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The effect of mitochondrial-related signaling pathway on apoptosis of osteoblasts
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Abstract: Osteoporosis is a type of systemic metabolic bone lesion that is prone to bone fractures due to various causes of
decreased bone mass and bone density, destruction of bone microarchitecture, and increase of bone fragility. Osteoblasts are the
main functional cells that promote bone formation and are the key cells for the development of osteoporosis. Degeneration of
osteoblasts and abnormal apoptosis cause bone loss and induce osteoporosis. Therefore, exploring the apoptotic mechanism of
osteoblasts is of great significance for the prevention and treatment of osteoporosis. The mitochondrial pathway is the main pathway
of osteoblast apoptosis and is a complex process that is formed by the participation of multiple genes and multiple pathways.
Therefore, this article reviews the mitochondrial pathway of apoptosis and its many related signaling pathways. PI3k/Akt signaling
pathway, MAPK signaling pathway, Ca’*/CaM signaling pathway, and other signaling pathways and factors ( Keapl/Nrf2
signaling pathway, PHB, FoxO family, cAMP/CREB). The promotion or inhibition of these signaling pathways in the process of
osteoblast apoptosis through the mitochondrial pathway, and some of their interactions in osteoblast apoptosis, are also reviewed.
This provide a reliable basis for further exploration of the apoptotic mechanism of osteoblasts and the pathogenesis of osteoporosis,
as well as provide some possible targets for a more in-depth study of the safety and efficacy anti-osteoporosis drugs (e. g. , Akt,
ERK, INK, p38, Ca’", PHB, Fox03a, CREB, Keapl/Nrf2, etc. ).
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PRI, T fof A 200 340 0 BT FIE 9T B B A B N BRAR
B2 B 5T B A DI AL,

A WL R B ' AR A SUR T 8B 40 e
WK WAz £J B 1 A 4 L ( osteoblast, OB) By Ji B L fE
3 SR T S 2 R B B A ) 7 A SR T AR
25U R A0 MR B A SR R T ROA R R
B BB AL A 1Y U AL, b, i A A
R 1 TR R AR IR B T BEROA Y BRI E B B
S SR A R LA DR O, B B R R 4 M R O T
WK BN IRYT B BN B A RORNE

HAl, HME iR R EA =& R RiE
P FE T2 MGRAE TN A BT M g A, o, kiR R
REFRHRT &AL . LRk SR TS 8 %
RMOE A S OB JH T R B BB e & R
H it 8 FE OB LRI IRER AR I T B 43 FHLH, X T
WHoE OP Wy A pL , LA R Fis v sy Op B %
B SRR, BUE i 4 R R iR R R
BAH OG5 5 W B8 A BE s BE UL BE 3-B B
( phosphatidylinositol 3- kinase, PI3k ) / Akt 22 3 5 1%
ik % H ¥ B ( mitogen-activated protein kinase,
MAPK) .Ca’*/CaM Fi1 I fth {5 S % 55

A8 SO 3 SR R SRR A A DGR S0l B AT R T
Xf OB Y - BYVEHT, ok Ry ik — 2B B 50 & 4 A A 3L
B A 24 ) B BEARCHE 0 35 i 1 R SE 5o

1 ZHNERENESHAEHEBAT

SRR A B 2 4 BR AR A 0 B A da ) ol =
M Ty L SRR A, AVm B R R
KRN FRABATHE ST KRB TH
R T B R A O PR 3 s L (MPT) g 3R 5 I
B, AWM N, R R S ISR (R T AR
C(Cyt C) AL 1155 N (ATF) PAZRRL A B
T, AT ¥ 37 R AR 1 21 B K 4% B ( caspase ) 4K 1
AR E R TR AR BB A0 R P Gyt
CFr e a5 & B0 Apal-1, M I HHSEE K
it caspase 9 2 G AL, T T caspase K L
N, PTG caspase 3, UIEI R IR H o5 R-Z MR G 16
( poly-ADP-ribose polymerase, PARP,—Ffi DNA & &
W), 51 % AT caspase MRBIPE ML T, B
ORI 0 A T B ATE R 5 7 B A%, 51k
DNA Wi 2¢, MG T 2R caspase JE 4K M M 44
oA,

