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Regulation of Bone Metabolism and Multiple Bone Diseases by FOXK1
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(College of Physical Education, Yanshan University, Qinhuangdao 066000, China)

Abstract With the aging population and changes in lifestyle, the prevalence of osteoporosis and other
bone-related diseases has been steadily increasing. Currently, the treatment for bone diseases primarily relies on
pharmacological approaches. However, medications often come with side effects, which can lead to secondary dis-
eases. Therefore, exploring new therapeutic targets has become one of the hot research topics in the medical field.
FOXK1 (Forkhead box K1) is an important member of the FOX family. It contains a DNA-binding domain and a
FHA (Forkhead-associated domain), which interacts specifically with other proteins to activate transcriptional pro-
grams that regulate cell proliferation and survival. However, its role in bone metabolism and bone-related diseases
has been less explored. This review systematically discusses the regulatory role of FOXK1 in bone metabolism,
revealing its molecular mechanisms in modulating osteoblast and osteoclast activity, thereby affecting the balance
between bone formation and resorption. Furthermore, the review explores its potential involvement in bone-related

diseases. The findings suggest that FOXK1 can promote osteoblast differentiation by inducing aerobic glycolysis.
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Additionally, certain microRNAs (miR-187-3p and miR-186-5p) can regulate FOXK1 expression, thereby influenc-

ing signaling pathways such as Wnt/B-catenin, HIF-1a, and mTOR. These pathways are closely associated with the

pathogenesis of osteoporosis, rheumatoid arthritis, osteosarcoma, and other bone diseases. This study focuses on

FOXKI1, offering new avenues for treating various bone-related diseases and providing a solid theoretical founda-

tion for further investigation into the pathogenesis and clinical treatment strategies of bone diseases.
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The FOXK family consists of two members. In the diagram, different letters represent various domains to showcase their domain structures. In the upper

figure, known proteins that interact with FOXK1 and FOXK2 have been labeled, with the labeling method associated with their specific domains. FOX:
Forkhead winged helix-turn-helix; FHA: Forkhead-associated domain; SID: Sin3 interaction domain; Sds3: defective in silent chromatin 3; FOXO4/ME-
F2C : Forkhead box O4/myocyte enhancer factor 2C; BAP1: BRCA1 associated protein 1; BARD1: BRCA1 associated RING domain 1.
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Fig.1 FOXKI1 and FOXK?2 structure diagrams (modified from the reference [22])
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Table 1 The interventional effects of FOXK1 on bone diseases through various signaling pathways
(ERZRLE FOXKI1#ik i EReziEd THUHEH SR
Bone diseases FOXKI1 expression levels — Signaling pathway  Intervention effect Reference
Osteoporosis High expression NF-«kB Overexpression of miR-187-3p negatively regulates the [40]
FOXK 1/NF-«B signaling pathway, thereby inhibiting
osteoclast differentiation
High expression Wnt/B-catenin FOXK 1 may influence the proliferation and differentiation [43]
of osteoblasts through the Wnt/B-catenin signaling pathway,
thereby regulating bone formation
High expression HIF-1o/glycolysis FOXK1 may promote osteoblast metabolism and bone forma-  [38]
tion by enhancing the expression of HIF-1a and upregulating
the transcription of glycolytic genes
Rheumatoid High expression HDAC3-FOXK Highly expressed FOXK1 can strengthen the interconnection [46]
arthritis interferon axis between HDAC3 and FOXK1, decrease the acetylation level
of FOXK1, thereby enhancing the protein stability of FOXK1,
and subsequently activating the interferon signaling pathway,
which stimulates the pathological transformation of RA-FLSs
Osteosarcoma High expression MAPK/ERK FOXK 1 may regulate the proliferation and migration of osteo-  [44]
sarcoma cells through the MAPK/ERK signaling pathway
High expression mTOR FOXK 1 may promote the proliferation and survival of osteo- [50]

sarcoma cells through the mTOR signaling pathway, where
miR-186-5p can inhibit the interaction between the mTOR
signaling pathway and FOXK1 by targeting FOXK1
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(D FOXK1 may affect the proliferation and differentiation of osteoblasts and regulate bone formation through the Wnt/B-catenin signaling pathway; @)
FOXK1 may promote osteoblast metabolism and bone formation by promoting the expression of HIF-1a; 3 FOXK1 can promote the differentiation of
pre-osteoblasts into osteoblasts by enhancing the transcription of glycolysis genes; @) overexpression of miR-187-3p negatively regulates the interaction
between FOXK 1 and the NF-kB signaling pathway, thereby inhibiting osteoblast differentiation; & FOXK1 may promote the proliferation and survival
of osteosarcoma cells through the mTOR signaling pathway, where miR-186-5p can inhibit the interaction between FOXK1 and the mTOR signaling
pathway by targeting FOXK1; ® FOXK1 may regulate the proliferation and migration of osteoblasts through the MAPK/ERK signaling pathway; (D
highly expressed FOXK1 enhances the interconnection between HDAC3 and FOXK1 and reduces the acetylation level of FOXK1, thereby enhancing
FOXKI1 protein stability, which in turn activates the interferon signaling pathway and stimulates pathological transformation of RA-FLSs.

E2 FOXKIZ BRI B MRS

Fig.2 The regulation mechanism of FOXKI1 in bone metabolism and bone diseases
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