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BMD) FREKTF-ZVIM G, AT AR,
AD. B BB AN AR BT s 78 2 AR R AT [m] s
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BRI - 2006 PR 5 e A 2 LR B A Ty
AE . BTSRRI E, e iR B R
PR K28 1A R i AL RE K F- B R IE AR
B R PR DR 22 A1 R IR P A B B o WA ik AR,
BBB i 15 X #f1 28 2 48 (central nervous system,
CNS) UifedzE AD ™ (1), s g ™A= 1y
‘HE5Z (osteocalcin, OCN) 1]} 55 B 28 55
J& (monoamine neurotransmitters, MN) & K5
WK, JF Il y Z B T 2 (y-aminobutyric
acid, GABA) 7Mbb 5& M, $EmEd | igie ok
AR T HE o [E] B OCN 2t v o Y b 282 78 5
¥ (brain-derived neurotrophic factor, BDNF) 43
W, dkimicERT R R B IR, BRAIR A IE
SN, PR T, AR T . B
B A0 B S WA 1 R Tt iz 2848 1 2 (lipocalin 2,
LCN2) i1 #2eooxt ABREMER) 2 8k, sZmip
2RI M 52 2 M T R (IR S8 % B, LCN2 43K
55 A B T OR A R TR R T A0 I e 32 AR BEME G
F 5 LON2 ] 5 F R % 5% 4% (paraventricular
nucleus of hypothalamus, PVH) FIJ& N0 T i

(ventromedial hypothalamus, VMH) #0454 .
LCN2 7£ PVH F1 VMH [ T i #f 28 o0 5 H 2 44
M E Z K 4 (melanocortin receptor 4, MC4R)
EE, MmIE RN . HAiE & (sclerostin,
SOST) B 4 M &5 WL 0 & 1, #8550 Wat/B-
catenin {5 I i, FECE MU N ECE IR SO
Wat/B-catenin {5558 F X Kl fih 28 e A= LA K 5 i ]
AR H A B AR DY BUE Al A R
Dickkopf #1 & # H 1 (Dickkopf related protein 1,
Dkk1) J&F Wnt/B-catenin {55 518 #% Tt 925 K 7,
i H ) B2 1) DKk 1 3638 AT 30058 finh s I8 RN 2850
BT gy W B B £ H (osteopontin,
OPN) 1Bl £E J8G %) /)N E Jo A 40 e e i 0] /N e ot
4 A DL S AR TUUE 22 i AD K HE & e (A
2)o BRUCLAAE, B85 b it A g IR R IR A
IR AT VE R o SR 2 RN B 0 A 3 D Y B
4 90 B A= K X7 23 (fibroblast growth factor 23,
FGF23) 38 o 41 1 ' P o 0 1 66 o I i A 1,25-—
YA 2 D3 (1,25(0H)2 D3) A4 72 A= 5k 8 5 i
FRERACIH s
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Fig.1 Mechanism of bone—derived factors regulating the central nervous system
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2.1 SOSTETADKI AW RIEZhAT
A R AR 11 SOST 3 it 5 LDH 22441

K 25 [1 4/5/6 (LDH receptor-related protein 4/5/6,

Lrp4/5/6) 454, 1540 Wnt/p-catenin {5 5 & s 72,

T BCE B B F/E E W g o . ik YR

Wnt/B-catenin {5 5 W 4ERF K ph 28 & A= . ] 8
A BBB 5E R, DAL ZEf# AD. Wnt/B-catenin {55
S AT T A AL O 2 AR, BHIT AR FE b
M, 25 tau AR 21842 . Wt D 6E
T I F2 0 AD 22 oo FRALHE , Wnt/B-catenin T HE
BERHTEAB A RIREE, A AD K. [FEFAD
() BBB il #4425, SOST i BBB il AD ) %
Jie 1, Wnt/B-catenin {5 5% R HIA N EIRYT AD



2023; 50 (100

wmm, & SATEREEFREMRRERFELE

-2307-

FITEAEALE , 5 SOST A= BRIE T VEFIAHZEML. BRIt
PLAL, TE52 00 K ik Wnt/B-catenin {5 -5 Y AH DAL I
i, Dkk1 Al i3 3% 5 LRPS/6 4l Wnt {5 515 5,
FELIT Wnt {5 575 5 5 fi i (A i 2 >0 Dk 7 AD
BF UL AD /NN had Rk, KIHizsha A%
[ ik Dk 1 ZR3h7KF 0 dz gl ) 0 i ¥ APP/
PS1 KB Wntf55 %, 238 APP/PS1 KELZfil 2]
RERREAT, (EUERG PN 2 il S804 Mg B ph ek A Y

