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Research progress on moxibustion therapy for regulating inflammatory
responses for the treatment of bone-related diseases
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[ Abstract]  The advent of an aging society means that bone-related diseases impose a substantial burden on
the general population and on healthcare systems, highlighting the need to find new treatment method. The occurrence
and progression of such diseases are closely linked to inflammatory responses. Moxibustion, as a traditional external
treatment in traditional Chinese medicine (TCM) , is well-known for its anti-inflammatory and analgesic effects, and it
has also demonstrated remarkable therapeutic efficacy for bone-related diseases. Here we review the impact of
moxibustion on inflammatory responses associated with bone-related conditions. The anti-inflammatory mechanism of
moxibustion in treating bone-related diseases involves mediating pro-inflammatory and anti-inflammatory factors and
related mediators, and regulating signaling pathways (e. g. , nuclear factor-kappa B (NF-kB) , Janus kinase (JAK)/
signal transducer and activator of transcription ( STAT ), mitogen-activated protein kinase ( MAPK), programmed

death receptor-1 ( PD-1)/programmed death ligand-1 ( PD-L1), adenosine monophosphate-activated protein kinase
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(AMPK ) /UNC-51 like autophagy activating kinase ( ULK1)), the hypothalamic-pituitary-adrenal axis, the

activation of immune cells, and autophagy. Despite these findings however, the anti-inflammatory mechanisms

underlying moxibustion treatment for bone-related diseases remain poorly understood. Further research utilizing

advanced technologies is needed to gain a more comprehensive understanding of the anti-inflammatory mechanisms

involved in moxibustion therapy. This approach aims to facilitate better clinical applications and contribute to

safeguarding human bone health.
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Rheumatoid arthritis+knee osteoarthritis+osteonecrosis of femoral head

Figure 1 Similarities and differences in anti-inflammatory mechanisms of moxibustion for bone-related diseases
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Table 1 Anti-inflammatory mechanism of moxibustion in treating bone-related diseases

Disease type

LR T

Type of moxibustion Acupoints

YERIZCR
Effect

YL

Mechanisms of action

ST31, GB29, GB34,

iSES 7Y 14 GB39, ST36, RN4,
Osteonecrosis T %% ST34 SP6.SP12 KI3,
of femoral Warm needle moxibustion BIL23. LR3., BL36,
head SP10, BL18, Ashi
points ,Huan Zhong

kR BL23, GB29, GB30,

Thunder-fire moxibustion SP10

TR BL23 #iET5 R

Cauterization moxibustion BL.23, hip joint part
R OCTT
P yE 7S
U TR AN R

BL23,ST36

Rheumatoid Mild moxibustion
arthritis

SH T 4o

{Jm.ﬂl}& . . ST36

Mild moxibustion

B AL R 2% (B BT~ DF

Zanthoxylum  bungeanum-

cake-separated BL23 ST36

moxibustion, aconite cake-

separated moxibustion

KRk Wk WER

Wheat-grain-sized ~ moxa

moxibustion , salt- BIL23, ST36, Ashi

separated moxibustion,  points

ginger-separated

moxibustion

IL-1B8 \IL-6 TNF-a |

TNF-o |

IL-1B IL-6 -TNF-a | \IL-10 1

IL-1B .TNF-a |

IL-1B .TNF-a \VEGF |

TR PR T

Regulate inflammatory factors

PRSP T

Regulate inflammatory factors

IKKB , p-IkBa , NF-kB , TNF-a \ IL- {545 NF-kB {& 538 % >
6] IkBal

Regulate NF-kB signal pathway

P R AL T

Regulate inflammatory factors

IL-6. IL-1p, TNF-au\ IL-17, IL-23  JEFE 46 o018
} JL-4 T0-10 1

Regulate inflammatory factors

i S DA T

Regulate inflammatory factors

P R T )

Regulate inflammatory factors
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Disease type Type of moxibustion Acupoints Effect Mechanisms of action
Rdh & TR & B 2=
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Salt-separated BL23, ST36. Ashi RF.CRP .ESR.LTB-4 IL-17 TNF- JFi4e kA 73"
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moxibustion, ginger-
separated moxibustion
AR HHER RER
. . S _ el = [34]
Mild o mox, o direct g o5 5136 NF-cB p65 NF-B ps0 IKK | /e NP £ 5
moxibustion, ginger- Regulate NF-kB signal pathway
separated moxibustion
TNF-a, IL-13, CXCL12 mRNA, . . g
FiE s . o P PNAN s N £
Direct busti BL23 .ST36 CXCR4 mRNA | Reeulate NF-kB siznal oathwe
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S TAK e v o [43]
SRR BL23 ST36 IL-IB. 1118, "NLRP3, JAK2, ?ﬁlht“{ S?ﬁ ;ij gy ignal
Moxa cone moxibustion : STAT3 mRNA | cetaie ) sen
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INIRER I JAK-STAT {5 Sl
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moxibustion pathway
2T M 301 2R F 4 301 R AR
APV | B i R 0T R DA (D
%Ll) AR T 3Z Ak p38
22 24T 1Y SR 1 R L 4 i b
55 PTG L c-Jun AR I
fifi . MAPK ¥ fiff . MAPKK % fiff
i % ’ MAPK =
ﬁﬁf‘ - BL23 CAMP JZBLF AL A8 1 | ?#11 o AL”;L% N
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MAPK, extracellular  signal-
regulated kinase (ERK), c¢-Jun N-
terminal kinase, MAPK kinase,
MAPKK kinase, CAMP-response
element binding protein |
¥ ¥ PD-1/PD-Ll {5 5 i
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SEAIR o BL23 ST36 IL-2 IL-17 sPD-1 | .mPD-L1 1 B
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R IL-2, IL-17, IFN-Y, pS6lek, EZE fii
V.7 L35
" e - BL23 .ST36 p59fny .sPD-1 IKK NF-kB Roeulate PD-L/PDoLL 1
oxa moxibustion 065 | mPD-L1 1 egulate - - signa
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¥ = AMPK/ULK1 {5 5 il
AT RINA_ST36 AMP AMPK ,VPS34 ULKI  Atgl3 pg")
Mild moxibustion X mRNA T Regulate AMPK/ULKI1 signal
pathway
VB4 a2 b yis 22 435 100
U ST36 1L-18.CD86 | AR R
Mild moxibustion Regulate the immune system
A5 BL23 ST36 Treg% IL-10 TGF-B1 T | P 251
Mild moxibustion ' Th17% | Regulate the immune system
V=R SIE S 4 [ [70]
AR RN4 ST36 IL-2 Beclin-1,1.C3-11 | TR P it

