded as lesser invasive method and expansion of

these cells are considered as more effective than that of other

sources, there are many studies that tried to improve differen-

tiation capacity for regenerative medicine such as OA (6,22).

Previously, intra-articular injection of MSC suspended in

HA had a beneficial effect on simulated arthritis model in

goat, and it was supposed that HA could facilitate the migra-

tion and adherence of MSC or progenitor cells (23). It was

also reported that CMC inhibited metalloproteinase-1 and -3

associated with destruction of ECM (24), and protected chon-

drocyte from interleukin-1 or NO-induced apoptosis (4,11).

These results imply that CMC, which is similar with HA, would

be useful for treatment of OA and for delivery of MSC.

It was hypothesized that intra-articular injection of MSCs

suspended in CMC could be protective and regenerative

effect on OA as minimal invasive treatment. The purpose of

this study is to evaluate the effect of CMC alone or in com-

bination with MSC on surgically-induced OA in rabbits

using gross morphologic, histologic and immunohistochemi-

cal examinations, and to compare the results with those of

HA, and consequently to establish new therapeutic regime.

Materials and Methods

CMC preparation

Carboxymethyl chitosan was provided by Chembio Co.

(Chitopol®, Chembio Co., Korea). The powder was mixed

with sterile water, and the suspension was heated with heat-

ing plate at 100oC for 10 min to obtain 1% (w/v) aqueous

solution. After cooling, the obtained aqueous solution was

filtered with 100 l nylon mesh.

Isolation and culture of adipose derived MSC

After anesthesia with ketamine (50 mg/kg, IM) and xyla-

zine (10 mg/kg, IM), a rabbit was aseptically prepared and

adipose tissues (10 g) were collected from inguinal regions.

The tissues were rinsed with phosphate-buffered saline (PBS)

two times for removing the debris and blood. Then, 45 ml of

0.075% collagenase type Ι (Collagenase type 1A, Sigma-

Aldrich, USA) was added to rinse adipose tissue for enzy-

matic digestion of extracellular matrix in water-chamber at

37oC for 2 hours. After adding the equal volumes of Dul-

becco modified Eagle medium (DMEM) containing 10%

fetal bovine serum to digested adipose tissues, it centrifuged

at 2,500 rpm for 10 min. After centrifugation, the upper lay-

ers of supernatant and digested lipids were discarded.

Obtained cell pellet was washed and centrifuged twice with

PBS and filtered through 100 m nylon mesh. The cells were

suspended onto a 100 × 20 mm cell culture dish with low-

glucose DMEM with 10% fetal bovine serum. After 24 hours,

non-attached cells were washed out with PBS. Culture media

was replaced twice weekly. MSCs were collected and used

between passage and 2 in all the experiments of this paper.

The flow cytometry analysis with established MSCs was per-

formed, and obtained MSCs were negative for cluster of dif-

ferentiation (CD) 34 and CD 45 and strongly positive for CD

29 and CD 44.

The rabbit model of OA

The procedures in this study were approved by Institu-

tional Animal Care and Use Committees of Kyungpook

National University (KNU2016-0051).

Thirty New Zealand white rabbits were used (Saeronbio

Inc., Gyeonggi, Korea). The body weights of rabbits were

2.2 ± 0.2 kg (mean ± standard deviation), and the age was 11-

week-old at the purchase. The rabbits were fed commercial

pellet and water ad libitum. The acclimation period was

given for 1 week before experiment.

Under anesthesia, a parapatellar incision was made on the

medial stifle of left leg. After approaching to the intra-joint

space, patella was laterally positioned and anterial cruciate

ligament was excised with a scalpel blade, and medial menis-

cus was resected. The connective tissues and skin were

closed with routine procedure. Post-operative cares were

included antibiotic (enrofloxacin, 5 mg/kg, SID, subcutane-

ous) and analgesic (tramadol, 5 mg/kg, BID, subcutaneous)

medication for a week. The rabbits were caged with free

activity for 5 weeks. Then, rabbits were sacrificed and stifle

samples were collected at 8 weeks after stifle surgery.

