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NSAIDs are often ingested to reduce the pain and improve regeneration of tendon after tendon injury.
Although the effects of NSAIDs in tendon healing have been reported, the data and conclusions are not
consistent. Recently, tendon-derived stem cells (TDSCs) have been isolated from tendon tissues and
has been suggested involved in tendon repair. Our study aims to determine the effects of COX-2 inhibitor

Keywords: ) (celecoxib) on the proliferation and tenocytic differentiation of TDSCs. TDSCs were isolated from mice
Ee?donfge”"‘?d stem cells Achilles tendon and exposed to celecoxib. Cell proliferation rate was investigated at various concentra-
elecoxi

tions (0.1, 1, 10 and 100 pg/ml) of celecoxib by using hemocytometer. The mRNA expression of tendon
associated transcription factors, tendon associated collagens and tendon associated molecules were
determined by reverse transcription-polymerase chain reaction. The protein expression of Collagen I,
Collagen III, Scleraxis and Tenomodulin were determined by Western blotting. The results showed that
celecoxib has no effects on TDSCs cell proliferation in various concentrations (p > 0.05). The levels of most
tendon associated transcription factors, tendon associated collagens and tendon associated molecules
genes expression were significantly decreased in celecoxib (10 pig/ml) treated group (p < 0.05). Collagen I,
Collagen III, Scleraxis and Tenomodulin protein expression were also significantly decreased in celecoxib
(10 pg/ml) treated group (p < 0.05). In conclusion, celecoxib inhibits tenocytic differentiation of tendon-
derived stem cells but has no effects on cell proliferation.
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1. Introduction

Tendon is a compositionally complex tissue with a predomi-
nantly mechanical function: translating muscular contractions into
joint movement by transmitting forces from muscle to bone.
Owing to the critical role of this tissue in body mechanics, injury
and degeneration of tendon can be highly debilitating and can
result in substantial pain, disability, and health-care costs [1].
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Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cyclo-
oxygenase (COX) enzymes in the arachidonic acid (ArA) pathway
to reduce synthesis of prostaglandins. There are two cyclooxygen-
ase isoforms: COX-1 and COX-2 [2]. COX-1 is constitutively
expressed in many cell types while COX-2 is inductively expressed.
Celecoxib has been shown to selectively inhibit COX-2 enzyme,
while leaving COX-1 function intact [3]. This allows a significant
reduction in the occurrence of side effects, especially on the gastro-
intestinal tract and on platelet function [3]. NSAIDs are often
ingested to reduce the pain and improve regeneration of tendon
after tendon injury [4,5], even though the effect of NSAID is poorly
understood. Although the effects of NSAIDs in tendon healing have
been reported, the data and conclusions are not consistent [6-9].

Recently, tendon-derived stem cells (TDSCs) have been isolated
from tendon tissues of varies species, including human, horse,
rabbit, rat, and mouse [10-13]. These cells expressed stem cell-
related markers, formed adherent colonies in culture and showed
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self-renewal potential [10-12]. They could differentiate into oste-
ogenic, chondrogenic and adipogenic lineages upon induction
in vitro and could form tendon-like, cartilage-like, bone-like and
tendon-bone junction-like tissues after subcutaneous transplanta-
tion in nude mouse or nude rat models[10,11]. Recent study also
suggest that the involvement of TDSCs in tendon repair and tendin-
opathy [10,14]. To our knowledge, the effects of selective COX-2
inhibitor (celecoxib) on the proliferation and tenocytic differentia-
tion of TDSCs have never been addressed in the literature.

In this study we investigated the effects of celecoxib on the
proliferation and tenocytic differentiation in isolated TDSCs in vitro.

2. Materials and methods
2.1. Isolation and culture of rat TDSCs

We used male C57 mouse (aging 6 weeks) which were obtained
from the experimental animal research center of Southern Medical
University. All animal experimental protocols were approved by the
Animal Care and Use Committee of Southern Medical University
and followed principle expressed in Declaration of Helsinki.
Tendon-derived stem cells were isolated from Achilles tendon fol-
lowing the method previously reported [11]. Briefly, after removing
the paratenons, the core portions of the patellar tendons were cut
into small pieces and digested with collagenase type I (3 mg/ml)
and dispase (4 mg/ml) at 37 °C for 1h. After centrifugation at
1500 rpm for 15 min and removal of the enzyme-containing super-
natant, a single-cell suspension was obtained, which was cultured
in growth medium (DMEM plus 20% FBS) at 37 °C with 5% CO,. After
10 days in culture dishes, TDSCs formed colonies. The stem cell
colonies were then isolated and cultured in DMEM with 20% FBS.
These TDSCs at passage 1 were used in the following experiments.

