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Advances in the Mechanisms of Unfolded Protein Response-Regulated

Osteoblast Apoptosis in Osteoporosis

LI Tong, TANG Sha, CUI Hongwang*

(Key Laboratory of Emergency and Trauma Research of the Ministry of Education, Department of Emergency and Trauma Surgery,
Hainan Provincial Key Laboratory of Rescue Research, the First Affiliated Hospital of Hainan Medical University, Haikou 570102, China)

Abstract Osteoporosis, a metabolic bone disease impacting the elderly, is marked by reduced bone density
and structural damage. Despite novel treatments, drug efficacy and side effects pose clinical challenges, making re-
search into new medications crucial. Endoplasmic reticulum stress triggers three downstream pathways via the unfold-
ed protein response to affect osteoblast survival. However, overactivation of signaling pathways in the unfolded pro-
tein response can induce osteoblast apoptosis. Suppressing this overactivation is key to reducing osteoblast apoptosis.
Consequently, this article reviews the progress of unfolded protein response-mediated osteoblast apoptosis regulation
in osteoporosis-related diseases, aiming to offer new insights for osteoporosis treatment and research.
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BN A BRVE R 2 4 DA PR B OP i 34 Bt
WA A, Az OAE T OB AR 3 & TR S
T By 4 B P B WROUAT T ) 30 245 1 1 T 1R R
TSR T 2R B, Wnt/B-catenin{s 51l . Notch
5518 % A Hedgehog 5 5 i i th 2 5 A 3 & 4C
P Bl AN, BF AT COUESE s RO MR %
JiE A AL N 3 (oxidative stress, OS)%5:-5 OP 1)k A Al
A AE BTN,

H AT, % OPIIYA YT 2454 T2 B T- B & Rl
LR B TE 2. A HRIE N 95T RANKLZ Wi
It 1) R ANKL 7% 4 BEL 5B 200 £ TR S A S A ik
BRI, HZ R WIAEAT i R A e 1 2 T
] ER) S PR BT S e FH OUBR IR SRR 251 T g 51 K
NAUE R SE AR M ARV AT B R 2 H AT X
RANKL/RANK/OPGIX #.— Il K AEAE AT, 1115 4
TF U B AR R i A A5 R HE B, 54 259 IR v o 1)
s TR AR F A2, FBUEERIT IR MEA
S, R, SO0 TT T B A EE R L.

P4 )5 X R 8 (endoplasmic reticulum stress, ERS)
TEAERF A AR S Th e BRI M. TR
B8 M (unfolded protein response, UPR) & i 15
AN N ERAS IR 2 —, BB FU R IS FE T UPR
SR AMRRAS, o B UPR I & 3 8505k B 4 i A AE
P09 NI BB AR R AT, BT K OP. Rt
Hi|UPRIZ MUE Sam R, BV BB 4 i H
ARBER . T, ASCEHR 7 UPRIE A% i
LI TAE OPE HH B FIHLIAT ST 1E i , D9 OPI)
Il AT T AR 7T (53T i BRI S

1 UPRAYS FHLHI R HEES AR5 4
Ho1E F
1.1 UPRHIZHEEL

ERS /& 41 J 06 P9 J53 9 s P i 3T B s AR 3T B
B R DL R A S T 4 25 EL SR IR BT AR HE
— i R N o X R ECIR & I3E T UPR, AR
AR RS ® P J5E W92 40 B P £ 5T AR A
B P18 His MR S s DUAR R A&
FEIFT. AR IIRE S BRI R IE RN
VS R A5 SR A7 5 P9 AN IR BRI S i, IX 4 53
NIRRT S BRI SR AMB R, N5l &
UPR!",

UPR¥ J = A 3 1 P S5 W) 5 L 2R 1 A K

a5 LB 75 K 1o(inositol-requiring enzyme 1 alpha,
IREla). AUE RNAMK P & A P 5T 19 5 B
Pl (PKR-like ER-resident kinase, PERK)FIyE {4 %
KA -F- 6(activating transcription factor 6, ATF6). 1t
IEWATRMT, XL RS 5 R Bk H E LS
£ 85 H (immunoglobulin heavy chain binding protein,
GRP78/Bip)4s &1, Wi 1R, Hee i A HIFFS
FIEOF A UPRA AR, 15 A% 35 5 Bipff 5,
ful % N PERKOE % IRE 1ol i F ATF 618 % 1113
. UPRINZ MG il i 32 B I X = 265 5 il %
KM T