MSC and CMC application

The intra-articular injections of treatment materials were

performed per week, total 3 times from 5 weeks of OA mod-

eling to 7 weeks according to the groups: the sham group

without treatment, the control group with 0.3 ml of PBS, the

HA group with 0.3 ml of hyaluronic acid, the CMC group

with 0.3 ml of CMC, the MSC group with 2.0 × 106 MSCs in

0.3 ml of PBS, and the MSC+CMC group with 2.0 × 106

MSCs in 0.3 ml of CMC. The contralateral stifle joints of the

rabbits in control group were used as sham group in gross

morphological and histopathological examination, and no

treatment material was given.

Evaluations

Thickness of knee

The stifle thickness was measured with caliper on trans-

verse direction at the level of thickest part of the joint at 0

day, 5 weeks, 6 weeks, 7 weeks, and 8 weeks. One veterinar-

ian measured the stifle diameter to reduce a variation.

Knee extension angle

The knee extension angle was taken a measurement at

fully extended state without excessive and passive force. The

measure points were equal with above two evaluation item.

One skillful veterinarian measured the maximum angle with-

out hyperextension.

Gross morphologic score

After sacrifice, the femoral condyles were scored accord-

ing to the previously described method (44). Briefly, obtained

samples of femoral condyle were rinsed with sterile water

and gently dried. Then, it was stained with India ink diluted
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in saline. Excessive ink was gently wiped with soft cotton.

After 30 sec, ink was washed off with sterile water. Three

veterinarians participated for blinded evaluation. Grades of

gross morphologic assessment are as follows: Grade 1 (intact

surface); normal surface with no retained ink, Grade 2 (min-

imal fibrillation); normal surface before staining, but retained

ink as elongated specks or light gray patches, Grade 3 (overt

fibrillation); velvety textile and retained ink as intense black

patches, Grade 4 (erosion); loss of cartilage exposing the

underlying bone.

Radiographic examination

Right lateral radiographs were pictured at 5 weeks and

after sacrifice (Carestream DRX-1 system, Carestrem Health,

USA. 64 kVp, 3.2 mAs). The stifle joints were perpendicu-

larly positioned.

Histological preparation

Some separated parts of the rabbit femur and tibia articu-

lar surface regions preserved the surface cartilages, taken

from knee joints of each group were fixed in 10% neutral

buffered formalin, and then decalcified in decalcifying solu-

tion (24.4% formic acid, and 0.5 N sodium hydroxide) for 5

days (mixed decalcifying solution was exchanges once a day

for 5 days). Each femur and tibia articular surface cartilages

was longitudinally trimmed, and then embedded in paraffin,

sectioned (3-4 m) using tungsten blade equipped automated

polycut microtome (Model RM2255, Leica, Wetzlar, Ger-

many) and stained with Sirius red stain for cartilaginous tis-

sues. In each prepared histological samples, the histological

profiles were interpreted under a light microscope (Model

Eclipse 80i, Nikon, Tokyo, Japan) as blinds to group distribu-

tion when this analysis was made.

Immunohistochemistry

Immunoreactivities in the prepared femoral and tibial sur-

face cartilage tissues against caspase-3, cleaved poly (ADP-

ribose) polymerase (PARP), tumor necrosis factor (TNF)-,

ECM related collagen type 1 (Col I) and 2 (Col II) were con-

sidered using purified primary antibody with avidin-biotin-

peroxidase complex (ABC) and peroxidase substrate kit

(Vector Labs, Burlingame, CA, USA). Briefly, endogenous

peroxidase activity was blocked by incubated in methanol

and 0.3% H2O2 for 30 min, and non-specific binding of

immunoglobulin was blocked with normal horse serum

blocking solution for 1 hr in humidity chamber after epitope

retrievals by pretreatment of trypsin (Sigma-Aldrich, St. Lou-

ise, MO, USA) and 2 N HCl, on the prepared unstained sec-

tions. Primary antisera were treated for overnight at 4oC in

humidity chamber, and then incubated with biotinylated uni-

versal secondary antibody and ABC reagents for 1 hr at room

temperature in humidity chamber. Finally, sections were

reacted with peroxidase substrate kit for 3 min at room tem-

perature. All sections were rinse in 0.01 M PBS for 3 times,

between each step.