2.2. Cell proliferation assay

TDSCs were plated at 10%/well in 6 well plates and allowed to
adhere overnight. FBS free DMEM medium was supplemented with
four different concentrations of celecoxib (0.1, 1, 10 and 100 pg/ml)
for the treatment group (4 plates) whilst the medium of control
group (1 plates) was supplemented with bovine serum albumin
(BSA). Proliferation rates were determined at 7 days. The cell count
of treatment and control group were performed by hemocytometer.

2.3. Cell differentiation and treatment group

Cells plated in 12 well plates at 20 x 10%/well. Ascorbic acid was
also added to a final concentration of 50 pg/ml to support proper
collagen synthesis. Differentiating cells were exposed to 0.1, 1, 10
and 100 pg/ml celecoxib for 7 days and then analyzed for gene
expression and Western blot.

2.4. RNA isolation and quantitative real-time polymerase chain
reaction

Total RNA was isolated from TDSCs using TRIzol (Sigma-
Aldrich) according to the standard protocol provided by the manu-
facturer. cDNA was synthesized from total RNA using a Superscript
Il first-strand synthesis kit (Invitrogen). qRT-PCR was performed
using a SYBR Green PCR Master Mix (Applied Biosystem) and an
ABI 7900 HT machine (Applied Biosystem) according to the manu-
facturer’s protocols. Average threshold cycle value (Ct value) was
calculated. Standard curves were generated using 10-fold serial
dilutions of cDNA of each gene with a correlation coefficient of
>98%. Relative expression levels were calculated based on a
standard curve and normalized to Glyceraldehyde-3-phosphate

dehydrogenase (GAPDH). 5 independent RNA samples from TDSCs
were analyzed in triplicate. The primer sequences used in this
research are listed in Table 1.

2.5. Protein extraction and Western blotting

Cells were washed twice with cold PBS and dissolved with lysis
buffer containing 50 mM Tris-HCl (pH 8.0), 150 mM Nacl, protease
inhibitor and 10% NP-40. Equal amounts of proteins (20 ng) were
electrophoresed by SDS-PAGE, then transferred onto PVDF mem-
branes and blotted with antibodies against Collagen I, Collagen
Ill, scleraxis, tenomodulin or GAPDH (Cell Signaling Technology),
followed by incubation with secondary antibodies (GE Healthcare).
Results were visualized and images captured using a LiCoR
Odyssey imager (Li-COR Biosciences). Relative quantification of
protein bands were analyzed using Image ] software.

2.6. Statistical analysis

All data were expressed as mean * SD. The data were analyzed
using one-way ANOVA or Independent-samples T Test. A p value
of less than 0.05 was considered statistically significant.

3. Results

To address the effect of celecoxib on TDSCs proliferation, we
counted the cell number after treatment with different concentra-
tion of celecoxib. The data showed that the cell number after the
treatment of different concentration of celecoxib were similar with
control group in day 7 (Control group: 4.0417 + 0.83662, Celecoxib
0.1 pg/ml group: 3.66 * 0.26, Celecoxib 1 pg/ml group: 4.03 £+ 0.87,
Celecoxib 10 pg/ml group: 4.51 + 0.66, Celecoxib 100 pg/ml group:
3.86 £0.86, p > 0.05) (Fig. 1).

We next examined the effects of different concentration of
celecoxib on TDSCs tenocytic differentiation by determining the
expression of Scx and Collal, two tenocyte-associated genes. The
results showed that treatment of TDSCs with two high concentra-
tions (10 and 100 pg/ml) of celecoxib significantly (p < 0.05)
reduced the expression of both Scx and Col1al.

Then we used 10 pg/ml celecoxib to investigate the effect of
celecoxib on TDSCs differentiation at transcriptional level by
analyzing the mRNA expression of tendon associated transcription
factors, tendon associated collagens and tendon associated mole-
cules in both control and celecoxib group. The data showed that
levels of mRNAs for the tendon associated transcription factor,
Scx and Egr1 significantly (p < 0.05) decreased in celecoxib group
compared to control group (Fig. 2). The relative mRNA levels were
lower (p<0.05) for main tendon associated collagen, Collal,
Col3al and Col6al, in celecoxib group (Fig. 2). The relative mRNA
levels were also lower (p < 0.05) for tendon associated molecules,
Tnmd, Bgn, Dcn, Fmod, Tnc and Eln, in celecoxib group (Fig. 2).

