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ABSTRACT 

 

Osteoarthritis is the most common cause of disability among elderly, with 

obesity being a risk factor. The mechanical force on load-bearing joints in 

obese patients is known to induced Osteoarthritis development, however, low 

load-bearing joints in obese patients have also been found to develop 

Osteoarthritis. Leptin is a systemic hormone, associated with body-weight, and 

therefore may be the link between obesity and Osteoarthritis. This study aimed 

to investigate the effect of leptin on primary chondrocyte metabolism in a pellet 

culture system. The pellets were treated with IL1β or leptin (0.1-10g/ml) or 

IL1β and leptin (0.1-10g/ml) for 21 days. During that period, sulfated 

glycosaminoglycans (sGAGs) and hydroxyproline released in culture media 

and remaining in the pellets, as well as the expressions of ACAN, COL2A1, 

COL1A1, MMP3, MMP13 genes and MMP3, MMP13 enzymes were measured. 

Additionally, sGAGs and collagen accumulation in the extracellular matrix 

was determined by histological analysis. Leptin (1.0-10g/ml) was able to 

reduce the ECM molecule contents, both sGAGs and collagen, through  

up-regulation of MMPs expression, down-regulation of ACAN expression and 

induction of the dedifferentiation stage of chondrocytes. The effect of 10g/ml 

leptin was similar to IL1β, the main cytokine involved in cartilage degradation. 

Interestingly, leptin had an additive effect with IL1β on the reduction of pellet 

ECM molecule contents. This study shows that leptin can induce cartilage 
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breakdown by down regulation of ECM molecules and up regulation of 

protease enzymes and has an additive effect with IL1β on cartilage degradation. 
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INTRODUCTION 

Osteoarthritis (OA) is the most common cause of musculoskeletal system 

disability among elderly worldwide (Musumeci et al., 2015). The pathogenesis 

of OA involves an imbalance in the synthesis and degradation of cartilage tissue, 

primarily the extracellular matrix (ECM) containing type II collagen which 

encoded from COL2A1 gene and proteoglycans such as aggrecan which is a main 

proteoglycan found in cartilage and encoded from ACAN gene. Cartilage tissue 

degradation is mediated by protease enzymes, matrix-metalloproteinases (MMPs) 
and a disintegrin and metalloproteinase with thrombospodin motifs (ADAMTSs), 
which are induced by pro-inflammatory cytokines, mainly IL1, TNF and IL6. 
MMP3 and MMP13 are main enzymes that can degrade ECM of cartilage. 

Additionally, OA is also associated with body weight due to increased 

mechanical force on joints, resulting in the development of OA in load-bearing 

joints, such as the knees, especially in obese patients. Interestingly, obesity is also 

a risk factor for the progression of OA in low-weight bearing joints, such as the 

hands, which cannot be explained by increased mechanical force on the joints 

(Yusuf et al., 2010). Cytokines, including leptin, that systematically increase 

obesity may be involved in the weight associated development of OA. 

Leptin, a 16-kDa peptide hormone produced primarily by adipose tissue,  

is responsible for the metabolism of energy, with ability to regulate appetite and 

the consumption of energy (Ahima et al., 1996; Trayhurn, 2005).  Studies have 

found higher levels of leptin in both obese subjects and OA patients compared to 

normal-weight and non-OA patients, respectively. Serum leptin concentration 

was found to be correlated with body weight, with higher levels in obese subjects 

(31.3±24.1 ng/ml) compared to normal-weight subjects (7.5±9.3 ng/ml) 

(Considine et al., 1996). In OA patients compared to non-OA patients, leptin 

levels were higher in the peripheral blood (18±13 ng/ml and 73±61 ng/ml in 

normal and OA subjects, respectively) and in the synovial fluid (2.05 ng/ml, with 

a range of 1.0-4.6 ng/ml, and 4.40 ng/ml, with a range of 0.5-15.8 ng/ml, 

in normal and OA subjects, respectively) (Otero et al., 2006; Ku et al., 2009;  

de Boer et al., 2012). 

