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<ABSTRACT> 

The effect of COX-2 inhibitor on osteogenesis in human bone 
marrow-derived mesenchymal stem cells 

 
Je Hyun Yoo  

 
Department of Medicine  

The Graduate School, Yonsei University  
 

(Directed by Professor Chang Dong Han) 
 

 

Non-steroidal anti-inflammatory drugs (NSAIDs) exert their effects by 

suppressing cyclooxygenase (COX) enzymes, which convert arachidonic 

acid to prostaglandins (PGs). COX enzymes and PGs have been shown to 

play important roles in bone metabolism. It is generally accepted that 

prostaglandin E2 (PGE2) is the most important PG in bone formation and 

resorption. In addition to bone resorption, COX-2 has also been shown to 

have a role in bone formation by increasing the expression of 

core-binding factor a1 (Runx2/Cbfa1) and osterix, the two genes required 

for bone formation. However, until now, no in vitro study has been 

conducted on whether COX inhibitors such as NSAIDs suppress the 

osteogenic differentiation of human bone marrow cells. The purpose of 

this study is to identify whether the osteogenesis of human bone 

marrow-derived mesenchymal stem cells (hMSCs) is inhibited by 
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NSAIDs such as the COX-2 inhibitor, Celecoxib, and the non-selective 

COX inhibitor, Naproxen.  

The mRNA levels of membrane-associated PGE synthase (mPGES) 

were reduced in the Celecoxib-treated cells, suggesting that mPGES, a 

downstream molecule of COX-2, was selectively inhibited by Celecoxib. 

In contrast, both cytosolic PGES (cPGES) and mPGES were reduced in a 

dose-dependent manner in the cells treated with Naproxen. The 

expression of COX-1 and COX-2 was not changed in the cells treated 

with Celecoxib and Naproxen. Human recombinant IL-1β (1 ng/ml) 

induced the expression of COX-2 and mPGES and osteogenesis in 

hMSCs, whereas a combination of IL-1β and either Celecoxib or 

Naproxen decreased osteogenesis. The inhibitory effects of the two 

NSAIDs on osteogenesis were dose-dependent, and alkaline phosphatase 

(ALP) expression and calcium mineral deposition were significantly 

inhibited in the cells treated with high-dose NSAIDs (40 µM Celecoxib 

and 300 µM Naproxen). The inhibition of osteogenesis in hMSCs by  

high doses of NSAIDs may be correlated with decreased PGES, 

suggesting that cPGES and/or mPGES are involved in bone formation. 

The osteogenesis of hMSCs was not affected by therapeutic doses of 10 
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µM Celecoxib and 100 µM Naproxen, of which the concentration is 

generally used in in vitro experiments. However, 20 and 40 µM 

Celecoxib and 200 and 300 µM Naproxen (over-therapeutic doses) 

significantly inhibited osteogenic differentiation.    

The expression of Runx2/Cbfa1 was increased by pretreatment of IL-1β 

during the early stage of osteogenesis in inflammatory-conditioned 

hMSCs, and the expression of osterix was increased during the late stage. 

The expression of ALP increased during the early stage of osteogenesis, 

and the increased expression of ALP was reduced in a dose-dependent 

manner by the two NSAIDs. These results suggest that bone healing 

under inflammatory conditions after fracture is achieved by different 

pathways than the one taken during normal bone formation. NSAID 

treatments at over-therapeutic doses in inflammatory-conditioned 

osteogenic hMSCs may have serious inhibitory effects on bone healing 

by suppressing the gene expression of transcription factors essential for 

osteogenesis. Therefore, the negative effects of NSAIDs on osteogenesis 

in hMSCs must be considered when prescribing high or greater than 

therapeutic doses of NSAIDs. 

Key words : mesenchymal stem cell, osteogenesis, NSAID, COX-2 

inhibitor 
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The effect of COX-2 inhibitor on osteogenesis in human bone 
marrow-derived mesenchymal stem cells 

 
Je Hyun Yoo 

 
Department of Medicine  

The Graduate School, Yonsei University  
 

(Directed by Professor Chang Dong Han) 
 

 

I. INTRODUCTION 

 

In general, analgesics are classified into narcotics and non-narcotics, and 

non-narcotic analgesics are classified into steroidal and non-steroidal 

anti-inflammatory drugs (NSAIDs)1,2. Steroidal anti-inflammatory drugs exert 

anti-inflammatory and analgesic effects by interfering with the process of  

arachidonic acid release from membrane phospholipids, but their use may 

also result in serious side effects due to the suppression of immunologic 

functions3. NSAIDs exert their effects by suppressing the cyclooxygenase 

(COX) enzymes that catalyze the conversion of arachidonic acid to 

prostaglandin H2 (PGH2)
4. COX has been shown to exist in three isomers, 

namely COX-1, COX-2, and COX-35-7. COX-1 has been found in most 

mammalian tissues and has a role in platelet aggregation and cytoprotection 

against stomach injury8,9. COX-3 was recently identified as an alternatively 

spliced form of COX-1 in dogs. It retains the in-frame intron 1, but is 
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otherwise identical to the full-length form of COX-110. COX-3 is expressed 

most abundantly in brain and heart, and it is considered to be involved in 

fever and pain. In contrast to the role of COX-1 as a housekeeping gene, 

COX-2 is an inducible enzyme of which the expression is rapidly increased 

by inflammatory cytokines such as interleukin-1β (IL-1β) and tumor necrosis 

factor-α (TNF-α), or by a growth factor as basic-fibroblast growth factor 

(bFGF)12-14. These differential patterns of COX expression strongly suggest 

that COX-2 is a key modulator of inflammation. 

 COX enzymes have also been shown to play an important role in bone 

metabolism15,16. Sato et al17 demonstrated that the COX-2 induced by IL-1 in 

stromal cells promoted osteoclastogenesis. Moreover, studies with COX-2 

knockout mice have demonstrated its role on bone resorption and formation18. 

COX-2 is responsible for the bulk of PGE2 production in osteoblasts19. 

Systemic or local injection of PGE2 stimulates bone formation as well as bone 

resorption20. Zhang et al21 have reported that inducible COX-2 increases the 

expression of core-binding factor a1 (Runx2/Cbfa1) and osterix, the two 

genes required for bone formation.  

Meanwhile, it has been reported that COX-2 selective inhibitors inhibit bone 

repair and bone formation22-24 resulting from the suppression of 

angiogenesis24,25 as well as the potential interference with osteoblast and 

osteoclast functions. These reports suggest that bone formation is suppressed 
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or delayed by COX-2 inhibitors because the synthesis of PGs, which play an 

important role in osteogenesis and bone healing, is suppressed26,27. However, 

there is a controversy over the effects of COX-2 inhibitors on bone healing 

processes in vivo. 

