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Mechanism of bone-derived factors in exercise-induced depression improvement

PENG Haixia, HUANG Jiating, XUE Ke, LI Haonan, ZHOU Xinyue, XU Ran, CHEN Xianghe "
(College of Physical Education, Yangzhou University, Yangzhou 225000, China)

[Abstract]  Research on organ-interaction depression mechanisms is a current hotspot in neuroscience. As a
vital endocrine organ, the skeleton secretes bone-derived factors into the bloodstream, including uncarboxylated
osteocalcin (ucOCN) , lipocalin-2 (L.CN2), and Dickkopf-related protein 1 ( DKK-1). These factors then act on
tissues and organs such as the adrenal glands and hypothalamus, and can cross the blood-brain barrier to enter the
brain; there, they influence neuroendocrine systems ( such as glucOCNorticoids and corticotropin-releasing hormone) ,
modulate neurotransmitter secretion (such as serotonin and dopamine) , affect blood metal ion concentrations (such as
iron and magnesium) , and mediate core signaling pathways such as PGC-1a/ I, FNDC5/BDNF, and GSK-3B/f3-
catenin. These changes affect brain structures such as the hippocampus and prefrontal cortex, regulating depression
onset or improvement. Exercise significantly improves depression, with mechanisms closely linked to increased

expression of osteogenic factors such as ucOCN, LCN2, and DKK-1, which regulate neuroendocrine,
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neurotransmitter, and gene expression. While current research mostly focuses on the mechanisms of individual factors

acting alone, comprehensive reviews remain scarce. This review explores the mechanisms by which osteogenic factors

promote exercise-induced depression improvement by assessing existing research findings and identifying key issues.

These findings contribute to further elucidating the functions of osteoendocrine signaling and open new theoretical

perspectives and research pathways for investigating depression pathogenesis and exploring exercise-based

interventions.
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Table 1 Mechanisms of bone-derived factors in modulating depression

HIRPER T

Osteogenic factor

L

Influence mechanism

ucOCN

LCN2

DKK-1

FGF23

5 BBB 5 BIEN AT KR 0 S IGCRE RO B4 A DA T S-HT T GABA L BT | 0
Through BBB-mediated coupling with the ventral midbrain A1l cell group, hippocampal transverse temporal gyrus, and
brainstem neurons, DA T, 5-HT T , GABA ! , depression level 1.

NMDA | ,CaMKII | ,AMPAR T |HP jiz/2rh BDNF 1 %002 1 ,GABA | FCIMABIEAT 1740,

NMDA | , CaMKIII | , AMPAR T, BDNF T in HP cortex, glutamate T , GABA | , antidepressant effect T .

i CA3 XA ZICIE 1 GPR1S8 454 JF i #UEE ) BDNF , HE I 138 1P3Rs, 5-HT T HABAEI 117,

Binds to GPR158 on the membrane of hippocampal CA3 neurons, activates the target gene BDNF, and then upregulates
IP3Rs, 5-HT T, antidepressant effect T .

YEBF GC 2 CRH, ucOCN i1 T-FF 151 Btk AU J B0, GC L, SR | 195460
Injection of GC or CRH, ucOCN acts on the endoplasmic reticulum of the fasciculata zone cells in the adrenal cortex,

resulting in decreased GC levels and reduced depression level.

PIVHBAE 8 2 117 ucOCN | HPA Bl | J2 R RES ACTH 59 400 M nl 9k | #heoc 2, IR0 il v 2 471
SRS HPA B i SMEE ucOCN BB R T IR KT | i S SAE RV |, Ca® 388 T, 2 11 Earin
FIB T MZTCA A T RS BRI B VKT I S D RE MRS ES , 3% ucOCN™ /NIRRT T4 12
Depressed patients exhibit decreased serum ucOCN levels, which activate the HPA axis, leading to abnormal cortisol and
ACTH secretion, reduceplasticity, neuronal damage, and concurrent inhibition of hippocampal negative feedback
regulation of the HPA axis. Exogenous ucOCN, however, increases insulin secretion, thereby reducing insulin resistance
levels, decreasing hippocampal inflammatory responses, enhancing Ca®* channel activity, increasing Ezrin protein
expression, promoting neuronal cell regeneration, and maintaining the functional homeostasis of astrocytes and microglia.

. . L o
This improves depressive behaviors in ucOCN™" mice.

SRV A PSR ATP T, P30l PRC fhi) P2X2 i3S ATP S SIBTMARKEE
Endogenous ATP T in astrocytes, and the P2X2 adenosine triphosphate receptor in the medial prefrontal cortex exerts
antidepressant-like effects via ATP.

25 BBB 55 MC4R Z54 76 PVN HRTT 52 Ca® N H30E cAMP, TRH 1 Al CRH T fe s EREEA T R
Through the interaction between BBB and MC4R, it can induce Ca®" influx and activate cAMP, TRH T , and CRH T in
the PVN, promote depression-like behavior.

5 24p3R 45 )5 BRES TURBE | B 208 IR 5-HT A0 DA S5 ACIFSE L (2R B b pt | ) P77 5 1 g v B fi
P 223 AL T B MAO FEfi B LRI eSS B | AR/ 1 08>0

Following binding to 24p3R, iron concentration | , monoamine neurotransmitters (5-HT, DA, etc. ) exhibit metabolic
disruption (with reduced receptor density and activity ) ; meanwhile, the depletion of monoamine neurotransmitters in the

brain leads to MAO accumulation, catecholamine neurotransmitters | , and depression level 1.

