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Ultrasound-guided intra-articular imjection:
efficacy of hyaluronic acid compared to
glucocorticoid 1n the treatment of knee osteoarthritis

Simone PARISI *, Maria C. DITTO, Marta PRIORA, Richard BORRELLI,
Angela LAGANA. Clara L. PERONI, Enrico FUSARO
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Figure 3. Upregulation of MMP and ADAMTS gene expressions by IL-1 and the molecular mechanism of its downregulation

by Supartz FX in chondrocytes. As in synoviocytes, the binding of IL-1 to its receptor activates MAP kinase and NF-xB signal
transductions in chondrocytes. These signal transductions induce activation of AP-1 and NF-«B transcription factors, and MMP

and ADAMTS gene expressions are upregulated by these transcription factors. The binding of Supartz FX to CD44 or ICAM-|
suppresses phosphorylation of MAP kinases. These molecular changes inactivate AP-1, and MMP and ADAMTS gene expressions are

downregulated.







RAZIONALE

| principi attivi del PRP sono il TGF-beta ed i fattori di crescita quali IGF, i| PDGF

Il TGF-beta a concentrazioni adeguate inibisce la risposta immune mediata da cellule Th17, contrastandone |l
priming e convertendo i Tcell naive in T Reg soppressori (Zhou et al, 2008; Crome et al, 2010); il TGFb ha anche la
capacita di inibire altre cellule dell'infiammazione, quali altri fenotipi linfocitari e macrofagi, mentre i fattori di
crescita piastrinici, per contro, stimolano i tenociti a produrre collagene riparando le lesioni tendinee gid in essere

(Everts et al, 2006).
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Research Paper

Mechanistic insight into hyaluronic acid and platelet-rich plasma-
mediated anti-inflammatory and anti-apoptotic activities in

osteoarthritic mice

Chi-Sheng Chiou!?, Chi-Ming Wu 3, Navneet Kumar Dubey*®, Wen-Cheng Lo®’, Feng-Chou Tsai®,
Tran Dang Xuan Tung'?, Wei-Ching Hung'®, Wei-Che Hsu'?, Wei-Hong Chen'®, Win-Ping
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Figure 7. Schematic representation of HA and PRP-mediated cellular apoptosis in osteoarthritic chondrocytes.
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CONDIZIONATO

ACS therapy improved joint function and reduced
knee pain more effective than triamcinolone;
combined with its favorable safety profile, ACS
appears to be a more effective freatment than
glucocorticoids and could enhance the quality of
life in pafients with knee OA in RA. ACS has the
potential to offer an alternative, chondroprotective,
natural, molecular approach to treating pain and
functionality in patients with symptomatic knee OA
in particular related to RA.
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| LIRAGLUTIDE

« La liraglutide € un principio incretino-mimetico
(analogo del peptide-1 simil-glucagone GLP-1,
ormone endogeno incretinico che potenzia la
secrezione di insulina glucosio-dipendente dalle
cellule beta del pancreas) utilizzato nel trattamento

del digbete mellito di fipo 2 e nel

tfrattamento dell'obesitd e del sovrappeso.
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RESEARCH Open Access

The GLP-1 agonist, liraglutide, ameliorates

inflammation through the activation of the
PKA/CREB pathway in a rat model of knee

osteoarthritis
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Integral absorbance of GLP-1R

Fig. 1 Decreased expression of GLP-1R in the cartlage thisues of a knee OA at model a Representative Westem blots and guantification data of

GLP-IR expresgon levels in contiol, OA-1, OA-5, OA-10, OA-20 and OA-28 groups (0= 5 per group). b Hepresenative images (100 % and 200x) of

