
ʃʰʻˇ˒ˎˋʽˇ˂ˇʴʾʰ ʁˋˍʶˇʰˊʻˊʾˍʽʵʰˌ όʁɮύ

ɮ˂ʷ˅ʽˇˌ ɶ˂ʽˈˉˇˎ˂ˇˌ

ʄʶˎ˃ʰˍˇ˂ˇʴʽˁˈ ʆ˃ʺ˃ʰ ɿɹɾʆʅ

ɾʶˍʶˁˉʰʽʵʶˎˍʽˁʱ ˃ʰʻʺ˃ʰˍʰ ˋˍʹ ʄʶˎ˃ʰˍˇ˂ˇʴʾʰΣ 20ɾʰˀˇˎ нлно 



Few things are so apt to cause a drowsy despair at a medical meeting as the 
ǇǊƻǎǇŜŎǘ ƻŦ ŀƴ ŀŎŀŘŜƳƛŎ ŘƛǎŎǳǎǎƛƻƴ ƻƴΧƻǎǘŜƻŀǊǘƘǊƛǘƛǎΦ  ¢ƘŜ ŦƛŜƭŘ ƛǎ ǎƻ ōŀǊǊŜƴΣ 
the harvest is small.

John Kent Spender, BMJ, Volume 1; 1888, 781-783

ɽʾʴʰ ˉˊʱʴ˃ʰˍʰ ʶʾ˄ʰʽ ˍˈˋˇ ʽˁʰ˄ʱ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ʰˉʶ˂ˉʽˋˍʽˁʺ ˎˉ˄ʹ˂ʾʰ 
ˋʶ ˃ʽʰ ʽʰˍˊʽˁʺ ˋˎ˄ʱ˄ˍʹˋʹΣ ˈˋˇ ʹ ˉˊˇˇˉˍʽˁʺ ˃ʽʰˌ ʰˁʰʵʹ˃ʰʿˁʺˌ ˋˎʸʺˍʹˋʹˌ 
ˋˍʹ˄ ˇˋˍʶˇʰˊʻˊʾˍʽʵʰΦ  ʆˇ ˉʶʵʾˇ ʶʾ˄ʰʽ ˍˈˋˇ ʱʴˇ˄ˇΣ ʹ ˋˎʴˁˇ˃ʽʵʺ ʶʾ˄ʰʽ 
˃ʽˁˊʺΦ

Anne-Marie Malfait, ACR 2016



ʃʶˊɹʾˊʰ˃˃ʰ ˍʹˌ ˉʰˊˇˎˋʾʰˋʹˌ

Áɼ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˋˍʹ˄ ʁɮ

Áʊʰʽ˄ˈˍˎˉˇʽ ˍʹˌ ʁɮ

Áɶ ˒˂ʶʴ˃ˇ˄ʺ ˋˍʹ˄ ʁɮ

Áɶ ʲ˂ʱʲʹ ˍˇˎ ʴʹˊʱˋˁˇ˄ˍˇˌ˔ˈ˄ʵˊˇˎ

Áɾʹ˔ʰ˄ʽˁʺ ʵʽʰˍʰˊʰ˔ʺ ˁʰʽ ʁɮ

Áɾʶˍʰʲˇ˂ʽˁʷˌ ʵʽʰˍʰˊʰ˔ʷˌ ˁʰʽ ʁɮ



ɳˉʽʵʹ˃ʽˇ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ʁɮ 

Áʇˉˇ˂ˇʴʾʸʶˍʰʽ ˈˍʽ ул҈ ˍ˖˄ ʰˍˈ˃˖˄ ʹ˂ʽˁʾʰˌ 
Ҕ тр ʶˍ˗˄ ʷ˔ˇˎ˄ ʰˁˍʽ˄ˇ˂ˇʴʽˁʱ ʶˎˊʺ˃ʰˍʰ 
ʁɮ

Áɳˉʾˋʹˌ, 10-нл҈ ˍ˖˄ ʰˍˈ˃˖˄ ʹ˂ʽˁʾʰˌ Ҕ сл 
ʶˍ˗˄ ʷ˔ˇˎ˄ ˋˎ˃ˉˍ˗˃ʰˍʰ ʁɮ όɮˉˈ ʰˎˍˇˏˌ 
ˍˇ мκо ʷ˔ˇˎ˄ ʺˉʽʰ ʰ˄ʽˁʰ˄ˈˍʹˍʰ ˁʰʽ мκо 
ˉ˂ʺˊʹ ʰ˄ʽˁʰ˄ˈˍʹˍʰύ

Áɶ ʁɮ ʴʽʰ ʱ˄ʵˊʶˌ ʹ˂ʽˁʾʰˌ Ҕрл ʶˍ˗˄ ʶʾ˄ʰʽ ʹ 
ʵʶˏˍʶˊʹ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ʰʽˍʾʰ ʰ˄ʰˉʹˊʾʰˌ 
˃ʶˍʱ ˍʹ ˋˍʶ˒ʰ˄ʽʰʾʰ ˄ˈˋˇ ˋˍʽˌ ɶʃɮ

Osteoarthritis and Cartilage xxx (2011) 1ς3



Á 2.5 ʁ ˁʰˍˇ˃˃ˏˊʽʰ ʱ˄ʻˊ˖ˉˇʽ (1.4 ʁ ˁ ʴˎ˄ʰʾˁʶˌ ˁʰʽ1.1 

ʶˁ ʱ˄ʵˊʶˌ) ˃ ʶ ˇ˂ʽˁʺ ʰˊʻˊˇˉ˂ʰˋˍʽˁʺ ˍˇˎ ʽˋ˔ʾˇˎ ˁʰʽ 

4.7 ʁ ˁ ʱ˄ʻˊ˖ˉˇʽ (3.0 ʁ ˁ ʴˎ˄ʰʾˁʶˌ ˁʰʽ мΦт ʶˁ ʱ˄ʵˊʶˌ)

˃ʶ ˇ˂ʽˁʺ ʰˊʻˊˇˉ˂ʰˋˍʽˁʺ ˍˇˎ ʴˈ˄ʰˍˇˌ ˍˇ нлмл

Á ʃʶˊʾˉˇˎ т ʶˁʰˍˇ˃˃ˏˊʽʰ ɮ˃ʶˊʽˁʰ˄ˇʾ ʸˇˎ˄ ˃ʶ 

ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ʰˊʻˊˇˉ˂ʰˋˍʽˁʺ ʴˈ˄ʰˍˇˌ ʺ ʽˋ˔ʾˇˎ

ɳˉʽˉˇ˂ʰˋ˃ˈˌ ˍʹˌ ˇ˂ʽˁʺˌ 
ʰˊʻˊˇˉ˂ʰˋˍʽˁʺˌ ʴˈ˄ʰˍˇˌ ˁʰʽ ʽˋ˔ʾˇˎ 

ˋˍʽˌ ɶʃɮ

KremersHM, J Bone Joint SurgAm. 2015;97:1386-97



ɼ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰ ˁʰʽ 
ˉʶˊʽʲʰ˂˂ˇ˄ˍˇ˂ˇʴʽˁˇʾ 

ˉʰˊʱʴˇ˄ˍʶˌ ˋˍʹ˄ ʁɮ ˍˇˎ ʽˋ˔ʾˇˎ

Skousgaardet al. Arthritis Research & Therapy (2015) 17:336

ʅˎ˃ˉʷˊʰˋ˃ʰ:ɶ ʰʻˊˇʽˋˍʽˁʺ ʶˉʾˉˍ˖ˋʹ ˍʹˌ 

ˉˊ˖ˍˇˉʰʻˇˏˌ ʁɮ ˍˇˎ ʽˋ˔ʾˇˎ ˉˇˎ ˇʵʹʴʶʾ ˋʶ THR 

ʰˎ˅ʱ˄ʶʽ ˃ʶˍʱ ˍʰ рл ʷˍʹ ˁʰʽ ˋˍʰ ʵˏˇ ˒ˏ˂ʰ. 

ʁʽˁˇʴʶ˄ʶʽʰˁˇʾ ʴˇ˄ʽʵʽʰˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˁʰʽ ˁˇʽ˄ˈ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁˇʾ ˁʰʽ ˋˎ˄ʽˋˍˇˏ˄ 

ˍˇ 68 %ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʴʽʰ THR.  

ɳ˄ˍˇˏˍˇʽˌΣ ʹ ʴʶ˄ʶˍʽˁʺ ʶˉʾʵˊʰˋʹ ʰˎ˅ʱ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ 

˃ʶˍʱ ˍʹ˄ ʹ˂ʽˁʾʰ ˍ˖˄ сл ʶˍ˗˄.



SNPs ˁ ʰʽ ʁɮ

ʃʶˊʽˋˋˈˍʶˊˇʽ ʰˉˈ 50 SNPs h ˉˈ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ʴˇ˄ʾʵʽʰ ʷ˔ʶʽ ʵʶʽ˔ʻʶʾ 

˄ʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʁɮ ˍˇˎ 

ʽˋ˔ʾˇˎ (23), ̋  ˍˇˎ ʴˈ˄ʰˍˇˌ (20), ̋  

ˁʰʽ ˍ˖˄ ʵˏˇ (13) 

Wang T,Medicine 2016;95:e2811



ɱʶ˄ʶˍʽˁʺ ˉˊˇʵʽʱʻʶˋʹ 
ˋˍʹ˄ ʁɮ ˍ˖˄ ˔ʶʽˊ˗˄

ɶ ˃ʹ˔ʰ˄ʽˁʺ ˒ˈˊˍʽˋʹ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ˋˍʹ˄ ˉʰʻˇʴʷ˄ʶˋʹ 
ˍʹˌ ʁɮ ˍ˖˄ ˔ʶʽˊ˗˄ ˁʰʽ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰ  
ˍ˖˄ ʰˎ˅ʹˍʽˁ˗˄ ˉʰˊʰʴˈ˄ˍ˖˄Σ ˍʹ˄ ˒˂ʶʴ˃ˇ˄ʺ ˁʰʽ ˍʹ˄ 
ʰˉˇʵˈ˃ʹˋʹ ˍʹˌ ʻʶ˃ʷ˂ʽʰˌ ˇˎˋʾʰˌ. ʆʰ ʴˇ˄ʾʵʽʰ ˉˇˎ 
˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ˋ˔ʺ˃ʰ ʷ˔ˇˎ˄ ˋˎ˄ʵʶʻʶʾ ˃ʶ 
ˋˎ˃ˉˍ˖˃ʰˍʽˁʺ ʺ ʰˁˍʽ˄ˇ˂ˇʴʽˁʺ ʁɮ ˋʶ ˃ʶ˂ʷˍʶˌ όˁʱˉˇʽʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʶ˄ ʰ˄ʰˉʰˊʱ˔ʻʹˁʰ˄ύΦ ERK; Extracellular
signal- regulated kinase; PI3K , phosphoinositide 3-
kinase. Genetic associations that were identified by 
genome-wide scans (the other associations were 
identified usingcandidate gene approaches).