It has been hypothesized that COX-2 participates in the initial step of 

osteogenesis and the latter step of osteoblast maturation, and that it controls  

genes such as cbfa1 and osterix that are related to bone formation using  

bone marrow-derived stromal cells from COX-2 knockout mice21. Studies 

using rabbits showed that non-selective NSAIDs also delay bone healing23,28. 

However, the other study using rabbit demonstrated that COX-2 inhibitors 

showed no apparent suppressive effects on spinal fusion, and that 

non-selective NSAIDs have greater suppressive effects on bone healing than 

COX-2 selective inhibitors28. Human studies have shown no inhibitory effect 

on fracture healing by COX-2 inhibitors29, otherwise showed inhibition of 

bone healing by other causes such as smoking30,31.  

It has been widely used for postoperative pain control since it was reported 

that Celecoxib, a COX-2 inhibitor, significantly reduced the use of opioid 

drugs2. However, concerns regarding a possible inhibitory effects of COX-2 

inhibitors on bone healing have limited their routine use after operation for 

fracture, spinal fusion, and total joint arthroplasty despite of its well-reported 

safety. Although there are arguments regarding the use of NSAIDs, they are 
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currently widely prescribed. Many studies have shown negative effects with 

regard to the use of COX-2 inhibitors. However, these results are difficult to 

apply to humans because important parameters, including the dosage and 

period of administration, were not yet established, and the advantages of 

COX-2 inhibitors cannot be overlooked.  

To date, no in vitro study has been conducted to determine whether COX 

inhibitors such as NSAIDs suppress the osteogenic differentiation of human 

bone marrow-derived mesenchymal stem cells (hMSCs). Therefore, the 

purpose of this study is to verify whether the osteogenic differentiation of 

hMSCs is inhibited by non-selective and COX-2 selective NSAIDs. 

 

 

II. MATERIALS AND METHODS 

 

1. Preparation of hMSCs and cell culture 

  Bone marrow aspirates were obtained from 15 donors ranging from 20 to 

60 years of age, after approval from the Institutional Review Board. hMSCs 

were isolated from human bone marrow aspirates (2-3 ml) by mixing with 

10 ml of growth media [Dulbecco’s Modified Eagle’s Medium 

supplemented with 5 mM glucose (DMEM, Invitrogen, Carlsbad, CA, USA) 

containing 10% fetal bovine serum (FBS, WelGene, Daegu, South Korea)] 

and cultured for 7 days in growth media at 37℃ in a humidified atmosphere 
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under 5% CO2. On day 7 from primary culture, non-adherent cells were 

removed by washing the cells twice with phosphate buffered saline (PBS, 

Invitrogen) and then adherent cells were detached using 0.05% 

trypsin/EDTA (Invitrogen).  

 

2. Osteogenic differentiation and drugs 

hMSCs subcultured up to 4 passages were used for differentiation analysis. 

For osteogenesis, cells were seeded at 8 x 104 or 1.6 x 105 cells in 12-well 

culture plate or 6-well culture plate respectively and maintained for 14 days 

in osteogenic media [DMEM supplemented with 10 mM β-glycerophosphate 

(Sigma, St Louis, MO, USA), 100 nM dexamethasone (Sigma), and 50 

µg/mL ascorbic acid-2-phosphate (Invitrogen)]. These successive procedures 

were performed very gently to exclude the mechanical stimulation for 

osteogenesis of hMSCs.  

The subjects were divided into the control group and 3 experimental groups. 

For the control group, isolated hMSCs were cultured in osteogenic media. 

For experimental group 1, hMSCs were cultured in osteogenic media 

containing IL-1β (R&D, Minneapolis, MN, USA). For experimental group 2, 

hMSCs were cultured in osteogenic media containing NSAIDs to investigate 

the effect of NSAIDs on osteogenesis under normal condition. For 

experimental group 3, hMSCs were cultured in osteogenic media containing 
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both NSAIDs and IL-1β to investigate the effect of NSAIDs on osteogenesis 

under inflammatory condition in vitro. Naproxen (Myungmoon 

Pharmaceuticals, Seoul, South Korea) was used as a non-selective COX 

inhibitor, and Celecoxib (Pfizer, New York, NY, USA) as a COX-2 selective 

inhibitor. 

 

3. Determination of IL-1β concentration for COX-2 expression in hMSCs 

To optimize the concentration of IL-1β for COX-2 induction in hMSCs in 

vitro, the study groups were organized as a control group (no treatment) and 

3 experimental groups (IL-1β treatment; 0.1, 1, 10 ng/ml). The cells were 

cultured in cell culture plates for 24 hours in serum free condition and the 

extent of COX-1 and COX-2 expressions were measured at 1 hour and at 

every 4 hours thereafter, total seven times by western blotting.  

 

A. Western Blot analysis 

Cells were lysed in the Passive lysis buffer (Promega, Madison, Wl, USA). 

Protein concentrations were determined by the BioRad protein assay 

(Bio-Rad Laboratories Inc, Hercules, CA, USA). The cell lysate containing 

30 µg protein was applied and analyzed by 10% SDS-PAGE (Sigma). 

Transferred membranes were blocked with PBS with 0.05% NP-40 and 5% 

skim milk (BD, Sparks, MD, USA) and then incubated for 4 hours with 
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antibodies against COX-2 (BD Biosciences, San Jose, CA, USA) and 

COX-1 (abCAM, Cambridge, UK). The same membrane was reprobed 

with antibody against β-actin (Santacruz Biotechnology, Santa cruz, CA, 

USA), which was provided as a loading control. 

 

4. Determination of cytotoxicity of Celecoxib and Naproxen using 

methylthiazoletetrazolium (MTT) assay  

To determine the optimal concentrations of Celecoxib and Naproxen for 

COX-2 inhibition in hMSCs, the study groups were organized as a control 

group (no treatment) and experimental groups (Celecoxib treatment: 10, 40, 

80, 120, & 150 µM ; Naproxen treatment: 100, 200, & 300 µM). The cells 

were cultured in 48-well cell culture plates for 24 hours. To identify the 

cytotoxity of Celecoxib or Naproxen in hMSCs, the cell viability of hMSCs 

treated with each concentration of NSAIDs was determined by MTT assay 

kit (Sigma). Briefly, hMSCs were seeded at a density of 3 X 104 cells/well in 

a 300 µl volume of medium in 48-well plate and allowed to attach overnight. 

