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ABSTRACT 

Fibrosis control using cyclooxygenase 2 inhibitor in ligamentum flavum 

 

Tae-Hwan Kim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hwan-Mo Lee) 

 

Cyclooxygenase (COX) is a rate-limiting enzyme in inflammatory cascades, 

and inhibition of cyclooxygenase has been shown to prevent inflammation and 

fibrosis in various organs. We hypothesized that COX-2 inhibitor might also 

have an antifibrotic effect in hypertrophied ligamentum flavum (LF) and tried to 

find out the mechanism of the antifibrotic effect of a COX-2 inhibitor. 

LF tissue was obtained from 5 patients (age range, 49-65 years old) during 

surgery for lumbar spinal stenosis. To confirm the antifibrotic effect of a 

COX-2 inhibitor on LF, the total collagen content was compared between LF 

samples with and without the COX-2 inhibitor. Western blots were performed to 

find out the possible mechanism of the antifibrotic effect of the COX-2 inhibitor.  

In this study, the COX-2 inhibitor significantly reduced PGE2 in LF cells 

(p<0.001), and also reduced the total collagen content (p=0.043). The expression 

of phosphorylated p38 (p=0.017), phosphorylated ERK (p=0.025), and MMP-13 

(p<0.001) significantly decreased with administration of the COX-2 inhibitor. The 

expressions of p65, MMP-1,2 and TIMP-1,2 were not changed with the 

administration of the COX-2 inhibitor. 
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Our study demonstrates that the COX-2 inhibitor suppresses the LF fibrosis in 

vitro and suggests that the antifibrotic effect of the COX-2 inhibitor on LF is 

closely related with the MAPK pathway including p38 and ERK.  

---------------------------------------------------------------------------------------- 

Key words: ligamentum flavum, hypertrophy, COX-2 inhibitor, fibrosis 
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Tae-Hwan Kim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hwan-Mo Lee) 
 

 

 

I. INTRODUCTION 

The ligamentum flavum (LF) is also called “yellow ligament” because of the 

macroscopically slightly yellow color which results from the high concentration of 

elastin and collagen fibers within its structure.1 Histologically, the ligamentum 

flavum is composed of about 70% elastin and 30% collagen fibers.2 During 

hypertrophy, loss of elastic fibers occurs with replacement by collagen tissue. 

Therefore, the hypertrophy of LF does not mean real hypertrophy but rather its 

fibrosis.3 

 

Fibrosis of LF can be caused by various pathogenic factors (Figure 1). 

Transforming growth factor beta (TGF-β), a well-known fibrogenic cytokine 

involved in many fibrotic diseases4, was initially identified to play important roles 

in LF fibrosis.5 TGF-β was proven to induce collagen production by TGF-β/Smad 

signaling (Smad-dependent pathway),6-8 by the mitogen-activated protein kinase 

(MAPK) pathway which includes the extracellular signal-regulated protein kinase 

(ERK), c-Jun N-terminal kinase (JNK), and p38 kinase (Smad-independent 
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pathway),9 or by influencing matrix metalloproteinase (MMP)/Tissue inhibitors of 

metalloproteinase (TIMP) expression.10 However, TGF-β was reported to express 

itself only during the early phase of the fibrosis in LF,11 and it was suggested that 

other inflammatory cytokines were responsible for inducing fibrosis in LF. The 

expression of inflammation-related genes such as cyclooxygenase 2, tumor 

necrosis factor alpha (TNF-α), interleukin (IL)-1, IL-6, IL-8, and IL-15 was 

identified in hypertrophied LF.12 Inflammatory cytokines are also found to be 

expressed in nearby tissues other than LF such as degenerated discs and facet 

joints, and these can influence LF hypertrophy.13,14 Such inflammatory cytokines 

can induce LF fibrosis through NF-κB and MAPK cascades or by regulating the 

MMP/TIMP system.12,15,16  

 

 

Figure 1. Summary of previous studies about the molecular mechanism of LF 

hypertrophy 
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Cyclooxygenase is a fundamental enzyme in these inflammatory cascades.17 As a 

rate-limiting enzyme for the formation of prostaglandin, cyclooxygenase converts 

arachidonic acid to prostaglandins (PGs) and thromboxane, which have potent 

inflammatory effects. Cyclooxygenase rapidly increases in response to a number 

of pathophysiological conditions.18 In this respect, the COX-2 inhibitor has been 

shown to prevent inflammation and fibrosis in various organs such as the heart, 

lungs, liver, kidneys, and retina.19-23 However, to the best of our knowledge, there 

have been no studies about the antifibrotic effect COX-2 inhibitor in LF fibrosis.  