Marshall M,Nat Rev Rheumatol. 2018 Nov;14(11):641-656



ʃˊˈʴ˄˖ˋʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍʹˌ ʁɮ ˍˇˎ ʴˈ˄ʰˍˇˌ 
ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˁ˂ʽ˄ʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˁʰʽ 

ʴˇ˄ʽʵʽʰˁˇˏˌ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˇˏˌ

BlancoFJ, Rheumatology 2015;54:1236-1243

Áʁʽ ʴʶ˄ʶˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ (SNPs) ˁ ʰʽ ˇʽ ˁ˂ʽ˄ʽˁˇʾ 

ʵʶʾˁˍʶˌ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍʹ˄ ʰˁˍʽ˄ˇ˂ˇʴʽˁʺ 

ʶˉʽʵʶʾ˄˖ˋʹ ˍʹˌ ʁɮ ˍˇˎ ʴˈ˄ʰˍˇˌ

Áʁʽ ʴʶ˄ʶˍʽˁˇʾ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˇʾ ˉˊˇʲ˂ʷˉˇˎ˄ ˍʹ˄ 

ʰˁˍʽ˄ˇ˂ˇʴʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ʁɮ ˃ʶ ˉʶˊʽˋˋˈˍʶˊʹ 

ʰˁˊʾʲʶʽʰ ʰˉˈ ˍʽˌ ˁ˂ʽ˄ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ

Áʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ ʰˉˇ˒ʷˊʶʽ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰ 

ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ όAUC = 0.82)

ɼ˂ʽ˄ʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ʺˍʰ˄ ˍˇ ˒ˏ˂ˇΣ ʹ ʹ˂ʽˁʾʰ ʵʽʱʴ˄˖ˋʹˌΣ OA
ˋˍˇ ʱ˂˂ˇ ʴˈ˄ʰˍˇ ˁʰʽ ʁɮ ˋʶ ʱ˂˂ʶˌ ʰˊʻˊ˗ˋʶʽˌ



ʃʶˊʽʲʱ˂˂ˇ˄ 
ˁʰʽ ʁɮ

BerenbaumF, Nat Rev Rheumatol. 2018 Nov;14(11):674-681



ʅˏʴ˔ˊˇ˄ʹ ʵʽʰˍˊˇ˒ʺ ˁʰʽ ʁɮ

BerenbaumF, Nat Rev Rheumatol. 2018 Nov;14(11):674-681

ɶ ʵʹ˂ʹˍʹˊʽ˗ʵʹˌ ʵˊʱˋʹ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ 
ʵʽʰˍˊˇ˒ʺˌ ˋˍʹ˄ ʁɮ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʹ˄ ˃ʱʸʰ 
ˋ˗˃ʰˍˇˌ ˁʰʽ ˍˇ ʰˎ˅ʹ˃ʷ˄ˇ ˂ʾˉˇˌ ˉˇˎ ˇʵʹʴʶʾ 
ˋʶ ʰˎ˅ʹ˃ʷ˄ʰ ˒ˇˊˍʾʰΣ ʴ˄˖ˋˍˈ ˉʰˊʱʴˇ˄ˍʰ 
ʴʽʰ ʁɮ.ɳˉʽˉ˂ʷˇ˄Σ ˃ʶʴʱ˂ʹ ʰˏ˅ʹˋʹ 
ʻʶˊ˃ʾʵ˖˄Σ ˔ʰ˃ʹ˂ʺ ʰ˄ʰ˂ˇʴʾʰ ˒ˊˇˏˍ˖˄ ˁʰʽ 
˂ʰ˔ʰ˄ʽˁ˗˄, ˁ ʰʽ ˎ˕ʹ˂ˈ ˁ˂ʱˋ˃ʰ ˖˃ʷʴʰ -6 
ˉˊˇˌ -о ˂ʽˉʰˊ˗˄ ˇ˅ʷ˖˄Σ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˋˏʴ˔ˊˇ˄ʺˌ ʵʽʰˍˊˇ˒ʺˌ,
ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʶ˄ˍʶˊʽˁʺˌ 
ʵˎˋʲʾ˖ˋʹˌˁʰʽ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ. ɮˎˍʷˌ ˇʽ 
ʶ˄ˍʶˊʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ˄ ˔ʰ˃ʹ˂ˇˏ 
ʲʰʻ˃ˇˏ ˒˂ʶʴ˃ˇ˄ʺ, ˃ ʽʰ ʲʽˇ˂ˇʴʽˁʺ 
ʰˉʱ˄ˍʹˋʹ ˉˇˎ ʷ˔ʶʽ ʻʶ˖ˊʹʻʶʾ ˈˍʽ ʵʽʶʴʶʾˊʶʽ 
ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˍʹˌ 
ʱˊʻˊ˖ˋʹˌ ˋˍʹ˄ ʁɮΦ  ɶ ˋˏʴ˔ˊˇ˄ʹ ʵʽʰˍˊˇ˒ʺ 
ʶʾ˄ʰʽ ʹ ˁˏˊʽʰ ʰʽˍʾʰ ˍˇˎ ˃ʶˍʰʲˇ˂ʽˁˇˏ 
ˋˎ˄ʵˊˈ˃ˇˎ, ̱ ˇ ˇˉˇʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ 
ˎˉʷˊˍʰˋʹΣ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˋˍʹ˄ ʽ˄ˋˇˎ˂ʾ˄ʹ 
ˁʰʽ ʵʽʰˍʰˊʰ˔ʷˌ ˍ˖˄ ˂ʽˉʽʵʾ˖˄. ɼʱʻʶ 
ˉʰʻˇ˂ˇʴʾʰ ʰˉˈ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ 
ʷ˃˃ʶˋʰ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˉʰʻˇʴʷ˄ʶˋʹ 
ˍʹˌ ʁɮΣ ˃ʷˋ˖ ʵʹ˂ʹˍʹˊʽ˗ʵˇˎˌ ʵˊʱˋʹˌ ˋˍˇˎˌ 
ʽˋˍˇˏˌΦ



ɾʹ˔ʰ˄ˇ˒˂ʶʴ˃ˇ˄ʺ
ʷ˄ʰ˄ˍʽ 

˃ʶˍʰ˒˂ʶʴ˃ˇ˄ʺˌ

ʆˈˋˇ ʹ ʁɮ ˈˋˇ ˁʰʽ ʹ ˉʰ˔ˎˋʰˊˁʾʰ ˅ʶˁʽ˄ˇˏ˄ 

˃ʶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ʷ˃˒ˎˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ʰ˄ˇˋʾʰˌΣ ʹ ˇˉˇʾʰ ˅ʶˁʽ˄ʱ ˃ʶ ˍˇˉʽˁʺ 

ʵʽʷʴʶˊˋʹ ˍ˖˄ ʰˊʻˊʽˁ˗˄ ʵˇ˃˗˄ ˉˇˎ 

ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄ ʵʽʰˍʰˊʰ˔ʺ ˒ˈˊˍʽˋʹˌΣ ʺ ʰˉˈ 

ʷ˄ʰ ˋˎˋˍʹ˃ʰˍʽˁˈ ʶˊʶʻʽˋ˃ˈ ʰˉˈ ˍˇ˄ ˂ʽˉ˗ʵʹ 

ʽˋˍˈ. ɲʽʷʴʶˊˋʹ ˍʹˌ ʷ˃˒ˎˍʹˌ ʰ˄ˇˋʽʰˁʺˌ

ʰˉʱ˄ˍʹˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʵˏˇ 

ˍˏˉˇˎˌ ˔ʰ˃ʹ˂ʺˌ ˒˂ʶʴ˃ˇ˄ʺˌ, 

˃ʹ˔ʰ˄ˇ˒˂ʶʴ˃ˇ˄ʺˁʰʽ  ˃ʶˍʰ˒˂ʶʴ˃ˇ˄ʺΦ  ɶ 

˔ʰ˃ʹ˂ˇˏ ʲʰʻ˃ˇˏ ˒˂ʶʴ˃ˇ˄ʺ ʶ˅ʰˋʻʶ˄ʶʾ ˍˇˎˌ 

ʰˊʻˊʽˁˇˏˌ ʽˋˍˇˏˌΣ ˁʰʽ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ 

ʶˎˉʱʻʶʽʱ ˍˇˎˌ ˋʶ ʲ˂ʱʲʶˌ ʰˉˈ ʶˉʰˁˈ˂ˇˎʻʹ 

˃ʹ˔ʰ˄ʽˁʺ ˒ˈˊˍʽˋʹ ˁʰʽ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ʁɮΦ

BerenbaumF, Nat Rev Rheumatol. 2018 Nov;14(11):674-681



ʊʰʽ˄ˈˍˎˉˇʽ ˍʹˌ ʁɮ

ɶ ʁɮ ʶʾ˄ʰʽ ˃ʽʰ ʶˍʶˊˇʴʶ˄ʺˌ ˉʱʻʹˋʹ ˃ʶ 

ˉˇʽˁʽ˂ʾʰ ˉʰʻˇ˒ˎˋʽˇ˂ˇʴʽˁ˗˄˃ʹ˔ʰ˄ʽˋ˃˗˄ 

ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ˉˇ˂˂ʰˉ˂ˇˏˌ ˒ʰʽ˄ˈˍˎˉˇˎˌ, 

ˇʽ ˇˉˇʾˇʽ ˃ˉˇˊʶʾ ˄ʰ ʰ˂˂ʹ˂ʶˉʽˁʰ˂ˏˉˍˇ˄ˍʰʽ 

ˋˍˇˎˌ ʰˋʻʶ˄ʶʾˌΦ ɼʱʻʶ ˒ʰʽ˄ˈˍˎˉˇˌ ˃ˉˇˊʶʾ 

˄ʰ ʻʶˊʰˉʶˎʻʶʾ ʵʽʰ˒ˇˊʶˍʽˁʱΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʹˌ 

ʽʰˍˊʽˁʺˌ ʴʽʰ ˍˇˎˌ ʰˋʻʶ˄ʶʾˌ ˃ʶ ʁA. 