Mild moxibustion

Regulate cellular autophagy
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&Rl
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Disease type Type of moxibustion Acupoints Effect Mechanisms of action
IL-1, TNF-a, p-mTORCI
Caspase-3, Fas, FasL., HFE/N 7
A7 RINA_ST36 w1 LEeti) AR
Mild moxibustion A IL-1, TNF-o, p-mTORC1 Regulate cellular autophagy
Caspase-3, Fas, FasL,
autophagosome 1
B HiR Mgk
. . . . SE o2 fah [73]
Mlld. mf)x1bust10n\ .dlrect B123 ST36 CRF.CS | ACTH 1 JE¥E HPA il 4
moxibustion | ginger- Regulate HPA axis
separated moxibustion
RIS — (74]
Wheat-grain-sized ~ moxa BL23 ST36 CORT 1 _ACTH .CRF | JAEE HPA %) .
oo Regulate HPA axis
moxibustion
TR \ .
%ﬁi}f ain-sized BL23 ST36 BRIACTH T .CS | il HPA 41 ™
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e R EX-LE2,  EX-LE4, NLRP3, IL-1B., IL-18, MMP-3, 4548 P (12520
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Wiz AT NF-B {5 53
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AR ST35, EX-LE4, SP10. 1\ 10 11 6 g | P NF-kB {5 7
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Warm needle moxibustion ~ ST35 .ST36 JAK2 p-STAT3/STAT3 | cguiate 3 signa
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p38 MAPK, NLRP3, Caspase-1,
RIS EX-LE4,ST35,GB34, ASC,GSDMD ,GSDMD-N, P MAPK {753 i [
Mild moxibustion ST36 MMP13  ADAMTSS \IL-1B | Regulate MAPK signal pathway
IL-18 |
A7 . AT MAPK {5 53w i >
Mild moxibustion ST35.,ST36 Caveolin-1,p38 MAPK | Regulate MAPK signal pathway
LRV KIS . TN
gﬂ.]ﬁ@@j/‘ ; Lo EX-LE2,  EX-LE4. Caveolin -1,p38 MAPK, W MAPK {5 5@ g !
rr;:)l)lcibustic?rfoc ton €a%e 3135 MMP-13 | Regulate MAPK signal pathway
g s e
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e . A G R g
Warm needle moxibustion ST35.5136 CD68" \MCP1.ILI-B | Regulate the immune system
HBE 2Lk iRk EX-LE4 ST35 BL23, N 641
Zhuang-medicine-thread BL18 .RN6 .GB33 | IL-6 | IL-10 T ﬂﬁﬁﬁ',ﬁ%iu
0o L Regulate the immune system
moxibustion Ashi points
HRBE SR DU4, DUI4, BLII A R R 2
H I Az R N N N SN/
Osteoporosis Moxa cone moxibustion BL23 BL20,ST36 TNF-: mRNATNF-e: | Regulate inflammatory factors
e % e 4o PR 2
Warm needle moxibustion BlL23 TNF-a IL-6 | Regulate inflammatory factors
BT 5 KIS, KI6, SP4, KI2. |\ o b pep | s g e P 12
Fracture Warm needle moxibustion ~ ST36 ,SP6 A ) Regulate inflammatory factors




P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 113
&Rl
PR P& TAL YEHIRCR YEFABL
Disease type Type of moxibustion Acupoints Effect Mechanisms of action
RN8, RN6, RN4,

AR

Thunder-fire moxibustion KIT, SP10., EX-LE4,

GB34 | Ashi points

PGE2, LTC4, AOPP, MDA | |

GSH-Px T

TR SR T

Regulate inflammatory factors

S 30K

[1]

[3]

[6]

[8]

[9]

XK, WOOR, okEE, FOBERPORR R IR R LT
ERBUERRTSE [J]. AR EEZ, 2023, 18(22) .
3277-3282.

LIU F, CHANG W J, ZHANG Y K, et al. Influencing
factors of orthopedic diseases and study based on traditional
Chinese medicine constitution theroy [ J]. World Chin Med,
2023, 18(22) . 3277-3282.

HARVEY N, DENNISON E, COOPER C. Osteoporosis:
impact on health and economics [ J]. Nat Rev Rheumatol,
2010, 6(2): 99-105.