The cells were then treated with various concentrations of NSAIDs for 24 

hours, while the control group was treated with 0.1% dimethyl sulphoxide 

(DMSO, Sigma) only. After incubation, culture medium was removed and 

100 µl of fresh medium and MTT solution (0.5 mg/ml) were added to each 

well to identify the cytotoxicity of the two NSAIDs (Celecoxib and 
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Naproxen) and incubated at 37oC for 3 hours. The upper medium was then 

carefully removed, and the intracellular formazan was solublized by adding 

800 µl of DMSO into each well. Absorbance was measured at 570 nm by a 

96-well spectrophotometric microplate reader. All samples were tested in 

triplicate.   

 

5. Drug treatment during osteogenesis from hMSCs 

Two NSAIDs were dissolved in DMSO as stock solution and diluted with 

culture medium immediately before drug treatment. The final concentration 

of DMSO was adjusted to 0.1% for all the cell groups. To examine the effect 

of NSAIDs on osteogenesis of hMSCs, cells were treated with NSAIDs in 

different concentrations (Celecoxib: 10 µM-therapeutic dose, 20 µM and 40 

µM; Naproxen: 100 µM-therapeutic dose, 200 µM and 300 µM). 

NSAIDs-treated media were replaced every 2 days during osteogenic 

differentiation.  

 

6. Evaluation for the effect of Celecoxib and Naproxen on the synthesis of PGE2 

in hMSCs using PGE2 enzyme-linked immunosorbent assay (ELISA) 

  Intracellular lysate and supernatant conditioned for 24 hours were prepared 

in a lysis buffer. Lysates were clarified by centrifugation at 13,000 rpm at 

4oC for 10minutes. PGE2 concentration in the supernatant fraction was 
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measured by PGE2 ELISA system (GE Healthcare, Piscataway, NJ, USA) 

according to the manufacturer’s instructions. Briefly, IL-1β alone or both 

IL-1β and NSAID-treated cell lysates and PGE2 conjugates were loaded into 

wells coating with sheep anti-mouse IgG, and the wells were incubated at 

room temperature for 1 hour on a microplate shaker. After washing with 

wash buffer provided, all wells were incubated with enzyme substrate, and 

mixed on a microplate shaker for exactly 30 minutes at room temperature. 

Finally, plates were read by a 96-well spectrophotometric microplate reader 

at 450nm. All the assays were performed in duplicate. PGE2 concentrations 

were calculated from the standard curve. 

 

7. Evaluation for the effects of NSAIDs on osteogenesis from hMSCs   

A. Alkaline phosphatase (ALP) staining   

The hMSCs were cultured in 12-well plates to reach semi-confluence, and  

treated with COX-2 inhibitor (Celecoxib) and non-selective COX inhibitor 

(Naproxen) for 14 days. Cells were washed twice with PBS, and then fixed 

with citrate and acetone (2:3) solution for 90 seconds. After washing it with 

PBS twice, the cells were stained with alkaline dye mixture (diazonium salt 

solution to naphthol AS-MX phosphatate alkaline solution, Sigma) for 30 

minutes at room temperature in shaded condition. 
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B. Von Kossa Staining  

To detect mineral deposition representing the final step of osteogenesis 

using von Kossa stain, samples were rinsed with distilled water, 1 ml of 

freshly prepared 3% silver nitrate (wt/vol) (Sigma) was added, and the slides 

were incubated in the dark for 30 minutes. They were then rinsed with 

distilled water and exposed to bright light for 30 minutes while covered with 

water. Mineral deposits were stained black. 

 

C. Calcium contents assay 

To detect calcium contents, samples were washed with PBS twice, 800 µl 

of 0.5 N acetic acid added, and incubated for 24 hours at room temperature. 

After incubation, 300 µl of Fresh reagent (O-Cresolphthalein Complexon,  

ethanolamine/boric acid, hydroxyquinol, Sigma) was added to 50 µl of 

sample supernatants. And then absorbance was measured at 560 nm. 

Standard were prepared from a CaCl2 solution, and the results expressed as 

mg/ml calcium equivalents per microgram of total protein.  

 

D. RNA isolation and Real-time reverse transcription-polymerase chain 

reaction (Real time RT-PCR) 

Real-time RT-PCR was performed to determine changes in mRNA 
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expression of prostaglandin synthesis-related enzymes (COX-1, COX-2, 

cytosolic prostaglandin E synthase (cPGES), and membrane-associated 

prostaglandin E synthase (mPGES)), osteoblast markers (osteocalcin and 

osteopontin), and transcription factors associated with osteogenesis 

(Runx2/Cbfa1, osterix, Dlx5, and Msx2). Total RNA was isolated from cells 

using RNeasy kit (Qiagen, Valencia, CA, USA). The purity and amount of 

isolated RNA were assessed by spectrophotometric measurements at 260 

and 280 nm. One microgram of total RNA was reverse-transcribed using an 

Omniscript kit (Qiagen). The PCR reactions contained a final concentration 

of 1X SYBR Green PCR PreMix (Bioneer, Daejon, South Korea), 10 pM 

gene-specific primers, and 1 µl of cDNA. The primers used in real time 

RT-PCR were summarized in Table 1. The cycling conditions were as 

follows: 40 cycles of denaturing at 94℃ for 10 seconds and annealing at 

58℃ for 30 seconds, and then extension at 72℃ for 1 minute. 

The mean cycle threshold (CT) values from duplicate measurements were 

used to calculate the gene expression, with normalization to β-actin as an 

internal control. Bioneer Exicycler Real Time PCR system (Bioneer) was 

used for PCR reaction.  
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Table 1. Primer sequences of real time RT-PCR 

Genes                   Primer Sequences                              Size (bp) 

mPGES (S) 5’ - GCG TGC TGC GTG TGA TGG - 3’ 148 

 (AS) 5’ - TGC CTT CCC TCT GCT CTG C - 3’ 
cPGES (S) 5’ - GAA CAA ATT GGC TGA CAC CTT ACT G - 3’ 146 

 (AS) 5’ - AAG ATA CAC CTG GAA CAC TGA CAA G - 3’ 
COX-2 (S) 5’ - GGT GCC TGG TCT GAT GAT GTA TG - 3’ 126

 (AS) 5’ - AGT ATT AGC CTG CTT GTC TGG AAC - 3’ 
COX-1 (S) 5’ - CTT GAC CGC TAC CAG TGT GAC - 3’ 124

 (AS) 5’ - GCA GGA AGT GGG TGA AAG AGG - 3’ 
β-actin (S) 5’ - GTC CTC TCC CAA GTC CAC ACA G - 3’ 124

 (AS) 5’ - GGG CAC GAA GGC TCA TCA TTC - 3’ 
Size represents the size of the amplified product for each gene. S: sense primer, AS: antisense 

primer, bp: base pair 

 

E. Semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) 

As described above, cDNA was amplified in a total volume of 50 µl 

containing 1X PCR buffer, 0.4 µM of each primer, 0.2 mM dNTP mix, and 1 

U of Taq DNA polymerase (Qiagen) at optimal temperature. The primers 

used in semiquantitative RT-PCR were summarized in Table 3, and the 

cycling conditions for each gene were described in Table 4, respectively.  

