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/N SR o M NIRRT S, PRSI ot
TrEEE A — 55 B, ARG BR A A2 F 4
K, BT, H EfEX U A A R . YEdikiE,
EMLR GBI PO T & T 5 THUORIE ) B %
JXF e T, FIH R IBIPE ) 2 b Sk il T
#ho TERE Sz, hETR Ui 1
TSR BN RS A R SRR A T v ke
B RR . KU T Bol E AR s sh kb e, A
i) R T e N SR VR TV E
3.3 EFXFHEN

SR E AR iR R R OCEHEZE , ALK
PSR E SRR YA R D FA L, ISR
HW . NASA HlE T8 1 EFARE, FUEMTR R
1555 W) B H A48 AFGEA 2 D KF, -1l e oo
FOPAET TTE R PRSI AR 0 R £ Y e
RORAT PR, B Bl i B H8 AME LA 58 A R R H 5 |
EAYESHLR o CEMIRE A, — S0 & 55 i A 4E
A K SR A £ B BSR4
BIRANFEAE N B R i, 7T 5 i3 3R 25 P R A
4N, A 5T HR S Y P m R B PR KT AT fE
f IR R ARG L. hEWMERREY
Ayt o XU E 2R MER, G0 Xu ST BL
G v 2l g R T A R ARCBE RO 1 A 1 43 BE 8 (2 2 A
B R R RS . BRI, BT U
RilAF I, W5 5B S A2 Py i Im] A 44 H
3.4 Y THHERE

BEXT R EE BB 25T I AR SRR R A
B BB AAE AT SR o R SR AR T HiE ik
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24, G XA R £ (bisphosphonate, BP) 2254 . BP i
o I S 40 L 3 P D D W AL, e TR B TS R
BN Tz R E TR TN 7 44 1SS MK 51
Ay IR R, BP 5 808 191z sl Ab U7 45 6 Be 0 35 e b
AR HE 5 Z AL B R R R BB i 2k, JFaf
Bij 1k R 25 RATHE B W ORI R A5 7K T, R BT
WS 24 ) PT35Sl Bl AP ROR . NASA H HIRRE XL
TR ER A Sy T 36 B 4l B M, R AR O R sl hUA T, 1
A ALK B AE 55 T 4 T BUS B AR o R BP
#h, RANKL .5 SR (A v Bt ) S 1) 25 Wy it
SOST Hik (4n% BLER Fifii (Romosozumab ) ) IR B IA K
PR ZS PR rp A N AT 7, ATidE e Wt {5538 2 BH
WP B A0 B A B AR W ™ A N, A Y
B B ZJ A AN ] ZAR A EIVE L, 4T SiE SR AE
JRUBSS | o LA IR 46, TR IRk 2 RATS AE SR A TS A
(I SRAYT ik o IAnTE 2023 4R & A Y 1SS /IR
SRR, TRMERMZ R AR KT 1(Neu-
ral EGFL Like 1, NELL-1)5 BP &%, —F(polyethy-
lene glycol, PEG) EIE i 5K % (BP-NELL-PEG),
T 9 Jal il 3 BREE T By /N AR Y SE B TR,
JUPsE AR T REF 2R, HEAHAWNEAR R
JOF o 3 AR 3k 6 A ol R ) Tk R A R R AR T2
PIRTT Om Z avE™ . S8, TE— SRR E N Zh )
FEAI TR R TIL-6 BT B ARAE | 1 56 LA I
¥ 15 & (irisin) W & L EA i R d 5 | i 1 &
ST R IV T o 22 MR AR — IR e L, RAR
Z M RAE W) I ZE P I RR U8 I A R LT IR AR, I
R S PREE T I BRI S i
/N RNA—129-3p(microRNA—-129-3p, miR—129-3p)
A R ARIEGVE B3 R PR AT FER AL R T 454 B
[l Rl sty R, XSS S R R E R 2
Yt 7R Tl

SR, B S Rl E DR AP it 2 0 iy,
BALHEIZ Bl MU RS 3%, thg — S 2y W 2
o (B2 HET R i S R g B i AR, Tk
SEA AR TR A R . PRI, B AR
B ATSAEAS W SO FPE AR B 09 X 5K, A4 v &80E B 7
LAY dAT IR, DLRCEIRA AR AL B
it
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4 HEEZAESEEMAHHRPOTRER

YERMR K, e 2 [ 2 A58 5 B e
BT RE T s A R AR, B BRI PLHI ST TR
SRR SR R ST H . AR, E SRR
IR TR S A AR GRS, 20
RERVEAT 55 L HUS EZEF 5 R . 2016 4F & 5 i 52
B 53R 0] TR R v 1 OO R R AR 2 (] B
SRR T, AP BNAE L R T — RO B Rl S
IO AIEoT, SR AR BT B A s i R S O T
BLH o AR T BA AN & 8 (4] 58 52 1 48 A (human
bone marrow mesenchymal stem cells, hBMSCs) 7 %l
SN EEAT 2 dF T d W RCE S SRR AR, IR R HX T
A ) AR AT AE AR E R IR RS
TR g 0 AR T TR e O 2 ) Y o3 Ak
e, Fm e s m AR 4 ok . X — AN T2
JA R 3B 7R TR L A i RE T R R R A K
BUE T B REEE T T A R s P, i IR AR
PRI AR B A R AR, X5 AR BB A
HRERR DTG 2 BCE D IS T A 25,
AP AFRIRGE A 4 A~ FoC ) BB 78 5T 40, JF
TSI T AR BN M SAG A SE I AR, B URER 2 1
IR T A S A0 N B SR B e AT B
Al BRI, 5 HTH X AR L, KRS TRy Al
AT > B AN, A AR A R X
— ZRHNFGR AN T E PR A FOE 2 B 44 N g T
YA 53 A AR FR A 2 1, S TR 2 (B A 2 ek
AIBRAR TR