K AL AR 38 I TR B TR G G 3B
(glycogen synthase kinase-3f, GSK-3B) Fil [# 1k
B-catenin Jif 14 BEIFT Wnt/B-catenin {5518 i . 12 sl %
B % 73 W SOST /K V), A Wnt/B-catenin £
WM AD KRR, MR A, 8RR /NR S
Jizghim, SOST RikA T2 TR, TEAARIFSE
3 BRPE SR P A L (R A R B AR Y
SOST 73 b H 1§ 5 /K 2 o iz 2l B ik A
Wnt/B-catenin {5 514 5, T /= il 41 i 4 B-catenin
AR A TRE . KREEST 30 min/d, 5 d/
L2 B GEs)E, TN Wat3 FRikKF, )
il GSK-3B FIBREST, WU Wt {5 55d@ %, FEendi
2 kIR, W ADICAZE R DIEE . TN
JEE R 2 5 i B S D) [ W] A3 50038 2 48 L BMD
KV, GHffE BsiAS, XS NI A
EIEH . 23T Hi%S SOST 2 5 3 1 % £ B
A, o]k —2E il SOST 1 [m] 1 42 Wi 8 20 e oy
e, ME 2, BallfE, B W SOST ik,
22 MM P i BBB 5 BV, 5 Lipd/5/6 45 &
WS, S Wat/B-catenin {5 55 S,
LR PR AT IBVE AR R A, Géfft AD
2.2 OCNIEFTADHIEMHHI RIZZhIE T

OCN 2B M E Z A 2 —, & T4k
F KA ARR R 1, WPy REA A
fR# H (bone y-carboxyglutamic acid protein, Gla/
BGP). OCNE &3 Ny BRER A, LT P
FEUCRURI BB EE I8, I 70 i A0 B S LR A T
PR 32 ST A S08GE BMD FTOCN F3- 7K
L IR IR S ADURTERS, HUATERR RS
H OCN it BBBiARAEMG T Fefili AT~ i R
X, IS eRe RPELE &, S 2858 T
B BRE SRR 2 [AET OCN i n] i E LA i) 27
SHNCIZEE Ty, B0 2 A AN Ak ki
HCE RN TN RE,, B 28 & AR il £ T
gk, BRILLAAN, OCN 1] DL B 4% BH 1k ¥ &

TP T, IO 25 (8] 2 2004 4N T 2
fig *. OCNZ BBBi# A CNS KIEPHW/EM, 5
iy CA3 XHEM M 2850 G S I Z 1K 158 (G
protein-coupled receptors 158, Gprl58) %54, #t
1M 380 5-¥2 (4 1% (5-hydroxytryptamine, 5-HT) .
Z UM (dopamine, DA) LI M EHWH IR R
(norepinephrine, NE) 4§ MN 4 543, 41 1l
GABA G, s as )z Ficiche s . plik
N EEE5Z (total osteocalcin, tOCN) &g FEH 2
R 1L 5% & 5 ¥5 R (carboxylated osteocalcin,
cOCN) DI R R Je T8 i) BA AL TE e R A 4
‘H¥5%E (uncarboxylated osteocalcin, uOCN)
AP, HH uOCN J& OCN 7E B 4l i pH 4.5 iR
PEIREEHE— L BORIE I, 12 Bl T $2 5 uOCN £
IEHIK- o BRUCLAZE, 32 Sl 3L 3 1
Jr#-6 (interleukin-6, IL-6) MfEi % uOCN j*
A, Nt AR SRR pH (AT B 40 ML 9K 3 Y
W, R OCNR Tz — ', fatkmid
[6] #K iz 8 (high intensity interval exercise, HIIE)
TS, HLAH tOCN FIuOCN /K- 2447 Fir g fin
{BJE HIIE T-Hl 4 8 J5 , 1 OCN K uOCN Jf- 7t
A, VLIS B T IR B TR e R B
43 uOCN % it BBB i ¥, ##F — 25 48 3 i N
BDNF mRNA FlI FI iRk K-F, Jf8 %47 BDNF
FEHE )5 Mk . OCN IR AT HARIE 2 A G,
H# S EBMD M OCN %A /KF- FFE, ik BMD A
NI eIk 55 647, 155 AD &4 Y. 305 OCN
PGP AT B2 1 PR S5 AR A OC R IA I IR . 153
UGENUAEEE I RE T, $E LA OCNTEIF KT,
ISR, i OCNF S T sEiIA
HILEE