PCR products were analyzed in a 1.5% agarose gel at 100 V/cm in 1X 

Tris-Borate-EDTA (TBE) buffer, followed by staining with ethidium 

bromide. The density values for PCR products were normalized to β-actin 

values to yield a semiquantitative assessment. 
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Table 2. Primer sequences of semiquantitative RT-PCR 

Genes                 Primer Sequences                                Size (bp) 

Osteocalcin (S) 5’ - ATG AGA GCC CTC ACA CTC CT - 3’ 197
 (AS) 5’ - GCC GTA GAA GCG CCG ATA GG - 3’  

Osteopontin (S) 5’ - CCA AGT AAG TCC AAC GAA A - 3’ 347
 (AS) 5’ - GGT GAT GTC CTC TCT CCT CTG - 3’  

Dlx5 (S) 5’ - GAA TGG TGA ATG GCA AAC CAA AG - 3’ 400
 (AS) 5’ - GAA TTG ATT GAG CTG GCT GCA CT - 3’  

Msx2 (S) 5’ - GCC AAG ACA TAT GAG CCC TAC CAC CT - 3’ 400
 (AS) 5’ - GGA CAG GTG GTA CAT GCC ATA TCC CA - 3’  

Osterix (S) 5’ - CAT TGC TTT CCA TTC TTC AGA AC - 3’ 402
 (AS) 5’ - ATT ACA AGA GAA ACC CTA TCA AC - 3’  

Runx2/Cbfa1 (S) 5’ - CCA CCT CTG ACT TCT GCC TC - 3’ 172
 (AS) 5’ - GAC TGG CGG GGT GTA AGT AA - 3’  

β-actin (S) 5’ - GTC CTC TCC CAA GTC CAC ACA G - 3’ 132
 (AS) 5’ - GGG CAC GAA GGC TCA TCA TTC - 3’  

S: sense primer, AS: antisense primer, bp: base pair 

 

Table 3. Semiquantitative RT-PCR conditions 

Genes                        Condition                                     Cycle 

Osteocalcin        94  15℃  min 94  1℃  min → 56  30℃  sec → 72  1℃  min 72  7℃  min     30 

Osteopontin        94  5℃  min 94  30℃  sec → 55  30℃  sec → 72  30℃  sec 72  7℃  min    32 

Dlx5             94  5℃  min 94  30℃  sec → 58  30℃  sec → 72  30℃  sec 72  7℃  min    32 

Msx2             94  5℃  min 94  30℃  sec → 62  30℃  sec → 72  30℃  sec 72  7℃  min    33 

Osterix            94  5℃  min 94  30℃  sec → 55  30℃  sec → 72  30℃  sec 72  7℃  min    35 

Runx2/Cbfa1       94  2℃  min 95  3℃ 0 sec → 55  30℃  sec → 72  1℃  min 72  10℃  min    33 

β-actin            94  5℃  min 94  30℃  sec → 57  30℃  sec → 72  30℃  sec 72  7℃  min    22 
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8. Statistic analysis 

The statistical analysis for the results of staining test and gene expression 

pattern obtained from hMSCs was carried out using Student’s t-test, and the 

data were expressed as the mean±SEM.  

 

 

III. RESULTS 

 

1. Determination of IL-1β concentration for the maximal induction of COX-2 

expression in hMSCs  

Treatment of hMSCs with 1 or 10 ng/ml of IL-1β significantly increased 

COX-2 levels at 4 to 8 hours, as determined by western blot analysis, 

whereas COX-1 remained constant. The induced COX-2 expression  

decreased to basal levels within 24 hours. In contrast, IL-1β at a 

concentration of 0.1 ng/ml had no significant effect on COX-1 or COX-2 

expression (Figure 1). Therefore, 1 ng/ml of IL-1β was determined to be an 

appropriate dose to enhance the expression of COX-2 and provoke  

inflammatory conditions in vitro similar to those with bone fractures.  
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Figure 1. Western blot analysis of COX-2 expression for 24 hours by IL-1β 

in hMSCs. (A) The COX-2 expression was not affected by 0.1 ng/ml IL-1β. 

(B) and (C) It was enhanced at 4 to 8 hours and slowly decreased over 12 

hours by 1 ng/ml and 10 ng/ml IL-1β. However, the COX-1 was expressed 
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constantly regardless of IL-1β concentration.   

2. Determination of Celecoxib and Naproxen concentrations for COX-2 

inhibition in hMSCs as determined by the MTT assay 

Treatment with Celecoxib showed a dose-dependent reduction in cell 

viability. At 24 hours after treatment with Celecoxib in 10% serum, we 

found decreases in cell viability to 91.8% at 10 µM, 85.2% at 40 µM, 

78.2% at 120 µM, and 57.3% at 150 µM (Figure 2A). Meanwhile, no 

marked effect was seen in cells treated with Naproxen and the cell viability 

for all doses of Naproxen was over 85% (Figure 2B). In this study, the 

doses for Celecoxib and Naproxen were determined based on cell 

viabilities over 85% for the standards. For Celecoxib, the therapeutic dose 

(10 µM) and two over-doses (40 µM, 80 µM) were used according to this 

standard. For Naproxen, the therapeutic dose (100 µM) and two over-doses 

(200 µM, 300 µM) were used as well.   
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Figure 2. Cytotoxicity of NSAIDs in hMSCs. (A) Cell viability, determined 

by MTT assay for 24 hours after treatment of Celecoxib, was decreased in    

a dose-dependent manner. (B) Naproxen had no marked effect on cell 

viability, based on MTT assay for 24 hours.  