FINCKH A, GILBERT B, HODKINSON B, et al. Global
epidemiology of rheumatoid arthritis [ J ]. Nat Rev
Rheumatol, 2022, 18(10) . 591-602.

FANG L, XIA C, XU H, et al. Defining disease progression
in Chinese mainland people: Association between bone
mineral density and knee osteoarthritis [ J]. J Orthop
Translat, 2020, 26, 39-44.

BLLZ, Brfh, skmest, 55 B EE R 500 A
AT [J]. WALBERIR R, 2015, 36(4) : 485
—-487.

LYU H Z, CHEN W, ZHANG X L, et al. Epidemiological
survey design of fracture incidence in China residents [ J]. J
Hebei Med Univ, 2015, 36(4) . 485-487.

ZHAO D W, YU M, HU K,

et al. Prevalence of

nontraumatic osteonecrosis of the femoral head and its
associated risk factors in the Chinese population; results from
a nationally representative survey [ J]. Chin Med J (Engl) ,
2015, 128(21) : 2843-2850.

SCANZELLO C R. Role of low-grade inflammation in
osteoarthritis [ J]. Curr Opin Rheumatol, 2017, 29(1): 79
-85.

EF, RIT, PR, . T REARMERER B X 2R XG0
WREARIEAE IOt [J]. v [ 25 B2 sa 4
2020, 36(6) : 754-759.

WANG Y, WU H, DENG R, et al. Research progress of

]

synovial microenvironment in rheumatoid arthritis [ J]. Chin
Pharmacol Bull, 2020, 36(6) . 754-759.

B —, AL, TR, % NLRP3 RAE/IMATEM R
PER A SR IRFE A A B HAR A P i E A (0], IR
BikM e, 2023, 29(5) : 701-706.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HUK Y, CAO L Z, WAN C C, et al. Role of NLRP3
inflammasome in the bone metabolism and homeostasis of
steroid-induced femoral head necrosis [ J ]. Chin J
Osteoporos, 2023, 29(5) : 701-706.

REDLICH K, SMOLEN J S. Inflammatory bone loss:
pathogenesis and therapeutic intervention [ J]. Nat Rev Drug
Discov, 2012, 11(3) . 234-250.

MARUYAMA M, RHEE C, UTSUNOMIYA T, et al.
Modulation of the inflammatory response and bone healing
[J]. Front Endocrinol (Lausanne), 2020, 11 386.

BRI, SU0HIA, BJLE, & RERIRERIT A LR
R YT O EE (V] A RIBESE, 2020, 45(7): 569
-573.

CHEN Y, JIA Y J, LU J H, et al. Comparision of
therapertic effect of different acupuncture methods for knee
osteoarthritis [ J]. Acupunct Res, 2020, 45(7) : 569-573.
Bk, Or R, R, SF. RIFIRITR IR R IE
RIFFEHEIE [1]. hEZAEAGE, 2022, 42(16) : 4113
-4119.

LUO Y H, FANG G, XU D H, et al. Clinical research
progress of moxibustion in the treatment of rheumatoid
arthritis [ J]. Chin J Gerontol, 2022, 42(16) : 4113-4119.
TRIEWE, X, B, 45 SR CFar B X B
AR BB #EIs2m [1]. §HfIpse, 2022, 47(7) .
605-610.

XU D M, LIU J, ZHU L, et al. Effect of moxibustion of
“Ganshu ” ( BL18 ) “ Shenshu ” ( BL23)

(1]

and on

musculoskeletal interaction in rats
Acupunct Res, 2022, 47(7) . 605-610.

L, FoKE, BRE, ORGP IRE Skt
ML IRFE YT BOUL 5 B0 SAE BRI /K P il 3 3l 3 219
g []. LRI, 2022, 41(10) : 1001-1005.

ZHANG X K, GUO Y C, MA ] B, et al. Observation on the

osteoporosis

efficacy of warm acupuncture in the treatment of mid-stage
avascular necrosis of the femoral head and its effects on
inflammatory factor levels and hemodynamics [ J]. Shanghai
J Acupunct Moxibust, 2022, 41(10) ; 1001-1005.

SRMe, W, R, SF.E KR BINAYT B Sk B IR
FERT RO ML TNF-o0 [ VEGF AKCF 52 m [J]. I
oAk, 2020, 39(6) : 753-757.

WU Y, ZENG Z, HE M, et al. Efficacy of thunder-fire

wonder moxibustion as adjuvant treatment for ischemic



114

P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6

[18]

[19]

[20]

[22]

(23]

(24]

necrosis of femoral head and its effect on peripheral blood
TNF-a and VEGF levels [ ] ].
Moxibust, 2020, 39(6) . 753-757.
PREL R, TREL, SF. USRI SR BB
A R A ) B L TS A B R T s (0], g
%, 2023, 43(3): 317-321.

LIANG H, ZHU Y, ZHANG M, et al.

Shanghai ] Acupunct

The effects of
moxibustion on the ultrastructure of synovial cells and serum
cytokines in adjuvant arthritis rats [ J]. Chin Acupunct
Moxibust, 2023, 43(3) . 317-321.

HAO F, WANG Q, LIU L, et al. Effect of moxibustion on
autophagy and the inflammatory response of synovial cells in
rheumatoid arthritis model rat [ J]. J Tradit Chin Med,
2022, 42(1) . 73-82.

LEI X, CHENG S, PENG H,

effect of

et al. Anti-inflammatory
bungeanum-cake-separated

Afr J Trad

Zanthoxylum
moxibustion on rheumatoid arthritis rats [ J].
Compl Alt Med, 2016, 13(1): 45.

