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[ Abstract] Osteoarthritis (OA) is a chronic degenerative disease with a high incidence rate among middle-aged and
elderly people. It can cause joint pain, deformity, and functional impairment, leading to a heavy burden on patients and
their families. Peroxisome proliferator-activated receptor y ( PPARy ) is a recently discovered ligand-dependent
transcriptional regulatory factor that can regulate fat and carbohydrate metabolism, inflammation, and immune processes.
Research has shown that the PPARy gene plays an important role in OA cartilage degeneration, synovitis inflammation, and

adipose lesions, and can affect OA progression through signaling pathways such as the AMP-activated protein kinase, Wnt,
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and sirtuin 1 pathways. This review focuses on the role and mechanism of the PPARy gene in OA, in relation to joint-

related tissues and key signaling pathways.
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Table 1 Distribution and function of three subtypes of PPARs family members in the body

T # FENL B )i
Subtype Location Expression site Function
E L AL i 7
BESE VRPN AN A IS AR AT e i AT RS 2 5 dom g
PPAR«a 22q12-q13. 1 Liver,  heart, kidney, Regulating adipocyte differentiation, lipid storage, maintaining glucose
skeletal muscle, vascular  homeostasis, participating in inflammation, etc.
wall, etc.
EIN NG 7R R AN A B R R , 4 e 2 a0
PPARB/& 6p21.1-21.2 Stomach, brain, Regulating cellular basal metabolism and lipid metabolism balance,
colon, etc. maintaining macrophage function, ete.
WL PN BRI SRR AN A B BRI, B A S G B e AL
PPARy 3p25 Heart  muscle, vascular  Regulating adipocyte differentiation and lipid metabolism, affecting

smooth muscle, fat, etc.

inflammation and immunity, participating in the aging process, etc.
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Figure 1 Effect of PPARy-mediated signaling pathway on OA tissue

S 3k

[ 1] SAMPATH S J P, VENKATESAN V, GHOSH S, et al.
Obesity, metabolic syndrome, and osteoarthritis-an updated
review [ J]. Curr Obes Rep, 2023, 12(3) : 308-331.

[ 2] DUONG V, 00 WM, DING C, et al. Evaluation and treatment
of knee pain: a review [ J]. JAMA, 2023, 330(16): 1568
-1580.

[ 3] KARASAVVIDIS T, PAGAN MOLDENHAUER C A, HADDAD
F S, et al. Current concepts in alignment in total knee
arthroplasty [ J]. J Arthroplasty, 2023, 38 (7 Suppl 2): S29
-S37.

[4] PUY, CHENG C K, ZHANG H, et al. Molecular mechanisms
and therapeutic perspectives of peroxisome proliferator-activated
receptor o agonists in cardiovascular health and disease [ J].
Med Res Rev, 2023, 43(6) : 2086-2114.

[5] GAETE P V, NIEVES-BARRETO L D, GUATIBONZA-
GARCIA V, et al. Medium-chain fatty acids modify macrophage
expression of metabolic and inflammatory genes in a PPAR /8-
dependent manner [ J]. Sci Rep, 2023, 13(1): 11573.

[6] YUL, GAOY, AARON N, et al. A glimpse of the connection
between PPARYy and macrophage [ J]. Front Pharmacol, 2023,
14, 1254317.

[ 7] PASCUAL-GARRIDO C, KIKUCHI K, CLOHISY J C, et al.



o H A PR A 2R 35 2024 4F 11 45 34 555 11 ] Chin J Comp Med, November 2024, Vol. 34, No. 11 151

[10]

[11]

[12]

[15]

[17]

[18]

[19]

[20]

[21]

Revealing a natural model of pre-osteoarthritis of the hip through
study of femoroacetabular impingement [ J]. HSS J, 2023, 19
(4): 434-441.

KIMJ S, KIM J W, YEE J, et al

between PPARy and PPARGC1A and bisphosphonate-related

Interactive associations

osteonecrosis of the jaw in patients with osteoporosis [ J].
Pharmaceuticals ( Basel) , 2023, 16(7) . 1035.