While there have been numerous investigations on the effect of leptin  

on cartilage metabolism, the results remain inconclusive. The contradictory 

reports on the effect of leptin may result from numerous factors, including the use 
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of intact or isolated chondrocytes as a model, arthritic conditions of cartilage 

samples, in vitro culture condition, species of tissue/cell samples, the 

concentration of leptin used in the experiment and the gender or age of tissue/cell 

samples. Our previous investigation, on the effect of leptin in porcine cartilage 

explant and monolayer human primary chondrocyte cultures, found that only a 

supra-pathological concentration of leptin (10g/ml) alone and in combination 

with IL1 could induce cartilage degradation, while lower concentrations could 

not (Phitak et al., 2018). However, the model had several limitations. Firstly, 

different species were used for the explant culture and gene expression profiles 

of both cartilage matrix proteins and proteases in chondrocytes from monolayer 

culture were lower than those from cartilage tissue. But more importantly, there 

were dedifferentiated stages of chondrocytes in the monolayer human 

chondrocyte culture. The chondrocytic gene expression profiles differentially 

alter at various stages of passage (Lin et al., 2008). In the monolayer culture, 

chondrocytes typically devolve to a fibroblastic morphology and secrete type I 

collagen into the matrix, but lose the expression of type II collagen and aggrecan 

core protein, and interestingly, the dedifferentiated chondrocytes reverse their 

phenotype when condensed by continuous culture after reaching confluence 
(Schulze-Tanzil et al., 2002). Therefore, cell density is a critical requirement for 

stabilizing the chondrocyte phenotype, which does not change when 

chondrocytes are plated at high density in culture flasks (Ruggiero et al., 1993). 

Pellet culture is a high-density cell culture that provides a three-

dimensional (3D) environment enabling cell-cell interactions and is used as  

a standard method for chondrocyte culture ( Srisuthtayanont et al., 2017; Witt et 

al., 2017; Ito et al., 2019). Additionally, it is well documented that all catabolic 

factors that induce cartilage degradation are induced by pro-inflammatory 

cytokines, mainly IL1β, and studies have reported the synergistic effect of leptin 

with IL1β on the initiation of cartilage degradation (Koskinen et al., 2011; Phitak 

et al., 2018) Therefore, this study investigated the pellet culture of primary human 

chondrocytes in order to more precisely understand the effect of leptin on 

chondrocytes and also the additive or synergistic effects of leptin with IL1β in 

this model. 

 

MATERIALS AND METHODS 

 

Reagents 

Tissue culture mediums and others related reagents were purchased from 

Gibco (Grand Island, NY, USA). Recombinant human IL1β, OSM and leptin 

were purchased from Peprotech (NJ, USA). An RNA extraction kit was 

purchased from GE Healthcare (Buckinghamshire, UK). A Tetro cDNA™ 

synthesis kit and 2x Sensifast™ SYBR Lo-Rox mix was purchased from Bioline 

(London, UK). The human MMP3 and MMP13 ELISA kits were purchased from 
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Elabscience (Texas, USA).  Other reagents were purchased from Sigma-Aldrich 

and Invitrogen. 

 

Pellet culture and treatment 

Normal human articular cartilage was obtained from patients that 

underwent amputation of a lower limb following an orthopedics diagnosis of 

osteosarcoma at Maharaj Nakorn Chiang Mai Hospital, Faculty of Medicine, 

Chiang Mai University, Thailand. Full patient informed consent was obtained, 

and ethical approval was granted by the ethics committee of the Faculty of 

Medicine, Chiang Mai University, Thailand (approval code ORT-2557–02717). 

Orthopedic surgeons resected normal sections of cartilage from the amputated 

limbs of 2 female and 2 male patients aged 13 to 27 years. Primary chondrocytes 

were isolated from the intact cartilage by overnight trypsin digestion at 4 °C and 

subsequent 3-hour digestion with collagenase at 37 °C. The cells were washed 

with PBS, then cultured in DMEM containing 10% FCS in a humidified incubator 

with 5% CO2 at 37 °C, until the high-density primary monolayer cultures 

achieved confluence. The human articular chondrocytes (HACs) at passage 3 

were used for the pellet culture. Trypsinized 5x105 HACs were centrifuged  

at 160g for 5 minutes and cultured with 500 μl chondrogenic medium (10% 

FCS/DMEM, Insulin-Transferrin-Selenium (ITS 1×), 25μg/ml ascorbic acid  

2-phosphates and 10−7 M dexamethasone) in 15 ml conical tubes. Pellets were 

grown in a humidified incubator with 5% CO2 at 37 °C for 3 days before being 

treated with 0.05 ng/ml IL1, 0.05 ng/ml oncostatin M (OSM), 0.1-10 g/ml 

leptin, 0.05 ng/ml IL1+0.1g/ml leptin, 0.05 ng/ml IL1+1.0g/ml leptin,  

0.05 ng/ml IL1+10g/ml leptin or 0.05 ng/ml IL1+0.05 ng/ml OSM.  