 

We hypothesized that the COX-2 inhibitor might also have an antifibrotic effect in 

hypertrophied LF and tried to investigate its effect on collagen synthesis. In 

addition, we also tried to discover the possible mechanism of the antifibrotic effect 

of the COX-2 inhibitor, based on previous studies (Figure 1).  
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II. MATERIALS AND METHODS 

1. Patients and LF samples 

LF tissue was obtained from five patients (age range: 49-65 years old) during 

surgery for lumbar spinal stenosis. All the patients had symptomatic neurogenic 

claudication resulting from lumbar spinal stenosis (LSS). The thickened LF was 

noted on preoperative magnetic resonance imaging and was also visualized 

directly during surgery. The operating surgeons (Lee, H M and Moon, S H) 

attempted to obtain tissue en bloc from the central portion of the LF in order to  

minimize tissue damage and optimize the harvest of the ligament alone. The LF 

tissue specimens were washed with saline to remove blood and bodily fluid 

contaminants and were then transported in sterile conditions to the laboratory, 

within 20 minutes of surgical removal. 

 

 

2. Isolation and cell cultures 

The dissected specimens were washed three times with DPBS and were minced 

into small pieces using a scalpel. The LF tissues were then digested for three hours 

at 37°C under gentle agitation in a medium composed of equal parts of DMEM 

containing 250 unit/ml collagenase type II (Life technologies, New York, NY, 

U.S.A). The cells were filtered through a 75mm Falcon sterile nylon mesh filter 

(Corning Inc, Corning, NY, U.S.A) counted in a hemocytometer and plated in a 

T75 Flask (Corning Inc, Corning, NY, U.S.A) at a density of approximately 5×105 
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cells/ml. Primary cultures were sustained for 2-3 weeks in DMEM containing 10% 

FBS, 1% vol/vol penicillin, streptomycin, and nystatin in a 5% CO2 incubator 

with humidity. The culture medium was changed twice a week. 

 

 

3. Study design 

A. Confirmation of antifibrotic effect of COX-2 inhibitor 

(A) Effect of COX-2 inhibitor on PGE2 content 

Celecoxib (LKT Laboratories, St. Paul, MN, U.S.A) was dissolved in DMSO as a 

100 mM stock solution and stored at -20°C. To confirm the effect of the COX-2 

inhibitor on PGE2 content, LF cultures were treated with lipopolysaccharide (LPS) 

(2.5ug/ml) and celecoxib (10nM). To measure PGE2 production, the medium was 

decanted, and the monolayer was covered with PBS in the presence of LPS or 

LPS/COX-2 inhibitor and incubated for 24 hours. The PBS was collected and 

clarified by centrifugation, and the PGE2 concentration was measured using the 

ab133021 enzyme-linked immunosorbent assay (ELISA) kit (Abcam, Cambridge, 

United Kingdom) according to the manufacturer’s instructions. 

 

(B) Effect of COX-2 inhibitor on total collagen content. 

To confirm the effect of the COX-2 inhibitor on the total collagen content, LF 

cultures were treated with TNF-α (2ng/ml) and celecoxib (10nM). Collagen was 

harvested from these cells after lysing in a buffer containing 0.5mM EDTA (pH 
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7.4), 1mM Tris–HCl (pH7.4), and protease inhibitor. The collagen samples were 

concentrated using a collagen isolation and concentration protocol and measured 

at a 555-nm wave-length using Sircol instruments (Biocolor Ltd, County Antrim, 

United Kingdom). The amounts of collagen were calculated based on a standard 

curve of soluble collagen provided by the collagen assay kit. 