A
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3. Effects of NSAIDs on the mRNA levels of inflammation-related enzymes in 

the undifferentiated hMSCs 

The hMSCs were treated with 1 ng/mL of IL-1β and Celecoxib or 

Naproxen for 24 hours. The study groups were organized as two control 

groups (no treatment) and six experimental groups (Celecoxib treatment: 10 

µM (therapeutic concentration) and 20 & 40 µM (over-therapeutic 

concentrations); Naproxen treatment: 100 µM (therapeutic concentration) 

and  200 & 300 µM (over-therapeutic concentrations)). The expression of 

prostaglandin synthesis-related enzymes (COX-1, COX-2, cPGES, mPGES) 

was identified by real-time RT-PCR. Among these enzymes, only the mRNA  

level of mPGES was reduced in the Celecoxib-treated hMSCs, suggesting 

that mPGES, an inducible enzyme that is coordinately induced with COX-2 

on the peri-nuclear membrane, was selectively inhibited by Celecoxib 

(Figure 3A). In contrast, both cPGES, a promoter of COX-1-mediated PGE2 

production, and mPGES were reduced in a concentration-dependent manner 

in hMSCs treated with Naproxen (Figure 3B). However, the mRNA 

expression of COX-1 and COX-2 was not consistently changed in the 

hMSCs treated with Celecoxib or Naproxen. 
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Figure 3. Real-time RT-PCR analysis for the effects of NSAIDs on 

expression of inflammation-related genes in the undifferentiated hMSCs. (A) 

Only the mRNA  level of mPGES was reduced in the Celecoxib-treated 
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hMSCs, (B) cPGES and mPGES were reduced in a concentration-dependent 

manner in the Naproxen- treated hMSCs (*p < 0.05). Relative amounts of 

mRNA expression of the target gene were determined by comparing the 

β-actin mRNA level, which was set at 1.   

  

4. Effect of IL-1β and NSAIDs on PGE2 synthesis in the undifferentiated 

hMSCs  

   To evaluate the extent of the inhibition of PGE2 by NSAIDs in 

undifferentiated hMSCs, ELISAs were performed on hMSC supernatants 

that were collected 24 hours after treatment with either IL-1β or IL-1β and 

NSAIDs. PGE2 was secreted in the non-inflammatory conditioned-hMSCs 

(not pretreated with IL-1β of 1ng/ml) as well as in the pretreated, 

inflammatory-conditioned hMSCs. This study revealed that the synthesis of 

PGE2 in hMSCs was significantly inhibited by the two NSAIDs at all of 

their concentrations. However, the concentrations had no correlation with 

the extent of PGE2 synthesis inhibition, and there was no significant 

difference in the extent of inhibition between hMSCs and hMSCs pretreated 

with IL-1β (Figure 4).    
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 Figure 4. Effects of Celecoxib and Naproxen on PGE2 determined by ELISA. 

The synthesis of PGE2 was significantly reduced in all concentrations 

regardless of concentrations of the two NSAIDs in both (A) hMSCs without 

pretreatment with 1 ng/ml IL-1β and (B) hMSCs with it (*p < 0.05).  
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5. Effect of NSAIDs on ALP expression during osteogenesis  

On day 7 after inducing osteogenesis, ALP, an earlier marker of osteoblast 

differentiation, was expressed very weakly in the non-inflammatory 

conditioned-hMSCs without IL-1β, and there was no significant differences 

in the extent of ALP staining between the doses of the two NSAIDs, 

Celecoxib and Naproxen, respectively (Figure 5A).    

However, in the inflammatory-conditioned hMSCs pretreated with IL-1β, 

ALP staining was dose-dependently reduced by the over-therapeutic 

concentrations of NSAIDs (20 and 40 µM of Celecoxib and 200 and 300 µM 

of Naproxen), compared to the control group or the therapeutic concentration 

group (10 µM of Celecoxib and 100 µM of Naproxen) (Figure 5B). The 

therapeutic concentration treatments showed no significant decrease in ALP 

expression during the osteogenic differentiation. This finding suggests that 

high concentration of NSAIDs may inhibit osteogenic differentiation in 

hMSCs.  
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Figure 5. ALP staining of hMSCs and hMSCs pretreated with IL-1β. On day 7 

of osteogenic differentiation in hMSCs (A) without pretreatment with 1 ng/ml 

IL-1β and hMSCs (B) with it. ALP expression was inhibited at 

over-therapeutic dose of each NSAID only in inflammatory-conditioned- 

hMSCs after pretreatment with IL-1β.  

 

6. Calcium quantification and mineralization  

B
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To determine whether the effects of Celecoxib and Naproxen on the calcium 

accumulation in the osteogenic hMSCs is affected by pretreatment with IL-1β, 

the calcium content assay was carried out on day 7 of osteogenesis in 

Celecoxib-treated hMSCs and Naproxen-treated hMSCs under inflammatory 

condition with IL-1β pretreatment and normal condition without it, 

respectively. The calcium accumulation was not significantly reduced at all 

the concentrations of the two NSAIDs in the differentiated hMSCs without 

pretreatment with IL-1β.  

 

 

 

Figure 6. Effects of Celecoxib and Naproxen on the calcium accumulation on 

day 7 of osteogenesis in hMSCs with or without IL-1β pretreatment. The 

calcium accumulation was significantly reduced at over-doses of the two 
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NSAIDs only in the differentiated hMSCs after pretreatment with IL-1β (*p < 

0.05).  

 

However, it was dose-dependently reduced at all the concentrations and 

significantly reduced at over-therapeutic concentrations of the two NSAIDs in 

the differentiated hMSCs after pretreatment with IL-1β (Figure 6). This 

finding suggests that the osteogenesis of hMSCs was not affected by NSAIDs 

under normal condition without IL-1β pretreatment. 

So, I proceeded the calcium content assay and Von Kossa staining only 

under inflammatory condition provoked by IL-1β pretreatment thereafter.  

The calcium contents in the NSAID-treated osteogenic hMSCs were 

significantly decreased in a dose-dependent manner compared to the control 

osteogenic hMSCs on day 10. On day 10 of osteogenic differentiation, 

Celecoxib decreased calcium contents to 1.411 mg/ml at 10 µM, 0.723 mg/ml 

at 20 µM, and 0.449 mg/ml at 40 µM, in comparison to a 2.714 mg/ml of 

calcium content in control osteogenic hMSCs. Naproxen also decreased 

calcium contents to 1.089 mg/ml at 100 µM, 0.849 mg/ml at 200 µM, and 

0.196 mg/ml at 300 µM (Figure 7A). 