AR 25 W S B N Lo PR R AD XURS:, TE4R 28
b I S it i S S ARARR 2l 38R el D B
PRERTE A, RS AR TR a SRR B R
HATATEE OCN, LA 28 22 Go e g XU ™
WA, ZIAHIRE I TR B OCNTEREAZ2 1]
AT 38 3 G B AR A B OCN 22 i il B #f 28 5
T2, PRI OCNT /)N B 28 i | = e B AN 2 > 1e AL ik
B R B PR BEAR BRI D5, 1K OCN % % 45 42 1
OCN™/INER AT LA KA /N BBl S, B 3
it OCNFEIINEL, A TRILKI AT . M5
KL, B THEAMARER, X240 Wistar K
SRR A U R I 24 7 U il 57 DA ARAS B K iz
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S, RS AR R R A A, S AR
I3 wOCN 8 2 5 F X R R B B, ik — 208
i BBB #F A Jii N X GABA #E47 AL 845 . GABA
TR FEEAMHI 236 5, GABAZEMK N HEFR
GRS LR IEEE S K M B2 D & -
et iRe. 32 32 1R BDNF ik /K F- ik
WS R Th e, I N GABA 1 MEHHl, 458
BTN, A TSRy, JEm
3 AD /INRRZS ()42 A2 > T g B
2.3 OPNATADHIEWIHFI K ZZhiAT

OPN J2& B B oA 200 it 1 32 3 308 1) 32 o 4 g
GREWT I, AT R TR . IR, [
XTRGE VR R > S8R FE AL, AD BE
i AL OPN 2 /K45, OPN HAG {4
MZETT, HAT T ISR EE FUE 2 A 2R AT
FIVER ', [AEE, OPNZ Y5 Kk e, feut
BEWIE AR 00, XF 2 A % C57BL/6 HETE /N B
AT I 5 JE A AR E (85% VO,max) i3z
SR A s s T, TR E /N BMD ., B
i VAR R RE T, R s A OCN i
OPN Rk F1 43 WA 7K F- 1 OPN 38 it BBB #F A
M P BEA LI, OPN B IIfEEN T AD #122
RENR . BILABET-WZLIT, OPNFE AD L0
W, EHTOE A A R RN/l R 2 O A Y A e R
R EME Y BFSE B, 78 AD HE RIHEARRZ
JUAT APP/PST/INER Kl i, OPN ZRiA7K P-4 hn 5
AB UL PIAH 2 ), 7F OPN i 3% AD st 2,
OPN 5 N2k CD44 45 45, ib—4 KA b
ToIETEINAE. 1T OPN-CD44 5 S IARTEM 2 {347 Al
FI R R EZAEH , OPN ik Jinas il 4
il AD il 2P IS . 12 SR S OPN
A3 I FNF IR IR, OPN 2 3k 7K S Jiin s m] 5 4411 il
AD R 245005 . 16 ABVEBRHLEI T, OPN Al i
5 W 4 G S R T A UTTE, OPN A E AP £T 4k
FFHSCZ AR AN, BRI . PGS A —
FAL A AW (inducible nitric oxide synthase, iNOS)
K-, $EFEEANE-10 (interleukin-10, TL-10) 1 AB
REfiot AL o 4 JB AE AT (matrix metalloproteinase 9,
MMP-9) HTRIEH ' BRUELLISN, 28h5| ik
TR AL, MK B S MMP-9 36 P, ki
TR TT AT Y T
2.4 INEGRRAELRREIE T ADB A MIHLHI R IZ BhiE S