LIAO C, TAO S, XIONG Y, et al. The effects and potential
mechanisms of moxibustion for rheumatoid arthritis-related
pain: a randomized, controlled trial [ J]. J Pain Res,
2023, 16 1739-1749.

Wi, EB0, XIS, 5. SCRXTRE T R RH R
BT KA AL R R T 520 . BEPLY BB (1], b
4, 2020, 40(9) ; 913-917.

CHEN Y, WANG R Q, LIU J X, et al. Effect of
moxibustion on inflammatory factors and oxidative stress
factors in patients with knee osteoarthritis: a randomized
controlled trial [ J]. Chin Acupunct Moxibust, 2020, 40
(9): 913-917.

ERAE, M RS R R R O A I
SEAR G AT BT R KL 1L-6 CRP (PCT /K
PRSI (1], TP BEAGE, 2021, 48(8) : 205-208.
WANG M L, ZHOU Y, WEN X Z. The efficacy of warm
acupuncture on fracture healing in patients after surgical
fixation of calcaneal intra-articular fractures and its effects on
serum levels of IL-6, CRP, and PCT [J]. Liaoning J Tradit
Chin Med, 2021, 48(8): 205-208.

BT, ERE, W, §FRIGT SLI kB BB A AE X
MR IRSE IR 7L R AR B [J]. BHAIOTSE, 2004, 29
(2): 140-144.

SA R, WANG F C, CHI D Q. TNFa expression was
suppressed by acupuncture in experimental osteoporosis rats
[J]. Acupunct Res, 2004, 29(2) . 140-144.

TRERE, WALE, BRROR. RER B AT ORI A R
BREAME YT RONEE [T]. B ERIR 54k, 2023, 46
(7): 961-965.

ZHANG J T, BO H J, CHEN K C. Observation on curative

effect of warm acupuncture at Shenshu point in treatment of

[25]

[26]

[27]

[30]

[31]

postmenopausal osteoporosis [ J ]. J Xinjiang Med Univ,
2023, 46(7) : 961-965.

e, XA, T8, % R R R KRRl
ZUf NLRP3 IL-1B H1 IL-18 FIKMMA [J]. TR EFR
KE2E4, 2023, 45(1) ; 85-91.

LI L, LIU J W, WANG D, et al. Study on the effect of
warm acupuncture and moxibustion on the expression of
NLRP3, IL-1B and IL-18 in cartilage of rabbits knee
osteoarthritis [ J]. J Ningxia Med Univ, 2023, 45(1) . 85—
91.

BoH], 2, XIEA, 45 EEHF Al NLRP3 848/
MG B S ST R R B ()] TP EAR T
FRAFSE, 2023, 27(20) : 3202-3208.

WU YL, LIL, LIU J W, et al. Warm-needling moxibusion
inhibits NLRP3 inflammasome activation and improves
cartilage injury in a rabbit model of knee osteoarthritis [ J].
Chin J Tissue Eng Res, 2023, 27(20) : 3202-3208.
OMOTE K, KAWAMATA T, NAKAYAMA Y, et al. Effects
of a novel selective agonist for prostaglandin receptor subtype
EP4 on hyperalgesia and inflammation in monoarthritic model
[J]. Anesthesiology, 2002, 97(1); 170-176.

FRHAL, W, RO, SF. MG A AR IR RIGST
DR ZE RSB AR 1 ST 58 B BT R0 R0k I W 59 A I
RAATT . =AY [T, op S 5 5 2 Ak
2018, 24(18): 153-158.

ZHANG Q Z, MIAO Y, WANG D L, et al. Efficacy of
Duhuo Jisheng Tang combined with warm acupuncture in
knee

treating patients with  wind-cold ~dampness-type

osteoarthritis and effect on serum pain mediators,
inflammatory mediators and leukotrienes [ J]. Chin J Exp
Tradit Med Formulae, 2018, 24(18): 153-158.

AR, AREE, WS, B 2 R bR I v B
BEBUE IR A EASS R W R ()], |
PP R AE ARG, 2022, 28(6) : 784-789.

LI Z G, ZENG X Y, CAO Z M. Intervention effect of
removing blood stasis and dredging collaterals method on
early recovery after locking compression plate internal
fixation [ J]. Chin J Surg Integr Tradit West Med, 2022, 28
(6): 784-789.

ARG, SRI7 %, AR, . BRI R BCEATA
R BE A BCR[T]. TR, 2024, 33(4):
735-739.

ZHAO SY, WU F X, DONG Y L, et al. Effect of thunder
fire moxibustion therapy in patients with lower limb fractures
after surgery [ J]. Henan Med Res, 2024, 33(4). 735
-739.

B, BT, R, S LR SEKIEOCTY SR LT
T =% B4 LB R B -9 fsgm [J]. BT
7%, 2023, 48(5) : 488-493.



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 115

[33]

[34]

[36]

[38]

TANG J, WU P, YUZ Y, et al. The effects of moxibustion
on serum levels of leukotriene B4 and matrix
metalloproteinase-9 in patients with rheumatoid arthritis [ J].
Acupunct Res, 2023, 48(5) ; 488-493.

YU H, LIN L, ZHANG Z, et al. Targeting NF-kB pathway
for the therapy of diseases: mechanism and clinical study
[J]. Signal Transduct Target Ther, 2020, 5(1) . 209.
WS, Wh/ham, SEm, SF. JET NF-«B {553l B4R
TR T IERIR G R AMEALRIBT S (1], %
BEL R B2, 2022, 13(17) ; 50-54, 60.