 

 

B. Mechanisms of antifibrotic effect of COX-2 inhibitor: western blot 

To find the possible antifibrotic mechanisms of the COX-2 inhibitor, LF cultures 

were treated with TNF-α (100ng/ml) and celecoxib (control, 1nM, 5nM, 10nM, 

and 100nM). The protein expression of ERK, phosphorylated ERK, p38, 

phosphorylated p38, Smad3, Smad4, p65, phosphorylated p65 (Cell Signaling 

Technology Inc, Beverly, MA, U.S.A), α-SMA, fibronectin, MMP-1, MMP-13, 

TIMP-1, and TIMP-2 (Abcam, Cambridge, United Kingdom) was analyzed with 

western blot. The cells were incubated by TNF-α and COX-2 inhibitor for 48h at a 

density of 2×105 cells per well and were lysed in RIPA Lysis buffer (Atto Co, 

Tokyo, Japan) and protease inhibitor (Pierce, Rockford, IL, U.S.A). The 

immunoreactivity was detected with a western blot detection system (Atto Co, 

Tokyo, Japan). The blots were stripped of bound antibodies and were reprobed 

using antibodies to actin (Abcam, Cambridge, United Kingdom) to verify the 

loaded protein amounts. The data were analyzed using the Image J analyzer ver. 

1.45 software (National Institutes of Health, Bethesda, MD, U.S.A). 
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4. Statistical analysis 

Data in graphs were expressed as mean and standard deviation (SD). A Mann 

Whitney U-test was used to compare the results of LF samples between controls 

and samples with the COX-2 inhibitor. A value of p<0.05 was considered to be 

statistically significant. 
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III. RESULTS 

1. Confirmation of antifibrotic effect of COX-2 inhibitor 

A. Effect of COX-2 inhibitor on PGE2 content 

PGE2 content in LF cells increased after adding LPS (2.5ug/ml), and COX-2 

inhibitor (10nM) significantly reduced PGE2 content in LPS-added LF cells 

(p<0.001) (Figure 2).  

 

 

Figure 2. Effect of COX-2 inhibitor on PGE2 content in LPS-added LF cell 
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B. Effect of COX-2 inhibitor on total collagen content 

Total collagen content in LF cells increased after adding TNF-α, and COX-2 

inhibitor significantly reduced total collagen content in TNF-α added LF cell 

(p=0.043) (Figure 3).  

 

 

Figure 3. Effect of COX-2 inhibitor on total collagen content in TNF-α-added LF cell  
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2. Mechanisms of antifibrotic effect of COX-2 inhibitor: western blot 

A. Effect of COX-2 inhibitor on Smad-dependent pathway  

Protein expressions of Smad3 and Smad4 were not identified when the LF cell 

was treated with 100nM COX-2 inhibitor, and the LF samples with 100nM 

COX-2 inhibitor were not included in the statistical analysis (Figure 4). COX-2 

inhibitor did not significantly change the expression of Smad3 (p=0.970) and 

Smad4 (p=0.082) in LF cells. 

 

 

Figure 4. Effect of COX-2 inhibitor on expression of Smad3 and Smad4: western 

blot. a) Western blot of Smad3 and Smad4. Blue box shows western blot of 

controls, and red box shows western blot of samples with COX-2 inhibitor. b) 

Comparison of Smad3 and Smad4 between controls and samples with COX-2 

inhibitor.  
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B. Effect of COX-2 inhibitor on Smad-independent pathway  

(A) p38 MAPK pathway 

Protein expressions of p38 and phosphorylated p38 were not identified when the 

LF cell was treated with 100nM COX-2 inhibitor, and the LF samples with 100nM 

COX-2 inhibitor were not included in the statistical analysis (Figure 5). COX-2 

inhibitor significantly decreased expression of phosphorylated p38 in LF cells 

(p=0.017). The expressions of p38 were not significantly changed after 

administration of COX-2 inhibitor. 
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Figure 5. Effect of COX-2 inhibitor on expression of p38 and phosphorylated p38: 

western blot. a) Western blot of p38 and phosphorylated p38. Blue box shows 

western blot of controls, and red box shows western blot of samples with COX-2 

inhibitor. b) Comparison of phosphorylated p38 expression between controls and 

samples with COX-2 inhibitor.  
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(B) ERK MAPK pathway 