Immunohistochemical (HC) staining and comesponding quantification of GLP- TR expeassion levels In the control and OA-28 groups (1 =5 per
group). * indicates P < 005 compired with the contrel group
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Fig. 2 GLP-1R & associated with the PKA/CREB pathway in cartilage tissues of the knee OA rat model. a Representative Westem blots of immunoprecipitates
(n=5 per group). b Representative Westem blots and quantification data of PKA, p-PKA CREB and p-CREB levels in control, OA-1, OA-5, OA-10, OA-20 and
OA-28 groups (n=5 per group). * indicates P < 005 when compared with the control group
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Fig. 3 Induction of knee OA is accompanied by inflammation. Representative Western blots and quantification data for TNF-q, IL-6,and IL-18
expression levels in control, OA-1, OA-5, OA-10, OA-20 and OA-28 groups (n =5 per group). * indicates P < 0.05 compared with the control group
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Fig. 5 Liraglutide activates the PKA/CREB pathway in cartilage tissues of the knee OA rat model. Representative Western blots and quantification
data of PKA, p-PKA, CREB and p-CREB in the “OA", "OA + saline” and “OA + liraglutide” groups (n=5 per group). * Indicates P < 0.05 compared
with the "OA + saline” group
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Fig. 6 Liraglutide ameliorates inflammation in the knee OA rat model. Representative Western blots and quantification data for TNF-q, IL-6 and IL-
18 in the "OA", "OA + saline” and "OA + liraglutide” groups (n=5 per group). * indicates P < 005 compared with the "OA + saline” group
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Liraglutide e attivazione della via PKA / CREB e inibizione dell'infiammazione

Dopo il legame del GLP-1 al GLP-1R, questo complesso potfrebbe
sovraregolare cAMP attivando cosi la pathway PKA / CREB . CREB si
lega alla proteina legante CREB (CBP), un membro della famiglia delle
Istone acetfiliransferasi (HATs) e catalizza cosi I'acetilazione dell'istone
determinando lo switch della cromatina da stato chiuso ad aperto.

Questa modifica promuove il legame della RNA polimerasi Il e I'inizio
della frascrizione, coinvolgendo citochine anti-nfiammatorie, come
come IL-10 e fosfatasi 1 a doppia specificita (DUSP1).

Questi dati suggeriscono che l'attivazione dei segnali CREB gioca un
ruolo importante nella risposta antinflammatoria, con il coinvolgimento
di GLP-1R in questo processo.

GLP-1 receptor  GIP receptor

Pancreatic B-cells Insulin secretion
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Fig. 1 Molecular mechanism of GIP- and GLP-1l-induced insulin
secretion and PB-cell survival. GIP and GLP-1 potentiate glucose-
dependent insulin secretion through PKA and Epac2 (black arrows).
GLP-1 is well known to be associated with B-cell survival (as it exerts
an antiapototic effect), reduction of ER stress, and B-cell maturation
and differentiation (blue arrows). Campbell et al. have shown a new
pathway for GIP-induced B-cell survival (red arrows)
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DUSP1 limita

'attivazione della pathway MyD88 attraverso

la defosforilazione e

I'inattivazione di p38 MAPK e chinasi N-terminali c-Jun (JNK), e puo essere indotta da

glucocorticoidi.
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FIGURE 1 | Regulation and effects of GC-induced DUSP1 expression (simplified). Red: positive regulation, blue: negative regulation. See text for details. Templates
from Servier Medical Art (http://www.servier.com) were used to generate the figure.
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Review

The PI3K/AKT/mTOR signaling pathway in osteoarthritis: a
narrative review

K.Sun t,J. Luo f, J. Guo {, X. Yao 1, X. Jing {, E. Guo {

1 Department of Orthopedics, Tongll Hospital, Tongfi Medical College, Huazhong University of Science and Technology, Withan, Hubei, 430030, China
1 The Center for Biomedical Research, The Tangfi Hospital Research Building, Tong/i Hospim{ Tonghi Medial College, Huazhong University of Science &
Technology, Withan, 430030, China
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ARTICLE Open Access

Glucagon-like peptide-1 receptor regulates

endoplasmic reticulum stress-induced Control 1L1B

apoptosis and the associated inflammatory o —
response in chondrocytes and the P ———
progression of osteoarthritis in rat
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Fig. 1 GLP-1R is mainly expressed in cartilage chondrocytes and decreases in degenerative cartilage. a, b immunohistochamical sStamng ¢
GLP-1R espression i romma and OA group (40x). ¢ d Representative western biots and quantificabon data of GLP-1R iIn norma and OA group
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GLP-1R Gli effetti protettivi del GLP-1R potrebbero essere mediati dalla
pathway PI3K / Akt che inattiva anche pro-caspase-9 e
provoca la defosforilazione di caspase?, diminuendo il livello di
apoptosi.

