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Abstract: Nicotinamide adenine dinucleotide phosphate oxidase 2 (NOX2) is a key enzymatic source of reactive oxygen
species (ROS) in bone tissue, and the ROS it generates serve as crucial signaling molecules that precisely regulate bone
metabolism. However, the molecular mechanisms of NOX2 in skeletal physiological and pathological processes, its
spatiotemporal regulatory networks, and interactions with other NOX subtypes remain incompletely elucidated. This
review aims to integrate existing research advances, delve into the core mechanisms of NOX2 in maintaining bone
homeostasis and in bone-related diseases, identify current research gaps, and provide targeted recommendations for future
research directions and clinical translation strategies to advance the development of NOX2-targeted diagnostic and
therapeutic technologies. Under physiological conditions, NOX2 maintains dynamic equilibrium in bone metabolism by
precisely regulating the activation, differentiation, and functional activities of osteoblasts (OB) and osteoclasts (OC).
Notably, NOX2 exhibits significant age-dependent regulation of bone formation: juvenile NOX2 deficiency promotes
osteoblast differentiation and bone formation through compensatory upregulation of NOX4, whereas chronic
NOX2 deficiency in the elderly accelerates osteoblast senescence, enhances inflammatory responses in the bone
microenvironment, and ultimately inhibits bone formation. Furthermore, the MT-NOX2-TRPV4-CaMKII signaling
pathway mediates mechanically stimulated osteogenesis, revealing NOX2's crucial role in force sensing. For osteoclasts,
physiological NOX2 knockout is functionally compensated by NOXI1, causing minimal impact on bone resorption.
However, under pathological conditions such as obesity, NOX2 deficiency increases inflammatory cytokine expression,
significantly inhibiting osteoclast differentiation and bone resorption. Pathologically, NOX2 dysregulation is closely
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associated with multiple bone disorders. In osteoarthritis (OA), abnormal NOX2 activation promotes chondrocyte injury
and extracellular matrix degradation. Different OA models exhibit subtype-specific mechanisms: Collagenase-induced OA
(CiOA) relies on synovial macrophages to drive inflammation, where NOX2 deficiency can be compensated by NOX1/4;
Whereas in the medial meniscus instability (DMM) model, synergistic NOX2/4 activity in chondrocytes and synovial cells
promotes pathological progression. In osteoporosis (OP), NOX2 dysfunction disrupts the balance between bone formation
and resorption, leading to bone mass loss; Under aging and diabetic conditions, daphnetin and PMS/PC improve bone mass
and microarchitecture by suppressing NOX2 expression. In osteosarcoma (OS), NOX2-ROS drives malignant progression
through dual mechanisms: Directly inducing DNA damage and impairing repair capacity to promote genomic instability
and malignant proliferation; And activating EGFR and VEGFR signaling pathways to enhance cell invasion and
angiogenesis while contributing to chemotherapy resistance development. Despite significant advances in NOX2 research,
key scientific questions remain unresolved, including the precise molecular regulatory mechanisms of NOX2 in bone cells,
synergistic/antagonistic interactions with other NOX subtypes, threshold definition for ROS concentration-dependent
effects, and bottlenecks in translating basic research to clinical applications. Future research should focus on: (1) Utilizing
single-cell sequencing and gene editing technologies to precisely decipher context-dependent regulatory networks of
NOX2 in bone cell subpopulations; (2) Developing highly specific NOX2-targeted drugs to avoid off-target effects; (3)
Conducting rigorously designed clinical trials targeting diseases such as OA, OP, and OS; (4) Exploring the diagnostic
value of NOX2 as a biomarker for bone metabolic disorders. Through multidisciplinary integration, advancing the clinical
translation of NOX2-targeting strategies will provide novel approaches for precision diagnosis and treatment of bone-
related diseases.
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Figure 1 Mechanisms for maintaining bone homeostasis

Note: As the body's vital support structure, the skeletal system maintains homeostasis through OB-mediated bone formation and OC-

regulated bone resorption. Disruption of this dynamic equilibrium leads to bone-related disorders such as OA, OP, and OS. Osteoblast,
OB; osteoclast, OC; osteoarthritis, OA; osteoporosis, OP; osteosarcoma, OS.
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p3842 24 JF TG Ak 25 FH ¥4 ¥ (p38 mitogen-activated
protein kinase ,p38MAPK )/ c-JunZd FE AR il fiff ( c-Jun
N-terminal kinase , INK ) {55 53 1 , 2 E 56 4@ ik
fif 13 (matrix metallopeptidase 13, MMP-13)
Adamt5 mRNAZKE- T, 75 3 A AL bR i )
Fth1 ,Hmox 1F18-OHdGKH 4R s ). Nox24i
HIFIAPX-115 free base( APX-115) FiiAb ¥ n] &g 2 i)
HITL-1piE S HIMMP-13/Adamts 58 1k, K
21 R JE (Col2) IR 4 H BB (aggrecan) &
B, HAPX-1157397 8 J5 vl i B 45t 15 ) OARSIT:
YA, B EIE 8D, U MMP-13f18-OHdGFAYE
A0 ) R RN ARSI NOX2 Al i
Racl/p38MAPK/INKAF 5l i {& #F MMP-13 Fl
Adamts5FIA I AN, HFT 2 5 0A#EfE , 1M
NOX2 1 il 35 APX-115A] 38 32 #1012 3 R 2 ik Sk iy
it