ELPEBRNSFE T RS, Bel2 HARK
RS V1A 55, Bel2 B HE M T4k

AN b RIEH I RE 450 E R W =D LR
. O/R J T BH3 M — & 3 ( Bad., Bid. Bik ., Bim
Bmf Hrk NOXA ,PUMA %), @# M 1-& H (Bel-2,
Bel-xL. Bel-W . Mcl-1.,BFL-1/A1) , O 4E & T %% W 43
F(Bax,Bak Bok) "o A & B 5T % W, LKL IR Py
Bel-2  Bel-xL £ [ 3% 35 B89 385 022 90 0 2 40 18 4
L, 10 Bad \Bax Bak Bim 2 3 [ 3% 1% 5948 i i 2= fie
PERCR A0 g g T T R Jilka 250 BB K R G
Bak F Bax LR 4T 5T, 45 5 75, Bak #1 Bax 2t
PRI 2 f9 R B e o 0 0 Y B B L

RRLAR TG T (ROS) i 8 2R IR, I B 41k
P (0,7) M AL A (H,0,) , Tt B 5 ROS 55
SEAL I I, e IR 2R A 1 W W, 75| RS ks A o
AEpEfe . Gt ROS A LLBAYS Bid, B A8 4o 1A iR
A, LA Cyt C B, Bl R T, WL,
il ROS 5172 fY S Ak BE 25 51 MR T 40k 1A 1Y
ML T

2 ZMAREEXESEBEXRESREHE
THEH

2.1 PI3k/Akt {5 538 F& 5 0B 40 B 0

s g B UL B% 3-3% B8 ( phosphatidylinositol 3-
kinase, PI3K) J& — ' B A B fis Wt WL B2 384 Al A 22 1
R/ I 2 IR AR VB LT T Pk 1 RS S e , el R YT P
p85 W L ANl fk M p110 W4 A " . 2 & W/ I
MR E B Al PR N B B( protein kinase
B, PKB) 1A — PH 3, 24 KK 7 F 40 i A
TE— RS M AME T 5 5 R s R S (RTK)
G- AMREKZ AR (GPCRs) 45 4 I, B 2 IR 5% 2 K
4 B B BRERAL, PI3K (Y p85 W1 A HE A B 5 I i N &
T, HE A 41 B IR P9 )2 B o s R UL R4, 5-Z B R
(PIP2) % pl10 M. KW M2 1k , B JL % JIE Ik UL BE -3, 4,
5-Z@M (PIP3) ,PIP3 73| 5 Akt Fl =@ g WL EE AR
M & B s 1 (PDKL) /9 PH S5 &, 8 Akt |
S124 \T450 {7 & W B2 AL F1 ff PDK1 B BR 1k , 95 R 1k
W PDKI M A Y HEHNERXORE S Y
(mTORC2) 4> Bl Akt &9 T308.S473 fif /5 B R
b, AT SE 4 B0 Ak, WO R B9 Ak fERE TR
WeIRF 8 2 e AR T Bl

4 PI3k/ Akt {55 B& 0T 5 , HE TR A T 4oks
REZ D Bel-2 55, AT £ T B50E 40 M 28 4R 1A
BERNET., ASREN EE PRk Ak 55 08 B%
w7 MC3T3-E1 S 40 M b 2 E 08 TR A G 3 A
Bax (AIF Cyt C B3k , AT 40 5 BB 40 M g =7 o
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1M PI3K/ Akt ¢ 5 4 41 1 1) LY294002 7] LLF 9 p-
Bad (3835, LA Bad By 31k, #ET _L# T Bax/Bel-
2(fiE i Bax FRik, #I] Bel-2 23K ) Fl caspase-3 3R
ik S5 R W] PIBK/ Akt i 42 09 25 3% 38 43 T 8 p-Bad
Sfe ¥ 43 BB A B 4M B P g 8 oo /e T . Bin
USRI RE 14T TNF - S 3004 R
S T, WOE PI3k/ Akt {5 S IE B ALY Ak fi
FoxO3a 5§ B2 1L, B Ik Bim F1 caspase-3 By F ik, %4F
B X SRV, PI3k G R Ak, 7] DU — 58
F M Bad, Bim, Bax 28 {2 4 T2 & B B9 &5, 2 i
Bel-2 1 Bel-xL 477 1= 85 E /9 3R 3k, 12D 2k i &
%% Cyt C.AIF . caspase9 ., caspase-3 ZAH AR H T3
TR IR, I OB 8RR IE T,