MobasheriA, Osteoarthritis Cartilage. 2017;25(2):199-208



ʃʰʻˇ˒ˎˋʽˇ˂ˇʴʾʰ 
ˍʹˌ ʁɮ

Sanchez-Lopez E,Nat Rev Rheumatol. 2022;18(5):258-275



ʁɮΥ ʹ ˉˊ˗ʽ˃ʹ ˄ˈˋˇˌ

To ̄ ˊ˗ʽ˃ˇ ˋˍʱʵʽˇ ˍʹˌ ʁɮ ˅ʶˁʽ˄ʱ ˃ʶ 

ˋʽ˖ˉʹ˂ʷˌ ˁʰʽ ʰˋˎ˃ˉˍ˖˃ʰˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ 

ˋʶ ˃ˇˊʽʰˁˈ ʶˉʾˉʶʵˇ. ʁʽ ʵʽʰˍʰˊʰ˔ʷˌ ˋˍˇ 

˃ˇˊʽʰˁˈ ʶˉʾˉʶʵˇ ˉˊˇʹʴˇˏ˄ˍʰʽ ˍ˖˄ 

ʰ˄ʰˍˇ˃ʽˁ˗˄ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ʶˁʵʹ˂˗ˋʶ˖˄ 

ʴʽʰ ʷˍʹ ʺ ʰˁˈ˃ʹ ˁʰʽ ʵʶˁʰʶˍʾʶˌ. ɮˎˍˈ 

ʵʹ˃ʽˇˎˊʴʶʾ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ 

ˉʱʻʹˋʹˌ ʷʴˁʰʽˊʰ ˁʰʽ ʶˏˊʶˋʹ ˄ʷ˖˄ 

ʲʽˇʵʶʽˁˍ˗˄Σ ˉˇˎ ˄ʰ ʲˇʹʻˇˏ˄ ˋʶ ˉˊ˗ʽ˃ʹ 

ʵʽʱʴ˄˖ˋʹΦ

MobasheriA, Osteoarthritis Cartilage. 2017;25(2):199-208



ɴ˄ʰˊ˅ʹ ˍʹˌ ʁɮ
Triggering factors (for example, major trauma, repetitive minor trauma, 

inflammation, infection or altered biomechanics), patient profile (including 
characteristics such as sex, genetics, age, anatomy and history) and 

comorbidities (such as metabolic syndrome, obesity or diabetes mellitus) 

interact to affect all joint tissues in the knee, including the osteochondral
unit, synovium, meniscus,infrapatellar pad and ligaments, resulting in 

activation of specific molecular cascadesthat lead to catabolic and 

anabolic events. Catabolic events include inflammation induced by several 
mediators such as damage- associated molecular patterns (DAMPs) and 

pathogen- associated molecular patterns (PAMPs); matrix degradation by 

matrix metalloproteinases(MMPs) and a disintegrinand metalloproteinase 
with thrombospondinmotifs 5 (ADAMTS5); activation of the innate 

immune system mediated by macrophages, Toll- like receptors and 

complement activation; metabolic reprogramming; and senescence. 
Enhanced anabolism is mediated through the activation of mostly

developmental ǇŀǘƘǿŀȅǎΣ ǎǳŎƘ ŀǎ ǘǊŀƴǎŦƻǊƳƛƴƎ ƎǊƻǿǘƘ ŦŀŎǘƻǊ ʲ ό¢DCʲύς

bone morphogeneticprotein (BMP) and fibroblast growth factor 2 (FGF2) 
signalling. When anabolicevents are successful, joint homeostasis is 

restored; when catabolism is overwhelming, the disease process becomes 

chronic and probably irreversible

MahmoudianA, Nat Rev Rheumatol. 2021;17(10):621-632



ʃʰʻˇ˒ˎˋʽˇ˂ˇʴʾʰ ʁɮ-
ʃʶˊʾʴˊʰ˃˃ʰ

Katz JN, JAMA 2021;325(6):568-578



ʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ˁˏˊʽˇ ˋʹ˃ʶʾˇ ˍʹˌ ʰˊʻˊʽˁʺˌ ʲ˂ʱʲʹˌ ˋˍʹ˄ ʁɮΤ

H ɦ ˊʻˊ˖ˋʹ ˋˎ˄ˍʾʻʶˍʰʽ ʰˉˈ ˇˋˍˇˏ˄Σ 
˔ˈ˄ʵˊˇ ˁʰʽ ˎ˃ʷ˄ʰΣ ˃ʹ˄ʾˋˁˇ ˁʰʽ 
ˋˎ˄ʵʷˋ˃ˇˎˌΦ ɼʱʻʶ ˋˎˋˍʰˍʽˁˈ ʷ˔ʶʽ 
ʵʽʰ˒ˇˊʶˍʽˁʺ ˉʰʻˇ˂ˇʴʾʰ ˁʰʽ ˉˇˊʶʾʰ ˉˇˎ 
ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ 
ˁˎˍˍʱˊ˖˄Φ  ɾʽʰ ʻʶˊʰˉʶʾʰ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ 
˄ʰ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˋʶ ˈ˂ʰ ˍʰ 
ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʱˊʻˊ˖ˋʹˌ

M.A. Karsdalet al, Osteoarthritis and Cartilage 24 (2016) 2013-2021

ʅʹ˃ʰ˄ˍʽˁʺ ʵˎˋˁˇ˂ʾʰ ˋˍʹ˄ ʻʶˊʰˉʶʾʰ ʰˉˇˍʶ˂ʶʾ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ 
˄ˈˋˇˌ ʶʾ˄ʰʽ ˋˏ˄ʻʶˍʹΣ ʷ˔ʶʽ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˒ʰʽ˄ˈˍˎˉˇˎˌˁʰʽ 
ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˊˎʻ˃ˇˏˌ ʶ˅ʷ˂ʽ˅ʹˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʰˉʰʽˍʶʾ 
ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʹ ˁʰʽ ˉʽʻʰ˄ʱ ˋˎ˄ʵˎʰˋˍʽˁʺ ʻʶˊʰˉʶʾʰ



ʃˇ˂ˎˉʰˊʰʴˇ˄ˍʽˁʺ
ʰˊʻˊʽˁʺ ʲ˂ʱʲʹ

Sharma L, N Engl J Med 2021;384:51-9



ɮˁˍʽ˄ˇ˂ˇʴʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ʁɮ ˍˇˎ ʴˈ˄ʰˍˇˌ

ɶ ˁ˂ʾ˃ʰˁʰ KellgrenςLawrence (KL) 
ʶʾ˄ʰʽ ʹ ˉ˂ʷˇ˄ ˋˎ˔˄ʱ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ˋˍʹ˄ 
ʰˁˍʽ˄ˇ˂ˇʴʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ʁɮ ˍˇˎ 
ʴˈ˄ʰˍˇˌ

Jang S, Int J Mol Sci. 2021;22(5):2619



ɶ ʲ˂ʱʲʹ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˁʰʽ ˍˇˎ ˇˋˍˇˏ ˋˍʹ˄ 
ʁɮ



ʁˋˍʶˇʰˊʻˊʾˍʽʵʰΥ ʹ ʲ˂ʱʲʹ ˋˍˇ ˔ˈ˄ʵˊˇ

ʅ˔ʹ˃ʰˍʽˁʺ ˉʰˊʱˋˍʰˋʹ ˍʹˌ ʵˇ˃ʽˁʺˌ ʲ˂ʱʲʹˌ ˋˍʹ˄ ʁɮ ˁʰʽ 

ˋˏʴˁˊʽˋʹ ˎʴʶʽˇˏˌ ʱˊʻˊ˖ˋʹˌΣ ʱˊʻˊ˖ˋʹˌ ˃ʶ ʶˋˍʽʰˁʺ 

ʲ˂ʱʲʹ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˁʰʽ ˇˋˍʶˇʰˊʻˊʽˁʺˌ ʱˊʻˊ˖ˋʹˌ.

A. ɲˇ˃ʽˁʷˌ ʰ˂˂ʰʴʷˌ ˋˍʹ˄ ʁɮ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 

ʰˉˇʵˈ˃ʹˋʹ ˍˇˎ ʰˊʻˊʽˁˇˏ ˔ˈ˄ʵˊˇˎ ˁʰʽ  

ʰ˄ʰˁʰˍʰˋˁʶˎʺ ˍˇˎ ˎˉˇ˔ˈ˄ʵˊʽˇˎ ˇˋˍˇˏ. 