TE2S RIMLT B SE B [, o A AR AR R B Bk
IR T B, RF—S A5, AR 2= Bk o (A1 BA
FERE T —mig| N B R e —0 B BB A B 2
3—#2 4L T W& (3—hydroxybutyric acid, 3HB) %S [H] % jiF,
{H T 9% W AIR b, SRR e R
B A G R FIBr 2550 . AR SERE A R R AT K
&, X — R YA R TR E T B
By B AN PUE T AR S . BRI ETE
23 (R Z5 ) B 4P 5 T 30 R S B — 20, el SR i R D1 ik
W2 biiGa R B E AR,

HEAZS ARG (2021 4R 24, hEEAS T KN
TERIT R IE5E 1 RE ), 7623 [B)H A BRI A B 52
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INRFEERAC S 4R e o v [ 5 [8) 3l R RIAZ O e RN &S R
SLEG AL A 1 S R A AR Si AR L W) 3D B SR
RGN, T IT AN . 20T 2=/ NS AR L
RSl . 2022 4F, VB A BAZE Sk 1 SE IR 7E [A] R AR
(PN & B s i i oV R = Ry S g = 7N
YT R 5 A, AHCHEAR T 2023 4EREMIN 1
3R (] b T, 3 R FEURE A B T S R A
FFELL B 50T, ST T MAEBIES F7 BIRE AR 18] 1 52
R BN EE & . BER I R T T KR defd
RNA 5L 5 TG HOR, 0k T HARE i
16 52 S R I RAE FH, ARG gl T E
73 [A] RS 5 N PE R RS ) (2024) . RAF 23
SR ARNTT R R, (AT AEE 7 ae a4 i
SiAbArIE ST M AR BEE T ORI . 2018 4R,
ESp R s N7 BLI T i ST N = R
(i) 3 40 B R T T A B R 8, I A SO s FR A R
= BEFRIAEAS | B IR (cell culture module,
CCM) FHL T2 a0 B, EA IR B . 2 s sl
IR DIRE . A A AR 228 1 A 25 [R] il
B AT N R 78 5T T 40 B A 15 S 1 5 N 40 i
S AR

2023 4, HE A ) I S o A A B B, T
T A fi Rl SE RS AR AR St . b, 2 () BT A
EE T E N E P i R U 2 R/ e el
L ATIE IR A S IR i, B AP TR A SR ) IR R
B 4 MR B ZH L SE e AL, ST AT e 25 ) T ity
TR VEE P BN 5 S5 5 38 in 25 4 1 1,
FEAH AT BB B BT B 25 2 25 A RCR s s 5 v
B2 2GRN G AR, 5T R 25X 2k B LR B AR B iR 1
FH; — S0 ELA “nimfl i 2 0 b 2 CAner s L #iEr
B4 ) IETE ST RO 43 0 2 A E AL B9, A 2
SR G ERAE ELA b R 0 R T . X R
B o ] T 2 ] B 9 5 O R R A, I
IR R 250K B 22 RS AR ABERR () R

AR, 5 E RSV B HTER A, Bl hn 5
WU A VERTEFE AT R 53 i 8 A 0 AR A % B 5 2R 1 52
M, 5 2 KA A PRI e 2 [l N BB BT A B I6 2 5
S LIRS Ty, AR A ) R ST S GE
R A W BE, ARG T A SRS, W2 A
FENPRIXTHT B A ok ) £ .
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Advances in spaceflight-induced bone loss and China's research progress
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Abstract Long—term exposure to microgravity causes significant bone loss in astronauts, posing a major threat to human health and
limiting the implementation of deep—space exploration missions. This review systematically summarizes the mechanisms, experimental
advances, and major countermeasures related to microgravity—induced bone loss, with a particular focus on relevant research progress in
China. Current evidence indicates that weightlessness disrupts the balance between bone formation and bone resorption, characterized by
enhanced osteoclastic activity, impaired osteogenic function, abnormal osteocyte apoptosis, and disturbances in calcium metabolism and
endocrine regulation, ultimately leading to bone mass loss. Human spaceflight studies, animal experiments, and ground—based simulation
models have further revealed the multi—level effects of microgravity on bone structure and function. Although exercise, nutritional
supplementation, pharmacological interventions, and mechanical stimulation can partially alleviate bone loss, their protective efficacy
remains limited. Future studies should integrate multi—omics approaches with advanced simulation models to further elucidate the
mechanisms of spaceflight—induced bone loss and optimize comprehensive countermeasure strategies.

Keywords microgravity; bone loss; osteoblast—osteoclast balance; osteocyte; ground—based microgravity stimulation models
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