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FEE: HHAME (osteoporosis, OP) J&—F i 4E A G (B 1 B AR MRS, LA 25 BE AR AN B IS A B R e, PRl
HEREWEER, W5 PEGRSIO R AR EYT, S&RITENFRE LAt a0, Hik, X op JLREISHF S8 2591 %
BABEEMNE L, WE OP /- THLHIBFR A AMIRA , AHOCTEE R FREZLp R I, p53 MR 2N ERNRERE T, AN E
HUARN S A4 5E . o0k TS, AWESEEA A, BOREZ UEIERY], p53 M2k & m I B i D ae XA A &
HEMPER, SO BCHIRYT OP S5 B R 1 HTHE A

KB pS3 M, HEEAME, AWPLEl, BTk
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Research progress on role of p53 protein in osteoporosis / ZHU Gao—ming', GUO Yan—bo"°, ZHANG Jia=hao', LI Gang"’. 1. The
First Clinical College, Shandong University of Traditional Chinese Medicine, Jinan 250014, China; 2. Affiliated Hospital, Shandong Universi-
ty of Traditional Chinese Medicine, Jinan 250011, China

Abstract: Osteoporosis (OP) is a kind of bone metabolic disease usually happened in middle—aged and elderly, characterized by the

reduction of bone mineral density and the destruction of bone microstructure. Accompanied by a large number of bone loss, it is easy to lead
to fragility fractures in various parts of the body, causing heavy family and social burden. Therefore, it is of great significance to study the
basic theory of OP and develop new drugs. With the deepening of research on the molecular mechanism of OP, relevant regulatory factors
have been discovered one after another. pS3 protein is an important intracellular regulatory factor, regulating the proliferation, differentia-
tion, apoptosis, autophagy and other life processes of various cells in the body. The evidence is growing that p53 plays an important role in
regulating the function and metabolism of bone and may become a new target for the treatment of bone metabolic diseases including OP.
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A R BARBLE], BB AR A AR TH
BATWIRARE S8, PR A P a4 4 i
FET - ANAEFF A AR A Ty T o

IEFIEOT, ANEN p53 /95 i Sd sz 2 F-
box 1 9 (F—box only protein 9, FBX09) , KSR
& 2 (murine double minute2, MDM2) FiI MDM2-p53
ZEAFEEE (Mdm2- Like p53-binding protein, MD-
MX) SRR, s gt ps3 iz R4k &
HRESRE, Al p53 HERFTE—NEMRAKF . M4z 3]
A VUK. AR T, 57T p53 N w4 &0
SPEwERRIL, MDM2, MDMX ARES 245 ATz £k
I REZ B, AN pS3 B KL T i i 7R 4
MINARZR . F—J5 T, TR p53 BEBERR Ik o s
RN LR S CANA R A S5 WITE 37 R ik ol |
L IR B A B %) 1 (eyelin dependent ki-
nase inhibitor 1A, CDKNIA, p21) . #HT-HXEH PU-
MA (p53up-regulated modulator of apoptosis) . F KA
KA Atgl0 FFRyRIL ', S 510145 10 40 |
WA 18] FE 5T 202 N A Z Rh AR 458 L
o, AWE. PIETHF LA AR, RS nE
OP SEARIHHHER .
1.1 p53 X4 Fs ST A el

A 2257 2L R B R BT 43 4 BB, DNA
AT (G1) . DNA AR (SH) . DNA &
A (G2 ) LUKy (M) . LA Y 20 J]
WU — ARG Ze i B, HRTCT pS3 a4 i
W E 24 h T2 p53-p21-RB {5 538 #% .
p21 V£ p53 TIFAIES 1 AN S, & —Fh a4
W A K B8 (cyclin— dependent  kinases,
CDKs) &5 . & REM 40 5 1 2 A Cy-
clin B AF 1y R i5, gF— 540 il 40 g i 1 45 1 D1-
CDK4. D2-CDK4 1 E-CDK2 )52 A 9 Xt 0 1o 54241
ISR EE 1 (retinoblastoma protein, RB) iRk, RB
S 20 A 9 TP B LR R Sy PR KPR SRS [ 1. pS3
ARG, WAy p53 Mt I R p21 S5H
AU CDKs 454, 1R3F p21 A S5 Cyclin
B-CDK E&Wi4si&, fefeit RB & A BRIk IF
M S R A . MR IR RB 8 55 1
E2F KM E2F1, E2F2, E2F3 55454, E2F %
SRIGPEZ BN, R F B G1 BIBHA 7 BR
MR Z AN, Cyclin B 27 223 340 G 7, K
FEIRPAMBI;, ] FEAMEAT 220 % G2M W5 E
i s
1.2 p53 XTAHAE T AR