B. ɶ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ʲ˂ʰʲ˗˄ ʰˉˈ ˒ˎˋʽˇ˂ˇʴʽˁʺ 

ʱˊʻˊ˖ˋʹ ˋʶ ˇˋˍʶˇʰˊʻˊʽˁʺΣ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˅ʶˁʽ˄ʱ ʰˉˈ 

ʶˋˍʽʰˁʺ ˁʰˍʰˋˍˊˇ˒ʺ ˍˇˎ ˔ˈ˄ʵˊˇˎΦ 

ZhengL, Ageing Res Rev. 2021;66:101249



ʁ ʰˊʻˊʽˁˈˌ ˔ˈ˄ʵˊˇˌ

Li, Y.; Molecules 2021, 26, 6122



ɹˋˍˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˎʴʶʽˇˏˌ ˁʰʽ ʁɮˁˇˏ˔ˈ˄ʵˊˇˎ

A. ɵ˗˄ʶˌ ˍˇˎ ˎʴʶʽˇˏˌ ˔ˈ˄ʵˊˇˎ ˁʰʽ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ. ɶ ˍʱˋʹ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎ ˃ʶʽ˗˄ʶˍʰʽ ʰˉˈ 6% ̀ ˍʹ˄ ʶˉʽˉˇ˂ʺˌ ˋʶ 1% ̀ ˍʹ˄ ʶ˄ ˍ˖ ʲʱʻʶʽ ʸ˗˄ʹ, ˁ ʰʽ ˍʰ 
ʵʽʰˍˊˇ˒ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ˔ˇ˄ʵˊˇˁˎˍˍʱˊ˖˄ ʵʽʰ˔ʷˇ˄ˍʰʽ ˋˍˇ ˔ˈ˄ʵˊˇ ʰˉˈ ˍˇ ʰˊʻˊʽˁˈ ˎʴˊˈ. B. ʁʽ ˋ˔ʽˋ˃ʷˌ ˁʰʽ ˇʽ ʵʽʰʲˊ˗ˋʶʽˌ ˍˇˎ ˔ˈ˄ʵˊˇˎ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ 
ˋˍˇʽ˔ʶʾʰ ʁɮΦ ʆʰ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ ˋˍˇ˄ ˇˋˍʶˇʰˊʻˊʽˁˈ ˔ˈ˄ʵˊˇ ˎ˒ʾˋˍʰ˄ˍʰʽ ˋˍˊˇ˒ʺ ˋʶ ˎˉʶˊˍˊˇ˒ʽˁˈ ˒ʰʽ˄ˈˍˎˉˇ ˁʰʽ ʰˉˈˉˍ˖ˋʹ. ʁʽ ˒˂ʶʴ˃ˇ˄˗ʵʶʽˌ 
ʵʽʰ˃ʶˋˇ˂ʰʲʹˍʷˌ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ˄ ˉʰʻˇʴʷ˄ʶˋʹˍʹˌ ʁɮ ʶˎˇʵ˗˄ˇ˄ˍʰˌˍˇ˄ ˁʰˍʰʲˇ˂ʽˋ˃ˈ ˍˇˎ ˔ˈ˄ʵˊˇˎ. SFAs: saturated fatty acid, n-6 PUFAs: s-6 
polyunsaturated fatty acids; AGEs: Advanced glycationend product; NO: nitric oxide; RSPO2: R-spondin-2. 

ZhengL, Ageing Res Rev. 2021 Mar;66:101249



ʁ ʰˊʻˊʽˁˈˌ ˔ˈ˄ʵˊˇˌ ˋˍʹ˄ ʁɮ

The structure of articular cartilage can be divided into three distinct zones moving from the articular 
surfacetowards the bone (superficial, middle and deep), followed by the calcified cartilage. Eachzone 
exhibits a characteristic extracellular matrix (ECM) composition and organizationthat reflect the forces 
experienced. Chondrocytes and type II collagen fibresareorientated transversely in the superficial zone, 
enabling the dispersion of shearforces during articulation. The presence of lubricin within this zone 
further facilitateslubrication of the joint. In the middle zone, type II collagen fibres resist compressive 
andshear forces from a number of directions, as exemplified by the random arrangement of the fibres. By 
contrast, thick collagen fibresarranged perpendicular to the articulating joint surface in the deep zone 
resist compressive loads and high concentrations of proteoglycan in this zone enable water retention. The 
ECM in which chondrocytes residealso differs in composition and structure and can be divided into three 
regions movingfrom the chondrocyte outwards; the pericellularmatrix (PCM), territorial matrix and the
interterritorial matrix. The PCM, characterized by the presence of type VI collagen, surrounds the 
chondrocyte and influences chondrocyte mechanotransduction. 

HodgkinsonT, Nat Rev Rheumatol. 2022 Feb;18(2):67-84



ɾʹ˔ʰ˄ʽˁʱ ˒ˇˊˍʾʰΣ ʵˎ˄ʱ˃ʶʽˌ ʵʽʱˍ˃ʹˋʹˌ ˁʰʽ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ

ʇ˕ʹ˂ˈ ˋˍˊʶˌ ʵʽʱˍ˃ʹˋʹˌ ʶ˄ʶˊʴˇˉˇʽʶʾ ˍˇ Rac-1/Cdc42, 

ˍˇ ˇˉˇʾˇ ʶ˄ʶˊʴˇˉˇʽʶʾ ˍˇ MKK7 ̄ ˇˎ ˊˎʻ˃ʾʸʶʽ ˍʹ˄ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍʹˌJNK2, ˁ ʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʵʽʶʴʶʾˊʶʽ 

ˍʹ˄ ˒˖ˋ˒ˇˊˎ˂ʾ˖ˋʹˍʹˌ c-JunΣ ˉˇˎ ʶˉʱʴʶʽ ˍʹ˄ 

ˎˉʶˊʷˁ˒ˊʰˋʹCox-2. ɶ Cox-2 ˁ ʰˍʰˋˍʷ˂˂ʶʽ ˍʹ˄ ʵˊʱˋʹ 

ˍˇPˎ13-K, ̄ ˇˎ ˁʰˍʰˋˍʷ˂˂ʶʽ ˍˇ Nrf-2 ̠ ˋˍʶ ˄ʰ 

ʶ˂ʰˍˍ˖ʻʶʾ ʹ ʰ˄ˍʽ-ˇ˅ʶʽʵ˖ˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰΣ ˁʰʽ ʶˉʽˍˊʷˉʶʽ 

ʵʽʱˋˉʰˋʹ ˍʹˌ ʰˁʶˊʰʽˈˍʹˍʰˌ ˍˇˎ ˃ʽˍˇ˔ˇ˄ʵˊʾˇˎΣ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍʹˌ ˁʰˋˉʱˋʹˌ-9, ˁ ʰʽ ʰˉˈˉˍ˖ˋʹ ˍ˖˄ 

˔ˇ˄ʵˊˇˁˎˍˍʱˊ˖˄. ɶ ʷˁ˒ˊʰˋʹ ˍʹˌCox-2 ɻ ʽʶʴʶʾˊʶʽ ˍʹ˄ 

ʷˁ˒ˊʰˋʹ ˍʹˌ PGE2, ˁ ʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ 

ʷˁ˒ˊʰˋʹ ˍˇˎ ˎˉˇʵˇ˔ʷʰ EP2, ˁ ʰʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ˍʰ˔ʶʾʰ ˋˏ˄ʻʶˋʹ IL-1b. ɳˉʽˉ˂ʷˇ˄Σ ʰˉˇˊˊˏʻ˃ʽˋʹ ˍˇˎ 

TLR4 ˂ ˈʴ˖ ˍˇˎ ˎ˕ʹ˂ˇˏ ˋˍˊʶˌ ʵʽʱˍ˃ʹˋʹˌ ʶ˄ʶˊʴˇˉˇʽʶʾ 

ˍʰ ˃ˇ˄ˇˉʱˍʽʰ ERK1/2, P13-K ˁ ʰJ̔NKΣ ˍʰ ˇˉˇʾʰ ʶˉʾˋʹˌ 

ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ IL-1b, ˁ ʰʽ ʶˉˈ˃ʶ˄ʰ ˊˎʻ˃ʾʸʶʽ 

ˍʹ˄ ʶ˅ʰˊˍ˗˃ʶ˄ʹ ʰˉˈ ˍˇ˄  NF-kBˋˏ˄ʻʶˋʹ IL-6 ˁ ʰM̔MP. 

Li, Y.; Molecules 2021, 26, 6122



ɾʹ˔ʰ˄ʽˋ˃ˇʾ ˒˂ʶʴ˃ˇ˄ʺˌ ˋˍʹ˄ ʁɮ

KumavatR, Mediators Inflamm. 2021:5574582

ɾʶ˃ʲˊʰ˄ʽˁˇʾ 
ˎˉˇʵˇ˔ʶʾˌ ˁʰʽ 
ʶ˄ʵˇˁˎˍˍʱˊʽʰ 
ˋʹ˃ʰˍˇʵˈˍʹˋʹ ˋˍˇ 
˔ˇ˄ʵˊˇˁˏˍˍʰˊˇ



ɼˎˍˍʰˊʽˁˇʾ ʰˎ˅ʹˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ 
ˋˍˇ˄ ʰˊʻˊʽˁˈ ˔ˈ˄ʵˊˇ

Upon deformation, growth factorssequestered in the extracellular 
matrix, including fibroblast growth factor (FGF), bonemorphogenetic 
protein (BMP) and transforming growth factor- ʲ ό¢DCʲύ ŀŎǘƛǾŀǘŜ cell
surface receptors. FGF binds to FGF receptors (FGFRs), causing 
phospholipase Cɹ  όPLCɹ) to be recruited to the kinase domains of FGFRs 
and activated and, in turn, to stimulate protein kinase C (PKC) activity 
and downstream activation of mitogen- activated protein kinases 
(MAPKs). FGFR ligand binding also activates growth factor receptor-
bound protein 2 (GRB2) through FGFR substrate 2 (FRS2), which
activates RAS, resulting in the activation of extracellular- signal-
regulated kinase 1 (ERK1) and ERK2. ERK1 and ERK2translocate to the 
nucleus and affect the activity of numerous transcription factors. FGFR
signallingvia GRB2 also triggers the phosphoinositide3- kinase (PI3K)ς
protein kinase B(AKT) pathway. BMPs and TGF̡ bind to cell surface 
heterodimer BMP receptors (BMPRs) and TGF receptors (TGFRs). In the 
SMAD signallingpathway, either SMADs 1, 5 or 8 (for BMPRs) or SMADs 
2 or 3 (for TGFRs) are phosphorylated and activated upon ligandς
receptor binding, recruiting SMAD4 and translocatingto the nucleus to 
affect transcription. Non- SMAD signallingpathways are activated 
ǘƘǊƻǳƎƘ ¢DCʲ activatedkinase (TAK1), which can activate c- Jun amino 
terminal kinase (JNK), p38 MAPK and NF-ˁ.. Activation of these 
pathways results in context- dependent expression of genesassociated 
with anabolic and/or catabolic chondrocyte processes, as well those
controlling chondrocyte hypertrophy. HS, heparansulfate