IRE1oilif XBPI mRNARALHE 7> T FEAR 3R
i, XML B TG 5k 8 B B4 &R 0, AR
XF BT R R B B AT S RLBOIRAS 1. PERKE
S R AL eI P20k B2 8 1 BT A 5 B, DAL
W B I Bl 80 ATFASR RS 40 i N i
R, HERIEFR, ATFAREE 7T LR35 2
(growth arrest and DNA damage-inducible protein 34,
GADD34)F1 55 [ 1§ FR ¥ 1 (protein phosphatase 1, PP1)
ERHE &Y, RIREEARIEF &Y. ATF6/E
NP SRR -, FERLBOERAT T St s /R AR )
SP1/SP2 J7 BLEHY = Z A =4 k% A, 2 1Mo _E i UPR
FERE D RIS, DU BEA & S ERS! T, X = 2% 1l
FE PR RN T IRE A B A S 2R E 2.
SRIX LG B R SRR, BT R AT e i S A
A TR R AR
1.2 UPRXI R H AT RERI MR

UPRIE I 28 B ()45 5 1 3 A2 S0l 25 5 T B i 24
MLTIRE . & I UPR AT 4R B E 40 N BT AR S
SR UPR 58 JE 22 7 w] RE O Rl AN R, AN
TV BB R 3 Ak BRSSO T

PERK/elF20 5 5 38 i £ P 4% 5l i 4 I ) 734k
AT R A EEAVER . PERKGHE % - 2l it
Nl ATFASE 588 FE BT & R, HL 5 oAt 2 by 7] £
PRt 5 309 BB 400 B B BB AL T R TS, AR R
4 UPR T CHOP#I#1 Bel-2 15, 0% Caspase-3, &
LR AN A e T . PERK AT g id i i
Runx2/Osterix il il 40 L i [ 734k, 4ERFE FRAE1,

IRE 1o/ XBP 138 i X Bl i 240 il () 32 24 I O {2
R RN RS . T AR FUIRE TR Y, (E
UPRH', ERS/E M. %% IRE 105 %% 55 K F XBP 1T A4 i
FR A5 5 T R e 0 e e R 3 B 4 4% 5 [R] °F Ossterix
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Fig.1 Molecular mechanism diagram of canonical UPR pathway activation affecting osteoblast function
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B A0 Mo A AN B R S A . ATF 6l % ml DL 4%
WOE Runx Al Osterix 1%, DX B0 3B 4 i 44k U210,
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A OPNEEFH HL T 8 F R IL P IbAh, ATF6IE L
A R 38 T WO (2 AR K BR - 20  117) k R] B Ol
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mesenchymal stem cells, BMSCs)r] i & 41 il 731622,
B ATF 615 5 18 % 5 Ho At 38 2% 1) 521 LA Sk BMSCs
WY B 2 TSR R 2 RS S eE R i — A
ATUESE
1.3 UPRXE & AR ThEERY R0

U PR Ath B 40 fu (1) D) e B A 8 B 52 .
BMSCs&—FfEfE T #h 2 e T400, BA K
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FERE (R 3t BMSCs 198 T2k 1 52 41 g 3 4 =, S
A HIFFT 2 7~ UPRAE AN ] 25 BMSCs i T2 52 21|41,
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FU AR BT PE S (reactive oxygen species, ROS)/KF-[#]
FhE 215 3 R A M R A AR, T R A T
FHOAE Tl P, (5 5 lig R REUE A K
AT, 51 a0 MAPKOE 2% 13 BE S0 175 5 i 4i
RAFT P, i E e r R, B, Bk
DA% B B0 T A5 A A B A 1 T X 2 O i 9 I A
Mo WSS EAH A B WA T2 AR AR
KEZ, IR RAEFR B 4 & A B W AT DLs/ D 4 i 0
TR A B Rt SR A 2 3 8B At ik 2E
FAT:B P, SRFTIX L o sk T 07 U5 B 4
PAT2 22 [ B AE HL QI X T-IR N EE AR OP Y AT ML
HAEERRE

AR, FE T2 A N AR AL BT 78 467 1 il
T 1 UPR AT DA R4 B AR RS B 240 e ) 9 127K, g
M EGE% OP . £E — 0N R 9 P B 0L i A4 iE (diabetic
osteoporosis, DOP) &3 [ 74 & I, B PRI AT LA
PRKERSIIR A, H48 2 A HUPRH PERKIE # I,
FCE A T B BeAh, fE— TN R4 R G
B B FASE (postmenopausal osteoporosis, PMOP) &
Y B AR S FO R R I, A UPRAEHN G, B B
FRunx2. Osterix F1ALPZE )R IE I . _F i, Rk
B AN T 46 9 2R 1 Caspase-381 BAX R IA K
B R FEE, 2% B RTIR , UPRIEE BB 4 f 8 T2 7
Wi PRI 1B R R AAE A PMOPH 5 B B S, SR,
NEBR S5 RE AR BS54 55 7 S IB 1R
Stk RS E A AR BV IAS— B DL K
PR AR RIS EZ R . Akt
FUMNEU Tl 2R A IR UE I R R A4 B 45
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J(0) S LUMNINTITE: ¥-a i = @il vl A INC PN ROk iy
W THAGTE R AR FH 2555 0%, R IR
Sk, PMOPHI 4 P4 1 JoT i P i A2 5t R 1 i o
BRANIE B A P AR . ARk, IR BT

