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[ Abstract] Posterior capsule opacification (PCO) is the most common complication of extracapsular cataract
extraction and intraocular lens implantation in the long-term. After cataract surgery, the content of growth factor in
aqueous humor increased , which induced excessive hyperplasia, migration and fibrosis of lens epithelial cells (LECs) ,
resulting in posterior capsular opacity and decreased vision. PI3K/AKT/MTOR signaling pathway is an important
pathway regulating cell growth,cell cycle, protein and ribosome synthesis, which plays a crucial role in the occurrence
and development of PCO. The mammalian target of rapamycin ( mTOR) is a key site for regulating the protein
expression in the downstream of PI3K/AKT signaling pathway. The application of mTOR inhibitor to interfere with the
signaling pathway and affect the biological function of LECs is expected to provide a new idea for the prevention and
treatment of PCO. This paper described the research progress of the role of mTOR signaling pathway and mTOR
inhibitors in the occurrence and development of PCO.
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J5 BEIFEYR Y ( posterior capsule opacification, PCO) TR 5 & P PI3BK/AKT {5 516 5 15 T 37 5 26 19 6 BE 5F 45 . 5 8 45 20 1
PEE B, 2 R SN AR S5 8 DL IR R AE . 40 & LU LA SRR R A A KA AR A A, ﬁ%ﬁﬁﬂﬁ%ﬂ@dﬁt&
RSN AR T PCO 10 32 Ny T0% ,40 % DL 2oy HZERI Y0 g0 mTOR {5 558 Bt 19 2 4 21 A6 T A X
37%, )L &R % 100% . B §i % L HiE PCO AT Ak i PCO B ifs 42 S8 S8 . 3 mTOR *H?éﬁ%ﬁﬁ%ﬂ’]i%%
e {5 PCO Bt B IS WL BE-3-  phosphoimositide. 2% mTOR VAL PCO % ok 0 52 o ooy 0 6 JH 9 17
3-kinase , PI3K ) -AKT-If 7L 3 ) %6 1 % % W06 {1 (mammalian 02
target of rapamycin, mTOR) {5 5 i i A2 22 i)/ A, mTOR J2& i
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1 PCO BIK £ HLH

PCO Y T B A A ML 5 B P B 2 S0 40 BR AR S5 BT BORY J=
RAE AT OB S5 A2 SN DG, A B R S 7R e R 2
AL SUFGEE L U S e b A o R AR i~ B K B
SO 100 8 o3 B AN M A0 R AT B A, 2 R AR A TR T R R
4K 7 (epidermal growth factor, EGF) | # fk 4 K [H F-B
(transforming growth factor-B, TGF-B) | M. /) #t J8 M 4 K A F
(platelet derived growth factor, PDGF) i &% & 4= & A ¥ (insulin-
like growth factor,IGF) | i £T 4k 4 Jitl 4E K Pl 7 (fibroblast growth
factor, FGF ) it i Ji3 A0 5 75 s K b & bk A 3t s ™ s B A
T KPR A AR BE AT BR A A IR A T B N R R A R A
BN (lens epithelial cells, LECs ) 3 B4 4 i 76 2 J5 92, # 1L
o WURCET 24 40 0, 5 307 B2 MR b 4T 4k A0 A B 48 AR 4, 35 A
SFPOGER I BN T S B T R R TR A A0 0 S R A
T A% . b - 8] 78 i 5% 4y 1k ( epithelial-mesenchymal transition ,
EMT) A2 #F 40 i 34 T 45 185 it 2 By iR PCO Ty Sk

2 5PCOREMERMBAMENESEE

2.1 mTOR Ff 3¢ % 1975 M

mTOR Jg T PI3K AH5C 8 e, ) iz A 76 T Wl 7L 3h 1 19
0 M 5T, R T A MR U R A N A K A S S IR
Mo B WM £ Z L E S YW (nTOR complex,
mTORC) (JE X A7 12, 43 91 7 mTORCL Fl mTORC2, — & 1y 45
4 DI REI AR AH[F] . mTOR R X 2 Fi 4 3L 2 . 7 384 . fig it L S0 A
AR (AR ) 7 AN U N, A K B3l 5 {5 5l
P& mTORCT, 2 5 40 Mo & 5%, B9, 2 10 o0 AR ot & i & Ak
i (R A PR, B A P T mTORC2 i 40 A K A
T AR TR FGE I PI3K 55 @ 12 1 T Ui RO ¥y , R AL 5F: A
W AKT A FE AR TR AR e
2.2 PIBK/AKT/mTOR {53