T FL S AL T B A NTEIR A (ZoRniRiR
7)) MANMEBAM T, p53 Al LLidE o 75 5 40 i
DNA #5507 G LEAIMPA T >0 B bk L
F 2 (B cell lymphoma-2, Bel-2) FEENAEERREFE
LR T, A TR T R R
A0 55 42 2F 0 M 98 T2 19 Bax  (Bel-2-like protein 4) |
Bak (Bcl-2-like protein 7). Bid (BH3—-interacting do-
main death agonist) . Bim (Bcl-2-like protein 11) #/
PLI T2 Bel-2, Bel-xL (Bel-2-like protein 1) A&
Bel-W (Bel-2-like protein 2) ", Bel-2 PT84
Fi S 5 Bax AUZ5G A (2 0 T8 11 Bax SEAYTE
P, SEE e P T TS R R AN TR

p53 HH Al 2 R UCGE A T, — T3,
p53 H F AT BRI A I To 8 11 Bak, I i SR A
Bel-2 M H  (Bel-2-like protein 3, Mcll) FI Bak
EAMWRIE R, Bak KFHE e, fEdEAnfEd T,
J3—J5lhn, p53 AW SHIHTH I Bel2, Bel-xl
S5G IFAMG S, s Bt TR . PUMA 2
Bel-2 M EE Gy, WaEIR TR & I MR A5
R FRCIASHEE R DL 6 (Fatty acid synthase/Tumor necro-
sis factor ligand superfamily member 6, Fas/ FasL) {5
S LA AR T G BT Y, pS3 AT LA
L PUMA RYZIEmife A A0Ma =0 WAk, ps3
W] LA AL T AR R A A2 A 1232 K Fas SOH:
FCA FasL i35 SEANMIE T . WA SR, 78
FUCRRERTEOLT . p53 BYRIBWI] T Fas HEH 1)
FIkmmEI A AT Y, B ERAASCHRER D, H
BARBLHIA T E B2
1.3 p53 XF4HA F W AR

2N A W A 2 RSN AR IS, AN
WA o BE TR R, O 2 B2 A0 ) 20 45 B P A
INGEFAL A W O HEAT T WO L 4R R Y AR A i
e 1, (B o S EA M R AT R R
SEENEAE AERIDCE T Arg KK . U ARG FRBE
3 (LC3) . AMERNHEH (beclinl) 45 2 Fh i H
. HZUE A D (probable aspartic—type endopepti-
dase CTSD, CTSD) ZFZFha HHEE " ® p53 Xk
AR F W B XU MR . — D7 T p53 Rl ad i 22 %
J5 i AL B P (mitogen— activated protein kinase,
MAPK) . FEMA% RLHEF (mammalian target of rapa-
myecin, mTOR) {55ttt g ', 5B—Jhm,
pS3 FENE S Atg ZIERN Atg2 . Atgd S5 H WEEL R 45
B, RN, AR ANE T BRILZ AN, ps3
A5 CTSD Ji 8 1 XA P4 DNA i g4, Jf
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fle ik CTSD. TGM2 HE R ik, o [ Ik (i f
iR W/ VAT R T AP R AR Y I AR
AWFHRIE, p53 W HLRARAR B W I NG Par-
kin Z5 4 M| Parkin FZARAA D) AL F E3 12 R i%E 4%
A, MIMTREER Parkin /S AOLRARIIA A g >,
1.4 p53 XPERAET-AIREAEH