XU Y J, YAO X Q, ZHENG X L, et al. Research progress
on mechanism of acupuncture and moxibustion intervention
in rheumatoid arthritis based on NF-kB signaling pathway
[J]. Chin Manip Rehabil Med, 2022, 13 (17). 50 -
54, 60.

RAE, MM, SRR, SF. AR RIEX SCE R MIR T
SR AN AT NF-«B 55l Broszme (1], #AkpEE
2, 2014, 34(12): 1277-1279.

WU F, YANG H Q, ZHANG Y, et al. Effect of different
types of moxibustion intervention on NF-kB signaling
pathway of rabbits with rheumatoid arthritis [ J]. Jilin J
Tradit Chin Med, 2014, 34(12) . 1277-1279.

VR, BRIGEWs, AR, 4. LA 05 RA RO i
2021 CXCL12/CXCR4-NF-«kB {5 S a2 [J]. B2
EEEEZY, 2023, 34(1); 248-253.

CHEN J, LU X Q, XI D, et al. Effects of moxibustion on
the CXCL12/CXCR4-NF-kB signaling pathway in synovial
(1]
Lishizhen Med Mater Med Res, 2023, 34(1) . 248-253.
TR, R, MR, S5 LT NF-«B 5 Sl BRI
PARTIRYT B PR RGBSR ML ()], VO
hEEZY | 2017, 48(12) ; 48-52.

ZHANG H F, PAN Y, CHEN ST, et al. Based on NF-kB

tissue of experimental rheumatoid arthritisrabbits

signaling pathway, the mechanism of heat-sensitive
moxibustion in the treatment of knee osteoarthritis rabbit
model was discussed [ J]. Jiangxi J Tradit Chin Med, 2017,
48(12) . 48-52.

IVEEDY, RS, PHm, AF. IR RGBT IR B R
RIFRHONEE K H XS TLRA/NF-xB {5538 F i s [J].
biEE A2k, 2021, 40(12) ; 1452-1457.
SUN G F, ZHANG X F, MAO Y, et al. Therapeutic
observation of needle warming moxibustion for mild-to-
moderate knee osteoarthritis and its effect on TLR4/NF-kB
signaling pathway [ J]. Shanghai J Acupunct Moxibust,
2021, 40(12) ; 1452-1457.

JIMI E, TAKAKURA N, HIURA F, et al. The role of NF-
kB in physiological bone development and inflammatory bone
diseases; is NF-«kB inhibition “killing two birds with one

stone” [J]. Cells, 2019, 8(12) . 1636.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

EM, xR, B5E, 5 SR SRR TR IR 5
AP IKKB  IkBa IR [J]. TEHER K%
2, 2024, 46(5) ; 440-445, 452.

XUYJ, LIUYY, TAO Y, et al. The effects of moxibustion
on the expression of IKKB and IkBa in tissues of rabbits with
steroid-induced avascular necrosis of the femoral head [J].
J Ningxia Med Univ, 2024, 46(5) . 440-445, 452.
SARAPULTSEV A, GUSEV E, KOMELKOVA M, et al.
JAK-STAT signaling in inflammation and stress-related
diseases ; implications for therapeutic interventions [ J]. Mol
Biomed, 2023, 4(1) : 40.

WANG W, HAN X, ZHAO T, et al. AGT, targeted by
miR-149-5p, promotes IL-6-induced inflammatory responses
of chondrocytes in osteoarthritis via activating JAK2/STAT3
pathway [ J]. Clin Exp Rheumatol, 2020, 38 (6) . 1088
-1095.

SkHeFy , XUHAR, AR, S5 BT JAK2/STAT3 {55 #%
PRI B Fe ol 36 B 5G9 B OG99 48 S B 451 4 ) ML o)
[J]. EHIdsE, 2022, 47(12) : 1088-1094.

ZHANG Y L, LIU J W, LI C, et al. Warm acupuncture
stimulation improves cartilage damage and motor function by
regulating JAK2/STAT3 signaling pathway in rabbits with
knee osteoarthritis [ J]. Acupunct Res, 2022, 47 (12):
1088-1094.

AR, M, 4%, %8 CRTE NLRP3 2t/ Miid
SR AR 5T 48 5K G KOG T i IR ZH 4 JAK2-
STAT3 {5 S @E I [ 1], 4HRIBFT, 2022, 47(12)
1095-1100.

XI D L, YANG S Q, WANG Y, et al. Effects of
moxibustion on the JAK2-STAT3 signaling pathway in
synovial tissue of adjuvant arthritis rabbits under NLRP3
inflammasome overexpression [ J]. Acupunct Res, 2022, 47
(12): 1095-1100.

TRIGERE , FRME, M E, . JAK-STAT {5 554 S8 i
TER RS R B Or st (1], Wvh b BB
i, 2016, 17(2) : 63-65.

ZHANG X Y, WANG Y H, LI Y Y, et al. Effects of JAK-
STAT signal transduction pathway in rheumatoid arthritis
[J]. J Shanxi Coll Tradit Chin Med, 2016, 17(2): 63
-65.

W, BRR, BRI, 45, BT PTPN22 THRMY LHxf 52
Btk SRR 4 5 1 S AT L JAK1-STATS {5 53
BEBOSEMR [J]. AP EEZ R 24, 2023, 46(1) ; 25—
31.