Treatments with therapeutic doses of NSAIDs (10 µM Celecoxib & 100 µM 

Naproxen) for 2 weeks did not affect calcium contents during the 

osteogenesis of the hMSCs. However, 2-week treatments with 
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over-therapeutic doses of NSAIDs (40 µM Celecoxib; 300 µM Naproxen) 

caused significant decreases in calcium content during the osteogenesis of the 

hMSCs. After in vitro osteogenic differentiation for 14 days, Celecoxib 

decreased the calcium contents to 2.825 mg/ml at 20 µM and 2.266 mg/ml at 

40µM (over-therapeutic concentrations). Naproxen also decreased calcium 

contents to 0.715 mg/ml at 300 µM (over-therapeutic concentration), in 

comparison to a 3.411 mg/ml calcium content for the control osteogenic 

hMSCs (Figure 7B). This finding suggests that NSAIDs at high 

concentrations inhibit the osteogenic differentiation of hMSCs. 
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Figure 7. Effects of NSAIDs on calcium accumulation during osteogenic 

differentiation. Calcium contents assay showed the inhibitory effects of 

Celecoxib and Naproxen on calcium accumulation during osteogenic 

differentiation at day 10 and 14 under inflammatory condition by IL-1β. (A) 

On day 10, (B) On day 14 (*p < 0.05).   
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Figure 8. Von Kossa staining performed on day 14 of osteogenesis to evaluate 

the effects of the two NSAIDs on mineralization. The treatments of the two 

NSAIDs at over-doses for 2 weeks decreased mineral deposition by the 

differentiated hMSCs. This finding coincided with it on the calcium contents 

assay.  

 

The results of Von Kossa staining showed that treatments of the two 

NSAIDs at over-therapeutic doses for 2 weeks (20 and 40 µM Celecoxib; 200 

and 300 µM Naproxen) significantly decreased mineral deposition by 
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osteogenic hMSCs. However, treatments of NSAIDs at therapeutic doses (10 

µM Celecoxib and 100 µM Naproxen) did not affect the mineralization in 

osteogenic hMSCs (Figure 8). 

 

7. Effects of NSAIDs on the gene expression of inflammation-related enzymes,  

transcription factors, and osteogenic markers during osteogenic 

differentiation 

Based on the results of real-time RT-PCR analyses performed after the 

analysis of Von Kossa staining for osteogenic differentiation on day 14, 

Celecoxib increased the mRNA expression of COX-2 and mPGES in a 

dose-dependent manner. In contrast, Naproxen induced a relatively 

dose-dependent decrease of mRNA expression of all inflammation-related 

enzymes (Figure 9). These findings suggest that the inhibitory effects of the 

two NSAIDs on osteogenesis of hMSCs are not shown by directly 

suppressing the mRNA expression of inflammation-related enzymes during 

osteogenic differentiation.   
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Figure 9. Real-time RT-PCR analyses for the effects of the two NSAIDs on the  

mRNA expression of inflammation-related enzymes on day 14 of osteogenesis. 

Only Naproxen induced a relatively dose-dependent decrease of mRNA 

expression of all inflammation-related enzymes in the differentiated hMSCs 

under the inflammatory condition after pretreatment with IL-1β. (A) COX-1, 

(B) COX-2, (C) cPGES, and (D) mPGES.    

 

The expression of Runx2/Cbfa1, necessary for osteoblastogenesis, was 

increased on day 4 and day 7 by pretreatment with IL-1β. The increased 

expression of Runx2/Cbfa1 by IL-1β was decreased in a dose-dependent 

manner by both Celecoxib and Naproxen and showed an especially serious 

decrease for the over-therapeutic doses. However, it was not affected by the 

two NSAIDs in the  non-inflammatory conditioned-osteogenic hMSCs (that 

were not pretreated with IL-1β) (Figure 10A).   

The expression of Dlx5 was also decreased by NSAIDs on day 4 of 

osteogenesis, like Runx2/Cbfa1, but was not increased by IL-1β. Also, the 

inhibitory effect of NSAIDs on the gene expression of Dlx5 was not shown in 

non-inflammatory conditioned-osteogenic hMSCs (Figure 10A).  
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Figure 10. Semiquantitative RT-PCR analysis of mRNA expression for 

transcription factors required for osteogenesis. (A) The expression of 

Runx2/Cbfa1 was enhanced by IL-1β on day 4 and 7 of osteogenesis. They were 

inhibited by NSAIDs in a dose-dependent manner on day 4 and 7. (B) The 

expression of osterix was enhanced by IL-1β and inhibited at over-therapeutic 

concentrations of the two NSAIDs on day 14.  

 

The expression of osterix was not affected by IL-1β or NSAIDs during the 
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early stage of osteogenesis, but it was increased during the late stage of 

osteogenesis. On the other hand, it was decreased by NSAIDs in a 

dose-dependent manner and was seriously decreased at over-therapeutic 

concentrations (Figure 10B).  

The expression of Msx2 showed no consistent change by NSAIDs during 

osteogenesis, and the gene expression of transcription factors except osterix 

was not consistently affected by NSAIDs on day 14 of osteogenesis (data not 

shown). 

The gene expression of osteocalcin, an osteoblast marker, was 

dose-dependently inhibited by the two NSAIDs only in hMSCs under 

inflammatory condition provoked by pretreatment with IL-1β on day 4 and 7 

of osteogenesis, but the expression was not affected by NSAIDs in hMSCs 

under normal condition without pretreatment with IL-1β. The expression of 

osteopontin was not affected by the two NSAIDs (Figure 11). 
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Figure 11. Effect of IL-1β and NSAIDs on the expression of osteocalcin and 

osteopontin. On day 4 and 7 of osteogenesis, osteogenic differentiated hMSCs 

were lysed and total RNA was subjected to semiquantitative RT-PCR analysis 

for osteocalcin and osteopontin. The gene expression of osteocalcin, an 

osteoblast marker, was dose-dependently inhibited by the two NSAIDs on day 

4 and 7 of osteogenesis, but the expression of osteopontin gene was not 

consistently affected by the two NSAIDs.  

 

 

IV. DISCUSSION 

 

COX enzymes and PGs have been shown to play important roles in bone 

metabolism15,16. Moreover, it is generally accepted that, among various PGs, 

PGE2 is the most important in bone formation and resorption32. COX-2 has 

also been shown to have a role in bone formation and to increase the 
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required for bone formation21. Several studies reporting the reduction or 

suppression of bone fusion and/or bone formation by COX-2 inhibitors show 

that they may have negative effects on bone healing and/or bone formation22-24. 

The studies using rabbits showed that non-selective NSAIDs also delay bone 

healing23.28. These reports suggest that bone formation may be suppressed or 

delayed because COX-2 and the synthesis of PGE2, which play important roles 

in osteogenesis and bone healing, are suppressed. In contrast, Gerstenfeld et 

al33 reported that stable bony union occurred in spite of the administration of a 

non-selective COX inhibitor, ketorolac, and a COX-2 selective inhibitor, 

parecoxib, in a rat model. However, such reports have many possible problems 

because they were conducted using only animals. 

