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Abstract

Diabetes mellitus (DM) is a metabolic disease with high incidence, which can cause multi-system
complications such as bone, vascular, nerve and so on. Osteoporosis (OP) is one of its common
complications. Diabetic osteoporosis (DOP) is mainly characterized by abnormal bone metabolism,
increased bone fragility and fracture in diabetic patients. The mechanism of bone metabolism dis-
order is very complex. Recent studies have shown that the phosphatidylinositol trikinase/protein
kinase B (PI3K/Akt) pathway can participate in the regulation of bone metabolism, which is of
great significance in regulating the growth, proliferation, differentiation, apoptosis and aging of
bone marrow mesenchymal stem cells, osteoblasts and osteoclasts, and has become a current re-
search hotspot. Combined with the current domestic and foreign scholars’ research on the me-
chanism of PI3K/Akt signaling pathway and diabetic osteoporosis, this article will review the cor-
relation between PI3K/Akt signaling pathway and diabetic osteoporosis, and provide more ideas
and important targets for further research on anti-diabetic osteoporosis drugs.
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1. 51§

B 3R N BRAENE 7 S SR AN 208 A H 2™ 5, B PRI 5 B S AAE ) O B R Y, X
P A g 250 7 R I N R I AR R B A AEAFAE IR . DM A2 — ™ 5 £ 25 N SR R (1) 18 1 4 B AR 5
WA B R S A DI RE R AR SR, 5 K DM AR PR B BB RE 1R R AR o 1 AR PR (type
1 diabetes mellitus, TIDM)#1 2 L4 [R5 (type 2 diabetes mellitus, T2DM) £ & A= H7 1 XU 18 v T 1E % R
N, JF H T2DM s & g P& i — Ml R R, X rTae 5EC0 5 . m i a st R E .
JRBRMIIELZ R R A R[], i E/R, T2DM &I OP MIRAZEMIT 50%, H T2DM BE KAME &
T RS A AERE R NBE IR 1.3~2.1 £5[2] [3] BRAT B FUHRAE , B 5 B AA A ) 9 L 5 B 1 48 P (osteoclast,
OC) I il B 4l g (osteoblast, OB)FL [FIFZ M H- AT (1) “H-Fl” R REVI[4], 4R 40 B AIA% & 40 ff 1
TR I RE 2 BISE e I, S 4 M 0 AT 0 L IR WA D Rk B AR IR, DT T B 0 e 4
P, B R ECE A KA .

KEWFFR, PI3K/Akt (phosphateidylinositol-3 kinase/serine-threonine kinase, PI3K/Akt){5 5 1 % /&
RS ERAE TR, SRR R E AL RIEER (5], R IR B A L2, wTRL
SE T FE A, (EREETER[6]. EE. REEFEKEFIGEH)FEREEHETE PI3K/AKt 5 5iEEE, &
FENEHL R T R 1 (BMP) NF-kB 32 AR S0H AR (RANKL)SEIE H, AT S0 Jl 7 48 B AR B 4
TR i XL DRe, RAERTTE B SR IEM[7]. B, PBBK/AKT @58 T iAGE 2 7] A
HERMIMRNE, H PIBK/Akt {5 518 B Ab T Vi 4% e F 40 MO FI AR B A0 BRSE(E . A, JR T AL DhRE RS 5
B o ] A A R Hh 5 24 55 22 P 24 ) B R BRI RIS PIBKVAKT @B IR T & B AAE (1) AH AL
HIHEAT 7 2465 IRIZ IR TE, BAAETE R 2 M, DL PIBK/AKt 1 A E sSA W] RE ORI ST T R IA T B
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PRI P BRGRANIE (R B i 42 . A SORE A PISK/Akt {5 530 % 58 PRI R 1 SR AM AR RNV T TR AT 4508, N
BE— B IF BRI E B AN BT 25 R e BB KA A BB %

