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ABSTRACT: Osteoarthritis (OA) is the most common degenerative joint disease affecting millions of 

people in the world. OA is characterized with several anomalies which can be observed in all joints such as 

degradation in articular cartilage, osteophyte formation, sclerosis within subchondral bone, and inflammation. 

Although some causative events leading to OA, e.g. genetics, aging, and trauma cannot be prevented, it is 

possible to improve the course of the disease on the cellular level by means of better understanding the 

molecular pathway regarding cytokines. Tumor necrosis factor alpha (TNF-α) is one of the catabolic 

cytokines playing role in OA pathogenesis. Upper zone of growth plate and cartilage matrix associated 

(UCMA) is a new member of vitamin K-dependent protein family. UCMA is also a promising target for 

treatment and prevention of some diseases. However, the exact physiological function of UCMA in human 

diseases is still unknown. The aim of our study is to investigate the expression levels of UCMA in TNF-α 

induced human osteoblast cells to understand whether UCMA is involved in the cytokine-related regulation 

of OA pathogenesis. We used TNF-α-induced human osteoblast (hFOB1.19) cell culture model for better 

understanding the role of UCMA in OA pathogenesis. Our results showed that UCMA can be involved in 

inflammatory pathways as in line with previous studies. 
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1.INTRODUCTION 

Osteoarthritis is a degenerative joint disease affecting millions of people in the world [1, 2]. It is 

reported among the people over 60 years of age worldwide that 18% of women and 10% of men 

have symptomatic OA [1, 2]. OA is characterized with several anomalies which can be observed in 

all joints such as degradation in articular cartilage, osteophyte formation, sclerosis within 

subchondral bone, and inflammation [3, 4]. There is still no effective treatment against OA which 

leads to reduction in life quality and increase in health expenditures and the current treatment of OA 

has severe side effects [5, 6]. Although some causative events leading to OA, e.g. genetics, aging, 

and trauma cannot be prevented, it is possible to improve the course of the disease on the cellular 

level by means of better understanding the molecular pathway regarding cytokines [7]. Osteoblasts 

are responsible for formation, mineralization, and reconstitution of bone tissue [8]. Bone formation 

and reconstitution processes are deregulated in some common bone disorders such as OA and 

osteoporosis and osteoblasts play a central role in the pathogeneses of these disorders [8]. During 

OA progression period, the cytokines that are synthesized in articular region have negative effects 

on anabolic and catabolic processes [9]. Tumor necrosis factor alpha (TNF-α) is one of the catabolic 

cytokines playing role in OA pathogenesis [9, 10]. Particularly, TNF-α triggers the secretion of 

osteoclastogenic activity-related proteins; receptor activator of NF-κB ligand (RANKL) and 

interleukin-6 (IL-6) [11]. Other than this, osteocalcin or so called bone gamma-carboxyglutamate 

(BGLAP) is a vitamin-K-dependent osteoblast specific protein. In a previous study it was reported 

that BGLAP was involved in mineralization processes as well as in the activation and differentiation 

of osteoblasts [8]. Upper zone of growth plate and cartilage matrix associated (UCMA) is a new 

member of vitamin K-dependent protein family [12]. In addition, UCMA is a protein with a high 

affinity tendency towards calcium mineral (Ca) and bearing 16 gla residues [13]. Besides it was 

previously emphasized that  UCMA is also a promising target for treatment and prevention of some 

diseases [12]. It was highlighted in recent studies that UCMA provides a key connection between 

cartilage and bone tissues, can be a mediator related to calcification and mineralization, and can also 

function as an inhibitor in calcification of cardiovascular system [14-16]. However, the exact 

therapeutic function of UCMA in human diseases is still unknown. The aim of our study is to 

investigate the expression levels of UCMA in TNF-α induced human osteoblast cells to understand 

whether UCMA is involved in the cytokine-related regulation of OA pathogenesis. We used TNF-

α-induced human osteoblast (hFOB1.19) cell culture model. 

2. MATERIALS AND METHODS 

Cell Culture and TNF-α Treatment 

We purchased the human osteoblast cell line hFOB1.19 from American type culture collection 

(Manassas, VA 20108, USA). Cell culture media to grow cells consisted of Dulbecco’s modified 

Eagle medium: F12, 10% fetal bovine serum, and G418 (0.3 mg/mL, Sigma, Missouri, USA). We 
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incubated the cells in a humidified atmosphere with 5% CO2 at 34°C. We refreshed the cell media 

twice per week and passaged the cells when the confluence reached to 80%. We treated the cells 

with TNF-α (5 and 10 ng/ml, R&D Systems Minneapolis, MN, USA) for 24 and 48 hours (24 h and 

48 h). 