Meanwhile, human studies showed no inhibitory effects on bone fracture 

healing by COX-2 inhibitors29. There is still a controversy over the negative 

effects of NSAIDs on osteogenesis in animals and humans in in vivo studies 

like this. Therefore, because no in vitro study of COX inhibitors on 

osteogenesis has been conducted to date, this study was designed and 

performed to identify whether the osteogenesis of hMSCs is inhibited by a 

non-selective COX inhibitor, Naproxen, and a COX-2 selective inhibitor, 

Celecoxib.  

Several previous studies reported that the suppression of PGE2 synthesis by 

NSAIDs inhibits osteogenic differentiation and that both in vivo bone 
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formation and in vitro osteogenic differentiation are enhanced by PGE2 

synthesis35-37. Our results showed that high-dose NSAIDs decreased the 

osteogenic differentiation of hMSCs in vitro via the same mechanism 

described above. In contrast, the therapeutic doses of NSAIDs showed no 

inhibitory effects on the osteogenic differentiation of hMSCs, although the 

synthesis of PGE2 was suppressed by all  doses of the two NSAIDs, including 

the therapeutic doses. These results suggest that a mechanism other than the 

suppression of PGE2 synthesis may also be involved in the inhibitory effect of 

NSAIDs on the osteogenesis of hMSCs.  

Murakami et al37 reported that cPGES is functionally coupled with COX-1, 

and mPGES is functionally coupled with COX-2. This data support the 

importance of the coupling between COX enzymes and PGES during in vitro 

osteogenesis. However, I found that the NSAIDs (Celecoxib and Naproxen) 

did not directly suppress the mRNA expression of COX-1 or COX-2 in the 

hMSCs, while they actually inhibited the mRNA expression of PGES. In other 

words, Celecoxib, a COX-2 selective inhibitor, suppressed only mPGES 

expression, whereas Naproxen, a non-selective NSAID, suppressed both 

cPGES and mPGES in a dose-dependent manner. These results are similar to 

those reported by Arikawa et al32, which demonstrated that the mRNA 

expression of COX-1, COX-2, and cPGES was not decreased by NS-398, a 

COX-2 selective inhibitor, whereas the mRNA of only mPGES was decreased. 
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This suppressive effect of NSAIDs on PGES expression might be correlated 

with the reduced osteogenesis of hMSCs at over-therapeutic doses of NSAIDs. 

This is based on the finding that high-dose NSAID treatment during in vitro 

osteogenesis resulted in significant dose-dependent reductions in the 

expression of ALP and the deposition of calcium phosphate-containing 

minerals. Zhang et al21 reported that PGE2 is necessary for mesenchymal cell 

differentiation into the osteoblast lineage in COX-2 knockout mice. They also 

demonstrated that induced COX-2 and exogenous PGE2 induce the expression 

of Runx2/Cbfa1 and osterix, which are transcription factors essential for 

osteogenesis. These reports have a thread of connection with this data, which 

revealed that the inhibitory effect of NSAIDs on COX-2 suppressed the 

expression of transcription factors essential for osteogenesis, as well as 

suppressing the production of PGE2, which resulted in the decrease of 

osteogenesis in the hMSCs.  

However, no author has reported the differences in osteogenesis of hMSCs 

under both inflammatory conditions and normal conditions, and the effect of 

NSAIDs thereon. Therefore, in this study, we investigated the effect of 

NSAIDs on osteogenesis of inflammatory-conditioned-hMSCs and 

non-inflammatory conditioned-hMSCs. This study showed that ALP was 

expressed rather rapidly during the early stage of osteogenesis (day 4 & day 7) 

in differentiated hMSCs pretreated with IL-1β in comparision with hMSCs not 
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pretreated with IL-1β, and the suppression of ALP by NSAIDs showed a 

consistent pattern in a dose-dependent manner. However, the suppression of 

ALP by NSAIDs in differentiated hMSCs not pretreated with IL-1β showed no 

differences among the doses of the NSAIDs. This suggests that the inhibitoty 

effect of NSAIDs on ALP expression during osteogenesis in 

inflammatory-conditioned-hMSCs may proceed via pathways different from 

those in normal osteogenesis.            

Mengshol et al38 reported that Runx2 enhanced the IL-1 induction of matrix 

metalloproteinase-13 (MMP-13) transcription. It is known that MMP-13 is 

expressed by hypertrophic chondrocytes and osteoblasts in the fracture callus39. 

In addition, it has been reported that MMP-13 is required for the resorption of 

hypertrophic cartilage and for normal bone remodeling during non-stabilized 

fracture healing that occurs via endochondral ossification40. These studies 

suggest that MMP-13 may be associated with the osteogenic differentiation of 

inflammatory-conditioned-hMSCs pretreated with IL-1β.  

This data showed that the expression of Runx2/Cbfa1 and ALP increased 

during the early stage of osteogenesis after pretreatment with IL-1β, and that 

the increased expression of them was reduced in a dose-dependent manner by 

two NSAIDs (Celecoxib and Naproxen). I think that these results may be 

associated with the extent of expression of Runx2/Cbfa1 in 

inflammatory-conditioned-hMSCs. However, non-inflammatory-conditioned- 
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hMSCs (not pretreated with IL-1β) showed no marked changes in the 

expression of Runx2/Cbfa1 and ALP during the early stage of osteogenesis, 

and the expression of them was also not affected by the two NSAIDs. On the 

other hand, the expression of Dlx5 and osteocalcin, which have been identified 

as important transcription factors and osteogenic markers, respectively, in 

osteogenic differentiation, was decreased in a dose-dependent manner by 

NSAIDs during the early stage of osteogenesis from inflammatory-conditioned 

-hMSCs. These results suggest that the osteogenesis from inflammatory- 

conditioned-hMSCs and non-inflammatory-conditioned-hMSCs may proceed 

via different pathways during the early stage of osteogenesis, and the finding 

that NSAIDs had no consistent effect on the expression of Runx2/Cbfa1 and 

ALP in the non-inflammatory conditioned- hMSCs supports my hypothesis.  

It has been reported that osterix is a transcription factor essential for the 

osteogenesis of hMSCs that acts downstream of Runx2/Cbfa1 and is deeply 

associated with the mineralization of endochondral ossification41. In this data, 

osterix mRNA expression showed a consistent pattern during the early stage 

of osteogenesis from inflammtory-conditioned-hMSCs and was markedly 

expressed during the late stage of osteogenesis (day 14). The increased 

expression of osterix was decreased in a dose-dependent manner by NSAIDs. 

These results were consistent with those from the calcium content assay 

during the late stages of osteogenesis. Such a pattern of osterix expression 
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suggests that it may have an important role in the late stages of osteogenic 

differentiation of inflammatory-conditioned-hMSCs and that it may especially 

be associated with mineralization.  