HodgkinsonT, Nat Rev Rheumatol. 2022 Feb;18(2):67-84



ʅʹ˃ʰ˄ˍʽˁˈˌ ˊˈ˂ˇˌ ˍˇˎ 
TGF-ʲо

In healthy articular cartilage, low concentrations 
of TGF-ʲо ǇǊƻƳƻǘŜ ƳŜǘŀōƻƭƛŎ ōŀƭŀƴŎŜ ǘƘǊƻǳƎƘ 
the Smad2/3 pathway. Chondrocyte autophagy 
alsoplays a protective role. TGF-ʲо ƛǎ ŀƭǎƻ 
involved in many aspects of osteoarthritis (OA) 
pathology mediated through the Smad1/5/8 
pathway.
High concentrations of TGF-ʲо ƛƴ ƻǎǘŜƻŀǊǘƘǊƛǘƛŎ 
joints induce the production of catabolic factors 
and chondrocyte hypertrophy, ultimately
resulting in cartilage matrix degradation, 
osteophyte formation, and synovial fibrosis. In 
addition, high levels of TGF-ʲо upregulatethe
expression of Runt-related transcription factor 2 
(Runx2) via the Smad1/5/8 pathway, leading to 
aberrant bone remodeling and further
subchondralbone sclerosis. In addition, 
chondrocyte switching from autophagy to 
apoptosis has been implicated in OA progression.

Du X, Bone Res. 2023;11(1):2



Fibroblast growth factor signalling
in osteoarthritis and cartilage repair

a | In an osteoarthritic joint, the expression of fibroblast growth 

factors (FGFs) andFGF receptors (FGFRs) in different tissues is altered 

compared with that in a healthy joint. b | FGF signallingpathways 

canbe modulated in several ways as potential therapies for 

osteoarthritis (OA). FGFR1 triggers upregulationof aggrecanasesand 

matrix metalloproteinases(MMPs), promotes extracellular matrix 

(ECM) degeneration and inhibits the anabolicactivities of articular 

cartilage. FGFR3 exerts a cartilage- protective effect, mainly through 

the inhibition of hypertrophy and pro- inflammatory mediators and 

the promotion of ECM synthesis. FGFR1 antagonists and FGFR3 

agonists arepromising future therapeutic strategies for OA. 

DysregulatedFGF signallingin the synoviummight alter the balance 

of cartilage matrix degradation and composition, and such cartilage 

alteration could, in turn, amplify synovial inflammation.

CXCR7 , CXC- chemokine receptor 7; IHH, Indian hedgehog; PGE2, 

prostaglandin E2.

XieY, Nat Rev Rheumatol. 2020 Oct;16(10):547-564



ʁɮΣ ˋˎ˃˃ʶˍˇ˔ʺ ʰʴʴʶʽʰˁˇˏ 
ˁʰʽ ˄ʶˎˊʽˁˇˏ ʽˋˍˇˏ

ʁ ˗ˊʽ˃ˇˌ ˎʴʽʺˌ ˔ˈ˄ʵˊˇˌ όʰˊύ ʵʶ˄ ʷ˔ʶʽ ʰʴʴʶʾʰ ˁʰʽ 

˄ʶˏˊʰ. ʆˇ ˔ˇ˄ʵˊˇˁˏˍˍʰˊˇ ʶʾ˄ʰʽ ˇ ˃ˈ˄ˇˌ ˍˏˉˇˌ 

ˁˎˍˍʱˊˇˎ ˁʰʽ ʵʽʰˍʹˊʶʾ ˍʹ˄ ʽˋˇˊˊˇˉʾʰ ˋˍˇ ʲʽˇ-˃ʹ˔ʰ˄ʽˁˈ 

ˉʶˊʽʲʱ˂˂ˇ˄. ʆʰ ˃ʰˁˊˇ˒ʱʴʰ ˋˍˇ˄ ˎʴʽʺ ˎ˃ʷ˄ʰ ʶʾ˄ʰʽ 

ʰʵˊʰ˄ʺ. ʂ˃˖ˌΣ ˋˍʹ˄ ˉˊ˗ʽ˃ʹ ʁɮΣ ˍʰ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ 

ʴʾ˄ˇ˄ˍʰʽ ˎˉʶˊˍˊˇ˒ʽˁʱ ˁʰʽ ʶˁˁˊʾ˄ˇˎ˄ ˁʰˍʰʲˇ˂ʽˁʷˌ

ˁˎˍˍʰˊˇˁʾ˄ʶˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˉˇʵˈ˃ʹˋʹ ˍˇˎ 

˔ˈ˄ʵˊˇˎ. ɳ˄ʵˇʻʹ˂ʽʰˁʱ ˁˏˍˍʰˊʰ ˃ʶˍʰ˄ʰˋˍʶˏˇˎ˄ ˉˊˇˌ 

ˍʽˌ ˁʰˍʰʲˇ˂ʽˁʷˌˁˎˍˍʰˊˇˁʾ˄ʶˌΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˄ʶˇ-

ʰʴʴʶʾ˖ˋʹ. ʆˇ ˎˉˇ˔ˈ˄ʵˊʽˇ ˇˋˍˇˏ˄ ˉˊˇˋʲʱ˂˂ʶˍʰʽ 

ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʲ˂ʱʲʶˌ ˍˏˉˇˎ ˇˋˍʽˁˇˏ ˇʽʵʺ˃ʰˍˇˌ ˍˇˎ 

˃ˎʶ˂ˇˏΦ  ɳ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ʰ ˃ʰˁˊˇ˒ʱʴʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ 

ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ʁɮ. ʅʶ ˍʶ˂ʽˁˈ ˋˍʱʵʽˇ ˃ʶ ˉˊˇˇʵʶˎˍʽˁʺ 

ˁʰˍʰˋˍˊˇ˒ʺ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˍˇ ˎˉˇ˔ˈ˄ʵˊʽˇ ˇˋˍʽˁˈ ˉ˂ʰˍˈ 

ʴʾ˄ʶˍʰʽ ˉʰ˔ˏˍʶˊˇ. ɶ ʶʽˋʲˇ˂ʺ ʰʽ˃ˇ˒ˈˊ˖˄ ʰʴʴʶʾ˖˄ 

ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ˉʾʶˋʹ ˇ˅ˎʴˈ˄ˇˎ ˉˇˎ ʶˉʽʵʶʽ˄˗˄ʶʽ ˍʹ˄ 

ʲ˂ʱʲʹ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾ ˁˏˁ˂ˇ ʰ˄ʱʵˊʰˋʹˌ 

˃ʶ ˉˊˈˁ˂ʹˋʹ ˃ʹ ʰ˄ʰˋˍˊʷ˕ʽ˃ʹˌ ʶˁ˒ˏ˂ʽˋʹˌΦ 

Pei YA, Cell Mol Life Sci. 2022;79(1):71



ɶ ʴʺˊʰ˄ˋʹ ˍˇˎ 
˔ˈ˄ʵˊˇˎ ˁʰʽ ʹ ʁɮ

RamasamyTS, Front Cell Dev Biol. 2021;9:625497



ɶ ʴʺˊʰ˄ˋʹ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˁʰʽ 
ʹ ʁɮ 

ʃˇ˂˂ʰˉ˂ʱ ˋˍˊʶˌ ˋ˔ʶˍʽʸˈ˃ʶ˄ʰ ˃ʶ ˍʹ˄ ʹ˂ʽˁʾʰ ʶˉʽ˒ʷˊˇˎ˄ ˍʹ˄ 

ʷˁ˒ˊʰˋʹ ʵʶʽˁˍ˗˄ ʴʺˊʰ˄ˋʹˌ ˋˍʰ ʰˊʻˊʽˁʱ ˁˏˍˍʰˊʰ. ɮˎˍʱ ˍʰ 

ˁˏˍˍʰˊʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˒ʰʽ˄ˈˍˎˉˇ ʴʺˊʰ˄ˋʹˌ ˁʰʽ 

ʶˁˁˊʾ˄ˇˎ˄ ˉʰˊʱʴˇ˄ˍʶˌ(˔ˎ˃ˇˁʾ˄ʶˌΣ ˁˎˍˍʰˊˇˁʾ˄ʶˌΣ 

ˉˊ˖ˍʶʱˋʶˌˁʰʽ ʰˎ˅ʹˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ),ˉˇˎ ʵˊˇˎ˄ 

ʰ˄ʶ˅ʱˊˍʹˍʰ ʺ ˃ʰʸʾΣ ʴʽʰ ˄ʰ ʶˉʱʴˇˎ˄ ˍʽˌ ʰ˂˂ʰʴʷˌ ˉˇˎ 

ʵʽʰˉʽˋˍ˗˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˇˋˍʶˇʰˊʻˊʽˁˇˏˌ ʽˋˍˇˏˌ. ADAMTS, a 

disintegrinand metalloproteinase with thrombospondin

motifs; CCL, CC- chemokine ligand; ECM, extracellular 

matrix; GM- CSF, granulocyteςmacrophagecolony-

stimulating factor; GRO, growth- regulated alpha protein; 

IGFBP, insulin- like growth factor binding protein; MMP, 

matrix metalloproteinase; OA, osteoarthritis; OSM, 

oncostatinM; ROS, reactive oxygen species; SA 

heterochromatin, senescence-associated heterochromatin; 