Protein expressions of phosphorylated ERK were not identified when the LF cell 

was treated with 100nM COX-2 inhibitor, and the LF samples with 100nM 

COX-2 inhibitor were not included in the statistical analysis (Figure 6). COX-2 

inhibitor significantly decreased the expression of phosphorylated ERK in LF cells 

(p=0.025). The expressions of ERK were not significantly changed after the 

administration of COX-2 inhibitor (p=0.165). 

 

Figure 6. Effect of COX-2 inhibitor on expression of ERK and phosphorylated ERK: 
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western blot. a) Western blot of ERK and phosphorylated ERK. Blue box shows 

western blot of controls, and red box shows western blot of samples with COX-2 

inhibitor. b) Comparison of phosphorylated ERK expression between controls 

and samples with COX-2 inhibitor.  
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C. Effect of COX-2 inhibitor on MMP/TIMP system 

(A) Effect of COX-2 inhibitor on expression of MMP-1 

COX-2 inhibitor did not significantly change the expression of MMP-1 in LF cells 

(p=0.427) (Figure 7).  

 

Figure 7. Effect of COX-2 inhibitor on expression of MMP-1: western blot. a) 

Western blot of MMP-1. Blue box shows western blot of controls, and red box 

shows western blot of samples with COX-2 inhibitor. b) Comparison of MMP-1 

expression between controls and samples with COX-2 inhibitor.  

 



18 

 

(B) Effect of COX-2 inhibitor on expression of MMP-2 

COX-2 inhibitor did not significantly change the expression of MMP-2 in LF cells 

(p=0.970) (Figure 8). 

 

 

Figure 8. Effect of COX-2 inhibitor on expression of MMP-2: western blot. a) 

Western blot of MMP-2. Blue box shows western blot of controls, and red box 

shows western blot of samples with COX-2 inhibitor. b) Comparison of MMP-2 

expression between controls and samples with COX-2 inhibitor.  
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(C) Effect of COX-2 inhibitor on expression of MMP-13 

COX-2 inhibitor significantly increased expression of MMP-13 in LF cells 

(p<0.001) (Figure 9).  

 

 

Figure 9. Effect of COX-2 inhibitor on expression of MMP-13: western blot. a) 

Western blot of MMP-13. Blue box shows western blot of controls, and red box 

shows western blot of samples with COX-2 inhibitor. b) Comparison of MMP-13 

expression between controls and samples with COX-2 inhibitor.  
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(D) Effect of COX-2 inhibitor on expression of TIMP-1 

COX-2 inhibitor did not significantly change the expression of TIMP-1 in LF cells 

(p=0.082) (Figure 10). 

 

 

Figure 10. Effect of COX-2 inhibitor on expression of TIMP-1: western blot. a) 

Western blot of TIMP-1. Blue box shows western blot of controls, and red box 

shows western blot of samples with COX-2 inhibitor. b) Comparison of TIMP-1 

expression between controls and samples with COX-2 inhibitor.  
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(E) Effect of COX-2 inhibitor on expression of TIMP-2 

COX-2 inhibitor did not significantly change the expression of TIMP-2 in LF cells 

(p=0.473) (Figure 11). 

 

 

Figure 11. Effect of COX-2 inhibitor on expression of TIMP-2: western blot. a) 

Western blot of TIMP-2. Blue box shows western blot of controls, and red box 

shows western blot of samples with COX-2 inhibitor. b) Comparison of TIMP-2 

expression between controls and samples with COX-2 inhibitor.  
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D. Effect of COX-2 inhibitor on NF-kB (p65) pathway 

Protein expression of p65 and phosphorylated p65 was not identified when the LF 

cell was treated with 100nM COX-2 inhibitor, and the LF samples with 100nM 

COX-2 inhibitor were not included in the statistical analysis (Figure 4). The 

expressions of p65 and phosphorylated p65 were not significantly changed after 

administration of COX-2 inhibitor (p=0.208 for p65, p=0.142 for phosphorylated 

p65) (Figure 12).  