In other words, I propose that the suppressed expression of COX-2 and PGE2 

synthesis by NSAIDs under inflammatory conditions inhibits the expression 

of Runx2/Cbfa1 and Dlx5 during the early stage of osteogenesis, via direct or 

indirect pathways. Therefore, they have an inhibitory effect on the expression 

of ALP, an early marker of osteogenic differentiation. Also, during late 

osteogenesis, the persistent suppression of Runx2/Cbfa1 expression may have 

an inhibitory effect on osterix expression, which decreases calcium 

accumulation and mineralization. This pathway may be very important during 

bone healing under inflammatory conditions, such as fracture, where there is  

enhanced COX-2 expression. However, this pathway would not be important 

during normal osteogenesis when the expression of COX-2 is limited and not 

enhanced. The finding that the two NSAIDs used in this study had no effects 

on the expression of ALP and osteogenesis-related genes under the 

non-inflammatory condition without IL-1β pretreatment supports these 

opinions.  
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V. CONCLUSION 

 

This study was performed to determine whether the osteogenic 

differentiation of hMSCs is inhibited by a non-selective COX inhibitor, 

Naproxen and a COX-2 selective inhibitor, Celecoxib. The conclusions are, as 

follows: the therapeutic doses of Celecoxib (10 µM) and Naproxen (100 µM) 

had no significant inhibitory effect on the osteogenesis of hMSCs, but 

over-therapeutic doses of both NSAIDs inhibited osteogenesis. However, these 

results were demonstrated only in inflammatory-conditioned, osteogenic 

hMSCs that were pretreated with IL-1β. The osteogenesis of hMSCs under 

normal conditions without IL-1β pretreatment was not affected by either 

Celecoxib or Naproxen. These results suggest that bone healing under the 

inflammatory conditions after fracture may proceed via a pathway different 

from the pathway that occurs during normal bone formation.      

NSAID treatments of over-therapeutic doses in inflammatory-conditioned, 

osteogenic hMSCs inhibited the osteogenesis of the hMSCs by suppressing the 

gene expression of the transcription factors cbfa1, Dlx5 and osterix, and the 

osteogenic marker, osteocalcin.  

Therefore, precautions must be taken to minimize the negative effects on the 

osteogenic differentiation of hMSCs when considering the administration of 
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high or greater than therapeutic doses of NSAIDs. However, these results are 

difficult to apply directly to human since important parameters, including 

dosage and the period of administration, are not yet established. Therefore, an 

in vivo study will be required in the future for clinical applications.   
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<ABSTRACT IN KOREAN > 

인간 골수 유래 중간엽 줄기세포의 골형성 분화에 대한  

COX-2 억제제의 영향  
 

< 지도교수 한 창 동 > 
 

연세대학교 대학원 의학과 
 

유 제 현  
 

비스테로이드성 소염진통제는 arachidonic acid를 

prostaglandin (PG)로 전환시키는 cyclooxygenase (COX)를 

억제시켜 그 효과를 나타낸다. 이러한 COX 와 PG는 골대사에 

중요한 역할을 하며, 특히 PGE2가 가장 중요한 역할을 하는 

것으로 알려져 있다. COX-2 는 골형성에 필요한 유전인자인 

Runx2/Cbfa1와 osterix의 발현을 유도한다. 하지만, 지금까지 

비스테로이드성 소염진통제와 같은 COX-2 억제제가 인간 골수 

유래 중간엽 줄기세포의 골형성 분화를 억제하는 지에 대한 

실험실내 연구는 없었다.  

 본 연구에서는 COX-2 선택적 억제제인 Celecoxib와 

비선택적 COX 억제제인 Naproxen과 같은 비스테로이드성 
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소염진통제에 의해 인간 골수 유래 중간엽 줄기세포의 골형성 

분화가 억제되는 지에 대해 분석해 보았다.  

  실시간 역전사 중합효소 연쇄반응 (real-time RT-PCR)에서 

Celecoxib가 처리된 세포에서  단지 mPGES의 mRNA 발현이 

감소된 반면 Naproxen이 처리된 세포에서는 농도에 비례하여 

cPGES와 mPGES의 발현이 감소되었다. 그러나, COX-1과 

COX-2의 발현에는 영향이 없었다. IL-1β (1 ng/ml)은 인간 

골수 유래 중간엽 줄기세포에서 COX-2와 mPGES의 발현과 

골형성 분화를 유도하였다. 반면 세포에 IL-1β와 Celecoxib 

혹은 Naproxen을 처리한 경우 농도-의존적으로 골형성 분화를 

감소시켰다. 고농도의 비스테로이드성 소염진통제 (40 μM 

Celecoxib and 300 μM Naproxen)로 처리된 세포에서는  

alkaline phosphatase (ALP)의 발현과 칼슘 침착 정도가 

의미있게 저해되었다. 고농도의 비스테로이드성 소염진통제로 

처리된 세포에서 골형성 분화의 저해는 감소된 cPGES 혹은 

mPGES와 관련이 있을 것이다. 일반적으로 치료 적정 농도라고 

알려진 10 μM Celecoxib와 100 μM Naproxen에서는 인간 골수 
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유래 중간엽 줄기세포의 골형성 분화의 억제 효과가 없었다. 

하지만, 치료 적정 농도보다 높은 고농도의 20, 40 μM의 

Celecoxib와 200, 300 μM의 Naproxen 골형성 분화를 

심각하게 억제하였다.     

IL-1β가 처리된 염증성 조건의 중간엽 줄기 세포의 골형성 

분화 초기에 Runx2/Cbfa1 발현이 증가되었고, osterix 발현은 

분화 후기에 증가하였다. 그리하여 분화 초기에 ALP의 발현이 

증가되었고, Celecoxib와 Naproxen에 의해 농도 의존적으로 

감소하였다. 이러한 결과들은 골절과 같은 염증성 환경에서의 

골 치유가 정상 골형성시 일어나는 기전과는 다른 기전에 의해 

일어난다고 할 수 있다. 따라서, 염증성 조건하의 중간엽 

줄기세포에서 의 처리는 골형성 분화에 필요한 유전인자의 

발현을 억제시켜 골 치유에 심각한 억제 효과를 나타낼 수 있다. 

그러므로 이러한 고농도 비스테로이드성 소염진통제의 골형성 

분화에 대한 억제 효과로 인해, 고용량의 비스테로이드성 

소염진통제를 복용시에는 주의를 요한다.  

----------------------------------------------- 
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핵심되는 말 : 인간 골수 유래 중간엽 줄기 세포, 골 형성, 비스

테로이드성 소염진통제, COX-2 억제제   
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