{HARHEE I, TEOANFEH , NOX2XFOBHIOC
52 EZR AR R PESE R A E A% OFE T
A2 6 R RS B AT R OS2 Joli M A RE 4 . G5
F T 45 S 117 22 52 08 A TR AIL ) 5 200 i 28 R 1) oy S
PR CIOA A5 BUAR J6 ¥ 5 1 Wk 440 i 3K 3y 42 0 , I
NOX 28 i BENOX 1/4 %Mz , 1 DMMAR Y o 5 g
2 L P T4 D AN O X 2/4 Tp [ R BRI AR . 45
A XTNOX2/4 1 1A 1) T 15 (UNAPX-115 1461
NOX 2[R i BHLIFTNOX 455 ) 1 b B — 317 il B e AL
WEAMEZEON , O ATR YT FRITEAE S .
3.2 BRBAE

OP J&—Ff LLE &Ik /> F1 - L S 25 A e 3R
FEAE 0B B HR , X Fe BRAS AL S 28 8 T et
FIEHT X 0, AR R BRI W], NOX 24 £
ROSJZEOP &A=& R i BEHLH , oA 2
i DR 25 ML R O PR B b R A PR

WEEOPH FEMLKHERZ —. fEEHINHE
/INER(SAMPS) BRIt | BEAFHAIS K, B 414U NOX2
Fik B E A, FEREROSACETFE Y WiKCTSy
M7~ , SAMPS/IN R H B0 B 70 () B IR AT PR AR, 4
FhE/INEECR D R (BV/TV) BRIt
B AR T B AR R B A A A ) b
BEE TR HLRIBEIE R, NOX2A: U AROS
AL 3 40 Wnt/B-catenin{F 538 B, T I E G
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LK (W1OCN ,OPN) Y mRNAF % , F M il OB 4>
Y Y XESAMPS N R EBEAT A P T FINE 1 i 1
1 B i A 2 (daphnetin, 50 mg/kg-d, FEZE4 2412
JEHIHINOX2 5 , Hor dH 4 A ALK - (8-OhdG )
2R, OBIG AN fb 45 19 I iR Ik i 240
[F) 8 WT /N LK P, TR B AR L (BV/TV) Al 5
BB Y AR RNOX 2 M S0P
PRI A I B0 50

WA 8 DR v 368 2o - 252 e 1t iR A 25 wL g
OPHEfR 2], LIS NIRAL £ (streptozotocin, STZ )75
SR VRDAE R /N BRAS AR R f51), O i 2 S
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FEAG S AR IR S LR OP 31E. MR, &
A R J 8 48 A VT 38 2o T B 1 A C (protein
kinase C,PKC)i i, fie fiNOX2H 17 IV Fp47phox
WERR AL IT e 07 R AR, B G M E AL 59, =
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PN 2 A (D2 H A4S ) i & #5 CSREAE o
HAL M AR A B 1 2 b —FPREER 0 AR, D s 3R
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ik, FZ A T AR AR /NG R BB, A s sk e itk
OB U AN E T A VE T, A2 145 - (R IBG 1Yy E 2 45
HEERR? s NOX 24 S AR OS AT 3 sk 42 Ak Hii 1.
BN A KA F (vascular endothelial growth
factor, VEGF) [mRNA , F- il ifit /INB AT A= A
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4 #6 1 (bone morphogenetic protein, BMP) %555/
WAIH 738, 3 EH A AR S P CD3 T IEMCN SR
IR IS - IR RESZ B, S IHINOX2)5 , il
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HHERIL, 03005 m B = 0 ALPYS MEFE AR AN
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PENL Z —

AR RI], oI R R IR IR B
NOX2 343 12 ROSHM 1417 5380 410 thl i e I
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lineage) , fi 5 & #& 8] 75 )51 1 41 ffl (mesenchymal
stem cells, MSCs) N H: [m] 5l i 43 A B o sy v ] By
Beanfntss), e —id A, s AR SE R SR I T (i
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(RS B FILAE 16 v R FEOCSVE T . FEARSM 23, F
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MG-63FTHuOIN2 45 2 i P I 240 i R I & B, Bt
& DPUAKR BEXG N, 40 3% 0 52 0500 s AROm M B ()
A i 40 1 A R O'S 7K - e AR A 40 L 07 1 % 18 25 7
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R ZEG SR EVIM X, 78 OS #jEr,
NOX24E B AYROSA] L X DNA & i b K i o
BRI, ROSHE U8 T BOms LA 1 , 451 4 41 {1 8 -
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X AP DNA$ 123 38005 48 i N B9 DN A S 7 1 22 38
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B T XTDNA R B E A, NOX24: i)
ROSIA fEM% 18 i3 S8 A 81 380G 22 F i 1 15 53
%, JEINOX2-38 ¢ A K 13244 ( epidermal growth
factor receptor, EGFR)- L% PN JZ A4 K K T2 1k
(vascular endothelial growth factor receptor, VEGFR)
2Z 1] B AR EAE FH OE RO A A1 1 U4 A I
OSH EM I, fEiX—id 21, EGFRFIVEGFRAE
A Y S R SRRV A R O VE R . B
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1% FUfPI3K-AKTHIRAS-MAPK/(S 538 % , f£ #F OS
ARSI AT AR 28 . [RIET , NOX24E i fROS
W HEfa 2 B 5 A F-1a(hypoxia-inducible factor-
lo, HIF-1a) , fE0EVEGFR 4% 53, 38 T e st 2 4%
J& (microvessel density, MVD) , A g $R AL T £ & 1)
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HROSMHMH X —d . X F0C,NOX25NOX1
e B TP A AE D RE B AR , 2R [ PR ROSHK A 1)
N NG S5 T . TR LIRS ,NOX2Ih g i 2k
A5 Z B EORE VA G . FEOAT ,NOX2/ &
IROS ;™ A I 22 555l i, (E E B 2 i o
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