These results were confirmed by Western blot analysis in pro-
tein level. The data of Western blot showed that protein expression
of Collagen I, Collagen III, scleraxis and tenomodulin significantly
decreased in celecoxib (10 pg/ml) group compared to control group
(data are presented as mean + SD; Celecoxib group/control group:
0.76 £ 0.05-fold, p <0.05; Celecoxib group/control group: 0.79 +
0.04-fold, p < 0.05; Celecoxib group/control group: 0.54 + 0.05-fold,
p < 0.05; Celecoxib group/control group: 0.83 + 0.69-fold, p < 0.05)
(Fig. 3).

4. Discussion

Tendons are composed mostly of parallel arrays of collagen
fibers closely packed together, which play the role translating
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Table 1
Primers used for quantitative real-time PCR.

Gene Forward primers Reverse primers Accession No.
Scx 5'-CCTTCTGCCTCAGCAACCAG-3/ 5'-GGTCCAAAGTGGGGCTCTCCGTGACT-3/ NM_198885.3
Mkx 5'-AGTAAAGACAGTCAAGCTGCCACTG-3' 5/-TCCTGGCCACTCTAGAAGCG-3' NM_177595
Egri 5'-CAGCGCCTTCAATCCTCAAG-3' 5'-GCGATGTCAGAAAAGGACTCTGT-3/ NM_007913
Collal 5'-TGGAGAGAGCATGACCGATG-3' 5'-GAGCCCTCGCTTCCGTACT-3 NM_007742
Col3al 5'-CTAAAATTCTGCCACCCCGAA-3/ 5'-AGGATCAACCCAGTATTCTCCACTC-3/ NM_009930
Col5at 5'-CCTGGCATCAACTTGTCCGATGG-3' 5'-GTGGTCACTGCGGCTGAGGAACTTC-3/ NM_015734
Col6at 5'-CTACACCGACTGCGCCATTA-3' 5/-CCCCCTATGAGCAGCTCCT-3/ NM_009933
Col14al 5'-GAGCAGAGACCACATTGGCC-3/ 5/-CGTACAGCTCGAGGTCGGAA-3/ NM_181277
Tnmd 5'-AACACTTCTGGCCCGAGGTAT-3/ 5'-AAGTGTGCTCCATGTCATAGGTTTT-3/ NM_022322.2
Bgn 5'-TTTCTGAGCTTCGCAAGGATG-3/ 5'-GGGCGTAGAGGTGCTGGAG-3' NM_007542.4
Dcn 5'-CTATGTGCCCCTACCGATGC-3 5'-CAGAACACTGCACCACTCGAAG-3' NM_001190451.1
Fmod 5'-CTCCAACCCAAGGAGACCAG-3/ 5/-GGATCCACCAGTGAGAGTCTTC-3/ NM_021355.3
Lum 5'-TCGAGCTTGATCTCTCCTAT-3/ 5'-TGGTCCCAGGTCTTACAGAA-3/ NM_008524.2
Tnc 5'-AACCATCAATGCGGCCAC-3 5'-TGTCGTCCAGAAAAACGTCAGA-3' NM_011607
Fn1 5/-CACGTACCTCTTCAAAGTCTTTGC-3' 5/-GGATTGCTTTCCCTGCCCT-3/ NM_010233.1
Fbn1 5'-GGACACGATGCGCTGAAAGG-3' 5'-CAGGAATGCCGGCAAATGGG-3' NM_007993.2
Eln 5'-CAAGTCGGAGCTGGCATCGG-3 5'-GTGGGAACTCCAGGGAGCAC-3/ NM_007925.3
Gapdh 5'-TTGTGGAAGGGCTCATGACC-3' 5'-TCTTCTGGGTGGCAGTGATG-3' NM_008084.2

6 .

Our results showed that the expression of Collal, Col3al and

w5 Col6al significantly decreased with exposure to celecoxib. This
o was further confirmed by the analysis of Western blotting for
; 4 Col1a1l and Col3al in protein level. Carlstedt et al. reported that
A there is significant decrease in the amount of soluble collagen in
v 3 the indomethacin treated group comparing with control group
£ [16], which is consist with our results. Fig. 4 However Tsai et al.
S 2 reported that mRNA and protein expression of types I and III colla-
c gen in tendon cells were not changed after celecoxib treatment
% 1 [17], which may indicate that the different effects of celecoxib in
Q TDSCs and tendon cells.