Inflammation L' Attivazione di GLP-1R riduce i livelli di Bax pro-apoptotico e di
l cleaved-caspase3, e aumenta i livelli di Becl-2 anti-apoptotico
nei condrociti trattati con IL-1B per OA, indicando che GLP-1R

puo essere un potenziale bersaglio per il frattamento dell OA.

Chondrocytes
apoptosis ECM catabolism

Y

Osteoarthritis

Fig. 8 A schematic diagram depicting the potential molecular
mechanisms underying GLP-1R mediated-chondroprotection against
apoptosis and inflammation vig requiating PI3K/AKI/ER stress and NF-
kB signaling




Am J Transl Res 2019;11(8):4800-4808
www ajtrorg /ISSN:1943-8141/AJTR0092881

Original Article

Liraglutide suppresses TNF-a-induced degradation
of extracellular matrix in human chondrocytes:

a therapeutic implication in osteoarthritis

Jing Mei®", Jie Sun®, Jin Wu®*, Xiannian Zheng?

La liraglutide attenua in  modo significativo la
sovrapproduzione di ROS e NOX-4 innescata da TNF-a.
Suggerendo una potente e potenziale capacita
antiossidante.
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Figure 1. Liraglutide attenuates TNF-a-induced oxidative stress in human
primary chondrocytes. Human primary chondrocytes were incubated with
100 ng/ml TNF-a in the presence or absence of liraglutide (50 and 100
nM) for 24 h. A. The level of intracellular reactive oxygen species (ROS) was
determined by DCFH-DA; Scale bars, 100 pm; B. Expression of NOX-4 at the
mRNA level was determined by real time PCR analysis (a, b, ¢, P<0.01 vs.
previous column group, n=5-6).
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Figure 2. Liraglutide reduces TNF-a-induced expression and secretion of
pro-inflammatory cytokines in human primary chondrocytes. Human primary
chondrocytes were incubated with 100 ng/ml TNF-x in the presence or ab-
sence of liraglutide (50 and 100 nM) for 24 h. A. Expression of IL.-6 and MCP-
1 at the mRNA level was determined by real time PCR analysis; B. Expression
of IL-6 and MCP-1 at the protein level was determined by ELISA analysis (a,
b, ¢, P < 0.01 vs. previous column group, n=5-6).

La Liraglutide inibisce
fortemente l'espressione di
IL-6 indotta da TNF-a.

La Liraglutide ha avuto un
effetto inibitorio altrettanto
potente sull'espressione di
MCP-1, chemochina che
induce la degradazione
della cartilagine nell OA.
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Figure 3. Liraglutide mitigates TNF-a-induced expression of MMP-3 and
MMP-13 in human primary chondrocytes. Human primary chondrocytes
were incubated with 100 ng/ml TNF-x in the presence or absence of lira-
glutide (50 and 100 nM) for 24 h. A. Expression of MMP-3 and MMP-13 at
the mRNA level was determined by real time PCR analysis; B. Expression of
MMP-3 and MMP-13 at the protein level was determined by ELISA analysis
(a, b, c, P < 0.01 vs. previous column group, n=5-6).
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Effetti di Liraglutide sulla
degradazione del collagene
di tipo Il e dellaggrecano
rispettivamente da parte di
MMP e ADAMTS




Effetto inibitorio di liraglutide confiro I'espressione indofta da TNF-a di MMP-3 e MMP-13 e, notfevole
effetto preventivo contro la degradazione del collagene di tipo I
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Figure 4. Liraglutide mitigates TNF-a-induced degradation of type Il collagen
in human primary chondrocytes. Human primary chondrocytes were incubat-
ed with 100 ng/ml TNF-a in the presence or absence of liraglutide (50 and
100 nM) for 24 h. Expression of type |l collagen was determined by western
blot analysis (a, b, ¢, P < 0.01 vs. previous column group, n=5-6).
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Figure 5. Liraglutide mitigates TNF-a-induced expression of and ADAMTS-4
and ADAMTS-5 in human primary chondrocytes. Human primary chondro-
cytes were incubated with 100 ng/ml TNF-a in the presence or absence
of liraglutide (50 and 100 nM) for 24 h. A. Expression of ADAMTS4 and
ADAMTS-5 at the mRNA level was determined by real time PCR analysis; B.
Expression of ADAMTS-4 and ADAMTS-5 at the protein level was determined
by ELISA analysis (a, b, ¢, P < 0.01 vs. previous column group, n=5-6).