HBEAAE T BN B B B E Be s, AT

A B RE IR /N BLAE 4 AR (bone marrow derived
microglia-like cells, BMDML) FI‘& %8+ 40 il vl i
2N AD &R, B S S CNS 1Y
BMDML AJ 5518 5 ABUTAHIL G ), LB A Mk D
JRARFNLA S5, A R R A BRD A s LA 4y
SEAFVE R, IR BN CN'S 1 56 K G 5 4t
25 CNS KB U S R ita 45 . BMDML Jj g F fig
5 CNSEIAHISE, 51 BMDMLIBTL, T AR
Wi Dy R sz . 1 vE S BMDML Ji5 M 4% 5] AD
AN R NS s s ey A = e N 7
BIEH, HMBMD, femBEikd ke, ¥hia
SN RE AL B AN K LA S R T RE S
LR g i an i o Ak ok B2, I AR 2E B E 40
& =1, fe i BMDMLE A7k, Hirh BMDML
i L A sy & i BBB IR BN, 43
WEAL K A F Bl (transforming growth factor-B1,
TGF-B1) 4l ApIE MR e it AR BEBRTGBR, 2k
AD NI RE B RS 5, TGF-B1 #lt F 25U BUK ik
TR TAn e T B ¥ B NI S BMDML B4 i
figi P TGF-P1 #l TGF-B1 524K (TGF-B receptor type 1,
TGF-BIR) FKik/KF, HIEK N BMDML % AB #%
WEAER, IR AR R ERLE AR 0 2 J8] Ja e a) Btk iz
Bl AR B Y % 208 3 T M0 40~55 % A AL T
HREFCHIZKE B, 2 BMDML 437K, ]
ABTLTE, ZEfif AD K/E. BRILLISE, T4nffipd 7
(stem cell factor, SCF) FIA 2 Jfd £F V& ] 3% P+
(granulocyte colony-stimulating factor, G-CSF) J&
[F)i6Y7 APP/PS1/NER,  REBSHI IR h BMDML 7
K-, 382 APP/PST/INER AR LR AR 42
2 AD AR R 7
2.5 BETHARETADNEMIG KIESEAT
HLAAR 0 Y3 RN B RS PR AR T g N A 1R I %
fit AD A= Y BRI FE T 4E A (bone marrow
stromal cells, BMSCs) ] )\-BHfiE % 2 40 1l IF
AU 0% ST BMSCs 7] M0 /M i i
Y ARAE A S fl KA, WG AD /NN RS .
FE53 AT AD /N ER AR BE B J] L/ ot 248 e 5 e 15
Al ROR R AD KA KR, AD /N R DA 5k
[AB (nuclear transcription factor kappa B, NF-iB)
FARIKERE AN . 28 BMSCs Ab B AD /N B H 3R
LB, {Hi 5 miR-146a K F3 0. A oMF
FEUESE, BMSCs 73 A B S 1A miR-146a Bl /NI ot
AR, AR /NS 5T 8 A 2% 3] miR-146a Kk
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AKETHE, NF-«B KRR, /N T2 M D edk =
AT B2 o 2 2B RN H R AR 2 A . S A,
BMSCs T3 AB UTRU R, 5 58 fil A 33 T it
K IR BGEROR . KNG P 5 BMSCs, A
PURLE 8>, HFFLER k2N A Y, s st
BMSCsiE 8 . BA5 A bAA A2tV E A, Jaitis
ST R EAR, 2T 52 BMSCs 404k
KR 2 3 A, I 8 JEl A2 Bl T n] BLRR U Y
BMSCs /K ‘), Bz sl kb # 1 BMSCs £
X AB 75 T 0 HE M R R P 2 B 2 AT R
YRR =7,

BB ok UE T 40 M FE s T 40 i
(hematopoietic stem cells, HSCs) . BMSCs Fl 4 J7
FELAMARL 3 200 3 b o PO 1 N e AR f A
SMESEI RS, BMSCs 11 B3 AR E RESZ 1K
5 AL FRYIR A & HSCs 3 A AR LAY SERT, M
B3 ' b iR K BEAZ (A 3% i ol FH mT ek o AR A A
PRI 1K SZ HSCs Difig . HSCs figi P S AT I
> ABULER, Z&fii AD/NEUCIZEE DI RE, b

ez

] & %
eSS
st P

BEIR BA KL 4 L (bone marrow-derived mononuclear
cells, BMMCs) #ft ik N #% 48 7] 2k 3% DAL /s 5L
APP/NEGNHITIRE, FlRs ph 2R T A . 4 Fl i
/N B R R v 43 25 Y BMMCs, il i ik RS
i £ DAL F1 APP /MR N, Hor BMMCs B A1)
il DAL /N B 28 50 5 R I 1042 28 E # K F-
BMMCs % i 5 23 B i 9 2> APP /s B K i AB UL
TR 5B gl R i BB X6 et HSCs DI REAR X 44
55 10, AR R D RIANE 8l 5 HSCs /K P FA
A NHE, FERI G B2 sl 2 (Can A TR i~
Wizl B TR AfT 2N g A
B, WELRI G HSCs IR K AT 2253 197, #&
RIS, 13 RICE BN S WO ATALAIR, 24k
PR A R AR S W KT DA S B T
AR EBE I sZm 8 hCERCR AN R, (HAK
SREAAIEMAER . BRILLISN, Bah AR GXTT AD &
AW EAYCERTATER, MESAY¥AEDRER
A EERCR

L9 QNN
: A\Q \- .\\\
4

Fig. 2 The regulatory effect of exercise—stimulated bone metabolism on Alzheimer’s disease
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2310~ EMUEEEYIEER

Prog. Biochem. Biophys.