0 The majority of macromolecules present in the extracellular
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Fig. 1. Proliferation of TDSCs treated by various concentrations of celecoxib. Data
represents the mean + SD of the 6 samples. *P < 0.05.
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Fig. 2. Expression of Scx and Collal in TDSCs treated with various concentrations
(0.1, 1, 10 and 100 pg/ml) of Celecoxib. Data represents the mean + SD of the 5
samples. *P < 0.05.

muscular contractions into joint movement by transmitting forces
from muscle to bone. The dry mass of normal tendons, which
makes up about 30% of the total mass with water, is composed
of about 86% collagen. The collagen portion is made up of
97-98% Col I, with small amounts of other types of collagen [15].

matrix of tendons can be classified into three groups: (1) collagen,
(2) proteoglycans, and (3) glycoproteins [18]. Recent studies have
shown that the assembly of the chief structural component of
the tendon, type I collagen, is regulated by proteoglycans and gly-
coproteins present in the ECM [19-24]. Decorin is considered a key
regulator of matrix assembly because it limits collagen fibril for-
mation and thus directs tendon remodeling due to tensile forces
[19]. Evidence that decorin plays a role in collagen fibrillogenesis
in animals was provided by the observation that decorin-deficient
mice have fragile skin that is not able to withstand sudden tensile
strain [19,20]. Similarly to decorin biglycan also binds to type I
collagen and the interaction appears to be independent of the
presence of N-linked oligosaccharides of the biglycan core protein
[21]. Ameye et al. reported that collagen fibrils in the quadriceps
tendons of biglycan-deficient mice had smaller diameter and
abnormal morphology and this knockout mice also developed
ectopic tendon and joint ossification accompanied by osteoarthritis
after 3 months of age [22]. Tenascin C is expressed predominately
in regions transmitting high levels of mechanical force, such as the
myotendinous and osteotendinous junctions [24]. Fibromodulin is
also expressed at high levels in the tendon. Knockout mice for
fibromodulin show marked increase in small diameter immature
collagen fibrils without progression to mature large diameter
fibrils and the tendon stiffness of the knockout mice is reduced
[23]. Our results showed that celecoxib significantly downgrade
the mRNA expression of main tendon associated molecules, Bgn,
Dcn, Fmod, Tnc and Eln. During the tendon healing, reduced prote-
oglycans and glycoproteins which present in the tendon ECM may
induce type I collagen loss its hierarchical structure and thus
impair the biomechanical function of tendon. Dimmen et al. found
a significantly lower tensile strength and stiffness in rats Achilles
tenotomy model given both parecoxib and indomethacin com-
pared to the control group [25], which is consist with our results.
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Fig. 3. qRT-PCR analyses of TDSCs gene expression in control and celecoxib (10 pg/ml) treatment group. (A) The tendon associated transcription factors, Scx, Mkx and Egr1;
(B) The tendon associated collagens, Col1al, Col3al, Col5a1l, Col6al and Col14a1; (C) The tendon associated molecules, Tnmd, Bgn, Dcn, Fmod, Lum, Tnc, Fn1, Fbn1 and Eln.

mRNA levels in control group were normalized to 1. Error bars represent SD. *P < 0.05.
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Fig. 4. Western blotting analyses of protein expression in control and celecoxib
(10 pg/ml) treatment group. Proteins were separated by SDS -PAGE and transferred
on the PVDF membranes to develop bands after incubation with Collagen I, Collagen
Ill, Scleraxis and Tenomodulin antibodies. (B) Relative quantification of protein
bands in control and celecoxib treatment group. Relative quantification of protein
bands in control group were normalized to 1. Error bars represent SD. *P < 0.05.

Scleraxis has been reported as a marker of the progenitor
populations of tendons and tenocytes [26]. Tenomodulin is a type
Il transmembrane glycoprotein containing a C-terminal anti-
angiogenic domain and is predominantly expressed in tendons
and ligaments. Shukunami et al. reported that tenomodulin expres-
sion is closely associated with the appearance of tenocytes during
chick development and is positively regulated by Scleraxis [27].
And they suggested that Scleraxis as an early marker of tendon for-
mation positively regulates Tenomodulin, which is a late marker of
tendon formation, expression in a tendon cell lineage-dependent
manner [27]. Our results showed that the expression of Scx and
Tnmd significantly decreased with exposure to celecoxib, which
indicated that celecoxib could inhibit the tenocytic differentiation
of TDSCs. This was further confirmed by the analysis of Western
blotting for Scleraxis and Tenomodulin in protein level.

In conclusion, celecoxib inhibits tenocytic differentiation of
tendon-derived stem cells but has no effects on cell proliferation.
Our results indicated that the frequent use of NSAIDs in the treat-
ment of tendon injury and tendinopathy may have profound nega-
tive effects on tendon regeneration and should be used in caution.
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