SRTE AL, SRAET A AR 25 S A i 25 2
& MURESHET I BAT B 25 5, e —Fh BRI
9 LA PRSI H KA i - S 3 e
H KL A LY G 4 (glutathione peroxidase 4, GPX4)
AOTEPERM ], AR AT RN Dy i B Rk K IR B
T AL R T R AN A e AE T O 2 Y ok
TR, p53 Al A MR A AR T
pS53 AT LA o $00 ] 95 B AR 0% 7 i 11 (ceystine/
glutamate transporter, SLC7A11) 18 2 I8 FIATLAA T e 2
FRIEIR 2, p53 I ATG 2 A LA AL (sper-
midine/spermine N1-acetyltransferase 1, SAT1) FI{4
Tk 2 (recombinant glutaminase 2, GLS2) [ 3R iA
ALk 2 e LI AR, AN YRR e PR . o
L FYIT . J3— M, p53 XPERFET AR I 41
HIVER . Xie 8 ™ &3, p53 ol LAJAHE AKIL AR -4
(dipeptidyl peptidase—4, DPP4) TEANME N A E 7, it
Pk DPP4 [a) B N RS JF M s 4, iR 1k A Y
DPP4 ARAAH S 1R Bt A A R st

Britbz4h, p53 i nf Dhs i & . fEr
ST AR I 3 B S AR N Y B 84

2 p53 3B BB RE RN

2.1 p53 X B E 20 5

B 20 A o RE R ST BT T4 M (bone marrow-
stromal cells, BMSCs) %k, vl t& e
LA 557 A TE R TR ] B T A R A
o MMAEFFEERY RN . WK L EIRA R
T, A5 p53 B S AR S EAL, S OCEE R Y
FERREAC, MR AN AR s, FETI R, — 5
T, p53 AIGE A 58 45 E A0 R S 1 e s Y T
(Osterix, 0SX) HUEHE X B&gs 4 Y, BHIEH 555
[A-F DLX5 (distal-less homeobox 5) FJFHEAEH, #
il OSX-DLX5 & &Y i i, ZE il 0SX )%
Ko

p53 IR BRI OSX 5 H T I iy 08 A5 PR AR D
IR 8 H  (bone sialoprotein 2, IBSP) , 1 %Y Ji J5i 5 H
(collagentypelalphal, COL1A1) 454G, 5208 JE i

740

T 8 %) O B S5 DAL Y 2 05 T 41 <) 8 R 40 i 0 A B
J ™' Zheng % ™ AEXT A BA A T ALY pS3
HEAT Wl S ik FAR I A, pS3 el A B Hh s A B
4 Jfg 5 B 3L A Dspp  (dentin sialophosphoprotein) .
Dmpl (dentin matrix acidic phosphoprotein 1) . colla-
gen 1 BYFRIRBI Ty, Yo ps3 LilEEA MDM2
B, 4 Dspp. Dmpl. collagen 1 [ R H B
BTAC i

J—J7 i, p53 BE e JEAE JH T4k NADPH
LIS 1 (NADPH oxidase activator 1, NOXA )
I PUMA f9235, JFE4IME G1 WIRHAE . 24 p53 AYSR
KRBT, M ZEARAATE T 20 M T A 20 ) 401
RELYF VP S 0855 27 p53 ] 4 4 e R B AR U
P 2 (checkpoint kinase 2, Chk2) 5[ A9 DNA 5145
S5 S AR T 2. Chk2 240 M ARy 15
TR A I, 4 Chk2 BRITERT, pS3 Ak
MU BER AL, 2 DNA i, M. A
Wi 45— FR A RN o Chen 45 = i o SC B BEAYIIE W] 1
p53 A AT LABE il mTORCT B , 24 i N
Ca™. Na'Wiid§2, BREALALZtfl, MmfeJEam i g
Z. Hii TN Na g 2, B2 M T3z ik
HPERE SR BRI, IR T AR SR BT
W, p53 AT IE T R A L A S A R ) O
B9, JEmAn I ek an i s S v
T, AR A R
2.2 p53 XHE ARSI