The conditioned media was collected and changed on Day 4, 7, 11, 14, 17, and 

21 of the culture. The collected media was used in the measurement of sGAG, 

hydroxyproline releases and MMPs levels. Pellets were collected at Day 7 for the 

measurement of gene expressions and at Day 21 for the measurement of sGAG, 

hydroxyproline contents, DNA content and histological analysis. 

 

Cytotoxicity test 

The viability of HACs in the pellet was investigated by the measurement 

of lactate dehydrogenase (LDH) activity in the conditioned media (Roussel and 

Stallcup, 1965). The pellets were treated with 10 mM of H2O2, which was used 

as a positive control for cell death. 100 μl samples of the pellets were mixed with 

625 μl of 1.6 mg/ml β-DPNH in phosphate buffer (PB) and 375 μl of 2 mM 

pyruvate in PB then incubated at 37 °C  for 30 minutes. The pyruvate substrate 

was catalyzed by LDH in a sample to lactate. The remaining pyruvate was reacted 

with 1 ml of 20 mg/dl 2,4-dinitophenyl-hydrazine in 1N HCl at room temperature 

for 20 min, then stopped using 0.4 N NaOH. The absorbance was measured at 

450 nm. 
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Histological analysis 

The collected pellets at the end of culture were fixed overnight in 4% 

paraformadehyde, embedded in wax, then cut into 4 m thick sections. The 

sections were stained with hematoxylin-eosin (H&E), Safranin O and Masson’s 

trichrome stain to evaluate the effects of the treatments on cell pathology, 

glycosaminoglycans (GAG) content and collagen content in the pellet, 

respectively (Goldner, 1938). H&E and Masson’s trichrome staining was 

conducted by the Department of Pathology, Faculty of Medicine, Chiang Mai 

University. 

 

Measurement of sulfated GAGs (sGAGs) content 

At the end of the culture, the pellets were collected and digested overnight 

with papain at 37 °C. The papain-digested pellets and the collected conditioned 

media were used for the measurement of sGAGs by dimethylmethylene blue 

(DMMB) assay (Farndale et al., 1986). Shark cartilage chondroitin sulfate C 

(Sigma Aldrich, USA) was used as the standard. The DMMB solution was added 

to the diluted sample, standards and appropriate blank solutions prior to 

measuring the absorbance at 525 nm by a micro-plate reader spectrophotometer. 

 

Measurement of hydroxyproline content 

Hydoxyproline content was measured in papain-digested pellets and 

collected conditioned media. The samples were hydrolyzed using 6 N HCl for  

24-hours at 110 °C. After hydrolysis, the samples were freeze-dried and 

resolubilized with distilled H2O. The hydroxyproline in each sample was oxidized 

to a pyrrole using chloramine T at pH 6. The samples were mixed with diluent 

solution (67% propan-2-ol), oxidant solution (50 mM chloramine T), and color 

reagent (7.5% dimethylamino benzadehyde in propan-2-ol) (Kolar, 1990). The 

reaction was performed at 70 °C  for 10-20 min. Absorbance was read at 540 nm 

using a microtitre-plate reader. 

 

Measurement of mRNA expression by real-time PCR 

After 7 days of treatment, mRNA was extracted from the pellets using 

Illustra™ RNASpin Mini RNA Isolation Kits (GE Healthcare) following the 

manufacturer’s protocol. 500 ng of mRNA was converted to cDNA using a Tetro 

cDNA Synthesis Kit (Bioline). The genes of interest were amplified using 

primers, as shown in Table 1, and 2x Sensifast™ SYBR Lo-Rox Mix (Bioline) 

with a 7500 Fast Real-Time PCR System (Applied Biosystems). Reactions were 

performed for 40 cycles at 95°C for denaturation, 60 °C for annealing and 72 °C 

for extension. The data was collected and the level of gene expression of the 

samples was compared to that of the house-keeping gene, GADPH, which was 

calculated using the 2−ΔΔCt method (Livak and Schmittgen, 2001). 
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Table 1. The primer sequences used for Real-time PCR. 

