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Introduction: Since recent years, extracellular vesicles (EVs) are emerging as new potential treatment to decrease the inflammation and cartilage degeneration 

caused by osteoarthritis (OA) [1]. Studies show that the therapeutic potential of EVs is determined by their parent cells. Synovial fluid derived exosomes have 
shown therapeutic effects on OA.[2] Gingival mesenchymal stem cells are easily accessible and have shown regenerative potential in bone, skin, and the 

trachea. [3] However, the therapeutic effects of gingival exosomes have not been explored. Therefore, the aim of this in vitro experiment was to compare the 

anti-inflammatory effects of synovial fluid and gingival fibroblast derived exosomes on chondrocytes.  
Method: Human gingival fibroblasts and human synovial fluid cells were cultured in DMEM/F12 +10% FBS. At passage 10, gingival fibroblasts were starved 

for two days and then EVs were collected using ultracentrifugation. Similarly, EVs were also collected from Synovial fluid derived cells. The EV particle size 

and count were determined using ZetaView NTA. Human Chondrocytes were seeded onto 12 well plates with 100,000 cells per well and maintained in culture 
for 3 days prior to treatment. The chondrocytes were treated with IL-1β (15ng/ml), Synovial (Sy) EV (5.7x108 particles/ml), and Gingival (Gi) EV (5.5x108 

particles/ml) in groups(n=6) as follows: control (media), IL-1β, IL-1β+sy EVs, IL-1β+gi EVs, sy EVs, and gi EVs. Cells were harvested at days 1, 3 and 8 for 

total RNA purification. Day 8 groups received a retreatment on day 3. RNA purification and cDNA synthesis were performed, and real-time PCR was used to 
measure gene expression.  
Results: Gene expressions of aggrecan, SOX9, ADAMTS4, MMP3, MMP9, and MMP13 were compared among groups. On days 1 and 3, groups treated with 

IL-1β and IL-1β+EVs had statistically significant decreases in aggrecan expression and statistically significant increases in SOX9 expression. By day 3, IL-
1β and EV groups still had statistically significant increased SOX9 expression. By day 8, there were no differences in SOX9 expression, but aggrecan 

expression was significantly lower in groups treated with IL-1β+EVs. MMP9 and MMP13 had significant upregulation in groups treated with IL-1β and IL-

1β+EVs on day 1. After day 1, while MMP3 expression decreased to nonsignificant levels, MMP13 expression in these groups and MMP9 in the IL-1β+gi 
EV group remained significantly high on day 3. By day 8, there were no significant trends in MMP9 and MMP13 expression. However, MMP3 expression 

showed a similar trend to day 1 of MMP9 and MMP13 where groups treated with IL-1β and IL-1β+exosomes were significantly higher compared to the control 

group. Lastly, there were no significant trends shown in ADAMTS4 on day 1, 3, or 8. However, the relative fold change of ADAMTS4 did decrease from day 

1 to day 3.   
Discussion: SOX9 is one of the transcription factors that, when activated, will make more aggrecan [4]. SOX9 has also shown the ability to inhibit IL-1β 

induced inflammation in chondrocytes. Matrix metalloproteinases on the other hand are responsible for the degradation of cartilage and other extracellular 
matrix components of joints. MMP13 mainly degrades aggrecan [5]. SOX9 was significantly upregulated in IL-1β+EV groups. Specifically, IL-1β+gi EV 

group were significantly higher than IL-1β and IL-1β+sy EV on day 1 and remained significantly higher than IL-1β alone group on day 3. Meanwhile, the IL-
1β+sy EV group did not have any significant differences compared to the IL-1β group. Upregulation of MMP13 in response to inflammatory cytokine could 

have contributed to degradation of aggrecan, however, SOX9 expression was simultaneously upregulated in inflammatory groups with EVs, specifically Gi 

EVs. It is likely that treatment with Gi EVs allowed the chondrocytes to resist damage by promoting aggrecan synthesis. This finding suggests that gingival 
EVs may have stronger anti-inflammatory tendency compared to synovial exosomes. The results also showed that in the groups treated with EVs alone, they 

do not contribute to any inflammation.  
Significance/clinical relevance: It is possible that through the upregulation of SOX9, EVs do have potential therapeutic effects in inflammatory environments. 
Specifically, the differences between SOX9 expression in gingival and synovial EV groups may show that gingival EVs are effective in combating ECM 

degradation that occurs in inflammatory environment. It appears that the therapeutic effect of the EVs can be chondroprotective, not by inhibiting catabolic 

markers, but through promoting anabolic factors. Gingival cells, being relatively easy to procure, may have the potential to be a reliable source for EVs for 
applications in OA. However, different dose concentrations and treatment times should be tested to further explore the potential of gingival EVs.  
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