e P 240 e 200 6 A 4 - P R 52 Il 22
AN, 2ol ez B B R4 i A P R 5 (macro-
phage colony—stimulating factor 1, M—CSF) . ¥ kb
(NF-kb) A& RANK Sz #0557 RANKL 25 11
SE[EJEAT 2 HET, T p53 XS LA B 4 L Y F
9¢ FER IR p53 RS 52 e - 400 it 1) A= iy ok A
pS53 B BE T, {4 L P A SR S e,
I B AR IR T . BAE T AR XU B R E AR
B, v AW B DR T LA 0 p53 (55 M
OPG, L RANKL, i i i 4 4 % 9 15 1l
AR e 2 A A 3 B R, Zauli 55 5 3,
MDM2 fEHLRIE p53 S RBERAILIS , SxT IR
o, S SR AN A oy L B 2 . A, ps3
fE 18 23 9 5 0% B 40 S N TSC2  (tuberous sclerosis 2
protein) YKL, FEMKAMRINL, WRERI R (os-
teoclastogenesis inhibitory factor, OPG) FJ¥G P, #EifM
IR RS . NSRRI, pS3 L
BREysh P sal v, SR BE ) 8 2 e TR IR /N
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BOE A G R Rk B R BT, [EBF, M-CSF,
RANK S5 355 1 R R B WA SR, A8r 40
MR 2, BRI R B, SRR, X TR
p53 MRS, WA ARt T A G, B
A W0 IR ] p53 B SR 1R i A0 A i 2
Mo, SR E, HEDCT p53 7EmE A n1E ot
FEAHXS R, p53 H FIRETS B HEE s Al - A0 B Ay A i
R ARSI R Ak, AL SR s S BRI
S RINE, Rz, ARt — B
5o
2.3 p53 %} BMSCs HI520i

BMSCs Jil 248 i B R A — D 2 LRI i e
p53 TEIZA R & HrBOle & HE W HIEN, 25
P BMSCs YT . & WG . A . 5K
BRI, p53 HEPHI R 0T A A A AR ] i T
ARV, p53 FEP AR T LA PUMA B30
BERLORAARTIRE, A B ESRFE I P T A A IR AR Y
SR Y AT IR R AL R T2 AR B B 1 (recep-
tor interacting protein kinase, RIPK1) &= 5[& ) BM-
SCs 4l g T AR FE . p53 B RE ] BMSCs
Parkin FZRIAR 5 (3 Al Parkin (Y E3 72 28 3% B2 34
1, MFEARZRAA F K-, SEIICE ARk
BRAZ LR 2, P BMSCs fU 2 Fd T, It
Hh, p53 =5 BMSCs M RUE . BN A 55 40t it
Feo —JrmHl, p53 A LAEHERE SRR T Twist AOCEE
2 (twist related protein2, TWIST2) K93k 1M [%AX BM-
SCs I L ML RE T ), TWIST2 2R & F il e
AR A R 27 pS3 R AT DL B o 4
] AR A B -2 (cyclin—dependent kinase—2,
CDK2) . i AMIEH DI (cyclin D1) B b ik
BEPR RUNX2 AR A% ST Maf 5593835, il BM-
SCs BUE 7ML ™ . p53 [ m Ik R REN ] BMSCs
(B I  53 Ak o Zhang 5 Y ZERFSE PRI, 4 pS3
SEDA BRSNS 200 Y RS R R ) I N
M A K B F 324K 2 (vascular endothelial growth fac-
tor receptor 2, VEGFR2) . ML 7N — PN B 4T LR B 43
(platelet endothelial cell adhesion molecule—1 , CD31)
SFRFE WG, AR A I A S L, ]
MI-773 53 N BE T AN p53 FRIKET, RS R
&Y VEGFR2, CD31 WK

W
i

HERE

B TCEANAE H R E B 51 B A — RO

I

JUE HRTRIBFSE B8 p53 % BMSCs DA A 1% E 4 i
ke B 200 M ) DR 4 R A S ey T LA Rl g, B pS3
ANALAT DL R 45 BMSCs S s B 20 i J 300 R0 ] 7 4 2ok
I [ L RN =4 et 1 = it ) N v 8 7 e |1
PR ZMFRBIN T, #E pS3 FEP @R el
1) OP #EArh | HoB B8 B AT = T B Wi,
RGNS R A2 T I B AR, BRieT
HREAS 5 i, 28 TAE I iy
AR 55 BRI SR S A B SR XU R RS . MR
AW, TR, (02 AR A B I R
Sk, I EE ARG K RITER, B AR
FIFEIBHEAT RIEZAME, Ht, B EAE 250
FRBARELENE L AHHT p53 A0 TH5H %y
PR, HERWmOCH, WABENGYLEELE, i ps3
HREMRIT T 9208 . BORBZ IS L,
FRE . BIEANE 2R W PRSI pS3 BRI R
ik, JFREEH WG SR R A OC L RUNX2, OSX 4%
fyeiks =, gERTE, HIER, PIEELSAITIR
SCKE BCRIRYT p53 AHOCEE I OP 1) i 7K.
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