Ak, PI3k/ Akt i& 7] LA H At 5 5348 % AH B 1E
AT LA — 45 % Fox03a' ! [ CREB'™ % & fii 4%
SR A, TTHESL 48 Th 0 380 T 3 300 09 4 1k o) B s
3, OB By, [, PI3k/ Akt {55 3 % /2 Tl
B FNVE ST B T P 1 DR AR PR BB
2.2 MAPK {55 B 5 E 40 i 0

22 N A B B (MAPK) {5 538 2% 2 ih
MAPK i & ( MAPKKK) .MAPK ¥ B ( MAPKK/
MEK/MKK) F1 MAPK £ i ity = 25 % 2 9% B2 {9 B,
ZE NN EE AR A%, MAPKKK &7 Raf
W ( B-Raf . A-Raf, Raf-1) \MEKK W j% ( MEKK14) .
ASK1 #1 MST, MAPKK % & MEK1/2, MKK3 #i
MKK6,MAPK % # ERK1/2,ERK5. p38.JNK % i
W%, pFh E % MAPKs. JNK,ERK1/2 ERKS,
T p38 A5 A Ay 0 A B A 2 N O S AE R
PR R R G EEAE T, G0 4 A0 B 3G A L A1k, i B A
T 7 A AN 0 A A T A
2.2.1 MAPK/INK {55 i B& 5 5 & 4 B 0 T
MAPK/c-Jun N R ¥ ¥ B (INK) {5 5 8 3% 2
ASK1 MEKK1 3 3% MKK4/7 , #1084 3% INK1/2/3,
TH ALY INK B NI, 518 — R 50 4 il A a1
", RERFR BN, Y MAPK/JNK % 258 % ¥t
O B, INK B B BR AL IR A B O, c-Jun 9
mRNA FIE (R B W R, INK 3 1 40 56 5t 98
To# H Bel2 fy Rk, AR # {2 4 12 & B ( Bax,
caspase9 , caspase3 FIAHICIH - A T Fo k) 3% m, A
MiE# OB J 1=, Guo 45 ' HEsr £ W, g £ 1
(LPS) i i 3% INK &%, W& 4R E T p-JNK B &E
HAKT, BEAR T MC3T3-E1 S/ 4 il 5 Bel-2 3%
i, B8 T Bax #1 caspase-3 A mRNA #9335, 8 7%
caspase-3 [{7G ¥, 757 OB 4Rk M T, INK

FESFPEANHI ) SP600125 11 T b 3 0| W] 14 58 bt 94 1
1 Bel-2 ik, 141 Bax M 4 R % 38 B4R A,
RH T2 (ks Cyt C R BB AT caspase-3 [ TE , 1)
B A AT Y, T, MAPK/JNK {52 i &R
i OB £ 4% PRk 42 W 1=, it BH W7 i 5 5 3 % A A%
S LU —Fh T OB JT- AT B,