PI3K/AKT/mTOR {5538 ¥ )12 A7 16 T Z Fh 4 g o, 3 3o
BB K AES  BERR AL WO T W 0 AE o 7, R AN i A
2 omRNA B ARG 400 0 S 2R AR W AT )
B, MTIT 5% 00 400 A 0 A A Ak AR PIBK AR 4 45
Fyrhy TR LSRN R, T Y PIBK 76 2R K B 45 R 8
TG, 1 FC IR ¥ B AR W UL B — 8% 52 ( phosphatidylinositol-4,
5-biphosphate, PTP2) B B2 Ak , fili F: 5% 4k oy B fig 56 L B = B 1R
( phosphatidylinositol-3,4, 5-triphosphate , PIP3) , PIP3 {E Jy &5 —
51, 4k 250 W R 38 B T U A9 Akt, B A9 Akt ] B SR Xt
mTOR A& #1J #] /E FH B9 TSC2-TSC1 & & 4 ( tuberous sclerosis
complex 2, tuberous sclerosis complex 1) , M\ T i 15 mTOR!™ "%
mTOR F#fAH 2 NEENESE A, 203 A S6 B 1
(ribosomal of S6 kinase 1,S6K1) Fll B 4% Bl i & 15 K F elF-4E %5
4 % H (eukaryotic translation initiation factor 4E-binding protein
4E-BPL) , ¥ J5 i) mTORCL W] 4 3 SOK1 2 1k , M 1 1€ #F #%
WK TR 100 G A TR B B R 1L 4E-BP 1, (i L 5 eIF4E i 55 3 15
b 3 & T B AR .

2.3 PB3K/{F5il A PCO K4 R EMIE
2.3.1 PIBK @K LECs AEW2=AT AR EIER AR AR
JG fith & S AE B g SR, 5 B K B PDGF 5 B 32 iR 45, &
PI3K/AKT/mTOR {55 jf i , 4 ] B-i% B4k B M % , 3 58 LECs
ERAE ST EGF 35 % 15 5 8 B, i A B R W 19 E-
cadherin | B-3% 945 1 55 40 M 2F 4EfL AR 35 9, fE #F LEC M7 .
BB

PI3K i 57 o] BH Wr 2 0 B+ 3l ¥ )5 LECs (9 3% A= 1
FA L A it siRNA B Y A G 4A b 41 i bk HLEB3 J5 U
B mTOR {9335, B E MR T a0 it ™ . H K% 2ym
it mTOR {5538 B 9 1] LECs 3% 4 i AH 0 98 8 — 25 E 91 % 5
Bl B AE PCO T A R A BB
2.3.2 PDB3K @ #7E LECs EMT iy /EH H i, TGF-B, & ¢
HE LECs B4 EMT XRE VWM ME ¥, BARKEAREG 5
K TGF-B, TR BETAE, TIHER - F WIS EH (a-
smooth muscle actin,a-SMA) 4T 4 E & A SR RN FE L, /T4
S EA S B E, i LEC TR M A, FS LECs 54
EMT™> | mTORC2 & TGF-p £ 5 PI3K {Z55@ % , %S LECs
& EMT i@ 4 v i) 3£ 28T W 500 4, mTORC2 5 i 34 715 4H g
LS R i B 4R E R BER AL Serd73 fi i Y Akt, 5 &
LECs &4 F 4t 1k, #f J& 5 PCO, siRNA %5 %« HLEB3 LJ I %k
mTOR %35 24 h J5, i TCGF-B, 4t ¥ HLEB3 ZfJfg 48 h, AKT #
B Ak K T 2 35 AR, «-SMIA /KT 388 i, 0 EMT g >

3 mTOR #J#F3 PCO K EMKRIES BB IER

85— 40 mTOR Wil /Ml L F& H M EH R LKA, R
mTORCT ¥ P 7 i 7] ; 55 =A% 32 B2 40 #5 3 B mTORCL/2 1)
17 (ATP 55 4P mTOR G0 ] ) \PI3K/mTOR X T 1 il 5
o X mTOR 1 i 57 5k %6 T 45 — 1R A8 1] 4 F§ mTORC1
1 Jry B, BT [F] B4 A PI3K ,mTORC1 #l mTORC2, HA5 T K
OFY R
3.1 55 —1% mTOR i 77 e HAH O 15