¢DCʲΣ ǘǊŀƴǎŦƻǊƳƛƴƎ ƎǊƻǿǘƘ ŦŀŎǘƻǊ- ;̡ senescence-

associated secretory phenotype (SASP) 

Coryell PR,Nat Rev Rheumatol. 2021;17(1):47-57



ʆʰ ɹ́ ˊʰˋ˃ʷ˄ʰ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ ˁʰʽ ˍʰ ˎ˃ʶ˄ʽˁʱ 
ˁˏˍˍʰˊʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵˎˋ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ 
˃ʽˍˇ˔ˇ˄ʵˊʾ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ 
ʰ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌΣ ˃ʷˋ˖ ʶ˂ʱˍˍ˖ˋʹˌ 
ˍʹˌ ʵˊʰˋˍʹˊʽˈˍʹˍʰˌ ˍʹˌ ˁʰˍʰ˂ʱˋʹˌˁʰʽ ˍʹˌ 
ʵʽˋ˃ˇˎˍʱˋʹˌˍˇˎ ˎˉʶˊˇ˅ʶʽʵʾˇˎ (SOD) ˁ ʰʽ 
ʶ˂ʰˍˍ˖˃ʷ˄ʹ ˂ʶʽˍˇˎˊʴʾʰ ˉʶˊˇ˅ʽˊʶʵˇ˅ʾ˄ʹˌ. 
ɮˎˍˇʾ ˇʽ ˒ʰʽ˄ˈˍˎˉˇʽ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 
ʰ˄ˍʽʵˊʰˋˍʽˁ˗˄ ˊʽʸ˗˄ ˇ˅ˎʴˈ˄ˇˎ (ROS) ˁ ʰʽ 
ʰ˄ˍʽʵˊʰˋˍʽˁ˗˄ ˊʽʸ˗˄ ʰʸ˗ˍˇˎ(RNS), ̱ ʰ ˇˉˇʾʰ 
ʶˉʱʴˇˎ˄ ˔ˊˈ˄ʽʰ ʲ˂ʱʲʹ ˍˇˎDNAˁʰʽ ʰˏ˅ʹˋʹ 
ˍʹˌ MAPK ̀ ʹ˃ʰˍˇʵˈˍʹˋʹˌ, ̱ ʰ ˇˉˇʾʰ ˃ˈ˄ʰ 
ˍˇˎˌ ʺ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ʶˉʱʴˇˎ˄ ʴʺˊʰ˄ˋʹ. ɶ 
ʴʺˊʰ˄ˋʹ ʰˉˈ ˃ˈ˄ʹ ˍʹˌ ˉˊˇˁʰ˂ʶʾ ˉʶˊʰʽˍʷˊ˖ 
˃ʽˍˇ˔ˇ˄ʵˊʽʰˁʺʲ˂ʱʲʹΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʻʶˍʽˁʺ 
ʰ˄ʱʵˊʰˋʹΦ 

Coryell PR,Nat Rev Rheumatol. 2021;17(1):47-57

ɶ ʴʺˊʰ˄ˋʹ ˍˇˎ ˔ˈ˄ʵˊˇˎ ˁʰʽ 
ʹ ʁɮ 



Coryell PR,Nat Rev Rheumatol. 2021;17(1):47-57

ɶ ʴʺˊʰ˄ˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄ 
Cytokines such as IL-6 promote senescencevia the 
transcription factor STAT3, and IL-1 can induce bCˁ.- driven 
expression of genes encoding senescence- associatedsecretory 
phenotype (SASP) factors. Senescent joint cells are 
characterized by increased oxidative stress (owing to the
generation of reactive oxidative species (ROS) and reactive 
nitrogen species (RNS)), DNA damage, increased expressionof 
urokinase- type plasminogen activator surface receptor (uPAR), 
and upregulationof stress proteins such as p38, c- JunN-
terminal kinase (JNK) and mTOR. p38 induces senescence and 
the expression of p16, while JNK negatively regulates
senescence in cells in joint tissue. mTORand p38 promote the 
SASP by upregulatingthe translation of (mTOR) and
phosphorylating (p38) MK2 (also known as MAPKAPK2), which 
stabilizes mRNA transcripts encoding SASP factors. SASP 
factors (including IL-1 and IL-6) and senescence- inducing 
extracellular vesicles are secreted by these cells into the 
extracellular matrix, promoting macrophage recruitment to, 
and driving further senescence in, the surroundingjoint tissue. 
Senolyticdrugs aim to prevent senescence- associated disease 
by inducing apoptosis specifically in senescentcells via the 
upregulationof p53, caspasesand other proteins in death-
associated pathways, while repressing pathwaysassociated 
with cell survival (for example, pathways involving MDM2, 
BCL2 and PI3K). Senomorphicdrugs do not kill senescent cells, 
but repress the SASP by inhibiting the activity of proteins 
related to inflammation, such as mTOR, or by directly 
inhibiting the activity or production of SASP factorssuch as IL-6 
and TNF.



ɶ˂ʽˁʾʰ ˁʰʽ ʁɮΥ ɲˎˋ˂ʶʽˍˇˎˊʴʾʰ 

ˍ˖˄ ˃ʽˍˇ˔ˇ˄ʵˊʾ˖˄Σ ˇ˅ʶʽʵ˖ˍʽˁˈ 

ˋˍˊʶˌ ˁʰʽ ʰ˂˂ʰʴʷˌ ˋˍʹ˄ 

˒ˎˋʽˇ˂ˇʴʽˁʺ ˃ʶˍʰ˒ˇˊʱ ˋʺ˃ʰˍˇˌ 

ˋʶ ʹ˂ʽˁʽ˖˃ʷ˄ˇˎˌ ˁʰʽ ʁɮ

Loeser, R. F. et. al. (2016) Nat. Rev. Rheumatol.



ʁɮΥ ɲˎˋ˂ʶʽˍˇˎˊʴʾʰ ˋˍʰ 
˃ʽˍˇ˔ˈ˄ʵˊʽʰ ˍ˖˄ 
˔ˇ˄ʵˊˇˁˎˍˍʱˊ˖˄

ɲˎˋ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˃ʽˍˇ˔ˇ˄ʵˊʾ˖˄ ˁʰʽ 

ˉʰˊʰʴ˖ʴʺROS̀ ʶ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ 

ʰˉˈ ˇˋˍʶˇʰˊʻˊʽˍʽˁˈ˔ˈ˄ʵˊˇΦ  

ʊʰˏ˂ˇˌ ˁˏˁ˂ˇˌ ˃ʶˍʰ˅ˏ ˉʰˊʰʴ˖ʴʺˌ 

ROS ˁ ʰʽ ˁʰˍʰˋˍˊˇ˒ʺˌ ˍˇˎmtDNA, 

ˁʰʻ˗ˌ ˁʰʽ ʵʽʰˍʰˊʰ˔ʺ ˍʹˌ 

ʽˋˇˊˊˇˉʾʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ 

ˎˉʶˊˉʰˊʰʴ˖ʴʺˌ ROS ˁ ʰʽ ˍʹˌ ʵˊʱˋʹˌ 

ζˁʰʻʰˊʽˋ˃ˇˏη ˍ˖˄ROS.

ZhengL, Ageing Res Rev. 2021 Mar;66:101249



Áɶ ʰˎˍˇ˒ʰʴʾʰ ʶʾ˄ʰʽ ˃ˇ˄ˇˉʱˍʽ-ˁ˂ʶʽʵʾ ʴʽʰ ˍʹ˄ 

ˁˎˍˍʰˊʽˁʺ ˇ˃ˇʽˇˋˍʰˋʾʰ ˃ʷˋ˖ ˍʹˌ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ 

ˁʰˍʶˋˍˊʰ˃˃ʷ˄˖˄ ˃ʰˁˊˇ˃ˇˊʾ˖˄ ˁʰʽ ˇˊʴʰ˄ˎ˂ʾ˖˄, 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍʰ ˃ʽˍˇ˔ˈ˄ʵˊʽʰΦ ɶ 

ʰˎˍˇ˒ʰʴʾʰ ʶʾ˄ʰʽ ʵˎˋ˂ʶʽˍˇˎˊʴʽˁʺ ˋˍʹ˄ ˃ʶʴʱ˂ʹ 

ʹ˂ʽˁʾʰ ˁʰʽ ˍʹ˄ ˇˋˍʶˇʰˊʻˊʾˍʽʵʰ ˋˎ˄ʶʽˋ˒ʷˊˇ˄ˍʰˌ 

ˋˍˇ˄ ˁˎˍˍʰˊʽˁˈ ʻʱ˄ʰˍˇ ˁʰʽ ˍʹ˄ ʽˋˍʽˁʺ 

ˁʰˍʰˋˍˊˇ˒ʺΦ ɳˉʽˉ˂ʷˇ˄ ʹ ʵˎˋ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ 

˃ʽˍˇ˔ˇ˄ʵˊʾ˖˄ ˋˎ˃˃ʶˍʷ˔ʶʽ ˋˍʹ˄ ˉʰʻˇʴʷ˄ʶˋʹ ˍʹˌ 

ʁɮ

Áʊʰˊ˃ʰˁʶˎˍʽˁʷˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ ʶ˄ʽˋ˔ˏˇˎ˄ ˍʹ˄ 

ʰˎˍˇ˒ʰʴʾʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ 

˔ˇ˄ʵˊˇˉˊˇˋˍʰˍʶˎˍʽˁʷˌʽʵʽˈˍʹˍʶˌ ˋˍʹ˄ ʁɮ

ɮˎˍˇ˒ʰʴʾʰ ˋˍʹ˄ ʁɮ

Lópezde Figueroa P,Arthritis Rheumatol. 2015;67:966-76



ZhengL, Ageing Res Rev. 2021 Mar;66:101249

ɲʽʰ˒ˇˊʶˍʽˁʱ ˃ʶˍʰʲˇ˂ʽˁʱ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ 
˔ˇ˄ʵˊˇˁˎˍˍʱˊ˖˄ ˋˍˇˎˌ 
˒ʰʽ˄ˈˍˎˉˇˎˌˍʹˌ ʁɮ



A. Synovitis-induced venous portal circulation. 

B. Horizontal fissures in obese OApatients. 

C. Cell derivation of osteophyte formation. 

Pdgf-ra platelet-derived growth factor receptor A; 

Gdf5 growth differentiation factor 5; Prg4 

proteoglycan 4, i.e., lubricin.