YANG Y, HE Z, WU S. Ursolic acid alleviates paclitaxel-
induced peripheral neuropathy through PPAR<y activation [ J].
Toxicol Appl Pharmacol, 2024, 484 . 116883.

YUAN H, YI N, LI D, et al. PPARYy regulates osteoarthritis
through
mitochondrial pathway [ J]. Sci Rep, 2024, 14(1); 11237.
ISSEMANN I, GREEN S. Activation of a member of the steroid

chondrocytes  apoptosis caspase-3  dependent

hormone receptor superfamily by peroxisome proliferators [ J .
Nature, 1990, 347(6294) : 645-650.

ZERF, P71, PPARy BFSEHER [J]. [EISMEE 2P 20 MF
43WF, 2003, 23(1) : 29-32.

LI L P, FU F M. Progress in the study of PPARy [J].
Endocrinology, 2003, 23(1): 29-32.

JANANI C, RANJITHA KUMARI B D. PPAR gamma gene—a
review [ J]. Diabetes Metab Syndr, 2015, 9(1) : 46-50.
SHEN J, LIU Y, WANG Q, et al. Integrated network
pharmacology, transcriptomics, and metabolomics analysis to
reveal the mechanism of salt Eucommiae cortex in the treatment of
chronic kidney disease mineral bone disorders via the PPARG/
AMPK signaling pathway [ J]. 2023,
314: 116590.

SARDAR A, GAUTAM S, SINHA S, et al. Nanoparticles of

J Ethnopharmacol ,

naturally occurring PPAR-y inhibitor betulinic acid ameliorates

bone marrow adiposity and pathological bone loss in
ovariectomized rats via Wnt/B-catenin pathway [ J]. Life Sci,
2022, 309. 121020.

XIE H, CAO L, YE L, et al. MicroRNA-29b-3p/sirtuin-1/
peroxisome proliferator-activated receptor <y suppress osteogenic
differentiation [ J]. In Vitro Cell Dev Biol Anim, 2023, 59(2) :
109-120.

FENG Z, HUANG Q, ZHANG X, et al. PPAR-y activation
alleviates osteoarthritis through both the Nrf2/NLRP3 and PGC-1
a/Ays,, pathways by inhibiting pyroptosis [ J]. PPAR Res,
2023, 2023 2523536.

ABRAMOFF B, CALDERA F E. Osteoarthritis; pathology,
diagnosis, and treatment options [ J]. Med Clin North Am,
2020, 104(2): 293-311.

CHEN X, ZHU X, DONG ], et al

Reversal of epigenetic

peroxisome  proliferator-activated receptor-y  suppression by
diacerein alleviates oxidative stress and osteoarthritis in mice
[J]. Antioxid Redox Signal, 2022, 37(1/2/3) ; 40-53.
FUJIT'Y, LIU L, YAGASAKI L, et al. Cartilage homeostasis and
osteoarthritis [ J]. Int J Mol Sci, 2022, 23(11) ; 6316.
CHEN J, XU W, DAI T, et al. Pioglitazone-loaded cartilage-

targeted nanomicelles ( Pio @ C-HA-DOs ) for osteoarthritis

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

treatment [ J]. Int J Nanomedicine, 2023, 18: 5871-5890.

NI S, YI N, YUAN H, et al. Angelica sinensis polysaccharide
improves mitochondrial metabolism of osteoarthritis chondrocytes
through PPARy/SOD2/ROS pathways [ J]. Phytother Res,
2023, 37(11) : 5394-5406.

XUE X, DAI'T, CHEN J, et al. PPARY activation suppresses
chondrocyte ferroptosis through mitophagy in osteoarthritis [J]. J
Orthop Surg Res, 2023, 18(1) : 620.

HUA B, QIU J, YE X, et al. Epigenetic PPARYy preservation
attenuates temporomandibular joint osteoarthritis [ J ]. Int
Immunopharmacol,, 2023, 124(Pt B) ; 111014.