2023; 50 (10)

% ADINHIDIRERRT (K12) . ARSCERA T HIRIEN
TRIHUA AD KA IEEEDL], BB T LA A
Ji i1 3 AD BOBUBAET . o8 ook Hof
MR AR AU, i — 2D
E H S 518 3 T CNS 1Y U R i 4 4 BE il
Fixiz i i i AR BE Y IEPERON , SRR N
AL ) BE— LRS- BB AN

2 % X #

(11 &0, 25, 07 23 5 A REV R KF %
T1),2017,24(3): 139-144
Xu S, Li S C, Fang X. Journal of Physical Education, 2017, 24(3):
139-144

2] Otto E, Knapstein P R, Jahn D, et al. Crosstalk of brain and bone-
clinical observations and their molecular bases. Int J Mol Sci,
2020,21(14):4946

[3] PuZ, Tang X, Fei Y, et al. Bone metabolic biomarkers and bone
mineral density in male patients with early-stage Alzheimer’s
disease. Eur Geriatr Med, 2020, 11(3): 403-408

[4]  Zhou R, Zhou H, Rui L, et al. Bone loss and osteoporosis are
associated with conversion from mild cognitive impairment to
Alzheimer’ s disease. Curr Alzheimer Res, 2014, 11(7): 706-713

[5] Kumar S, Chandnani A, Aung N H, et al. Alzheimer’s disease and
its association with bone health: a case-control study. Cureus,
2021,13(3):¢13772

[6] Makowski L. The structural basis of amyloid strains in
Alzheimer’s disease. ACS Biomater Sci Eng, 2020, 6(5): 2498-
2505

[71  ShenY,LiR. What do we know from clinical trials on exercise and
Alzheimer’s disease?. J Sport Health Sci, 2016, 5(4): 397-399

[8] Gerosa L, Lombardi G. Bone-to-brain: a round trip in the
adaptation to mechanical stimuli. Front Physiol, 2021, 12(4):
623893

[91 i, BUR 2L ARIE R, 45 VLB S A T LA SR ER AR 1Y
AW AL KRS B AT T b A B R, 2022,
58(5): 75-83
Xu S, Zhao C H, Xu DM, et al. China Sport Sci Tech, 2022, 58(5):
75-83

[10]  FEE, BRI, % 1830/ 3 2B AN L) e BT R %
TR R ERALE] . VR 2 56 2= 4, 2022, 46(5): 29-39
Wang J, Zhao N, Xia J, ef al. J Shanghai Uni Sport, 2022, 46(5):
29-39

(L] R0, B4R, 25 B R B/ SRR A A Q5 1 4% S 1Y &
Haz gy T LRIt R . ER TR, 2021,57(2): 74-81
XuS, Chen X H, LiS C. China Sport Sci Tech, 2021,57(2): 74-81

[12]  Brunetti G, D'amelio P, Wasniewska M, et al. Editorial: bone:
endocrine target and organ. Front Endocrinol (Lausanne), 2017,
19(8):354

[13] Qi Z, Liu W, Lu J. The mechanisms underlying the beneficial

effects of exercise on bone remodeling: roles of bone-derived

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

cytokines and microRNAs. Prog Biophys Mol Biol, 2016, 122(2):
131-139

Zhao Y, Suo Y, Yang Z, et al. Inspiration for the prevention and
treatment of neuropsychiatric disorders: new insight from the
bone-brain-axis. Brain Res Bull, 2021, 177(12): 263-272
Staurenghi E, Cerrato V, Gamba P, ef al. Oxysterols present in
Alzheimer’s disease brain induce synaptotoxicity by activating
astrocytes: a major role for lipocalin-2. Redox Biol, 2021, 39(2):
101837

Yuan J, Meloni B P, Shi T, ef al. The potential influence of bone-
derived modulators on the progression of Alzheimer’s disease. J
Alzheimers Dis, 2019, 69(1): 59-70

Huang Y, Liu L, Liu A. Dickkopf-1: current knowledge and related
diseases. Life Sci, 2019,209(9): 249-254