YANG X, CHEN J, LU X Q, et al. Effect of moxibustion
based on lentivirus-mediated PTPN22 interference on JAKI-
STAT4 signaling pathway of experimental RA rabbits ’
synovial cells [ J]. J Chengdu Univ Tradit Chin Med, 2023,
46(1) . 25-31.



116

P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6

[46]

[51]

[52]

[53]

ZEYEN L, SETERNES O M, MIKKOLA I
between p38 MAPK and GR signaling [ J]. Int J Mol Sci,
2022, 23(6): 3322.

B , JEIMELE, £ 4. p38MAPK 3 JE7E 2 Mk SR FE4: 1
JRRPIOBTTEHERE [1]. BEAERIE, 2011, 17(4): 510
-514.

LU B C, FAN X H, WANG C. Research progress of

Crosstalk

p38MAPK pathway in acute necrotizing pancreatitis [ J ].
Med Recapitul, 2011, 17(4): 510-514.

R 3L T p38 MAPK {7538 i 4 il 51 240 g £
TR R R ST A HLE (D], . MR
2%, 2020.

WANG T T. The mechanism of moxibustion downregulating
the p38 MAPK signaling pathway to inhibit chondrocyte
pyroptosis and improve knee osteoarthritis in rats [ D ].
Hengyang: Nanhua University, 2020.

DAI'S M, SHAN Z Z, NAKAMURA H, et al. Catabolic
stress induces features of chondrocyte senescence through
overexpression of caveolin 1: possible involvement of
caveolin 1-induced down-regulation of articular chondrocytes
in the pathogenesis of osteoarthritis [ J]. Arthritis Rheum,
2006, 54(3) . 818-831.

1EFA, ki, &=, 4 LRI RREE T RPCE A
#lr Caveolin-1/p38 MAPK {5 53l B% 75 11 35 15 B9 5%
[J]. WA EEZY, 2020, 60(26) ; 41-43.

REN X M, ZHANG N, XING J Y, et al

=
=

Effect of
moxibustion on expression of Caveolin-1/p38 MAPK signal
pathway protein in cartilage tissues of rabbits with knee
osteoarthritis [ J]. Shandong Med J, 2020, 60 (26). 41
-43.

MIoT, ok, M, & MR R ST R K
HH Caveolin-1/p38 MAPK 15 53 [ 25 1 26 15 19 5 i
[J]. TEERKS¥EM, 2024, 46(3) : 259-264, 280.
WEI W Y, WANG T, WANG P, et al. The effect of Sini
decoction cake moxibustion on the expression of caveolin-1/
p38 MAPK signaling pathway proteins in cartilage of rabbit
knee osteoarthritis [ J]. J Ningxia Med Univ, 2024, 46(3) .
259-264, 280.

Wi, i, A, S SCRM SR TE RA KA iR
AU MAPK {5 538 B W AT 5T [1]. hAEhEE 2y
i, 2007, 25(3) : 470-474.

YANG X, YANG S Q, ZHOU H Y, et al. The influence on
MAPK signal pathway in RA synovial cell of experimental
rabbits by moxibustion [ J]. Chin Arch Tradit Chin Med,
2007, 25(3) : 470-474.

HEER]. PD-1 40 LRI RIRIESCT R T AL
TALRHLTIBESE (D], Bl WAk BRZG R ,2018.
LAI D L. Mechanism of moxibustion mediated by PD-1 in

regulating T cell hyperactivation in rheumatoid arthritis

[54]

[56]

[57]

[58]

[61]

[D]. Chengdu; Chengdu University of Traditional Chinese
Medicine, 2018.

By, RAE, B/NE, AF. BT PD-1/PD-L1 {55 3#
AT RNIB T R PRI [J]. TR &,
2020, 40(9) : 976-982.

ZHONG Y M, WU F, LUO X C, et al. Research on the
mechanisms of moxibustion in the treatment of rheumatoid
arthritis based on the PD-1/PD-L1 signaling pathway [ J].
Chin Acupunct Moxibust, 2020, 40(9) : 976-982.

RAE. LRI RA 8 T A0S fiERY PD-1/PD-
L1 HLEIRTSE [D]. ks AP R 2R, 2016.

WU F. Study on the PD-1/PD-L1 mechanism of moxibustion
in regulating T cell function in experimental rheumatoid
arthritis models [ D ].
Traditional Chinese Medicine, 2016.

HUANG Z, ZHOU X, ZHANG X, et al. Pien-Tze-Huang,

Chengdu: Chengdu University of

a Chinese patent formula, attenuates NLRP3 inflammasome-
related neuroinflammation by enhancing autophagy via the
AMPK/mTOR/ULK1 signaling pathway [ J ].
Pharmacother, 2021, 141. 111814.

XIBL, kse, 28, AF. AR RIR I R RR AL
TR ST AMPK/ULKL {5 5d A9 5 ma [1]. £k
3%, 2022, 47(11) : 1019-1024.

LIU L, ZHANG L, LI X, et al. Effect of moxibustion on the
AMPK/ULKTI signaling pathway in the synovial tissue of the

Biomed

toe joints of rats with rheumatoid arthritis [ J]. Acupunct
Res, 2022, 47(11) . 1019-1024.
GUDER C, GRAVIUS S, BURGER C, et al
Osteoimmunology : a current update of the interplay between
bone and the immune system [ J]. Front Immunol, 2020,
11. 58.

SRV, B, W, S BN AR B T AN E
ROBFSEIERE [J]. A AL, 2024, 30(3) : 418
—423.