LIU J, ZHOU J, HUANG X, et al. Protective effects of pulsed
electromagnetic field therapy attenuates autophagy and apoptosis
in osteoporotic osteoarthritis model rats by activating PPAR'y
[J]. Electromagn Biol Med, 2024, 43(1/2) : 61-70.

IKUTA K, HAYASHI S, KIKUCHI K, et al. Kriippel-like factor
15 deficiency exacerbates osteoarthritis  through reduced
expression of peroxisome proliferator-activated receptor gamma
signaling in mice [ J]. Osteoarthritis Cartilage, 2024, 32(1) .
28-40.

SANCHEZ-LOPEZ E, CORAS R, TORRES A, et al. Synovial
inflammation in osteoarthritis [ J]. Nat Rev

Rheumatol, 2022, 18(5) ; 258-275.
HARASYMOWICZ N S, CLEMENT N D, AZFER A, et al.

progression

Regional differences between perisynovial and infrapatellar
adipose tissue depots and their response to class Il and class Il
obesity in patients with osteoarthritis [ J]. Arthritis Rheumatol
2017, 69(7) : 1396—1406.

TAVALLAEE G, LIVELY S, ROCKEL J S, et al. Contribution
of microRNA-27b-3p to synovial fibrotic responses in knee
osteoarthritis [ J]. Arthritis Rheumatol, 2022, 74 (12). 1928
-1942.

LIU Y, HAO R, LV ], et al. Targeted knockdown of PGAMS in
synovial macrophages efficiently alleviates osteoarthritis [ J].
Bone Res, 2024, 12(1) . 15.

SADATSUKI R, KANEKO H, KINOSHITA M, et al. Perlecan
is required for the chondrogenic differentiation of synovial
mesenchymal cells through regulation of Sox9 gene expression
[J]. J Orthop Res, 2017, 35(4) . 837-846.

GULER M, ALL S, JACQUES C. Osteoarthritis and obesity:
Crucial role of adipose tissue [ J]. Med Sei, 2022, 38(8/9):
749-751.

BONET M L, GRANADOS N, PALOU A. Molecular players at
the intersection of obesity and osteoarthritis [ J]. Curr Drug
Targets, 2011, 12(14) : 2103-2128.

DRAGOJEVIC J, LOGAR D B, KOMADINA R, et al
Osteoblastogenesis and adipogenesis are higher in osteoarthritic
than in osteoporotic bone tissue [ J]. Arch Med Res, 2011, 42
(5): 392-397.

GANDHI R, TAKAHASHI M, VIRTANEN C, et al. Microarray

analysis of the infrapatellar fat pad in knee osteoarthritis:

relationship with joint inflammation [ J]. J Rheumatol, 2011, 38



152

rh [ LR BE A Ak 2024 4F 11 A 45 34 4555 11 )

Chin J Comp Med, November 2024 ,Vol. 34 No. 11

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(9): 1966-1972.

KITAMURA H. Establishment of a bipotent cell line CL-1 which
differentiates into chondrocytes and adipocytes from adult mouse
[J]. Osteoarthritis Cartilage, 2004, 12(1): 25-37.

DENG Z, CHEN F, LIU Y, et al. Losartan protects against
osteoarthritis by repressing the TGF-B1 signaling pathway via
upregulation of PPARy [J]. J Orthop Translat, 2021, 29. 30
-41.

LIAO T, MEI W, ZHANG L, et al. L-caritine alleviates
synovitis in knee osteoarthritis by regulating lipid accumulation
through the AMPK-ACC-CPT1
signaling pathway [ J]. J Orthop Surg Res, 2023, 18(1) : 386.
LI M, ZHANG L, LIU Z, et al. Sanse powder essential oil
by AMPK/mTOR

and mitochondrial function

nanoemulsion negatively regulates TRPAI
signaling in synovitis: knee osteoarthritis rat model and fibroblast-
like synoviocyte isolates [ J]. Mediators Inflamm, 2021,
2021 4736670.