Bien-Ly N, Boswell C A, Jeet S, et al. Lack of widespread BBB
disruption in Alzheimer’s disease models: focus on therapeutic
antibodies. Neuron, 2015, 88(2): 289-297

Inestrosa N C, Tapia-rojas C, Cerpa W, et al. WNT signaling is a
key player in Alzheimer’s disease. Handb Exp Pharmacol, 2021,
269:357-382

Purro S A, Dickins E M, Salinas P C. The secreted Wnt antagonist
Dickkopf-1 is required for amyloid B-mediated synaptic loss. J
Neurosci, 2012,32(10): 3492-3498

HE TR IAE, 3, SR 254K, 55 18 2 7T Wnt/B-catenin {5510 1 19
WHICHE I A=A iifhay, 2020, 40(8): 1358-1364

LinHQ, Tang L, Wul H, et al. Chem Life, 2020, 40(8): 1358-1364
Gardinier J D, Rostami N, Juliano L, et al. Bone adaptation in
response to treadmill exercise in young and adult mice. Bone Rep,
2018,8(2):29-37

Kim DY, Jung SY, Kim K, ef al. Treadmill exercise ameliorates
Alzheimer disease-associated memory loss through the Wnt
signaling pathway in the streptozotocin-induced diabetic rats. J
Exerc Rehabil, 2016, 12(4): 276-283

HIIGERE, A4 B PV L 38 S0 B s e (1 2 L33 A AL IR BF 9
HEE AR R, 2020,40(4): 59-66

HuXP,LiS C, SunP. China Sport Sci, 2020, 40(4): 59-66

BXER, TR, AR, 45 32 shiE Wnt/B-catenin {5 53 J 5512 7
AR P AR FOBLH . B St AE 4B 24, 2017, 16(1): 23-27+51
Zhao H, Zhang L, He B, et al. Journal of Nanjing Sports Institute,
2017,16(1):23-27+51

Shan C, Ghosh A, Guo X Z, et al. Roles for osteocalcin in brain
signalling: implications in cognition and motor-related disorders.
Mol Brain, 2019, 12(1): 23

Lu B, Zhang T, Yang F. “Bone” in the brain? Osteocalcin-
expressing neurons in adult hippocampus promote neurogenesis
and suppress anxiety. Biol Psychiatry, 2021, 89(6): 539-540

T, VIR 55 R IR SRR I G R P R . o
BRBAA LS, 2017, 23(7): 969-973

Yang Q, GuPY. Chinese J Osteo, 2017, 23(7): 969-973

Nicolini C, Fahnestock M, Gibala M J, ef al. Understanding the
neurophysiological and molecular mechanisms of exercise-

induced neuroplasticity in cortical and descending motor



2023; 50 (100

wmm, & SATEREEFREMRRERFELE

+2311-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

pathways: where do we stand?. Neuroscience, 2021, 457(3):
259-282

Hiam D, Landen S, Jacques M, et al. Osteocalcin and its forms
respond similarly to exercise in males and females. Bone, 2021,
144(3): 115818

Kim S M, Kim K M, Kim B T, et al. Correlation of
undercarboxylated osteocalcin (ucOC) concentration and bone
density with age in healthy Korean women. J Korean Med Sci,
2010,25(8): 1171-1175

Ahn N, Kim K. Effects of 12-week exercise training on
osteocalcin, high-sensitivity C-reactive protein concentrations,
and insulin resistance in elderly females with osteoporosis. J Phys
Ther Sci, 2016, 28(8):2227-2231

Nicolini C, Michalski B, Toepp S L, et al. A single bout of high-
intensity interval exercise increases corticospinal excitability,
brain-derived  neurotrophic  factor, and uncarboxylated
osteolcalcin in sedentary, healthy males. Neuroscience, 2020,
437(6):242-255

Schatz M, Saravanan S, D'adesky N D, et al. Osteocalcin, ovarian
senescence, and brain health. Front Neuroendocrinol, 2020,
59(10): 100861

Oury F, Khrimian L, Denny C A, et al. Maternal and offspring
pools of osteocalcin influence brain development and functions.
Cell,2013,155(1):228-241

Rosa BV, Blair H T, Vickers M H, et al. Moderate exercise during
pregnancy in Wistar rats alters bone and body composition of the
adult offspring in a sex-dependent manner. PLoS One, 2013, 8(12):
e82378

Abshenas R, Artimani T, Shahidi S, et al. Treadmill exercise
enhances the promoting effects of preconditioned stem cells on
memory and neurogenesis in AB-induced neurotoxicity in the rats.
Life Sci, 2020, 249(5): 117482