ZHANG H L, ZHAO R, PAN ], et al. Research progress of
macrophage polarization in osteoporosis [ J ]. Chin J
Osteoporos, 2024, 30(3) : 418-423.

ER, A, BEE, & LR =R AR
T 985 IR ST 4 I UM 4 5 5 e 200 O A AL Y
MBI ATTE [J]. SHRIAESE, 2023, 48(10): 993
-1000.

WANG C, YUAN J, GUO Y D, et al. Comparison of the
effect of moxibustion at “ Zusanli” ( ST36 ) on the
polarization of synovial macrophages of knee joints in rats
with knee osteoarthritis and rheumatoid arthritis [ J ].
Acupunct Res, 2023, 48(10) : 993—1000.

KRG, XTI, ZAAA . R ZRiEd MCP1/CCR2 {5518
SRS A A3 T R T T B DG R LRI B 5 (0]
IR EEEZ, 2023, 34(5) ; 1252-1255.



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 117

[62]

[63]

[64]

[68]

[69]

[70]

ZHENG Y, LIU W R, LI B C. Study on the mechanism of
warm acupuncture in treating knee osteoarthritis by regulating
macrophage infiltration through MCP1/CCR2 signal pathway
[J]. Lishizhen Med Mater Med Res, 2023, 34(5): 1252
-1255.

ek, AR, BFIF, S BT R T A0 AL AR
FRIBEFCEE [T]. HERRE Ak, 2022, 38(1) : 107
-112, 117.

ZHANG X, ZHENG J, ZHAO L P, et al. Research progress
of T cell changes and functions in osteoarthritis [ J]. Chin J
Immunol, 2022, 38(1): 107-112, 117.

PESRER, Xk, A, . LSBT G A
T IDEZ 1A 43 FUHHBIAE T 400 17/ 98154 T 40 i fir e
PEFRIPESETT SR AR RO []. A0 SE, 2024,
49(10) : 1056-1062.

CUICL, LIUAT, LIS, et al. Study on the improvement
of synovitis in adjuvant-induced arthritis rats by moxibustion
through regulating synovial G protein-coupled receptor 43
and Th17/Treg balance [ J]. Acupunct Res, 2024, 49
(10) : 1056-1062.

WA, WAL, K, &5, HEALEAGITITE 5
HERU AR B OG5 2R 7 SO ¢ KXt IfiL i TGF-B1, OPG 5~
HT 7KF B Thl/Th2 4N T8 R952m (1], Eipei
ki, 2023, 42(5) : 520-525.

PENG C Y, OUYANG L, ZHANG Y Z, et al. Clinical

observation on the effect of Zhuang medicine thread
moxibustion in treating knee osteoarthritis of liver-kidney
deficiency type and its influence on serum TGF-B1, OPG,
5-HT levels, and Th1/Th2 cytokine balance [ J]. Shanghai
J Acupunct Moxibust, 2023, 42(5) . 520-525.

OHSYMI Y. Historical landmarks of autophagy research
[J]. Cell Res, 2014, 24(1). 9-23.

BOYA P, REGGIORI F, CODOGNO P. Emerging
regulation and functions of autophagy [ J]. Nat Cell Biol,
2013, 15(7) . 713-720.
WANG 7Z, WANG Y, WANG Z, et al. Engineered
mesenchymal stem cells with enhanced tropism and paracrine
secretion of cytokines and growth factors to treat traumatic
brain injury [J]. Stem Cells, 2015, 33(2) : 456-467.
KAMINSKYY V O, ZHIVOTOVSKY B. Free radicals in
cross talk between autophagy and apoptosis [ J]. Antioxid
Redox Signal, 2014, 21(1); 86—-102.

XIFE, R, FHmmA - FE548R. AR AT
RPCH MM TR A PR AR (1] PR
T HST, 2015, 19(20) ; 3231-3235.

LIU L G, XU C, YILIHAMU T. Autophagy genes associated
with chondrocyte apoptosis: protection and balancing effects
[J]. Chin J Tissue Eng Res, 2015, 19(20) . 3231-3235.

P, JE 2, MR, . SERR R ICTT 2 R R

[71]

[72]

[73]

[74]

[76]

[77]

[78]

41 Beclin-1,LC3- LK AGFEMA [J]. 00 PR 25 2%
AR, 2024, 44(1) ; 122-127.

PENG X, ZHOU L, SHI Y Y, et al. Effects of moxibustion
on the expression of Beclin-1 and LC3-1I in the synovial
tissue of adjuvant-induced arthritis rats [ J]. J Hunan Univ
Chin Med, 2024, 44(1) ; 122-127.

XNEL, ks, 30 A5 AR I 48 R B L
IRLAL F e AT o2 ()], H I BESE, 2023, 48
(3): 253-258.

LIU L, ZHANG L, AT K, et al. Effect of moxibustion on the
indicators of autophagy and apoptosis in synovium of rats with
adjuvant arthritis [ J]. Acupunct Res, 2023, 48(3). 253
—-258.

REE, AP, HASHE, % BT T - k-5 R
EARSCAN A TS EERART [J]. P, 2020, 52
(20); 13-17.

ZHU Q, LIPS, TIAN J X, et al. Analysis of the essence of
kidney governing bones based on the hypothalamus-pituitary-
adrenal-bone axis [ J]. New Tradit Chin Med, 2020, 52
(20) . 13-17.

FIFEAL, B2, X, 5. RR) Ze ki BRI 48
Z5 HPAA DIREMSE2 IR [J]. v [ v B JE Al BR 2 20 K
2015, 21(9) . 1140-1142.