45— 4% mTOR 0 i 5 3 % 40 §5 RAPA R ILHK WM™,
RAPA S FE Ry B0 TR 25 ) B S BE Il i o 47, & B RAPA
LA A 4 AR KA 1 A . RAPA B L5 )i 5 2 4 FKBP12
(FK506 binding protein) #1254 M EZ A4, — & F LM 454 2
mTOR fY FRB( KBPI2-rapamycin binding) %% #1 , ¥} mTORC1 %
TU#E 54> T S6K1,4E-BP1 S5 3ifi] , val 12 41 it 2 1A

RAPA Jy mTORCT 3£ 40 1 7], mTORC2 i H A Uk w]
fie 2y mTORC2 # mTOR By FRB %t #4358 9 8 %1% . RAPA
A o 40 ) mTOR, B IR 0 A & 0, 70 40 40 i 2 Ak A,
Wwr] & 5 TGF-B i 51 EMT, #f78 % B, RAPA Xf Gl A
LECs 3 4= 45 0 il /E I A8 FH 187 40 B2 5 . RAPA W] 417 1 4
LECs 1% 4= 40 g #% $1 J& ( proliferating cell nuclear antigen, PCNA)
BRaA B AN BN G, B3tk A S B, fili 20 Al K B4 I T G,/G,
W1 e LECs B9 L RAPA #3055 bel-2 338 bax Y
Rk AL LECs T2 [, RAPA £E PI3K 5 5 i %
FEAE RN, 51 2 Akt Ml mTORC2 33 i 1% 4k, 5 i 24 , I R
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3.2 Y5 AX mTOR i 70 B H AR OG5

3.2.1 M mTORCL/2 Myl i) B HoAH G /E R s #
mTORC1/2 411 41 514 30 5] mTORCL/mTORC2, %t H ib 3 i ¢ 411
HI/E H., £ E A pp242. ink128, Torinl, way-600, ik $ 1
mTORCL/2 1) il 57 8 3o 9 # mTOR N iif {5 5 43 ¥ S6K1, 4E-
BP 1, AKT % 199 2 1k , 92 B4 mTORCL/2 3G PE40 41 . 54
— R4 3 5 BB, mTORG /2 41 il 570 JC £ B2 it 80 42, [R] B B XX
T AR R D A —E MR . Feng 47V BFSE
M, 5 AU ) mTORCT () 3 28 ) e /) RAPA A 52, B 40 4l
mTORC1 Il mTORC2 4}, PP242 & g #) | PI3K*, PP242 5¢
Ll mTORCL/2 T Uf{5 5% T 16 M, 18] 75 5 400 B0 o) 490 4 e
16 G,/G, W, X TEW M LECs 3 A48 R R R0, i vl 2 S04 i 94

3.2.2 ATP ZEGe I GI  HMICAE A mTOR # il 7) 2 %
B R SR R R R A B ATP 3 4 Pk I R 4 4R
NVPBBDI30 ,AZD-8055 . Ku0063794 MLNO128 Fi1 GDC-0349 %
mTOR #7175 5 mTOR (¥ ¥ il 25 ¥ 3 45 &+ i 5 ATP JE p 5%
4r3 7, % mTORCI I mTORC2 #5545 # il 45 i , T 5} 15 mTOR
fr A 45 4. Zhou U B SY & BL, GDC-0349 fE i i B
W mTORC1 fl mTORC2 i b i S 40 M P 7~ .

3.2.3 PI3K/mTOR i & X 1 il 75 M HAHSE/ER PI3K [
AL S5 H A mTOR AHABL, 1T A2 By — 3% 24 O PI3K A 56 7K
1 3 R B, B R . PI3K/mTOR XU 1 4 301 7 )
i Ak PISK .mTOR W40 37 24, DL IR 452 J1 22 55 4+ ATP, I & AIT
T mTOR A M, LA T PI3K SR (B 1), 55
— A4 A EE L PI3K/mTOR XU 11 750 FOE A 400 51 200 A0 J% 309