Gene Primer sequences 

GAPDH 

F: 5'-AGGGCTGCTTTTAACTCTCGT-3' 

R: 5'-CCCCACTTGATTTTGGAGGGA-3' 

ACAN 

F: 5’-ACTTCCGCTGGTCAGATGGA-3’ 

R: 5’-TCTCGTGCCAGATCATCACC-3’ 

COL2A1 

F: 5′-GGTGGCTTCCATTTCAGCTATG-3′ 

R: 5′-TTGCAGTGGTAGGTGATGTTCTG-3′ 

COL1A1 

F: 5′-CAGCCGCTTCACCTACAGC-3′ 

R: 5′-TTTTGTATTCAATCACTGTCTTGCC-3′ 

 

Measurement of MMP3 and MMP13 levels in the conditioned media 

MMP3 and MMP13 levels in the conditioned media were measured using 

ELISA kits (Elabscience, Texas, USA) according to the manufacturer’s protocol. 

Briefly, 100 l of the standard and samples were added to the ELISA plate, which 

was pre-coated with an antibody specific to human MMP-3 or MMP-13, and then 

incubated for 90 minutes at 37 °C. Subsequently, a biotinylated detection 

antibody specific for human MMP-3 or MMP-13 and Avidin-Horseradish 

Peroxidase (HRP) conjugate was added to each micro plate well and incubated. 

Free components were washed away, then the substrate solution was added to 

each well. The enzyme-substrate reaction was terminated by the addition of the 

stop solution. The optical density (OD) was measured using a spectrophotometer 

at OD 450 nm. 

 

Data and statistical analyses 

The results from the experiments were expressed as mean ± SEM from 

triplicate samples of each of three independent experiments. Statistically 

significant values were compared using one-way analysis of variance (ANOVA) 

and values of 𝑃 < 0.05 were considered significant. 
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RESULTS 

 

Effect of leptin alone and in combination with IL1 on the pathological 

condition of chondrocyte in pellet culture 
The expression of ACAN, COL2A1 and COL1A1, investigated by real-time 

PCR in both chondrocytes cultured in monolayer and pellet systems, can be used 

to confirm that the pellet culture system can decrease dedifferentiated stages of 

chondrocytes. ACAN, COL2A1 and COLA1 encode for aggrecan the core proteins 

of the most apparent proteoglycan in cartilage, alpha-chain of type II collagen the 

main collagen type found in cartilage and type I collagen, respectively. Specific 

phenotype of chondrocyte can be showed using a ratio of COL2A1 to COL1A1 

expression, where a decrease in the ratio implies the loss of specific phenotype of 

chondrocyte. The results from the expressions of all measured genes found an 

increase in pellet culture compared to that in monolayer culture including 

COL1A1. The ratio of COL2A1 to COL1A1 expression had a significant increase 

in the pellet culture system compared to that in monolayer culture, which suggests 

that the pellet culture system can decrease dedifferentiated stages of cultured 

chondrocytes (Figure 1). 

 

 
 

Figure 1. The expressions of ACAN, COL2A1, COL1A1 and ratio of 

COL2A1:COL1A1 expression in chondrocytes cultured in monolayer 

and pellet systems (Day 7).  

 Note: * P< 0.05 and **P<0.01 compared with control. 
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LDH activity in cultured media was measured to investigate the 

cytotoxicity of all treatments to the chondrocytes in the pellets. No toxicity was 

found in any of the treatments (Figure 2). Moreover, there have been published 

reports which described that oncostatin M (OSM) has been observed in 

inflammatory diseases such as arthritis and multiple sclerosis. Its role in arthritis 

is its capacity to synergize the action of other inflammatory cytokines: e.g. IL-1, 

TNF-a, IL-17 and LPS (Koshy et al., 2002; Phitak et al., 2012). Thus, co-

treatment of the pellets with IL-1 and OSM was also investigated as a positive 

control. After 21 days of culture, the pellets were collected for histological 

analysis. H&E staining of the control group (Figure 3a) showed a rounded shape 

and good distribution in extracellular matrix (ECM). The morphology of 

chondrocytes was significantly changed and the distribution of cells was not well 

organized in IL1 and IL1+OSM treated groups (Figure 3b, c), and in the leptin-

treated groups the morphology of chondrocytes was slightly changed compared 

to that of the control (Figure 3d-f). Interestingly, in the IL1+leptin treated groups 

(Figure 3g-i), the morphology and the distribution of chondrocytes was similar to 

IL1 and IL1+OSM treated groups. 