GAO X H, WANG X L, LIU X G, et al. Effects of different
moxibustion on the function of HPAA in rabbits with
rheumatoid arthritis [ J]. J Basic Chin Med, 2015, 21(9) .
1140-1142.

oM, XA, FiEHE. B 35 % 38 KGR 1 56 35 48
KRBT -~ _E s A asgm [J].
W5, 2016, 41(2): 100-107.

MA W B, LIU X G, ZHOU H Y. Effects of chronological
moxibustion on circadian rhythm activities of hypothalamus-
pituitary-axis in rheumatoid arthritis rats [ J].
Res, 2016, 41(2): 100-107.

IR, XSG, R, 4. A RA KRB ACTH, CS
IR RAPTR BN HPAA B 1A kRt [J].
[ R EE 4R, 2010, 16(6) ; 515-516, 523.
GAO J, LIU X G, ZHOU H Y, et al. Discussion on the

Acupunct

circadian thythm basis of anti-inflammatory effect of
moxibustion from the level of ACTH and CS in RA rats at
night [J]. Chin J Basic Med Tradit Chin Med, 2010, 16
(6): 515-516, 523.

AMBROSI T H, MARECIC O, MCARDLE A, et al. Aged
skeletal stem cells generate an inflammatory degenerative
niche [ J]. Nature, 2021, 597(7875) : 256—262.
AMARASEKARA D S, YUN H, KIM S, et al. Regulation
of osteoclast differentiation by cytokine networks [ J].
Immune Netw, 2018, 18(1) . e8.

ONO T, HAYASHI M, SASAKI F, et al. RANKL biology:



118

P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6

[79]

[80]

[81]

[82]

bone metabolism, the immune system, and beyond [J].
Inflamm Regen, 2020, 40. 2.

TORRES H M, ARNOLD K M, OVIEDO M, et al
Inflammatory processes affecting bone health and repair [ J].
Curr Osteoporos Rep, 2023, 21(6) : 842-853.

MOLNAR V, MATISIC V, KODVANJ I, et al. Cytokines
and chemokines involved in osteoarthritis pathogenesis [ J].
Int J Mol Sei, 2021, 22(17) : 9208.

FRER, HoR S, S, SF. CRIAE IL-17 XFSese i
RA KEUMLTE RANKL il TGF-B & 4 (520 [J]. #g st
BE25R2F 4R, 2016, 32(6) ; 543-547.
GAO Z S, GAN J X, GUO J Y, et al.
moxibustion on serum level of IL-17, RANKL and TGF-$ in
RA rats [J]. J Nanjing Univ Tradit Chin Med, 2016, 32
(6): 543-547.

T, BRPHATL, BRAR, &5, SABe X B DAl /) B
H YL PI3K/AKT/mTOR S A2 [J]. b 8 Bs
FAZRAE, 2024, 30(7) : 964-969.

TENG Z X, OUYANG J J, CHEN H, et al. Effect of
thermal moxibustion on PI3K/AKT/mTOR pathway in

Adjustment of

osteoclasts of osteoporotic mice [ J]. Chin J Osteoporosis,
2024, 30(7) : 964-969.

Y55, IBHA, 250 ER, A5, PRI TR G T A8 Ak
ER B S p53 ., Caspase-3 Rk [1]. R EE
[E24, 2021, 32(10) ; 2548-2551.

FUY, HE Y M, LI L H, et al. Effect of heat-sensitive
moxibustion on pathological morphology and expression of
p33 and caspase-3 in knee osteoarthritis rabbits [ J ].
Lishizhen Med Mater Med Res, 2021, 32 (10). 2548
-2551.

[84]

[85]

[86]

[87]

KT, VPR, ThEr, AF. AR SRR MR SRR BEE Al
AT 5 Bel-2, Caspase-3 A M A SLEAF5T [J]. 1
PR B 2E A4, 2018, 19(2) ; 16-19.

ZHU N, XU J F, MA Q, et al. Effect of moxibustion in Hui
medicine on osteocyte apoptosis and expressions of Bel-2 and
Caspase-3 in femoral head necrosis rabbit models induced by
steroid [ J]. J Shanxi Coll Tradit Chin Med, 2018, 19(2):
16-19.

. BT AP R cAMP/PKA 3 Xt
HRWR/NEAEEN [D]. )M, ETERRY:, 2024
FU L P. Based on metabolomics studies of the effects of
moxibustion on osteoarthritis mice through the ¢cAMP/PKA
[ D] Medical
University, 2024.

WA, B, SR, 95 T B2 Bl Brsi A R UG
HEREBZHRmEm (1] =l SR8 R, 2023, 22
(9) : 48-50.

CAO X, XIAO L, HU L P. Effect of reverse moxibustion

intervention on the

pathway Guangzhou;  Southern

structure  of intestinal flora in
ovariectomized osteoporotic rats [ J]. Ind Sci Trib, 2023, 22
(9) ; 48-50.

o, kb, R, LR R I BAT XA RIPE G
RABIHEHEBARWE [J]. PEE %, 2021, 41(10) ;
1119-1125.

ZHU Y, ZHANG M, ZHAO C. Effect of moxibustion at
“Zusanli” (ST 36) and “Shenshu” (BL 23) on intestinal
[J]
Moxibust, 2021, 41(10) : 1119-1125.

flora in adjuvant arthritis rats Chin  Acupunct

(YeFs B HA)2024-11-16