PR 58 0 0 35380, SR A O o A R
(R IRZINA BT o, Hor DIOWE B2 ot B2 3 30 4k
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GIOP) i Jy Hit B,
3.2 UPRIBIZEREHIATSEA T RETE
AT B O BRI A — o 2 A N B AR ) 3
K, ISR B FIRR, AT B E i
PESEIN B A RS T v ) 4 S AU B e o 120
W RAELETORS LG, 2 S5 R M B s AE Y — A8
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SEA L EOCHE . fln, AHFFUIESEUPRIEZFNEE I
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BB A R B — FORAT A . fE— T
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OPNAIOCN [ HARE 28 A 7RISR I, v L4
SR 7 A1 UPRZ Bl H 2 5 7 PMOPHI A A= M
PENE A& UPRAEHE B E 40 i T 1 R R 2 — B, g —
A ISR SCUPRAEUT 5, PMOP/IN R 2 PRI R AE
BSR4 A T S e 2R Z% B RTA, UPRA]
REE L 2ORE R M PMOPII R A R JE .
3.3 UPRIBIZR B MHIAT SH% A B REIATE
W R4 14 o A i A T AE B PR 2 H R AR
B AR R B> B MEPERG I 4 R 1
1 9 A o3 o R PR )R DL 1
HRAEZ —o TR, HFFLRR UPRY OPHI R A I
B 2 AR R R . 7E— T LURE PRI 1B 0 B
FAGE AL B R 70 IR, 4B R 25 ] A UPRZ:
S BR IOS , D T RCE AR T, AT > 1
B BTLARE B AR IR BRI R A FE IR KW, £ OP 3
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Fig.2 Mechanism diagram of UPR reaction regulating osteoblast apoptosis in osteoporosis (modified from reference [47])

&1 A EIOPH &ML EUPRMMEX D FE5RATHEX S FRIXEK

Table 1 The association between UPR-related molecules and apoptosis-related molecules in osteoblasts across different OPs

UPRZ: MLt % AH B 4 1 B R T AR SOG4 OPZ 7Y EE BTN

Proteins associated with the canonical Proteins associated with osteoblast Types of osteoporosis Reference

UPR pathway apoptosis

PERK?, CHOP? Bcel-2| Glucocorticoid-induced osteo-  [44]
porosis

PERK?, IRElat, ATF61, CHOP? Caspase-31, Caspase-121 Glucocorticoid-induced osteo-  [45]
porosis

PERKT, elF2af, IRElat, ATF61, Bcl-2|, Caspase-31 Glucocorticoid-induced osteo-  [46]

CHOP? porosis

PERKT, IRElat, ATF61, CHOP?1 Bcl-2|, Caspase-31, Caspase-121 Senile osteoporosis [31]

PERK|, elF2a], CHOP|, ATF4| Caspase-3], p21|, Bel-xL| Diabetic osteoporosis [36]

PERK/, elF2a], IREla], ATF6] Bcl-21, Caspase-3| Postmenopausal osteoporosis [8]

IS

t :increased; | : decreased.
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AE AR B RE T, R 4R R T2 0] iS5 UPRAT
TR (B12)0 AR, LEHE BRI BUR & B AL
RE R AR R R, AT I 72 UPR T i 48 ML %
KNIl i LR T, BV R T 1% 500 B
B PR S

4 UPR#E[ENEIE R B MR TXTOPRYIE
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N7 B RO NG IR IS FS B Y, B 5T
TR, 2-APBREMS AR CHOP 22325 /K 148t 4 i 4
Z UPRAT SRV, D Z 259 al Gtk 2 H 52
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acid AT LB /N BRBRCE AN A, JLHLH 32 2254 4-PBA
AT LA UPRI R A Tt — 20 BB FIIE 524-PBA
A DA 4] UPRA I ORI B 28 B G T 12 1460,
AR SR R T 2 Bl UPRI/N > T 30057, A5
GRP784147) BIP inducer X. IRE 1 ouiffl #4115 71
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MEALRE ST K2 R AR EWTT R
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AR R g1k, R ROBT A IEH AR . i,
AR 5 R 4 i 2% T 52 A4 LA mr R A e Ak
DA SR 25 /e B H A B AR S BhAh, e mlidid
FRG0 1) R 4 R TR O IR I R W AR AB M,
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TR AN AR AT B, B BB BT T/ RNA, I
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K, gf LR, #EA UPRIEE 4% VAT 259 B A
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5 ZHiEFEE
UPRZ: 5 BB 20 B 8 T 0 42 75 OP o (I A% 0
1 FE B W7 AT 90 1. UPRANZE R 4 B 434k

WA A, I AT A A R B T AT
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AL E M EIS KR .
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