Histomorphometry

To observe more detail histopathological changes, the

articular femur and tibia cartilage injuries stained with Safr-

anin O were evaluated and recorded with the Mankin scor-

ing systems (Table 1 and 2) (39). With this system, the higher

the score, the higher the level of OA (Semiquantative scores;

Max = 12). Total six histological regions of femur and tibia

articular surface regions in each group were considered for

further analysis. The entire histological evaluation was per-

formed by the same pathologist. The stain intensity was mea-

sured using Safranin O stain. Clones of cartilage cells appeared

as clusters in the fronds which could be seen on the osteoar-

thritic regions and the number of cartilage cells in each clus-

ter were counted on microscopic view. The thicknesses of

tibia and femur articular cartilages (m/cartilage) were also

measured as histomorphometrical analyses at prepared longi-

tudinally trimmed samples, using a computer based auto-

mated image analyzer (iSolution FL ver 9.1, IMT i-solution

Inc., Vancouver, Quebec, Canada). The cells occupied by

over 20% of immunoreactivities, the density, of each anti-

body for caspase-3, PARP, TNF-, and col I and II were

regarded as positive, and the numbers of each immunoreac-

tive cells were counted separately in each of the femoral and

tibial articular surface regions as cells per square millimeter

under blinds condition.

Statistical analysis

The values were expressed as mean ± SD. A multiple com-

parison tests for different groups were conducted. After the

variance homogeneity test with the Levene test, the obtain

data were analyzed with one way ANOVA test followed by

least-significant differences multi-comparison (LSD) test for

parametric analysis, and Kruskal-Wallis H test was con-

ducted followed by the Mann-Whitney U (MW) test for non-

parametric comparison test. Statistical analyses were con-

ducted using SPSS software (version 23, IBM SPSS Inc.,

USA).

Results

When the changes of stifle joint thickness were observed,

Table 1. The Mankin scoring systems used in this study

Variable Score [Max 12]

Surface

0 = normal

1 = irregular

2 = fibrillation / vacuoles

3 = blisters and erosion

Hypocellularity

0 = normal

1 = small decrease in chondrocytes

2 = large decrease in chondrocytes

3 = no cells

Clones

0 = normal

1 = occasional duos

2 = duos or trios

3 = multiple nested cells

Stain intensity for Safranin O

0 = normal

1 = small decrease in color

2 = large decrease in color

3 = no color
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the value of all groups was increased compared with those

before surgery, however, there was no significant differences

with treatment of each materials during the experiment (Fig 1).

We next measured the angle of knee extension to investi-

gate the effect of CMC and MSC on the stiffness of stifle

movement. As a result, Extension angles of knee were grad-

ually decreased as time course in all groups. Although

MSC+CMC group showed the highest extension angle on 8

weeks, there was no statistical differences among the groups

(Fig 1).

The gross morphologic changes were examined using scor-

ing system with India ink staining and radiographic evalua-

tion. While sham group recorded grade 1 in all samples, all

OA induced samples showed above grade 2. When the score

was compared with control group, there were significant dif-

ferences in HA group and MSC+CMC group (Fig 2).

In radiography, OA induced animals of none treated con-

trol group showed some inflammatory changes, such as sub-

chondral sclerosis, osteophyte and decreased infra-patellar fat

pad. However, remarkable changes could not detected in the

radiographic examination (Fig 2).