RNA Isolation and Quantitative Real-Time RT-PCR 

We used miRNeasy mini kit (Qiagen, Hilden, Germany) to isolate total RNA from cells. We 

measured RNA concentration MultiskanTM GO spectrophotometrically (ThermoFisher, Finland). 

Then, cDNA reaction was performed with single step RT-PCR by using RT2 HT First Strand Kit 

(Qiagen, Maryland, USA). We used gene-specific primers (Qiagen, Table 1) to measure mRNA 

levels of UCMA, TNFSF11, BGLAP, IL-6, and GAPDH as the housekeeping gene for internal 

normalization. 

Table 1: List of primers for qRT-PCR 

Name NCBI Reference 

Sequence 

Catalog No: 

UCMA  NM_145314.2 PPH11256A 

BGLAP  NM_199173.5 PPH01898A 

TNFSF11  NM_003701.3 PPH01048F 

IL-6  NM_000600 PPH00560C 

GAPDH  NM_002046.5 PPH00150F 

Statistical Analysis 

To analyze gene expression studies obtained from qRT-PCR, we utilized Gene Globe Data Analysis 

Center (Qiagen, online service). The analysis method is based on Delta Delta Ct (∆∆Ct). In short, 

the raw data (Ct values) of each gene was normalized with housekeeping gene (GAPDH) as the 

internal control. Then the treatment and control groups were compared and the ratio was calculated 

and expressed as a “fold change” by using the formula 2-∆∆Ct. We performed all experiments in 

duplicates. Student’s t test was used to compare control and treatment groups by using replicate 2-

∆∆Ct values. Only if the p value is less than 0.05, we considered the difference as significant. We 

presented all data as mean±SEM. We used GraphPad Prism version 6.0 (GraphPad Software) to 

produce graphics and Adobe Photoshop C5.1 software to design and present art work. SPSS v.22 

was used for statistical tests. 

3. RESULTS AND DISCUSSION 

Effect of TNF-α on gene expression levels of UCMA, BGLAP, TNFSF11, and IL-6 in hFOB1.19 cells 

In order to determine the effect of inflammatory cytokine TNF-α on UCMA in human osteoblast 

cells, we measured UCMA expression levels with qRT-PCR method. As shown in Fig. 1A, UCMA 
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mRNA levels vary in a dose and time dependent manner. Especially at 48 hours (h), 5 ng/ml TNF-

α treatment resulted in a significant increase in UCMA expression levels (p<0.05). At the same time 

point, 10 ng/ml TNF-α treatment did not lead to any significant difference in UCMA mRNA levels 

although the fold change was greater than 2 (p>0.05). We also analyzed the gene expression levels 

of BGLAP, another vitamin K-dependent protein like UCMA, to observe TNF-α treatment effect 

(Fig. 1B). At 48 h with 5 ng/ml TNF-α treatment, BGLAP mRNA levels were downregulated as its 

fold change value was less than 1 (p>0.05). Similarly, at the same time point with 10 ng/ml TNF-α 

treatment, there was no significant difference in BGLAP expression levels since fold change value 

was less than 2 (p>0.05). 

 

Figure 1: Gene expression levels of UCMA (A), BGLAP (B), TNFSF11 (C), and IL-6 (D) after 

TNF-α stimulation in hFOB1.19 cell line. 

Two different concentrations of TNF-α (5 and 10 ng/ml) and two different treatment durations (24h 

and 48h) were depicted in different motifs on graph bars. The gene expression levels were shown as 

“fold change” compared to the control. Data are representative of two independent experiments and 

were presented as mean±SEM. *p<0.05.  

http://www.rjlbpcs.com/


Okuyan et al  RJLBPCS 2018          www.rjlbpcs.com      Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July - August RJLBPCS 4(4) Page No.564 

 

In the next step, TNFSF11 expression levels were measured after TNF-α induction of hFOB1.19 

cells (Fig. 1C). After 24 h induction with both 5 and 10 ng/ml TNF-α, TNFSF11 expression levels 

decreased significantly (fold change < 1, p<0.05). On the other hand, after 48 h treatment with TNF-

α resulted in a significant increase in TNFSF11 mRNA levels as the fold change was greater than 2 

(p<0.05). As to our knowledge, IL-6 mRNA levels are regulated by TNF-α in various cell types. 