 

 

Figure 2. The effect of IL1, leptin, OSM, IL1 +leptin and IL1 +OSM on 

chondrocyte viability in the pellets. The pellets treated with 10 mM 

H2O2 were used as a positive control.  

 Note: **P< 0.01 compared with control.  
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Figure 3. Human chondrocyte pellet staining included H&E staining (first 

column), safranin O staining (second column), and Masson’s  

trichrome staining (the last column). The photos were taken at 40X 

magnification in the middle of the pellet. The analysis was performed 

in the control (a), IL1 treated (b), IL OSM treated (c), 0.1 g/ml 

leptin treated (d), 1.0 g/ml leptin treated (e), 10 g/ml leptin treated 
(f), IL1 + 0.1 g/ml leptin treated (g), IL1+ 1.0 g/ml leptin treated 
(h), IL1+ 10 g/ml leptin treated (i), groups. The representative 

figures are from only 1 donor sample. 
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Effect of leptin alone and in combination with IL1 on glycosaminoglycans 

(GAGs) content 

The measurement of extracellular matrix (ECM) molecule contents, 

sGAGs, that are release from the pellets into cultured media and the remaining 

sGAGs in the pellet, can be used to investigate the effect of leptin alone and in 

combination with IL1. The results of the level of sGAG remaining in the pellets 

measured by DMMB assay (Figure 4) was similar to that measured by safranin  

O staining (Figure 3). The stained GAG in the ECM of the pellet was shown in 

red color and the intensity of red color indicates level of GAG. The results from 

the IL1 treatment found significantly decreased sGAGs content remaining in  

the pellet (Figure 4C), and also decreased sGAGs released into the media, which 

may indicate that IL1 is able to reduce the production of sGAGs in the pellet 

(Figure 4A). Leptin at 1.0 g/ml increased sGAGs released into the media but 

this concentration could not significantly decrease the sGAGs remaining in  

the pellet (Figure 4A, C). Interestingly, the highest concentration of leptin (10 

g/ml) had the same effect as IL1 (Figure 4A, C). The combination of IL1 and 

10 g/ml of leptin showed a greater increase in sGAGs released into the media 

and greater decrease in sGAGs remaining in the pellets when compared to IL-1 

treated alone and more significantly when compared to IL1+OSM. 
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Figure 4.   The level of sGAGs released into the cultured media (A and B) and the 

level of sGAGs remaining in the pellets after being cultured for  

21 days (C).  
Note:  *, # P< 0.05 and **, ## P<0.01.*and # denote significant differences compared to the   

control and IL1 treated group, respectively. 
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Effect of leptin alone and in combination with IL1 on collagen content 

Another important ECM molecule, collagen, was investigated by 

measuring the hydroxyproline released into the cultured media and the 

hydroxyproline remaining in the pellet. IL1significantly increased 

hydroxyproline released at almost all periods of treatment (Figure 5A) and 

decreased hydroxyproline remaining in the pellets at the end of treatment  

(Figure 5C). All concentrations of leptin were able to increase hydroxyproline 

released into the media and decrease hydroxyproline remaining in the pellets 

when compared to the control. Only the combination of IL1 and 10 g/ml leptin 

was found to significantly decrease the hydroxyproline remaining when 

compared to the IL1 treated alone. The collagen remaining in the pellets was 

also investigated by histological analysis using Masson’s trichrome staining, 

which stained the cell and cytoplasm red and the collagen blue (Figure 3). The 

intensity of the light blue color indicated the amount of collagen in the ECM of 

the pellets, which showed results similar to the measurement of hydroxyproline 

(Figure 5C). The intensity of collagen significantly decreased in IL1, 

IL1+OSM, 10 g/ml leptin treated conditions and all IL1+leptin treated 

conditions when compared to that of the control group. These results suggest that 

IL1 is able to induce pathological condition by decreasing sGAG and collagen 

contents in the pellets. Interestingly, leptin, especially at the concentration of 10 

g/ml, showed the same results as IL1. Additionally, leptin was found to have 

an additive effect in combination with IL1 on the induction of pathological 

condition. 
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Figure 5. The level of hydroxyproline released into culture media (A and B) and 

the level of hydroxyproline remaining in the pellets after being 

cultured for 21 days (C). 