2. PI3K/Akt (S8
2.1. PI3K/Akt (S SiBEANERK

Tl TG I LI 3 J5% (phosphoinositide 3-kinase, P13K) & — Az - 5T 19 N5 2580 . PI3K. HH A 715 WF. 2 p85
T p110 LR SR 3R, 3 e 2 (A 0 B AN R S B 7 (R A, B 42 R/ 75 U2 (Ser/ Thr ) i
RO A FUL I (PT ) it 1) WU V62 [8], 45 PI3KI. PI3KII. PI3KII =Fh &5 # ThREAN[H 2K, PI3KI #E15
SRS IR N EEVER, A PI3KIA A1 PI3KIB PiAhEAY[9], PI3K 7EANNM K G 1S S 5.
JE A IS AT FE A S B W R o M ATRF7E R B, PIBK P & i HITE AL G P Y IR L LEE-3, 4, 5-
ZWERR(PIP3)HE 25 i IR, AF AV 2 AN R R T 2 ki gi iz 3l A AEm AL “385 =
B4 BRIk, 0T R4 A dr s 3 BA CBEEHI[10]. p8S HH Sre [FlYFZE#43(SH)2, SH3 & p110 4 p85
AHEAEH ARG X SRR, SH2 B 45 G IR iRk AL S IR A RIS 5 1 ThRE[11]. Z2ZR/IE
PR (serine/threonine kinase, Akt)/& P13K B Z 1 N5 5701, tHPREE B (protein kinase, PKB),
FERIAAEMBTN, L7 480 MAZERRIRIE. HAT KM Akt (1) =P A2 Aktl, Akt2, Akt3. Hrh
Aktl AT AR AT, RIS B AR AR . Ak FERIATREWT . H 88U FIE .
Akt & PI3K/Akt 15 5 U 20N I, Akt RIS DURIES A7 AR, HiG M T308 Fil S473
PN 553 390 4% PDK1 AT mTORC2 WERRAL[12].

2.2. PI3K/Akt {5 518 BBV EOE

ML ) PI3K AIFESZARPR RIS I S HaBas,  BIE 90 RS, AT Hp XA E A &
BRI IR BRI HE 5 P110 45, PIBK MBRAR UL, P85 BEABUE AT, BEARMENLET 4, 5-XURERR
(PIP2)BRAL G 5 P110 454, TERUKE M BRI LEE-3-BER(PI3P). PIP3 5 & PH 45431 BERR LT
MR 2 110 1 (phosphoinositide, dependent kinase 1, PDKI) K Akt 45 &1 — 3% 5@ 0 76 40 i i 540 B 52,
fieidt PDKI Xf Akt #EAT#EER 1L, PDKI BERRIL Akt ) Thr308 7 s flf H AR 0G4k, WAL sh Y& s R &
HE &1k 2 (mammalian target of rapamycin complex 2, mTORC2)F %} Akt f¥) Serd73 ff i THEER L, S 3L
Akt SRV, Akt TEHEAER T NN S TR IR & B BE 9 (Caspase 9, Casp9). Kl JR-& R 3
(Glycogen synthase kinase 3, GSK3)%5#— P I 40 0K L A706 . 385 -k B G R. M8 KA.
BRI S 2 PP FE[13] [14].

3. PBK/Akt ESBESBHLANKR
3.1. P3BK/Akt (5SS EB 55

PI3K/Akt 155 BEE 2] IZ/AE T HZAMA, S5MAK. fAERSEAZERE15] [16], 241
BE ¥R KRB ANZE T R I B R [ 17] Ok 2 B UEHE R W] PISK/AKt {5 5 30 % 5 R 19 & AR [ 18]
[19] [20]. #tZ Aktl PI/NREBRINE R AR, REFHHORAER[21]. BiE Akt & A2 ar
R R 40 MC3T3-E1 3458, 434k[22]. Lee SU [23)%:#Rkil 7 K 3E 2Bl S PI3K/Akt 15 5@ B i3k
MC3T3-El 408N ALP [RIE A MAM AL R, AR BEAE AR A P13K R 0155 LY294002
I 52 240 . $2o8 PI3K/Akt TEH T MU fE v P EE . [RIET H AT FE AT, i 400 B -5 il 40
RS RGBSR ORRE T, I EXER TS5 R RS R e E . IGF-1 &
PSRRI 7, PSS E 4 B IGF-1 24645 &, BUE NS 5401 P13K. Akt, {@ik e 4
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KR¥E &

IEGE 4k, REEE TR BATTORI, ERIMIE A EIEWR IGF-1 M nldd (5 5 i 4
S BEAN MK [24] . [FIR, PI3K/Akt 15 5 3B# 25 T HIZ N T kB B2 443 Ak H 7(RANKL) A W 41 i 42
V&R 7 524 (c-FMS) (5 5 AT S BB 0B oAby A3 RGBT Z2 S0 F B A, 4k PI3K/Akt
T G PN T A AR R BE 1R R [25] . IR, PIBKY/AK 17 53 5 HE 2 5 1R 4% A B 40 M O A7 0
SHT[26] [27] (28], S5 HIEMCE M7 & DhRE[29] [30].