Maejima H, Ninuma S, Okuda A, et al. Exercise and low-level
GABA, receptor inhibition modulate locomotor activity and the
expression of BDNF accompanied by changes in epigenetic
regulation in the hippocampus. Neurosci Lett, 2018, 685(10):
18-23

Rentsendorj A, Sheyn J, Fuchs D T, et al. A novel role for
osteopontin in macrophage-mediated amyloid-f clearance in
Alzheimer’ s models. Brain Behav Immun, 2018, 67(1): 163-180
C. The role
neurodegenerative diseases. J Alzheimers Dis, 2011, 25(2):
179-185

Cheng L, Khalaf A T, Lin T, et al. Exercise promotes the

Carecchio M, Comi of osteopontin in

osteoinduction of HA/B -TCP biomaterials via the Wnt signaling
pathway. Metabolites, 2020, 10(3): 90

Zhang L, Yuan Y, Wu W, et al. Medium-intensity treadmill
exercise exerts beneficial effects on bone modeling through bone
marrow mesenchymal stromal cells. Front Cell Dev Biol, 2020,
248: 600639

FRIEFT . B 15 12 B xf A K/ B 8] 58 5T T 4 A BMP-
Smad {55 B 52 [D]. 11 ARS8, 2019

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Zhang L L. The Effect of Treadmill Exercise on BMP-Smad
Pathway of Bone Mesenchymal Stem on Young Mice[D].
Shanghai: Shanghai University of Sport, 2019

Wung J K, Perry G, Kowalski A, et al. Increased expression of the
remodeling and tumorigenic-associated factor osteopontin in
pyramidal neurons of the Alzheimer’s disease brain. Curr
Alzheimer Res, 2007,4(1): 67-72

Comi C, Carecchio M, Chiocchetti A, et al. Osteopontin is
increased in the cerebrospinal fluid of patients with Alzheimer’s
disease and its levels correlate with cognitive decline. J
Alzheimers Dis, 2010, 19(4): 1143-1148

TE AR, oI, SR AR I, 46 A 2 A BT MR P Y
FER . B AE Y 2k R, 2013, 13(15): 2993-2996

He R D, Han R K, Zhang L M, et al. Prog Modern Biomed, 2013,
13(15):2993-2996

Nishijima T, Kawakami M, Kita I. About of treadmill exercise
increases matrix metalloproteinase-9 activity in the rat
hippocampus. Neurosci Lett, 2015, 594(5): 144-149

Malm T M, Koistinaho M, Pérepalo M, et al. Bone-marrow-
derived cells contribute to the recruitment of microglial cells in
response to beta-amyloid deposition in APP/PS1 double
transgenic Alzheimer mice. Neurobiol Dis, 2005, 18(1): 134-142
Han K H, Arlian B M, Macauley M S, et al. Migration-based
selections of antibodies that convert bone marrow into trafficking
microglia-like cells that reduce brain amyloid B. Proc Natl Acad
SciUSA,2018,115(3): E372-E381

Kawanishi S, Takata K, Itezono S, et al. Bone-marrow-derived
microglia-like cells ameliorate brain amyloid pathology and
cognitive impairment in a mouse model of Alzheimer’s disease. J
Alzheimers Dis, 2018, 64(2): 563-585

Ruitenberg M J, Wells J, Bartlett P F, ez al. Enrichment increases
hippocampal neurogenesis independent of blood monocyte-
derived microglia presence following high-dose total body
irradiation. Brain Res Bull, 2017, 132(6): 150-159

Menuki K, Mori T, Sakai A, et al. Climbing exercise enhances
osteoblast differentiation and inhibits adipogenic differentiation
with high expression of PTH/PTHrP receptor in bone marrow
cells. Bone, 2008, 43(3): 613-620

R, A PRIR, MR T, S B IR TR Y AR T R
Ak, 2021, 41(2):266-272

Zhao Y, Yang Z B, Chen A X, et al. Chem Life, 2021, 41(2):
266-272

Brionne T C, Tesseur I, Masliah E, et al. Loss of TGF-beta 1 leads
to increased neuronal cell death and microgliosis in mouse brain.
Neuron, 2003,40(6): 1133-1145

Kuroda E, Nishimura K, Kawanishi S, et al. Mouse bone marrow-
derived microglia-like cells secrete transforming growth factor-f1
and promote microglial A phagocytosis and reduction of brain
APB. Neuroscience, 2020, 438(7):217-228