The thickness of articular cartilages was higher in the MSC

Fig 1. The stifle thickness and extension angle of surgical-induced osteoarthritis model in rabbit. Control; 0.3 ml of PBS, HA; 0.3 ml

of hyaluronic acid, CMC: 0.3 ml of CMC, MSC; 2.0 × 106 MSCs in 0.3 ml of PBS, MSC+CMC; 2.0 × 106 MSCs in 0.3 ml of CMC.

Fig 2. Gross morphology image (A), score (B) and radiographs (C) of surgical-induced osteoarthritis model in rabbits. Sham; no treat-

ment, control; 0.3 ml of PBS, HA; 0.3 ml of hyaluronic acid, CMC: 0.3 ml of CMC, MSC; 2.0 × 106 MSCs in 0.3 ml of PBS,

MSC+CMC; 2.0 × 106 MSCs in 0.3 ml of CMC. Note the periosteal reaction (black arrowheads) and increased opacity of subchondral

region (white arrows) (C). * p < 0.05, compared with control group.



Synergistic Effect of Carboxymethyl Chitosan and Adipose-Derived Mesenchymal Stem Cell on Osteoarthritis Model in Rabbits 265

and CMC than control group. The more favorable effect on

the articular surface was examined in MSC+CMC group,

compared to those of MSC and PRP groups (Fig 3).

The Mankin scores of control group were significantly

increased as compared with those of shame group. When

compared with control group, it was found that the Mankin

score significantly reduced with the treatment of CMC,

MSC, and MSC+CMC on the femoral and tibial articular car-

tilages. Especially, the Mankin score of MSC+CMC treated

rabbits was lowest compared to those of MSC or CMC

treated animals (Table 2).

The number of TNF- stained cells was increased signifi-

cantly in the femoral and tibial cartilages of control group

compared with sham group. However, these increases of pro-

inflammatory cytokines on the cartilages were inhibited in

CMC and MSC treated groups (Fig 4, Table 3 and 4).

Immunopositive cells to caspase-3 and PARP were signifi-

cantly increased in the femoral and tibial cartilages of con-

trol group when compared with those of the sham group.

However, these increased cells were significantly reduced by

Fig 3. Representative general histopathological images and measured thicknesses of the femoral and tibial articular surface cartilages

of sham (A, B), control (C, D), HA (E, F), CMC (G, H), MSC (I, J) and MSC+CMC (K, L). H&E and Safranin O stain. Scale bars =

120 m. ap < 0.01 as compared with sham control by LSD test; bp < 0.01 and cp < 0.05 as compared with OA control by LSD test;
dp < 0.01 as compared with CMC treated group by LSD test; ep < 0.01 as compared with MSC treated group by LSD test.

Table 2. Mankin scores on the femur and tibia articular surface cartilages

Groups

Femur Tibia

Surface

damage
Hypocellularity Clone

Stain

intensity

Totalized

(Max = 12)

Surface

damage
Hypocellularity Clone

Stain

intensity

Totalized

(Max = 2)

Sham 0.33 ± 0.52 0.33 ± 0.52 0.17 ± 0.41 0.67 ± 0.52 1.50 ± 0.84 0.17 ± 0.41 0.33 ± 0.52 0.17 ± 0.41 0.33 ± 0.52 1.00 ± 0.63

Control 2.50 ± 0.55a 1.83 ± 0.41a 2.50 ± 0.55a 1.83 ± 0.41a 8.67 ± 1.51a 2.50 ± 0.55a 2.17 ± 0.41a 2.83 ± 0.41a 1.83 ± 0.41a 9.33 ± 0.52a

HA 1.67 ± 0.52ac 1.33 ± 0.52a 1.33 ± 0.52ac 1.33 ± 0.52b 5.67 ± 1.21ac 1.50 ± 0.55ac 1.83 ± 0.41a 1.17 ± 0.41ac 0.67 ± 0.52a 5.17 ± 0.98ac