Y. Jiang, Osteoarthritis and Cartilage 30 (2022) 207e215

ʋˈ˄ʵˊˇˌ ˁʰʽ ˇˋˍʶˈ˒ˎˍˇ



ʋˇ˄ʵˊˇˁˏˍˍʰˊʰ ˁʰʽ ˇˋˍʶˇˁˏˍˍʰˊʰ ˋˍʹ˄ 
ʁɮ

Sequential changes in the 

osteochondralunit during the 

evolution of osteoarthritis. (Left)

Early OA is characterized by 

increased remodeling of the 

subchondralbone plate. With 

diseaseprogression, loss of 

cartilage matrix proteoglycans and 

erosion of the collagen network led 

to the development of deep fissures 

and delamination of the cartilage, 

with exposure of the underlying

zones of calcified cartilage and 

subchondralbone. In the 

subchondralbone, cortical plate 

thicknessgradually increases. 

(Right) Chondrocytes exist mostly in 

clusters in late-stage OA, but 

chondrocyteapoptosis is also 

evident. 

Coaccioli, S.; J. Clin. Med. 2022, 11, 6013



ʃʰʻˇ˒ˎˋʽˇ˂ˇʴʾʰ ʁɮΥ ɮˉˇˍʽˍʰ˄˗ˋʶʽˌ ˋˍˇ ˃ʹ˄ʾˋˁˇ ˁʰʽ ˍˇ˄ ˔ˈ˄ʵˊˇ

Prevalence of Calcified Meniscal Cartilage in Elderly Persons
N EnglJ Med 1965; 272:1093-1097

Pathological calcification of cartilage is a hallmark of 

osteoarthritis (OA). Calcification can be observed 

both at the cartilage surface and in its deeper layers. 

The formation of calcium-containing crystals, 

typicallybasic calcium phosphate (BCP) and calcium 

pyrophosphate dihydrate (CPP) crystals, is an active, 

highly regulated and complex biologicalprocess that 

is initiated by chondrocytes and modified by genetic

factors, dysregulatedmitophagyor apoptosis, 

inflammation and the activation of specific cellular-

signallingpathways. The links betweenOA and BCP 

deposition are stronger than those observed 

between OAand CPP deposition.

BernabeiI, Nat Rev Rheumatol. 2023;19(1):10-27



ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʵʹ˃ʽˇˎˊʴʾʰˌ 
ˁˊˎˋˍʱ˂˂˖˄ ˋˍʹ˄ ʁɮ

Calcium-containing crystalprecursors (amorphous calcium 
phosphate precursors (ACP) and amorphouscalcium 
pyrophosphate precursors (ACPP)) are produced by chondrocytes 
via three different mechanisms: hypertrophic differentiation and 
release of matrix vesicles (part a); mitochondrial autophagy and 
exocytosis (part b); and apoptosiswith generation of apoptotic 
bodies (part c). Once released in the cartilageextracellular 
matrix, these precursors can be converted into mature basic
calcium phosphate (BCP) and calcium pyrophosphate dihydrate
(CPP) crystals, which then grow, leading to pathological cartilage 
calcification. AIF, apoptosisinducingfactor; ANK, progressive 
ankylosisprotein homologue; CAD, caspaseactivatedDNAse; 
DIABLO, Diablo IAP-binding mitochondrial protein; ENPP1,
ectonucleotidepyrophosphatase/ phosphodiesterasefamily 
member 1; FasL, Fas ligand; HTRA2, serine protease HTRA2; Pi, 
inorganic phosphate; PPi, inorganic pyrophosphate; PINK1, PTEN-
induced putative kinase protein 1; PS, phosphatidylserine; TNAP, 
tissue-nonspecific alkaline phosphatase

BernabeiI, Nat Rev Rheumatol. 2023;19(1):10-27



The cartilage calcificationprocess consists of a crystal nucleation phase, during which amorphouscalcium phosphate precursors (ACP) and amorphous 
calcium pyrophosphateprecursors (ACPP) are formed, and a crystal growth phase, during which basiccalcium phosphate (BCP) and calcium 
pyrophosphate dihydrate(CPP) crystalsare generated and grow in size. Crystal nucleation occurs via three different mechanisms: hypertrophic 
differentiation of chondrocytes, mitochondrialautophagy and chondrocyte apoptosis. Crystal growth starts in collagen fibrils (intrafibrillar ) and continues 
between collagen fibrils (extrafibrillar). Both crystalnucleation and crystal growth are modulated by different factors, includingpro-inflammatory 
mediators, reactive oxygen species (ROS) and reactive nitrogenspecies (RNS), growth factors (such as bone morphogenicproteins (BMPs)), extracellular 
matrix proteins (for example, bone sialoprotein, osteocalcin, dentin matrix protein 1 (DMP1), osteopontin, matrix Glaprotein (MGP) and Gla-rich protein
(GRP)), ion imbalance and circulating proteins (such as fetuin-A)

ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁˊˎˋˍʱ˂˂˖˄ ˋˍʹ˄ ʁɮ

BernabeiI, Nat Rev Rheumatol. 2023 Jan;19(1):10-27



ɾˇˊʽʰˁʱ ˃ˇ˄ˇˉʱˍʽʰ ˉˇˎ 
ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍˇˎˌ BCP 
ˁʰC̔PP ˁ ˊˎˋˍʱ˂˂ˇˎˌ ˋˍʰ 

˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ

BernabeiI, Nat Rev Rheumatol. 2023;19:10-27

ʅˍʰ ˔ˇ˄ʵˊˇˁˏˍˍʰˊʰ ʰˉˈ ʰˊʻˊʽˁˈ 
˔ˈ˄ʵˊˇ, ̌ ʽ ˁˊˏˋˍʰ˂˂ˇʽ ʲʰˋʽˁˇˏ 
˒˖ˋ˒ˇˊʽˁˇˏ ʰˋʲʶˋˍʾˇˎ (BCP) ˁ ʰʽ 
ʵʽːʵˊʽˁˇˏ ˉˎˊˇ˒˖ˋ˒ˇˊʽˁˇˏʰˋʲʶˋˍʾˇˎ 
(CPP) ʁ ˉʱʴˇˎ˄ ˒˂ʶʴ˃ˇ˄ʺΣ ʰ˄ˍʽʵˊʰˋˍʽˁʷˌ 
ˊʾʸʶˌ ʰʸ˗ˍˇˎ(RNS), ˎ ˉʶˊˍˊˇ˒ʾʰΣ 
ˁˎˍˍʰˊʽˁˈ ʻʱ˄ʰˍˇ ˁʰʽ ʷ˄ʸˎ˃ʰ 
ʰˉˇʵˈ˃ʹˋʹˌ ˍʹˌ ʻʶ˃ʷ˂ʽʰˌ ˇˎˋʾʰˌΣ 
ˉˊʰˁˍʽˁʱ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˉʰˊʰʴ˖ʴʺ 
ʶˉʽˉ˂ʷˇ˄ ˁˊˎˋˍʱ˂˂˖˄ ˁʰʽ ʲ˂ʱʲʹˌ ˍˇˎ 
˔ˈ˄ʵˊˇˎ ˋˍʹ˄ ʁɮ. ʂ˂ʶˌ ˇʽ ʵʹ˂ʹˍʹˊʽ˗ʵʶʽˌ 
ʵˊʱˋʶʽˌ ʶʾ˄ʰʽ ʰ˂˂ʹ˂ʷ˄ʵʶˍʶˌΦ ʁʽ ˋˍʽˁˍʷˌ 
ʴˊʰ˃˃ʷˌ ʵʶʾ˔˄ˇˎ˄ ʱʴ˄˖ˋˍʰ ʲʺ˃ʰˍʰ ˋʶ 
ʴ˄˖ˋˍʱ ˃ˇ˄ˇˉʱˍʽʰ. ɶ ˒˖ˋ˒ˇˊˎ˂ʾ˖ˋʹ
ʵʶʾ˔˄ʶˍʰʽ ˃ʶ ˉˊʱˋʽ˄ˇˎˌ ˁˏˁ˂ˇˎˌ. CaMK2, 
calcium/calmodulin-dependent protein 
kinase II; IL-6R, IL-6 receptor; MMP, 
metalloproteinase; NO, nitric oxide; 
PGE2, prostaglandin E2; TLR, Toll-like 
receptor



ʆˇ Wnt ˃ˇ˄ˇˉʱˍʽ ˋˍʹ˄ ʁɮ

van den BoschMH, Rheumatology 2016;55:1536-1547



ɮˊ˔ʽˁʱ ˎˉʶˊˍˊˇ˒ʾʰ ˍˇˎ ˔ˇ˄ʵˊˇˁˎˍˍʱˊˇˎˋˍʹ˄ ʁɮ 

On the left, a normal articular 
chondrocyte is depicted together 
with the positivestimuli that induce 
chondrocyte homeostasis. 
Conversely, on the right a 
hypertrophic chondrocyte is shown, 
including the signaling and responses 
that occur during OA