 

 

Figure 12. Effect of COX-2 inhibitor on expression of p65 and phosphorylated p65: 

western blot. a) Western blot of p65/phosphorylated p65. Blue box shows 

western blot of controls, and red box shows western blot of samples with COX-2 

inhibitor. b) Comparison of protein expression between controls and samples with 
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COX-2 inhibitor. Left: the value of phosphorylated p65; right: the value of 

phosphorylated p65 divided by the value of p65.  
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IV. DISCUSSION 

LSS is a common degenerative disease in elderly individuals and can cause severe 

disability in daily activities due to lower back pain and claudication. LSS refers to 

anatomical narrowing of the spinal canal, nerve root canals or inter- vertebral 

foramina.24 Causative structures of the canal narrowing are hypertrophied facet 

joints, osteophyte, disc protrusion, and hypertrophy of the LF.25 Among them, 

hypertrophy of the LF is a major cause of LSS, and numerous studies have 

demonstrated pathologic findings of LF in LSS. The cause of LF hypertrophy or 

fibrosis is known to be multifactorial,11 and several inflammatory cytokines, 

including TGF-β resulting from aging and mechanical stress, were identified to 

play an important role in LF hypertrophy.  

 

Cyclooxygenase-II is a rate-limiting enzyme for the formation of PGE2, and 

rapidly increases in response to a number of pathophysiological conditions.18 

According to previous studies, COX-2 inhibition demonstrated diverse functions 

including anti-inflammation, anti-oxidation, and anti-apoptosis.26-28 Recently, 

COX-2 inhibition has also been identified as being related with suppression of 

fibrosis in various organs.19-23 In vitro and animal studies, COX inhibition 

attenuated myocardial fibrosis, improved hepatopulmonary syndrome, inhibited 

choroidal neovascularization and subretinal fibrosis, alleviated liver cirrhosis, and 

reduced kidney injury.  
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COX-2 inhibitor, an anti-inflammatory agent initially indicated for osteoarthritis 

and rheumatoid arthritis therapy,29 is a commonly prescribed drug for pain relief in 

patients with LSS due to its gastrointestinal safety.30 However, its effect on LF 

fibrosis has not been investigated. As the first study to show the antifibrotic effect 

of the COX-2 inhibitor on LF fibrosis, our study demonstrated that collagen 

synthesis within LF was significantly reduced after administration of the COX-2 

inhibitor. In addition, our results suggest possible antifibrotic mechanisms of the 

COX-2 inhibitor (Figure 13).  

 

 

Figure 13. Suggested antifibrotic mechanisms of COX-2 inhibitor in LF. 
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The NF-κB pathway has been identified as a key transcription factor that regulates 

COX-2 expression.20,22,31,32 However, administration of the COX-2 inhibitor did 

not significantly change the expression of p65 and phosphorylated p65 in our 

study (Figure 12). Rather, our result demonstrated that administration of the 

COX-2 inhibitor significantly suppressed ERK and p38 MAPK pathway 

(TGF-β-related) in LF (Figure 13). The inhibition of ERK and p38 MAPK 

pathway by the COX-2 inhibitor in LF is in line with previous reports.22,33 

However, the inhibition of the TGF-β-related MAPK pathway instead of the 

inflammation-related NF-κB pathway by the COX-2 inhibitor was unexpected. 

Inferring the cause of such a result is beyond the scope of our study, and we can 

only guess that in the LF cell of LSS patients, the effect of the COX-2 inhibitor on 

the TGF-β-related MAPK pathway is more noticeable due to the relative 

over-expression of the TGF-β.5 In addition, the in vitro design of our study might 

limit the influence of inflammatory cytokines (related to the NF-κB pathway), 

which are also secreted from adjacent tissues such as a degenerated disc or a facet 

joint.13,14 The inhibition of MMPs by the COX-2 inhibitor was also reported in 

previous studies.34-36 However, only the MMP-13 was identified as being inhibited 

by the COX-2 inhibitor in LF. MMP-13, known as collagenase-3, plays an 

important role in type II collagen degradation of articular cartilage in patients with 

osteoarthritis.37 However, such roles might have little relationship with the 

antifibrotic effect of the COX-2 inhibitor on LF. 
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The main limitation of our study is its in vitro design with a small sample size 