CMC 1.50 ± 0.55ac 1.83 ± 0.41a 1.50 ± 0.55ac 1.67 ± 0.52a 6.50 ± 1.22ac 1.83 ± 0.41ad 1.50 ± 0.55ad 2.00 ± 0.63ac 0.67 ± 0.52c 6.00 ± 0.89ac

MSC 1.17 ± 0.41ac 0.83 ± 0.41c 1.83 ± 0.41ad 1.00 ± 0.63d 4.83 ± 0.98ac 2.00 ± 0.63a 0.50 ± 0.55c 2.50 ± 0.55a 0.67 ± 0.52c 5.67 ± 1.37ac

MSC+CMC 0.83 ± 0.41cf 0.83 ± 0.41ce 0.67 ± 0.52ceg 0.50 ± 0.55ce 2.83 ± 0.75bceg 0.67 ± 0.52ceg 0.50 ± 0.55ce 0.33 ± 0.52ceg 0.50 ± 0.55c 2.00 ± 0.63ceg

Values are expressed as Mean ± SD. HA = hyaluronic acid; CMC = carboxymethyl chitosan; MSC = mesenchymal stem cells; MSC+CMC =
MSC and CMC co-treatment. ap < 0.01 and bp < 0.05 as compared with sham control; cp < 0.01 and dp < 0.05 as compared with control;
ep < 0.01 and fp < 0.05 as compared with CMC treated group; gp < 0.01 and hp < 0.05 as compared with MSC treated group.
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treatment of CMC and MSC, and the reduction was most sig-

nificant in MSC+CMC group (Fig 4, Table 3 and 4).

The expression of col I and II in the femoral and tibial

articular cartilages significantly decreased in control group

comparing to that of sham group. The values were signifi-

cantly increased in all treated groups compared with control

group. The increase of col I and II expression on the carti-

lage was most significant in MSC+CMC group than MSC or

CMC group (Fig 4, Table 3 and 4).

Discussion

Previously, it has been reported that intra-articular injec-

tion of adipose-derived MSC had a beneficial effect on regen-

Fig 4. Representative immunohistochemical findings of femoral and tibial articular cartilage (Caspase 3, PAR, TNF-, and collagen

II) of sham (A, B), control (C, D), HA (E, F), CMC (G, H), MSC (I, J), and MSC+CMC (K, L). Scale bars = 120 m.

Table 3. Immunohistochemistrical analysis on the femur articular cartilages

Cell numbers

(cells/mm2)
Sham Control HA CMC MSC MSC +CMC

Caspase-3+ 014.17 ± 6.77 309.50 ± 51.14a 130.50 ± 33.55ac 190.17 ± 24.28ac 141.33 ± 12.26ac 068.17 ± 19.79acde

PARP+ 059.83 ± 22.33 350.50 ± 60.43a 188.50 ± 48.19ac 257.00 ± 30.87ac 212.17 ± 30.59ac 146.00 ± 20.74acde

CD34+ 042.17 ± 12.25 010.17 ± 2.64f 035.50 ± 6.47g 029.33 ± 9.33g 133.17 ± 26.99fg 191.00 ± 21.55fghi

TNF-+ 016.33 ± 2.73 387.67 ± 67.81f 164.00 ± 22.54fg 183.83 ± 15.70fg 173.00 ± 21.33fg 119.67 ± 27.75fghi

Col I+ 247.33 ± 45.61 049.83 ± 12.25f 198.83 ± 25.70g 150.00 ± 19.30fg 168.17 ± 14.88fg 230.67 ± 32.11ghi

Col II+ 285.83 ± 31.64 066.00 ± 22.84a 244.33 ± 32.43bc 167.50 ± 34.64ac 218.17 ± 34.13ac 295.33 ± 11.50cde