Osteoarthritis and Cartilage 29 (2021) 1389e1398



ʅʹ˃ʰˍˇʵˈˍʹˋʹ 
ˍʹˌ ˎˉʶˊˍˊˇ˒ʾʰˌ 

ˍˇˎ 
˔ˇ˄ʵˊˇˁˎˍˍʱˊˇˎ
ˋˍʹ˄ ʁɮ 

Osteoarthritis and Cartilage 29 (2021) 1389e1398



Joint distraction for osteoarthritis: clinical evidence and 
molecularmechanisms

Jansen MP,Nat Rev Rheumatol. 2022;18(1):35-46



ɲʽˈˊʻ˖ˋʹ ˃ʹ˔ʰ˄ʽˁʺˌ ˒ˈˊˍʽˋʹˌ ˋˍʹ˄ 
ʁɮ:ˁ˂ʽ˄ʽˁʺ ʰˉˈʵʶʽ˅ʹ ˁʰʽ ˃ˇˊʽʰˁˇʾ 

˃ʹ˔ʰ˄ʽˋ˃ˇʾ

Overview of joint processes and molecular mechanisms during and 
after joint distraction. Distraction changesthe osteoarthritis (OA)-
related homeostasis in the joint. a | Joint distraction reduces 
mechanical (over)load on the articularcartilage surfaces, thereby 
preventing wear and tear and potentially initiating intrinsic cartilage 
repair activity. Resiliencein the distraction frame causes synovial fluid 
pressure changes during loading and unloading of the joint, improving 
the nutrition of the cartilage and stimulating the repair activities and 
processes of chondrocytes. b | Joint distraction also resultsin 
considerable peri- articular bone changes. Altered activity of bone cells 
may add to release of trophic factors (hexagonalshapes) to support 
cartilage repair. c | Restoration of the mechanical and biochemical 
environment of the joint, includingthe loss of the hyaluronic acid 
coating (blue outline) from synovial fluid- derived mesenchymalstem 
cells (SF- MSCs), might therefore provide a window of opportunity in 
which joint- resident MSCs can attach to injury sites and repair tissues.

Jansen MP,Nat Rev Rheumatol. 2022;18(1):35-46



ʋˈ˄ʵˊˇˌΣ 
ʱˋˁʹˋʹ ˁʰʽ ʁɮ

A crucial component of cartilage lubrication and integrity, lubricin is a surface-active mucinousglycoprotein released by the synovial joint. Its expression 
increases with joint movement. In healthy joints, lubricin molecules cover the cartilage surface to lubricate the boundary of the joint andinhibit protein and 
cell attachment. Patients with joint trauma, inflammatory arthritis, or geneticallymediated lubricin deficiency, who do not produce enough lubricin to 
protect the articular cartilage, develop arthropathy. IrisinΣ ǎƻƳŜǘƛƳŜǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άǎǇƻǊǘǎ ƘƻǊƳƻƴŜέΣ ƛǎ ŀ myokinesecretedprimarily by skeletal muscle. It 
is a physiologically active protein that can enter the circulation as anendocrine factor, and its synthesis and secretion are primarily triggered by exercise-
induced musclecontraction.

Roggio, F.; Int. J. Mol. Sci. 2023, 24, 5126



ɶ ʲ˂ʱʲʹ ˍˇˎ ˎ˃ʷ˄ʰ ˋˍʹ˄ ʁɮ



ɶ ˒˂ʶʴ˃ˇ˄ʺ ˍˇˎ 
ʰˊʻˊʽˁˇˏ ˎ˃ʷ˄ʰ 
ʶʾ˄ʰʽ ʲʰˋʽˁˈ 
ˋˍˇʽ˔ʶʾˇ ˋˍʹ˄ 
ˉʰʻˇʴʷ˄ʶˋʹ ˍʹˌ 

ʁɮ
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ʃʰʻˇ˒ˎˋʽˇ˂ˇʴʾʰ ˍʹˌ ˒˂ʶʴ˃ˇ˄ʺˌ ˋˍʹ˄ ʁɮ

ʊ˂ʶʴ˃ˇ˄ʺ ˍˇˎ ˎ˃ʷ˄ʰ ˁʰʽ ʾ˄˖ˋʹˋˍʹ˄ ʁɮ. ʋˊ˗ˋʹ ʰʽ˃ʰˍˇ˅ˎ˂ʾ˄ʹˌˁʰʽ ʹ˖ˋʾ˄ʹˌˍˇˎ ˎ˃ʷ˄ʰ ʰˉˈ ʰˋʻʶ˄ʶʾˌ ˉˇˎ ˎˉˇʲ˂ʺʻʹˁʰ˄ ˋʶ TKR. a,b | 
ʅˍˇʽ˔ʶʾʰ ˒˂ʶʴ˃ˇ˄˗ʵˇˎˌ ˒ʰʽ˄ˈˍˎˉˇˎ ˍˇ˄ʾʸˇ˄ˍʰʽ ˋˍʰ ˃ʶʴʶ˄ʻˎ˃ʷ˄ʰʷ˄ʻʶˍʰ, ̄ ʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉʶˊˉ˂ʰˋʾʰ ˍʹˌ ʶˉʽˉˇ˂ʺˌ ˋˍʽʲʱʵʰˌ 
(ʰˋˍʶˊʾˋˁˇˌ ˋˍˇ ˍ˃ʺ˃ʰ a), ˁ ʰʽ ˁˎˍˍʰˊʽˁʱ ʵʽʹʻʺ˃ʰˍʰ ˁʰʽ ʰʴʴʶʾ˖ˋʹˍʹˌ ˎˉˇˁʶʾ˃ʶ˄ʹˌ ˋˍʽʲʱʵʰˌ (ʰˋˍʶˊʾˋˁˇˌ ˋˍˇ ˍ˃ʺ˃ʰ b). c,d | ʅˍˇʽ˔ʶʾʰ 
ʽ˄˖ˍʽˁˇˏ ˒ʰʽ˄ˈˍˎˉˇˎ ˍˇ˄ʾʸˇ˄ˍʰʽ ˋˍʰ ʷ˄ʻʶˍʰΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ʾ˄˖ˋʹˍʹˌ ˎˉˇˁʶʾ˃ʶ˄ʹˌ ˋˍʽʲʱʵʰˌ (ʰˋˍʶˊʾˋˁˇˌ ˋˍˇ ˍ˃ʺ˃ʰ c ˁ ʰd̔).

Sanchez-Lopez E,Nat Rev Rheumatol. 2022 May;18(5):258-275



Robinson WH,Nat Rev Rheumatol. 2016;12(10):580-92

CPB, carboxypeptidase B; DAMPs, disease-
associated molecular patterns; NO, nitric 
oxide 

ʁʽ ˃ˇˊʽʰˁˇʾ 
˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˍʹˌ 
˔ʰ˃ʹ˂ˇˏ ʲʰʻ˃ˇˏ 
˒˂ʶʴ˃ˇ˄ʺˌ ˋˍʹ˄ 

ʁɮ



ɾˇˊʽʰˁˇʾ 
˃ʶˋˇ˂ʰʲʹˍʷˌ 
ˋˍʹ˄ ˒˂ʶʴ˃ˇ˄ʺ 
ˍˇˎ ˎ˃ʷ˄ʰ ˋˍʹ˄ 

ʁɮ

Sanchez-Lopez E,Nat Rev Rheumatol. 2022;18(5):258-275



Gómez, R. et al. Nat. Rev. Rheumatol. 2015; 11:159ς170

Å damage-associated molecular patterns (DAMPs) 
Å pathogen-associated molecular patterns (PAMPs)

Key points
Inflammation and inflammation-induced catabolism (for 
example, involving activation of matrix metalloproteinases) 
are tightly controlled by Toll-like-receptor-mediated innate 
immune responsesToll-like-receptor 4 (TLR4) binds a number 
of different agonists, some of which (so-called damage-
associated molecular patterns) are released when tissues are 
damaged.
The expression of TLR4 in cartilage is increased throughout 
the developmentof osteoarthritis (OA). Many TLR4 agonists 
that have been identified in the joints of patientswith OA 
can induce inflammatory responses in ex vivo tissue samples 
from these patients.
Several pathways modulate TLR4 signallingin joint tissues, 
and a number of TLR4 blockers might be candidate disease-
modifying OA drugs (DMOADs)



ʆʰ DAMPs ̀ ˍʹ˄ ʁɮ

Schematic representation of the role of damage-associated molecular patterns (DAMPs) in the initiation and perpetuation of the low-grade systemic
inflammation. (1) DAMPs released from extracellular matrix to the joint cavity during cartilage degradation. (2) Proliferation and hyperplasia of the 
lining cells along with inflammatory cell infiltration and (3) neoangiogenesis. (4) Production of inflammatory mediators (cytokines, chemokines, lipid 
mediators, and DAMPs themselves) into the synovial fluid. (5) These mediators then activate chondrocytes that in turn produce metalloproteinase 
resulting in a vicious cycle (6) between cartilage and synovialmembrane.

Lambert C, Front Med (Lausanne). 2021;7:607186



ɾм ˁʰʽ ɾн ˃ʰˁˊˇ˒ʱʴʰ ˋˍʹ˄ ʁɮ

An outline of the involvement of 

macrophages in to key pathological events 

of OA. The cells have a strong linkage with 

synovitisthrough the induction of 

proinflammatory mediators and activation 

of immune responses. Macrophages 

contribute for cartilage damage through 

the release of MMP-1, 3 and 9, while 

indirect stimulation of MMPs is through 

pro-inflammatory cytokine, ROS and NO. 

They play an active role in osteophytes 

formation by the release of TGF-ʲΣ ōƻƴŜ 

morphogenicproteins (BMPs), alarmins

and by modulation of bone resorption

process.

Kulkarni P, AdvClinChem. 2021;100:37-90



ʆʰ ˇˎʵʶˍʶˊˈ˒ʽ˂ʰ ˋˍʹ˄ ʁɮˁʺ
ʱˊʻˊ˖ˋʹ

Neutrophils are recruited at the synovial 

capsule and contribute to the secretion 

of many cytokinesand chemokines

within synovial fluid that promote 

inflammation and vascular infiltration 

and inhibit chondrogenicprogenitor cell 

migration. The formation of neutrophil 

elastase(NE) enhancescartilage 

degradation, chondrocytes apoptosis, 

unbalanced subchondralbone 

remodeling, andosteophyte formation. 

Chaney S, Biomedicines. 2022;10(7):1604.