Note:  *, # P< 0.05 and **, ## P<0.01.*and # denote significant differences compared to the 

control and IL1 treated group, respectively. 
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Effect of leptin alone and in combination with IL1 on anabolic gene 

expression 

mRNA expression of the ECM molecules, including ACAN, COL2A1 and 

COL1A1, examined by real-time RT-PCR can be used to better understand the 

effect of leptin on ECM molecule production of chondrocytes in the pellet. The 

results, as displayed in Figure 6, found that IL1 decreased the expression of 

ACAN and could induce the expression of COL1A1 leading to the loss of specific 

phenotype of the chondrocytes but had no effect on COL2A1 expression. Leptin 

alone (1.0 and 10 g/ml) had the same effect as IL1, with decreased ACAN 

expression and increased COL1A1 expression when compared to the control. 

Moreover, leptin had an additive effect in combination with IL1 on the reduction 

of ACAN expression and induction of COL1A1 expression. This additive effect 

of leptin with IL1was greater than that of OSM with IL1. The data suggests 

that leptin alone (1.0 and 10g/ml) can reduce GAG production and induce the 

dedifferentiation of the chondrocytes in the pellets, with effects similar to IL1. 

Interestingly, leptin also had the capacity to increase the effect of IL1. 
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Figure 6. The levels of anabolic gene expression including ACAN (A), 

COL2A1(B) and COL1A1 (C) and the ratio of COL2A1:COL1A1 (D).  

Note:  *, # P< 0.05 and **, ## P<0.01.*and # denote significant differences compared to the 

control and IL1 treated group, respectively. 
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Effect of leptin alone and in combination with IL1 on the expression of 

catabolic factors 

The effects of leptin alone and leptin combination with IL1 on the 

expressions of catabolic factors, including MMP3 and MMP13 mRNA and 

protein expressions, were investigated using real-time RT-PCR and ELISA, 

respectively. The expressions of the major catabolic factors that degrade ECM 

molecules of cartilage, MMP3 and MMP13 were found to be increased by IL1, 

(Figure 7) when compared to the control. Leptin alone (10 g/ml) increased the 

expression of MMP3 and MMP13 and had an additive effect with IL1, similar 

to the effect of OSM. The level of protease enzymes, MMP3 and MMP13, were 

measured in the conditioned media at Day 11 of the culture. The results found 

that IL1 significantly increased MMP3 and MMP13 levels in the culture media 

(Figure 8) and leptin alone also induced both enzyme levels. All leptin 

concentrations (0.1, 1.0, 10 g/ml) had an additive effect with IL1 on the 

induction of MMP3 level, whereas only the highest concentration (10 g/ml) had 

additive effect with IL1 in increasing MMP13 level. The results suggest that, 

leptin alone especially at 10 g/ml can induce the expression of protease 

enzymes, MMP3 and MMP13, at both mRNA and protein levels, and moreover, 

leptin has additive effects with IL1 on the inductions of those MMP enzymes. 

Figure 7. The level of MMP3 and MMP13 gene expressions investigated by real-

time PCR.  

Note:  *, # P< 0.05 and **, ## P<0.01.* and # denote significant differences compared to the 

control and IL1 treated group, respectively. 



   CMU J. Nat. Sci. (2020) Vol. 19 (4)   827 
 

 

 
Figure 8.  The level of MMP3 and MMP13 enzymes in cultured media measured 

by ELISA. 

Note:  *, # P< 0.05 and **, ## P<0.01.* and # denote significant differences compared to the 

control and IL1 treated group, respectively. 