MA C H, CHIUA Y C, WU C H, et al. Homocysteine causes
dysfunction of chondrocytes and oxidative stress through
repression of SIRT1/AMPK pathway: a possible link between
hyperhomocysteinemia and osteoarthritis [ J]. Redox Biol, 2018,
15: 504-512.

SUN Z, TANG J, YOU T, et al. IncRNA OIP5-AS1 promotes
mitophagy to alleviate osteoarthritis by upregulating PPAR-y to
activate the AMPK/Akt/mTOR pathway [ J]. Mod Rheumatol,
2024, 34(6) . 1265-1276.

ZHAO X, TERKELTAUB R, LOTZ M, et al.

AMP-activated protein kinase ( AMPK ) inhibits chondrocyte

Activation of

catabolic response to pro-inflammatory cytokines and up-regulates
anti-oxidant genes via PPARY coactivator la ( PGC-la) and
forkhead box O factor 3 ( FOXO3A) [J]. Osteoarthr Cartil,
2012, 20. S44-S45.

TONUTTI A, GRANATA V, MARRELLA V, et al. The role of
WNT and IL-1 signaling in osteoarthritis; therapeutic implications
for platelet-rich plasma therapy [ J]. 2023,
4. 1201019.

BOLAMPERTI S, VILLA I, SPINELLO A, et al. Evidence for

Front Aging,

altered canonical Wnt signaling in the trabecular bone of elderly

postmenopausal women with fragility femoral fracture [ J ].

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Biomed Res Int, 2016, 2016 8169614.

LU J, ZHANG T, SUN H, et al. Protective effects of dioscin
against cartilage destruction in a monosodium iodoacetate ( MIA) -
indcued osteoarthritis rat model [ J]. Biomed Pharmacother,
2018, 108. 1029-1038.

PASOLD J, OSTERBERG A, PETERS K, et al. Reduced

expression of Sfrpl during chondrogenesis and in articular
chondrocytes correlates with osteoarthritis in STR/ort mice [ J].
Exp Cell Res, 2013, 319(5) : 649-659.

XIE X, QIN J, LIN S H, et al. Nuclear receptor chicken
ovalbumin upstream promoter-transcription factor I ( COUP-TF
II') modulates mesenchymal cell commitment and differentiation
[J]. Proc Natl Acad Sci U S A, 2011, 108 (36): 14843
—-14848.

PAPAGEORGIOU A A, ROUSSOS A, PAPATHANASIOU I, et
al.  MiR-217 regulates SIRT1 expression and promotes
inflammatory and apoptotic responses in osteoarthritis [ J ].
Genes, 2023, 14(12) . 2155.

QU P, WANG L, MIN Y, et al. Vavl regulates mesenchymal
stem cell differentiation decision between adipocyte and
chondrocyte via Sirtl [J]. Stem Cells, 2016, 34 (7). 1934
-1946.

ABED E, DELALANDRE A, LAJEUNESSE D. Beneficial effect
of resveratrol on phenotypic features and activity of osteoarthritic
osteoblasts [ J]. Arthritis Res Ther, 2017, 19(1): 151.
AL Sh8, ERJ%. AMPK/SIRT1/PPARy/PGCla il J2 H
AU FAE B S R E i e (1], A B AR
J&, 2021, 11(6): 718-723.

LIANG C C, YI P, QIU B. Effects of AMPK/SIRT1/PPARy/
PGCla axis and
osteoarthritis [ J]. Curr Biotechnol, 2021, 11(6): 718-723.
HUANG H, WANG Z J, ZHANG H B, et al. The function of

PPARy/AMPK/SIRT-1 pathway in inflammatory response of

related factors on lipid metabolism in

human articular chondrocytes stimulated by advanced glycation
end products [ J]. Biol Pharm Bull, 2019, 42 (8). 1303

-1309.

(%5 H H#3)2024-05-28