AL RN 101 5 INAIRE ST | CORT fi DKK-1 T, GSK-3@ Ser3 BRIk | 1" HIHRAKTF 1,
Chronic restraint stress impairs learning, memory, and cognitive function in mice. CORT increases DKK-1 expression
while decreasing GSK-3f Ser3 phosphorylation, thereby promoting depression level. .

DKK-1 | I}, GC Ar 3 GSK-3B/B-catenin BAEHME , /NEAMAKT |, 20 ici2heds 1007,

When DKK-1 | , the GC-mediated GSK-3B/B-catenin pathway is activated, resulting in | depression level and 1
learning and memory abilities in mice.

DKK-1 275 , #1% Wnt/B-catenin 342 IR L 20T

DKK-1 inactivation activates the Wnt/B-catenin pathway and reduces depression level.

FGF23 117 BRESFURIE | BERS T |1 K 1,

FGF23 1, iron ion concentration | , magnesium ion concentration | , depression levels T .

; = = SAR M I A I F (3~ 5 U/, B K
) SEMEFESHRENG B IRIFFE A8 R A Riz 3 (3~ 5 W/, B IR

ERMLE

2.1 ucOCN

35 min) AERECIMARAE A 8 2 L7 GABA JKF-
I ER T R VR BE LA fg 4 AR | HLG i AR PR
I3 ucOCN F s, 5L 2858 U2 b 12 3% 1E

iz 4f) & o3 AR Y B SR B, Honp A O FHSET S SRS UESE  AE 2 BB PRI A T IR
ucOCN P35 4 22 386 e /3 A S i AR . s /P BB s sh vl @ i il ucOCN ik, ik
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H/NRIEREEAT A E CUMS 2515 3 1
AR BB 8 & 1 i 15 32 B IR A W D48 v B
ucOCN 153, I B8 SLAMARAEAT Ry, W 9k —
R, X R S ucOCN % F 1Y 5-HT /K
SETHE R GABA KRR 7 XK B3
L I ucOCN Rk J5 AR HEpf 2838 i 7 Wb, K AR
TREERPUMASE R, (AR, B X 5-
HT DA 1 GABA %5 fh 23 S (VR A, vT 16
1T ucOCN #E [n] ¥4 7% GPR158/BDNF {5 5 il
BT I R TL-6 Fak , R A 5 2K g
BBB B A HHX % ¢ g R 07 iz B Bl
ucOCN ik J& , i n 3 13 22 Fh 7 =X 0038 40 Al
AR, B FE 4 o £R B2 i & L ACTH A1 GC 19 4%
WA HPA il R R AR A % AL 22
— 2 W& B, 6 FlEikiz s (4 6 d,50 min/
d) B3 I ucOCN ik, I8 HPA il | 238 i3
CRH ,GC 1 ACTH )5 284k, WM E T OB
WA T /N BRI T RS B, X B
W EUEPE ucOCN A5 (18 i 28388 Jo 70 WA AE 32 3
R AEHCINARRIN 1 3 A rp 40 3 o O
AN, ucOCN 38 7] A5 i 28 G 328 18 45 17
ARIER . AARAFIE R B, 8 JHIA Bz 3 T
FCE T AR K A A AR S, R BN 1LV
ucOCN 7K T+ 5, PA K C Jz v 25 F ( C-reactive
protein, CRP) 1 TNF-a %5 9032 58 1t IR 1 7K F [
IS S i 58 £ W, 32 38 0l i b
ucOCN K3k, il IL-6 IL-8 TNF-a %5 48 hiF K -+
KV B E M ARFEST R HALH S ucOCN 3
ik R SR OE AR AL T B ST B D (signal
transducer and activator of transcription, STAT) i&x4%
A A1 98 7 8 H B (extracellular regulated
protein kinases , ERK ) i 4% > #ll ] ¥ &5 v 1L-6 FI
IL-8 mRNA SR HRINA G, AN, MG IA -+
RLTHMIATA i Nief2/HO1 15 538 BR % S 1 Ak
LIS, AT A A 2 A K R B 1 (nerve
growth factor inducible, VGF) Fll BDNF 23k, 1M
R A o 220 200 P A R O A REIR L e Ah,
ucOCN A AJ 3@ 1 5 55 PFC Hh 2244 2 4 28 3l 1%
FAEDMARRYAVE L, i  NGF-TrkA™ PGC-1a/
FNDC5/BDNF " 1 miRNAs/PGC-1a/KATs""" 4
S, DL EAFE R 230 1 ucOCN ik
J& , A A e 0 BT (R i 5-HT DA 45)

2L b (fEHEER J B3 ACTH 45) o
(#0361 IL-6 \ TNF-o 55, €3 VGF . BDNF 4, I
1% NGF-TrkA . PGC-1a/FNDC5/BDNF 4§) £/ &
B BCEANAR, PR, X BB UE 38 S R 32 4%, ucOCN
JEIB B R GRS, B ROl TRPE 22—
T a4 i 220 5T 4 Wb | 28 P9 4 W (HPA
HIDIRE) | P2 e ie 3 R OCHHEIE B, JT I ) i
GPR158/BDNF .STAT/ERK Nif2/HO1 NGF-TrkA
25 NGS5 B AR U R S AR IE AR
2.2 LCN2

LCN2 J& J7 2 B U R 71 R e
XF OB $EAT T 10 & 2R, 72 i 3 mT A1 2F Ak &1 355 77
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Figure 1 Molecular mechanism of bone-derived factors mediating exercise antidepressant effect
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