2.2.2 MAPK/ERK1/2 55 38 B% 5 5B 48 M0 95 1
MAPK/ 24 ffi M5 5 9815 B ( ERK) 172 {553 #% i
Raf [i] T.l§ B-Raf A-Raf Rafl ¥ MEK1/2, Fjf—
A ERKL/2, BETIAE BT R W R, 98 70 46 i
s ', BE, AR, MAPK/ERKL/2 {5 B 3@
B 24 ) BB AR M R T2, Chen 1P BE SRR HA,
ETER ML BE ERK1/2 @ 8%, B3 p-ERK1/2 14
FIK PP FE K AL (Dex) P55 B9 Bel-2 T J8
Bax | ], DA T 410 il £ R4k o Cyt C B9 Bk, 410 il
Caspase-3 (#3006 I T 200 PARP 1 24 , I & 4]
A0 A T, R 3 OB 4232 Dex S B ML T,
Zhu 2= T 58t 32 BH , Vaspin {E 3t ERK1/2 Bz 4k,
A Bel-2 B3k, T Bax M3k, B AR H 40
BT T, 5 —F AW H XK, ERK12 {55
S B R A R M P T, Nam 2577 BRSER W,
Wit Fz 2 18 5 0 ERK 5 2 k7 R 4K #8115 &
BT, ERK1/2 §E 4k, {2 ¥ Bax 0933k, 5
MM T, Zhao BT E W, M (Cd) T LU
P55 OB P¥A T, i 4 i ERK1/2 i R 1L, BRI
h R 5 R H A AWm, B8 98 caspase-3 [ % P, T
ERK1/2 $j#]57) (U0126) W {H B T Cd 5 5 /% 40 Hu
T, XLEEHF5E Bos, MAPK/ERKL/2 {5 5 % S
57T OB 2 kikix i o (HEX PR M A
A R AE — 8 G L, FLPR AR HL I 3 A 40 B
2.2.3 MAPK/ERKS 5538 B8 5 & 4 M09 12
MAPK/ 4l fd 71 {5 5 8 17 ¥ WG 5 ( ERKS, 7% K
BMK1) 1% 53 % B MEKK2/3 ¥ MEKS , 3 3 1%
ERK5, /%Ll ERKS fER FiER+F, &5 T
TTERAR . Bin & BEST R W, WK B8 h
(FSS) i BT ERKS {55 i #% BT TNF-o 55 1Y
MC3T3-E1 s & 40 M9 1, 7 {59 ERKS 7 LA 48 ff
MR AN A%, S 3L Bad B8R4k, p-Bad 40 i
Hpy 14-3-3 85 5 0 R B, BH R AR R AR IR,
il Bad , AT 1 o975 5 0 R BL IR i 42 caspase-3 1Y
ko 1AM, Bin 28 TR SEE & B, FSS i B0 p-
ERKS, #F— 2 1% p-Akt, 3% 4L FOX03a, M T 9 2>
Bim )ik, §1 TNF S35 OB JH 17, X L4
7~ ERKS 5538 B 7 FSS A3 0 BB 40 M o o8 T 1
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A e EZE/EA. FHit, ERKS {F 5 i B 7T 58 5
RBUE BB A RE BT 2 1 — R YT R
2.2.4 MAPK/p38 {5 5 i B% 5 W& 4 M 0 T2
MAPK/p38 {3258 % 1 ASK1 .TAKI 1% MKK3/6,
il — 25 W% p38'"l . Yang FHERERY, A5
2 (IL-1a) AT LA MG Ji p38-MAPK &) # B2 1k, T i
MC3T3-E1 4 i vh Bel-2 B33k, i i35 3 Bax Fil
caspase-3 [ mRNA A E A AKFE, 2 OB &4k
BB R RIRE T . Guo 27 B FE K WY, F K K W
b3 R E p-p38MAPK EEH M RB, M B FEKE T
Bel-2 #1 Bel-xL (9 T B3R 34, BEAR T Bax BY3RiE, A
M T Cyt C F1 caspase-3 )15, #H] LPS 5 &
1) OB Rk T AN PE T, AT, X s2h iy
PR 7 S O B ) MAPK/p38 {5 5 08 B% , 7E T
U Bel-2 FKIEE O MWE M, R A RIESIH OB
KRR B A E T AER
2.3 Ca’"/ CaM 5538 B 55 0w 40 M )4 1

Ca’"/ CaM f5 5B BE S A RAME S5
Z WG, W& GPCRs, i & B8 C(PLC)
AL PLC {5 % i BE UL BE -4, 5- — B iR (PIP, ) 43 i
9 DAG M =®E R ILEE (TP, ) ,J5 & fE T i k) TP3
SZAR BN R R A Ca® " B, MR P Ca®t Yk Y
0, B A% JE 2 (A (CaM) JE B Ca® " /CaM &Y, it

{605 3 26 1 0 0 M K 9 S ( CaM-PK) B FR 1k,
YER T T U+, 5 A BRI .