(n=5). The patients who receive surgery, including a substantial amount of LF 

removal for LSS, are generally old. However, the LF of elderly patients over 65 

years old were excluded due to reduced cell viability and proliferation, and it was 

not easy to obtain a sufficient number of LF samples. Therefore, caution should be 

paid in extrapolating the findings of in vitro experiments to clinical practice. 

However, it is clinically relevant that the COX-2 inhibitor, a commonly prescribed 

drug for LSS, could be helpful not only for pain control, but also for the 

prevention of LF fibrosis.  

 

The proper PGE2 level is required to maintain the intestinal epithelial barrier.38 

Theoretically, a COX-2 inhibitor reduces PGE2 formation (Figure 1), and 

long-term use of a COX-2 inhibitor might induce gastrointestinal toxicity. 

However, the COX-2 inhibitor showed a significantly lower risk of clinically 

significant upper and/or lower gastrointestinal events than NSAIDs in a clinical 

trial involving 8,067 patients.39 In addition, long-term use of a COX-2 inhibitor in 

cirrhotic rats for 16 weeks was not associated with gastrointestinal injury, either.22 

These results suggest that a COX-2 inhibitor might be a safe and effective drug not 

only for pain control but also for reducing LF fibrosis. A long-term 

dosage-dependent in vivo experiment and imaging studies are further required to 

confirm the results of our study and to determine the appropriate doses of the 

COX-2 inhibitor.  
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V. CONCLUSION 

Our study demonstrates that a COX-2 inhibitor suppresses LF fibrosis in vitro. It 

suggests that the antifibrotic effect of the COX-2 inhibitor on LF is closely related 

with the MAPK pathway, including p38 and ERK.  
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ABSTRACT (IN KOREAN) 

황색인대에서 cyclooxygenase 2 inhibitor를 이용한 섬유화의 조절 

 

<지도교수 이환모> 

 

연세대학교 대학원 의학과 

 

김 태 환 

 

Cyclooxygenase (COX)는 염증반응에 있어 속도 조절 효소로서, 

억제제 투여시 다양한 기관에서 염증과 섬유화를 막는 효과를 

거두는 것으로 알려져 있다. 본 연구에서는 선택적 COX-2 

억제제가 비후된 황색인대에서도 섬유화를 억제할 것이라 

가정하고, 이와 관련된 기전을 찾고자 하였다.  

척추관 협착증으로 수술을 시행한 5명의 환자로부터 수술 중 

황색인대를 채취하였다 (나이, 49~65세). 황색인대 세포에 COX-2 

억제제를 투여한 군과 그렇지 않은 군 사이에 콜라겐의 총 

용량을 비교하여 항섬유효과를 확인하였고, western blot을 
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이용하여 COX-2억제제에 의한 항섬유작용의 기전을 밝히고자 

하였다.   

COX-2 억제제는 황색인대 세포에서 PGE2 (p<0.001) 및 콜라겐의 

총량을 (p=0.043) 의미있게 감소시켰다. Western blot 상에서 

phosphorylated p38 (p=0.017), phosphorylated ERK (p=0.025), MMP-13 

(p<0.001)은 COX-2 억제제의 투여 후 황색인대에서의 발현이 

의미있게 감소하였으나, p65, MMP-1,2 및 TIMP-1,2는 COX-2 

억제제 투여로 인한 의미있는 변화를 보이지 않았다. 

본 연구에서 COX-2 억제제는 황색인대의 섬유화를 억제하였고, 

이러한 항섬유작용은 p38 및 ERK를 포함한 MAPK 경로의 

억제와 연관된 것으로 나타났다.  

---------------------------------------------------------------------------------------- 

핵심되는 말 : 황색인대, 비후, 선택적 COX-2 억제제, 섬유화 

 