Values are expressed as Mean ± SD. HA = hyaluronic acid; CMC = carboxymethyl chitosan; MSC = mesenchymal stem cells; MSC+CMC =
MSC and CMC co-treatment. ap < 0.01 and bp < 0.05 as compared with sham control by LSD test, cp < 0.01 as compared with OA control
by LSD test, dp < 0.01 as compared with Chit treated group by LSD test, ep < 0.01 as compared with MSC treated group by LSD test,
fp < 0.01 as compared with sham control by MW test, gp < 0.01 as compared with OA control by MW test, hp < 0.01 as compared with Chit
treated group by MW test, ip < 0.01 as compared with MSC treated group by MW test.

Table 4. Immunohistochemical analysis on the tibia articular surface cartilages

Numbers

(cells/mm2)
Sham Control HA CMC MSC MSC+CMC

Caspase-3+ 021.33 ± 8.16 339.17 ± 48.03a 099.17 ± 20.26ab 227.17 ± 39.13ab 133.33 ± 29.36ab 054.50 ± 14.24bcd

PARP+ 057.67 ± 25.00 353.83 ± 48.22a 209.17 ± 19.61ab 272.83 ± 24.39ab 227.33 ± 40.64ab 154.50 ± 42.88abcd

CD34+ 061.50 ± 11.47 33.83 ± 7.08e 054.33 ± 10.56f 048.17 ± 7.22f 181.83 ± 20.95ef 257.17 ± 39.30efgh

TNF-+ 026.17 ± 6.55 381.50 ± 86.35e 217.33 ± 31.46ef 253.33 ± 36.76ef 230.67 ± 37.49ef 136.33 ± 33.03efgh

Col I+ 328.33 ± 52.85 063.67 ± 24.44a 231.00 ± 48.70ab 167.50 ± 33.34ab 212.83 ± 31.16ab 299.33 ± 28.90bcd

Col II+ 434.50 ± 43.89 135.67 ± 35.09a 285.83 ± 32.26ab 220.83 ± 19.71ab 262.50 ± 36.50ab 334.83 ± 35.26abcd

Values are expressed as Mean ± SD. HA = hyaluronic acid; CMC = carboxymethyl chitosan; MSC = mesenchymal stem cells; MSC+CMC =
MSC and CMC co-treatment. ap < 0.01 as compared with sham control by LSD test, bp < 0.01 as compared with OA control by LSD test,
cp < 0.01 as compared with Chit treated group by LSD test, dp < 0.01 as compared with MSC treated group by LSD test, ep < 0.01 as com-
pared with sham control by MW test, fp < 0.01 as compared with OA control by MW test, gp < 0.01 as compared with Chit treated group by
MW test, hp < 0.01 as compared with MSC treated group by MW test.
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eration and protection of degeneration of cartilage (18). In the

present study, the strategy of MSC injection into stifle joint

was based on the fact that the MSCs are normally present in

synovial fluid during an early stage of OA for healing (32).

CMC, the derivate of chitosan, was improved in water solu-

bility, bio-compatibility, and bio-degradability (37,40). For

these reasons, we mainly focused on the evaluation of the

clinical signs, the pathologic processes such as inflammation

and apoptosis, and the change of ECM component.

On gross morphologic score, the increase of degenerated

cartilage was identified in surgically induced OA. In HA and

MSC+CMC group showed positive effect of each treatment

and these results were close relation with those of histologic

examination, therefore gross morphologic scoring using India

ink seems to be reliable method for evaluate the joint dam-

age. The radiographic examination in our study was difficult

to quantitatively measure the degree of OA. Actually, micro-

magnetic resonance imaging is recommended for rabbit OA

imaging or at least 1.5-tesla magnetic resonance imaging (2).

In this study, radiography was relatively insufficient to eval-

uate OA of rabbit.