Therefore, in the last part of our study, we analyzed how IL-6 expression was affected from TNF-α 

treatment in a time and dose dependent manner in hFOB1.19 human osteoblast cells (Fig. 1D). After 

24 h- and 48 h-long TNF-α treatment, there was a significant increase in IL-6 mRNA levels (p<0.05). 

Furthermore, the fold change values at 24 h time point were greater than the ones at 48 h for both 

dosages. In previous studies it was reported that, cytokines in general provide pivotal contribution 

to the OA progression and TNF-α, a proinflammatory cytokine, has a strong catabolic effect during 

OA pathogenesis [9, 10]. In the present study, for the first time as to our knowledge, we analyzed 

the potential role of TNF-α stimulation on the regulation of UCMA expression in hFOB1.19 human 

osteoblast cell line. Viegas et al. detected UCMA expression in osteoblast and osteocytes, as well as 

in chondrocytes [13]. Lee et al. also analyzed and confirmed the expression of UCMA in MC3T3-

E1 osteoblast cell line [17]. Besides in the same study they suggested that, UCMA is regulated by 

runt-related transcription factor 2 (RUNX2) and osterix (Osx) proteins during bone formation 

process and osteoblast differentiation [17]. In line with these results, we confirmed in our study the 

presence of UCMA expression in hFOB1.19 human osteoblast cell line. Moreover, UCMA 

expression levels can vary during osteoblast differentiation. Although RUNX2 and Osx are 

upregulated during early stages of osteoblast differentiation, UCMA expression levels are quite low 

[17]. Despite UCMA expression is observed during osteoblast differentiation, the action mechanism 

of UCMA in OA pathogenesis through TNF-α pathway is not fully known. The data obtained in our 

study revealed that UCMA mRNA levels vary depending on dosage and duration of TNF-α which 

can have a promoting effect on UCMA expression levels. Particularly, although UCMA expression 

was downregulated at 24 h, it is upregulated at 48 h. Recent studies about the role of UCMA in 

inflammatory processes are taking attention of many researchers [14, 18]. Cavaco et al. investigated 

the role of UCMA in inflammatory pathways regarding OA pathogenesis. They found that in OA-

derived chondrocytes and synoviocytes induced with TNF-α like proinflammatory cytokine IL-1β, 

the expression levels of inflammatory markers (COX2 and MMP13) as well as UCMA were higher 

compared to the control [14]. In the same study, COX2 and MMP13 levels decreased after treating 

IL-1β-induced cells with UCMA [14]. These results indicate that UCMA can be a promising anti-

inflammatory agent for the treatment of OA [18]. Viegas et al. also tested anti-inflammatory effect 

of UCMA in human leukocyte and THP-1 monocyte cell culture model. Their results demonstrated 

that gene expression levels of UCMA were upregulated in the cells induced with inflammatory 

stimulators like lipopolysaccharide (LPS) [18]. In addition they also showed that, the levels of 
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inflammatory markers such as TNF-α and prostaglandin E2 (PGE2) decreased in UCMA-treated 

cells [18]. Likewise UCMA, another vitamin K-dependent protein BGLAP plays role in OA 

pathogenesis. Previously it was shown that, TNF-α can promote a decrease in BGLAP synthesis [8, 

19]. However, in our study, there was no significant change in BGLAP mRNA levels after TNF-α 

induction. Another prominent pro-inflammatory cytokine involved in OA pathogenesis is IL-6. 

Previous studies stated that TNF-α activates IL-6 production and initiates inflammatory reaction 

cascade in osteoblasts [9, 20, 21]. In the present study, we analyzed alterations in IL-6 mRNA levels 

by inducing hFBOB1.19 cells with TNF-α. Depending on treatment dosage and duration, we 

observed that the highest increase in gene expression levels belonged to IL-6. Our results showed 

that TNF-α promotes IL-6 expression in short time intervals. Another target molecule that we 

analyzed is TNFSF11, an osteoclastogenic cytokine, playing an active role in osteoporosis and its 

secretion is increased by TNF-α [11, 22, 23]. We observed in the present study that, TNFSF11 

mRNA levels were upregulated after TNF-α treatment at higher dose and exposure time. 

4. CONCLUSION 

Our results suggest that UCMA expression can be regulated with TNF-α and it can be a potential 

candidate as a therapeutic agent targeting inflammatory pathways for OA treatment. Nonetheless, 

further studies about physiological importance of UCMA will provide a better understanding 

regarding inflammatory pathogenesis of OA. 
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