Ojala R, Motiani K K, Ivaska K K, et a/. Bone marrow metabolism
is impaired in insulin resistance and improves after exercise
training. J Clin Endocrinol Metab, 2020, 105(12): ¢4290-303



<2312

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (10)

[57]

[58]

[59]

[60]

[61]

[62]

Li B, Gonzalez-toledo M E, Piao C S, et al. Stem cell factor and
granulocyte colony-stimulating factor reduce -amyloid deposits
in the brains of APP/PS1 transgenic mice. Alzheimers Res Ther,
2011,3(2):8

Kang S, Moser V A, Svendsen C N, ef al. Rejuvenating the blood
and bone marrow to slow aging-associated cognitive decline and
Alzheimer’ s disease. Commun Biol, 2020, 3(1): 69

El K J, Luster A D. Mechanisms of microglia accumulation in
Alzheimer’s disease: therapeutic implications. Trends Pharmacol
Sci, 2008,29(12): 626-632

Nakano M, Kubota K, Kobayashi E, et al. Bone marrow-derived
mesenchymal stem cells improve cognitive impairment in an
Alzheimer’s disease model by increasing the expression of
microRNA-146a in hippocampus. Sci Rep, 2020, 10(1): 10772
Bae J S, Jin H K, Lee J K, et al. Bone marrow-derived
mesenchymal stem cells contribute to the reduction of amyloid- 3
deposits and the improvement of synaptic transmission in a mouse
model of pre-dementia Alzheimer’s disease. Curr Alzheimer Res,
2013,10(5): 524-531

Dalle C L, Mottes M, Cheri S, ef al. Increased gene expression of

[63]

[64]

[65]

[66]

[67]

RUNX2 and SOX9 in mesenchymal circulating progenitors is
associated with autophagy during physical activity. Oxid Med Cell
Longev,2019,2019: 8426259

Sun Y, Yuan Y, Wu W, et al. The effects of locomotion on bone
marrow mesenchymal stem cell fate: insight into mechanical
regulation and bone formation. Cell Biosci, 2021, 11(1): 88
Maryanovich M, Zahalka A H, Pierce H, et al. Adrenergic nerve
degeneration in bone marrow drives aging of the hematopoietic
stem cell niche. Nat Med, 2018, 24(6): 782-791

Kanamaru T, Kamimura N, Yokota T, et al. Intravenous
transplantation of bone marrow-derived mononuclear cells
prevents memory impairment in transgenic mouse models of
Alzheimer’s disease. Brain Res, 2015, 1605(4): 49-58

Ho T T, Dellorusso PV, Verovskaya E V, ef al. Aged hematopoietic
stem cells are refractory to bloodborne systemic rejuvenation
interventions. J Exp Med, 2021, 218(7): €20210223

Emmons R, Niemiro G M, De L M. Exercise as an adjuvant therapy
for hematopoietic stem cell mobilization. Stem Cells Int, 2016,

2016: 7131359



2023; 50 (10) %, & EATERERETFEEFRR BB 2313

Mechanism of Exercise Improving Alzheimer 's Disease via Regulating
Bone—derived Factors

XU Shuai?™, JI Tai”, YU Feng”, CHEN Xiao-An""
("School of Physical Education, Jishou University, Jishou 416000, China;
ISchool of Physical Education, Huaiyin Normal University, Huai’ an 223300, China;
IDepartment of Physical Education, Shanghai Jiao Tong University, Shanghai 200240, China)

Graphical abstract
SOST Cognition
Osteocyte OCN
+
> / Osteoblast — OPN
Bone marrow BMDML
Exercise BMSCs Brain
— BBB

Bone

Abstract Alzheimer’s disease (AD) is a neurodegenerative disease that causes central neuropathy. The close
association between bone and brain reveals an intrinsic link between bone and AD. Bone is gaining attention as a
bone endocrine organ, which secretes osteogenic factors (SOST, OCN, OPN), and generates microglia and bone
marrow stem cells. These Factors and cells derived from bone cross the blood-brain barrier and regulate the
physiological properties of the brain, so then improve the metabolic process of AD. Exercise regulates skeletal
endocrine function, increases the secretion and expression of bone-derived factors, and ultimately delays AD
pathological changes and improves the level of AD cognitive function. This paper focuses on the ameliorative
effects of bone-derived factors on AD, and new approaches and perspectives on exercise stimulation of skeletal

secretion to improve the AD process, providing new ideas for brain-bone interaction studies.
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