It has been known that Mankin score is a good index of

osteoarthritis and it is one of general and reliable histopatho-

logical evaluation for detection of articular cartilage damage

(30,39). We evaluated Mankin score of the affected articular

cartilage. In addition, we examined to know the thickness of

articular cartilage and the expression of col I and II for the

loss of cartilage and the change of ECM of OA condition. As

a result, there were decreases in Mankin score as well as

increases in the thickness of cartilage and the expressions of

col I and II in the CMC and/or MSC treatment. These results

suggested that MSC and CMC may have protective effects

on the degenerative cartilage of OA.

The immunoreactivities of caspase-3 and PARP for detec-

tion of the cell apoptosis by OA was examined to observe

cell protective effects of MSC and/or CMC on the articular

cartilages in this study. The decrease of cartilage ECM was

associated with death or apoptosis of chondrocyte (5). From

this aspect, we performed immunostaining for the caspase-3

and PARP expression whether apoptotic change during OA

could be affected by MSC and/or CMC treatment. In this

study, we found that the number of caspase-3 and PARP pos-

itive cells increased in the OA condition and decreased with

a treatment of MSC and/or CMC. These findings are consis-

tent with the results of previous study that caspase-3 led to

PARP to cleavage and consequently caused the progression

of OA with cell apoptosis and death (33). Therefore, we could

suppose that the number of chondrocyte may be reduced in

the process of OA through apoptotic change of articular car-

tilage, and this may be partly prevented by MSC and/or

CMC treatment.

In this study, the CD34 positive cells, which is regarded as

hematopoietic progenitor cells (43), were detected on the

articular surface in MSC and/or CMC treated rabbits. As

MSCs do not express CD34, further study should be neces-

sary to find out whether these CD34 positive cells are the

results of the proliferation of resident cells or migration of

cells with unidentified origin or phenotype alteration of

injected MSCs.

TNF- is the key pro-inflammatory cytokine, and medi-

ated the activation of inflammatory signaling and played an

important role in the initiation and progression of OA (19).

In this study, TNF- was intensively stained and extended to

deep zone, according to the severity of OA. However, these

changes could be alleviated according to the treatment with

MSC and/or CMC. This result is comparable to the previous

studies that MSC attenuated systemic inflammation induced

by intraperitoneal injection of lipopolysaccharide and that

MSCs secreted anti-inflammatory factors, which decrease the

downstream effects of the pro-inflammatory cytokines (31,41).

In addition, it has been reported that chitosan had an anti-

inflammatory effect on the lipopolysaccharide induced in

vitro inflammation model (42). The evidence of synergistic

effect of MSC and CMC was noted in this study, however

further study would be necessary for precise mechanism of

interaction.

Healthy articular cartilage is hyaline cartilage, and colla-

gen II is a key component of the ECM of hyaline cartilage,

which provided a tensile strength of cartilage, while collagen

I is main collagenous component of fibrocartilage (1,36). The

goal of cartilage regeneration is the reconstruction of hyaline

cartilage with collagen II because it has better resistance

against tension and compression than fibrocartilage (25).

In the present study, the expression of collagen I and II, the

essential component of cartilage ECM, were reduced by OA

model. However, this down regulation of collagen I and II in

the control group were increased by the MSC and/or CMC

treatment. Based upon these results, we can suppose that the

increase of ECM-related collagen I and II may be closely

associated with the regeneration of damaged articular carti-

lage. These findings are compatible with previous reports

indicated that degradations of ECM due to chondrocyte

deaths and damages were involved in the break-down of the

homeostasis and compromising articular function in OA, and

that the prevention on loss of ECM has been regarded as a

valuable anti-OA target for various treatments (5,13,45).

Conclusion

These results is considered that CMC, MSC or their com-

bination treatment favorably ameliorates the surgically-induced

OA in rabbits via ECM synthesis and via anti-apoptotic and

anti-inflammatory effects. Therefore, the combination of CMC

and MSC may be useful as a novel strategy for the treatment

of OA.
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