T3S LECs NI H 1. WA B A, REAR HE AN T . H AT, P13K/mTOR A

1 K F-TGF-B .
EGF .PDGF .HGF

mTORC2

DEPTOR

El1 mTOR # %% % mTOR ESEHKEZM mTOR 445 mTORCI i mTORC2, mTORCI fj mTOR  Raptor, mLST8 # DEPTOR 41 ¥, i
mTORC2 fi mTOR ,Rictor,mLST8  Protor-1 1 DEPTOR £l i, mTORCI &1 %0K T~ A fd 4 g i PR 25 AU 2 E KR 7, 2 250 1 9899 F il 2 #
B 4E-BP1 M S6K1 31 H R AZ TR AR AR PE AN A K o mTORC2 32 45 ) 40 i A < L3h 26 1 A4 i B 2R 20 40 . R TR) 26 1) mTOR 41
300 U0 355 P A TR T B 7 A A R VR . mTOR . W 5L 4 5 A 2 K LI 1 s mTORC . W L3 W W IR & R AL R (1 2 & 95 PI3K - B R 1t UL i -3-
U AR 5 BT s AKT : 3 (W4 B PKC . 2 [ C;4E-BP1:elF4E 454 & [ 1;S6K:S6 & [4 I ; DEPTOR : & mTOR AH &/ HI /9 DEP I ; Raptor:
mTOR ()45 A & 2 11 5 Rictor: B WA 25 3 A HURAE AR s mLSTS . i 3L 30 ) BOE B 7L e &R 13 819 8 Protor-1: Rictor [al i M4 F 194K 11 1; EGF . %
FAK T TOF-B AL LK B F-B s PDGF M /MR IR A K K 7 s HGF < JIF A0 AR K P 5 — oA 3k s — 1l

Figure 1 Effects of mTOR inhibitors on the mTOR signaling pathway MTOR includes mTORC1 and mTORC2. MTORCI is composed of mTOR,
Raptor,mLST8,and DEPTOR, while mTORC2 is composed of mTOR, Rictor, mLST8, protor-1, and DEPTOR. MTORCI senses oxygen level, intracellular
energy state,amino acids and growth factors,and promotes cell growth mainly by regulating two important downstream proteins 4E-BP1 and S6K1 to initiate
protein and nucleotide synthesis. MTORC2 mainly controls cell growth,actin and cytoskeletal tissue. Different classes of mTOR inhibitors selectively act on
different targets to produce inhibitory effects. mMTOR : mammalian target of rapamycin; mTORC: mTOR complex; PI3K: phosphoinositide 3-kinase related
kinase ; AKT : protein kinase B;PKC:protein kinase C;4E-BP1;elF4E-binding protein 1;S6K:S6 protein kinase; DEPTOR:DEP domain-containing mTOR-
interacting protein ; Raptor: regulatory associated protein of mTOR ; Rictor:rapamycin insensitive companion of mTOR ; mLST8 ; mammalian orthololg of LSTS ;
Protor-1:Protein Observed with Rictor-1; EGF :epidermal growth factor; TGF-B :transforming growth factor-B; PDGF : platelet derived growth factor; HGF

hepatocyte growth factor;— : promote ;— 1| ;inhibit
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=P R fu 45 PI-103 . NVPBEZ235 . GSK2126458 #1 SF1126
4% NVP-BEZ235 #1) il &% R 42 5 , & % [% 1% mTORC1 T i
AE-BP1 I mTORC2 Fiif Akt(Serd73) iy B2 Ak /K F- , 5 F 41 I
JAW G, SUTBEL 40 o 2 g 2

4 mTOR FSERAEHMRMERFHER

mTOR 5 I8 47 240 0 38 A= LA 301 9 5 B 2 1, 7 R 9 HC Ak
PRI I R A Rk e v R R . RPN i B R AR R
A PENR S5 1995 B L Gt . mTORCT 41 #f) 0] A 32 1) £ FI F 18 4 R
AL P B 2, 0T B AL B0 P9 R A TS T, BT e ) R
B M 0L OB AR AR BT I N R A K F (vascular
endothelial cell growth factor, VEGF) [ 3¢ i {5 5 18 I A0 A B )2
BEUO 53 4h, 2 RAPA b B G B BRI B ZF 4E 40 L,
mTOR RNA K3k W 2 5 9, [/ i MK167 ., JL i £F 4E b5 2 4
o-SMA S5 40 JifL B4 A= b 25 4 3 K R AR, #27% RAPA 5 A B3l i
S AU MG AR BB AT AL AT 4 A0 A A S Sk R R B o 3R
A R T I T R 22 S R R AR BLR R

5 REZ

£ LRrik , PI3K/Aky/mTOR {5 5 55 PCO 1 B J&& % &
WO o RN RSN IAETT mTOR 04 57 24 7T 9 9 Ak e B 4 £
oy A A K A GRS M EMT e R4 P - {2 mTOR
IR AE PCO Jr T B BT 5T i 4k T K S0 40 L L 3 9 52 38 B B
A5 K i — P TR mTOR {5 5 5l % K A0 50 AT 5%, Bk A 25 B
WA 0 AR A R 8 T R O 25 T B iR PCO, Dy
Bl Bt o7 $ I S B o
PR AR 2 A7 LA ) i o R
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