3.2. PI3K/Akt {55 1E %) A B A BEAY S

5B 41 B (Osteoblast, OB)EC Y& H 18] 78 5 T4 il (mesenchymal stem cells, MSCs), 1EZ 5175 & it
FErpiR EEAEH . Huang Z5[31 101746 H, PI3SK/Akt FEINER OB #4E [F I, 5] LLE L Wnt/B-catenin. E
KRR REFEEKRE -1 E2F@s, £ OB MFE 5. BRERF AW R[32], PIBK/Akt (55 iE K S
5N R 1R 70 5140 L (hMSCs) 38 58 1 Ak A2 . PI3K 3l 55wl 40 hMSCs 38658, (HL [ B (i 32 3 i) e i
SNk o SEES A 7T 7R [33], PIBK ik 323 nl BHWT & X4 K 42 52 2 (bone morphogenetic protein 2,
BMP2)/ 51 p-7E 3 25 [ (13-catenin) (LG, 13E 177 5200 & 8 T-41 ffd(bone marrow stem cells, BMSCs) it
RRSE AN TR, R R AR AT R 4H I Pten JE A1) 52 BRI HA 5 i 28 KR M TR % i o
B, RUARCE A PI3KE IS Akt J5 (R T 34] [35]

3.3. PI3K/Akt (5 S @B X & 4R AR F2

Tl 4l il (Osteoclast, OC)RIF T H fifid il T-40M, & —NmEMMZZEYR, FEIhREE HE:
Z 55 [36]. M H ML TR BORTEAL TR ZE W N R 25 RANKL S W20 i 45 78 R R 7 [37]. Al 4
Faf H i 5 ThRE 7 T 32 B SRR R M, U2 S ECCLE A v 32 BERFAE K59 [38] [39] [40]. RANKL
J& T R A SE R F-(TNF) M KRR 2 —,  Beds S0 TE U DS S (R T I % 5%, 1 NF-KB, C-FOS
SE[41], RERHE 40 TR eI A o 1 3 SR T [42] . A B 7R W, PIBK/AKE % -5 OC (A7 A B 2 £ [43],
T B AR T T Ake2 mBRFIINN PI3K/AKt 388 #6061 71 ¥ 40 e 15, 4% 2 (Osteoclacin, OCN)FIA FFAIK(P <
0.05), YLHIX —IEERLE OC VEAIIRAL I #E i Rk 4536 B MMEFH[24]. PI3K/Akt J8 % nf il i 50 B Wk
2 i B2 V5 RIS T2 A (M-CSF) B i R 1--xB 3235 L FIE A (RANKL) R SIARE E2 (PGE2)Z K T,
1E OC f7if ALK “H 7 spr=ERemi[25], 24 PISK/Akt i@ B 0 HIA OC MK RG> . TNF-a.
IL-1. IL-6 }% Lhx-2. TGF-8 5 5 i@ it PI3K/Akt 4%, BLREERF4EMEHE OC A, 50 OP BN

4. P3K/Akt (5 5@ B SRR E RTHR

PI3K/AKkt 15 530 B 20K FR5 [44 1 FVE TR B FA[45 ) FF B L) 2 - PISK/AK 3 6 A2 i 5 R (1) £ 85 5 4%
S, Z5EEERE. EET R T PI3K. Akt 550 2000 B s . S
%, WEHEESNRE. GRS RFREKE T2DOP K R A E I BOE PI3K/AKt B8 InE % 5.
B 40 A N T 2 i [46], #4 PISK/AKkt {5 5@ BE SHEPRN . B BUBAA A R AR [F) I BEAE B
FCORBL[47], B B RE BUR 5 5 88 18] 78 )51 T 41 ffd (mesenchymal stem  cells, MSCs)2 #5447 NA 5%
PI3K/Akt {5525 MSCs BRI ECE LT . Rl b rERE %15 Sl R iF Akt AR, 7
MSCs £ 7= I PI3K #5714 A 458 5 40 o ) S k2D, (L0 g JH i o 4 M 23 A R 1, IE S T 38
A R AESAT R R, AR HE S IR IRt BHLE 7 40 i S5 kNG . PIBK/AKt (55 T RES S
OP i, Jf 5 HAWE SimK Z [MAFE W FIVEH . BRIt 2 Ah, PI3K/Akt 8B ol i AL im B SRR
VARG A A0 R B A RS . O AR T 4R B B A 4T . G, PIBK/AKt 15 5@ B A
R R A0 B RD R B R M D R I U A, T RS TR R B AA R R A R R AR
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5. RE

Zx b, PBK/Akt(E 5 IBBITERMIT) V2, Wi ST AL, PI3K/AKt (5518 2 55 A AE 56
PRI B R HE[48] o I PR 367 B8 BRSO IR A i SN2 A 40 B A0 ) & N IR T AT SR AR TT . B AL
PI3K/AKkt {5 5 I8 8% (1) S v 38 00 2 P« At i 4 26 e M T R s« R PIBK/AK 5 5 i % 5 0%
PRIV R BEAAREAE 5% R 4 F AL R4 58 A B BH R TR V6 97 B PRvs P o A RE R AL 1 397 SR e
WA T . Bk, DL PIBK/Akt @A — ., B2 DOP WRIT FEGS# R, PIBK/Akt 5 5@ H
SR FE R TR V6T 70 PR3 P IO WA R BT 24 VS A A5 e o

EEWHE
ZHEBHE TR R RS H %), BHwS: 2022Y866.
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