Effetto inibitorio di Liraglutide contro
l'espressione  indotta da TNF-a di
ADAMTS-4 e ADAMTIS-5 e la
successiva degradazione di
aggrecano, dimostrando cosi un
nuovo ruolo potenziale di liraglutide
nel preservare la cartilagine
prevenendo |la degradazione di
entrambi | tipi I collagene e
aggrecano indotti da TNF-a.




Avendo un ruolo essenziale nella degradazione della
cartilagine nellOA, la via di segnalazione NF-kB regola
un'ampia gamma di risposte pro-infiammatorie cosi come
I'espressione di MMP e ADAMTS nei condrociti.
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Figure 6. Liraglutide abrogates TNF-a-induced degradation of aggrecan
in human primary chondrocytes. Human primary chondrocytes were
incubated with 100 ng/ml TNF-a in the presence or absence of liraglu-
tide (50 and 100 nM) for 24 h. Expression of aggrecan was determined
by western blot analysis (a, b, ¢, P < 0.01 vs. previous column group,
n=>5).

L'agonismo del GLP-IR da parte di liraglutide
fortemente inibito I'attivazione di NF-kB.
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Figure 7. Liraglutide mitigates TNF-a-induced acti-
vation of NF-kB. Human primary chondrocytes were
incubated with 100 ng/ml TNF-a in the presence or
absence of liraglutide (50 and 100 nM) for 24 h. Lu-
ciferase activity of NF-kB was determined (a, b, c, P <
0.01 vs. previous column group, n=5-6).
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Liraglutide suppresses TNF-a-induced degradation
of extracellular matrix in human chondrocytes:

a therapeutic implication in osteoarthritis
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(1) Liraglutide decreases inflammatory and catabolic mediators
production in IL1-f-stimulated mouse chondrocytes
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Protective Effects Of Intra-Articular Formulated Liraglutide In Osteoarthritis: Preclinical Studies
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(3) Liraglutide has analgesic properties and cartilage protection effects in
collagenase-induced model in rats
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1. Liraglutide treatment in in vitro OA model has shown signtficant
decrease in the release of OA Inflammatory and catabolic markers.

2. Intra-articular administration of formulated Liraglutide decreases
pain in two animal models of 0A

3. Intra-articular administration of formulated Liraglutide protects the
joint from OA-related cartilage degradation.



BM) Open Effect of liraglutide on body weight and
pain in patients with overweight and
knee osteoarthritis: protocol for a
randomised, double-blind, placebo-

controlled, parallel-group, single-
centre trial
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Strengths and limitations of this study

*  IDI; Intensive dietary intervention; pre-randomisation
** TDI; Tapering dietary intervention ; post-randomisation
*** PIOP; Post-interventional observation period
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Figure 1 Trial design.




CONCLUSIONI

« |livelli di GLP-1R sono diminuiti significativamente nei modelli murini di OA.

« GLP-1R interagisce con la pathway PKA / CREB e la liraglutide sembra atfivare |

segnali PKA / CREB, inibendo l'espressione di proteine legate allinfilammazione.
TNF-a, IL-6 e IL-1.

« La liraglutide sembra esercitare un prezioso effetto protettivo contro lo stress
ossidativo, l'inflammazione, la degradazione della cartilagine e l'attivazione di

NF-kB indotta dal TNF-a nei condrociti umani.



CONCLUSIONI

eLa patway PI3K / Akt / ER e la sua regolazione e stretftamente coinvolta negli

effetti protettivi anti-apoptotici e anfinflammatori in cui la liraglutide sembra avere

un ruolo favorevole.

e Questi risultati dimostrano che GLP-1R puo essere un nuovo target per |l

trattamento dellOA, in particolare in pazienti con diabete mellito.
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