Ha 2" W95 R B, Cd JI% Ca’*/CaM {5 538
M B SRANM Y Ca® " R A7, i Ca® " 35 m , {2 it
Ca’*/CaM HE AWML B, Ca’* /CaM & & 413835 =
AN B 45 PR A KO B R R 55 ( CaM-
PDE) 45 % 8 1 AR 1 B 5 A ( CAMKK) 7145 35
B R BB 11 CAMKID) , Horp, 3% fk ) PDE
¥E ERK 355 OB 1T, i 3% fb B9 CAMKK, J1j 417 i
ERK, i #l OB 1=, 7 A W5 LW, AICL, {40 i
Py Ca’* 3, {23 Ca®"/ CaM & &9 (T L, #E 1M
fif CaMKIT B ER AL , 3 1L B4 p-CaMKIT 75 5 484k W 38
R 2 4 A I 4, B k2 OB =1, AT, Ca®"/
CaM {5 53 B &5 ERK 28 HAE H & & # X OB 11
LA TR TAEN
2.4 HMfE5@EAETFS RS 48T
2.4.1 Keapl/Nif2 {558 : Keapl -Nif2 {5 53l }%

FELR AP 40 i S A2 AL B B T O T R A TR
. Lin 2™ g RTSL R W, SFP #3% Keapl-Nif2
55 3 % , 2 #F 2R HOL Fn NQO1 1 i, M
M55 Dex %5 T 1Y caspase 1% 4k . PARP 1) ], Bl il
TF T Nef2 342 R M Dex 1
OB T,

75 ROS 3 & 7= 42 11

B 1 OBZ&MAKEZFT FHEMICHAESBEBRARTFRERRER.
Fig.1 The schematic diagram of the apoptosis of OB by mitochondrial pathway and the

effects of its related signaling pathways and factors

2.4.2 PHB. #i#% {4 % [ ( PHB, 4 4% PHB1 #i
PHB2 ) J2& {7 T4 i {4 9 i — B 85 1 i, 5 4800 B 3

7= tE A %, PHB 1 55 PHB 2 A9 AH B4 I X I 0 6k
IR T ST R MR SRl e - (ST
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Sripathi 2" B9 & B, Bk PHB 2[R T L1 R
T2 (BAK il caspases) 1383k, '~ FE 408 143
F Bel-xL fy32ik. 1M PHB (3 F A5 H 4 F 8 Bel2
ik, BIRA T, FE, PHB &5 £ 4 (5 5
A e, Akt2 .CaMK 7] DL % PHB, 77 PHB Wj ]
PIAEH T PI3K/ Akt Raf/MEK/ERK {5 5 i@ % . CytC
i Bel-2 %50 b A  H0F TR 25 9 B = AL
M F R BG5S # OB v PHB Rk i) Bl 8 2
Sl X ERESE R B PHB 25 T 10 S BE 4R
R TE T L R, PHB 1] LIE A BF S 30 B R B
WAL B — DB HE 5

2.4.3 TFox O FJhi:Fox O FIKRE— D H LI H 5
WA, SEMI BN S ER AR, FEA
FE DU B s Fox O1 . Fox 03a Fox 04 Fl Fox 06"
Hr Fox 03a 540 T2 VIAH ¢, Fox 03a iy Akt
EAMEE . WAR VIR S 4t TNF-a 3% S OB 3
T2, PIBk/ Akt {5538 1%, Aktl {ff Fox O3a #i g
1k, p-Fox O3a 1 Bim A F2 ik, I8 /> caspase-3, M
T 1680 48,1k 7 38, BT OB Tt

2.4.4 cAMP/CREB: cAMP/CREB # F N + 1
Serl33 fi7 5 fE 6 %% Akv/PKB B2 {L, p-CREB {2 3
Bel-2 Mcl-1 )& 6™ MBI HEE AAMA) iE 5
2R IR T fE AT, AT B LR OB 727,

3 HiE

e B SR TR N R ey P AN A SRR
1% OB (18 1= & 8 (e e s im il a9 Ve 3 (an gl 1
FiR) . o PI3k/Akt MAPK/ERKS {5 538 2% 19 1%
1% ,MAPK/JNK . MAPK/p38 45 (% 5 1 B& 4 41, 12
Md OB P 1=, By i B BT B AN By OGS, B b, Ak,
ERK.JNK, p38. Ca’" PHB, Fox0O3a, CREB, Keapl/
Nrf2 45 B A LUAE 2 i 55 470 1 B 6% P 245 90 1) % 4
YEFHHE A
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