 

DISCUSSION 

 

Osteoarthritis (OA) is a major cause of disability among the elderly and is 

also common in obese patients. Obesity is considered an important risk factor for 

the development and progression of OA in both weight-bearing and low-weight-

bearing joints. For weight-bearing joints, mechanical force is known to be directly 

involved in the progression of OA, however, does not explain the development 

of OA in lower load-bearing joints, such as in the hands and fingers. Systemic 

cytokines, especially leptin, that systemically increases in obese patients, may be 

the link between OA in lower load-bearing joints and obesity (Rasheed et al., 

2010). There have been many studies that investigated the effect of leptin alone 

or in combination with other inflammatory cytokines on chondrocyte 

metabolism, however, results were inconclusive (Figenschau et al., 2001; 
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Koskinen et al., 2011; McNulty et al., 2011) Our previous study on the porcine 

cartilage explant found that only supra-pathological concentration of leptin  

(10 g/ml) could induce cartilage degradation, while pathological concentration 

(0.1 g/ml) could not. Moreover, this concentration of leptin demonstrated the 

ability to induce the expression of MMP3 and MMP13 in the monolayer culture 

of human chondrocytes. Supra-pathological concentration of leptin was found to 

have synergistic effects with IL-1 on the induction of those protease enzymes, 

while the pathological concentration used in that study had no effect.  (Phitak  

et al., 2018). Therefore, limitations in the models used in the previous study were 

considered. Since monolayer culture was used in the previous study, the 

dedifferentiation stage of chondrocytes in the model may have been involved in 

the response of leptin. This study examined the effect of pathological (0.1g/ml) 

and supra-pathological (1.0-10 g/ml) concentrations of leptin in primary human 

chondrocytes cultured in a pellet model to minimize the problems related to 

dedifferentiation, in order to more precisely understand the effect of leptin on 

chondrocytes. Additionally, the synergistic or additive effect of leptin with IL-1 

was also investigated. 

The supra-pathological concentrations of leptin displayed the capacity to 

decrease ECM molecules including sGAG and collagen in the pellets, due to its 

ability to reduce the expression of ACAN gene. For collagen, leptin had no effect 

on COL2A1 expression but was able to induce the dedifferentiation of 

chondrocyte by up-regulation of COL1A1 expression and reduce the ECM 

content by induction of MMP3 and MMP13 productions. These results were 

similar to the investigation in human monolayer culture (Phitak et al., 2018).  In 

the pathological concentration (100 ng/ml) of leptin, this study found that this 

concentration could decrease the collagen content in the pellet, which may be a 

result of its ability to induce MMP3 expression. Interestingly, the pathological 

concentration had no effect on GAG content, though, the GAG was more easily 

degraded by protease enzymes compared to the collagen. The results on the 

induction of dedifferentiation by up-regulation of COL1A1 and on the induction 

of MMP3 expression showed that supra-pathological concentrations of leptin had 

an additive effect with IL1, similar to its effect in monolayer culture, and 

additionally found that the pathological concentration also had an additive effect 

with IL1 in this model. 

In the pellet culture model, the effect of pathological concentrations of 

leptin and its additive effect with IL1 was better observed. However, the results 

found that the effect of leptin alone was much less than the effect of IL1, and 

the additive effect in combination with IL1 was also less than the additive effect 

of IL1 in combination with OSM; a well-known cytokine that has capacity to 

synergize IL1 effect. While the supra-pathological concentrations of leptin had 

almost the same effect as IL1 and had a higher additive effect with IL1 in 

comparison to the additive effect with OSM. 
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The results suggest that leptin may be a linker cytokine that can induce OA 

initiation and progression in obese patients. However, there are potential 

confounding factors and limitations to this study. Normal leptin levels in human 

peripheral blood has been found to be related to gender and age, where leptin 

levels in females were higher than in males, especially after 12 years of age 

(Carraro and Ruiz-Torres, 2006; Witonski et al., 2010). Therefore, it may be 

important to consider age and gender specific data to clarify the effect of leptin, 

which had not been accounted for in this study. Additionally, in this study, normal 

intact cartilages were collected from lower limbs of osteosarcoma patients that 

had previously undergone neoadjuvant chemotherapy for a period of 3 months, 

and it is possible that the isolated chondrocytes may have been affected by the 

chemotherapy. Another limitation is that the peripheral leptin level of each donor 

was not measured, which could have been used to explain the different responses 

to leptin among the donors. Furthermore, as only small amounts of intact cartilage 

were able to be collected from each donor, the expansion of primary cells by 

monolayer culture was necessary to obtain enough cells for the pellet culture. 

Lower passage of used cells may have provided more precise results, especially 

for the dedifferentiation. Finally, the cartilage samples collected from the joints 

of the lower limbs were primarily of load-bearing joints, where the mechanical 

force could have affected the response of isolated chondrocytes to leptin. 
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