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Abstract

Posterior capsular opacification ( PCO ) is the most common reason of postoperative visual loss in
cataract patients. After surgery of extracapsular cataract extraction and intraocular lens implanta-
tion, the remained LECs proliferate, migrate into posterior capsular, and the epithelial phenotype
of lens epithelial cells gradually turns into mesenchymal phenotype (epithelial mesenchymal trans-
formation, EMT ). At the same time, a large amount of extracellular matrix ( ECM ) such as colla-
gen and fibronectin is produced, resulting in posterior capsular opacity and fibrosis. The occur-
rence and development of PCO are related to the regulation of various cytokines, of which

TGF-£ is the most widely studied factor involved in PCO induction. In this review, we reviewed

the cytokines and regulatory pathways related to PCO. In order to provide new molecular bio-
logical research targets for the clinical control of PCO, to explore more effective control methods,
and to look forward to a broader research prospect.
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1. 5|8

J& & M 1 P B (posterior capsular opacification, PCO )J& [ P F& B % R 5 5k R/ & 1) LECs KA HG5HE
IEAE AN oy s R 5 B R, R LR I I E R, R B N R R E T R cE L
JE A . PCO Bl s o AL /) T B f EUBUBEE PRI, Dl (SO SR, Ie vl REFEA R
JEFb s SEBEFEFEA N . PRI I 0 5 45 I R XT'%%‘Eﬁ%{Z':{E}%*HEE/éDﬁ%ﬁ{Ej{H A1) H AR
ARG 2~5 41, AR RA 12%~67%, JLE KRR 100% [2]. ILERMTFTUES, 2 Fa0
LR 7 S A RS S 2 5 T PCO KB, A SO S gl iR 1 A HoOR ¥ DR HME =l B 1E A7 2508

R MEBERENLZERTE

H A AR IR FR SR LR ] e 3 2R . BRI - 5K BERE, B0 2R i 2 Fh 28 4 A
R BN KH, BOERIEN BRI, 4iiEH 7. AKETF S54RSS, BUsdiRnmES
T, IEHIRAZ N IR SR, BRI AE) O, SRS RAE RN . 5k B AE AR T ZE A
MFREHR LECs KAEMTE. T8, Hot. REVTIA &SRB A 4N S SR, R FRSHN &
B SN SR AR AR 2 AR 1) e W S B 1t R AR B JEE ) 2R AR, BRLE R AR — Ml o 2
— P A E A E AL . Rk, PCO IR AE AT BES SORE SRS FT51ER ECM 7 A AR 1 A2 A A ok
R, H5E LECs MM OIS H AT M ANE . B NBERR RS 3~4 KN LECs S fcth, HE5H
FERA —ERR, FRIVEE LECs MR, K4 PCO MRS . LECs A5 BB 2
T4 B P RS B 4 F--1 (intracellular adhesion molecules, ICAM-1). ZFiESALIART CD4A4 ZE/TE AN
R X I8 B LIRS RELAAE, 1E PCO TR BEFEF, LECs K& T4k, ARIER
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LECs 7ML T IEH SRR LT 4E O 4IAR[3], AT¥EMY LECs ol %5 0 WA NIEEF4E4E [ 4], 58 PCO.
3. PCO K& st H A48 < A fa A+ R H 5 S @
3.1. kR [EE) 7t REE L (Epithelial-Mesenchymal Transition, EMT )4/1#l

EMT w434 3 A1, PCO KA1 EMT & H N FEA G5B 1) LECs XA & & VL, & T 2
B EMT, LECs HH bER RN ARIRL . B RREAR G RIER M2 PCO KA K M EZFH[S] (6],
LECs ] EMT WJ/& PCO &4 K 4l 2: 355t . PCO 7 LECs &4 EMT [ EEHFE: SRR b 3275 1
(1) b B A [ AR T O URR 2T 4E A0 i 545, LECs #eMEdesk, i, E-EE R M. Pax6. ZO-1.
Cx-43. p-iRIRE A% F R FREMER: T a-SMA. FEEA. IREEA 1 &M FAmcin, 5K
¥ Snail. Slug Al Twist iAW, K42 EMT i) LECs 5 & FEl 2 AN 3 J5f i f b, 40 B 328 Az 5h
REJJME5E, FEREE AR R AR, A B ORI 5 R TR DL 4T 4 A0 T A

76 EMT H— M B n 2 5, WEAKRTFAGE S 0 PRSI RINS 5 T PCO WKL K BT
o LECs [ EMT [, y LECs K4 EMT [HLH 3R 4L | H B, V23t FiR[7], FEFERRAHR
P 1N B B0 PR 14 1 P9 B ) EMIT Jd R v St 4545 58 2 7E - B A Sirt] 45 P BEXT PCO 1) EMT
AR RIEEER. BEEERFEH Sirtl MY FER F 2@ miR-34a. miR-211. miR-204 51T
I LECs MATERE, 2 5aNEMIER. 281, HROT Sirtl X PCO KA K EMIA N« SMHICHE 5
b, Sirtl A AT RECART G PCO B HE .

3.2. 4ApaSMER(ECM)FERALE

ECM =& — M BB S5 MM 4, P4 2 FhohRe, GidgsE . IER A1 oA S0 I A= i
&, WHEFFIEFR AR ERESEXEE. ECM WARMEH IR ES 2 MmBE AR R EE X, ECM
JERGE PCOL FI%E N AR, FURE . T OGIREE 2 M IR B0 1 F (1) = 22 A [9] [10] [11], 2 AR
FAREHG @A LSRR, KR ECM WS 50 LM 1 FEH S E i LECs 147°8[12],
TG IR _EMECABT A 138 K M PCO.

IRNE) ECM FEGHARIE: 1) AWNEFAR R I - BREEFENIN, SEULEK N
Bt N LECs BRRIHELS N, 2) B LECs H & fr=E[13]. PCO &3 LECs K4 EMT KRR 724 K&
1) ECM. 5 PCO JE I MAMEE R 2 AHEZRER D d4EEED. RIEEA L BWEA. &
RS, SIEMARBEE. MGG, T, ®oiss, REPBUSERIRMAALEN . Ho 2k
B A AR A 4G R O B RRE L, RSN R 5 TGF-B Y RIE3E40 i EMT fIEFE[14].

B M & H (osteopontin, OPN )& —Fh 43 T £ THEERIBEERILMEEE A [15], Al 54 RMBE R 2R
CD44 454, fEZ PRI EEE, S5 HBMEN. T, SR ECM 251, BA1R
HEE A A . BT RS MR . BT N A AR SE LECs 1 OPN A RHIERIE, i iEH SRk
TeKIE, OPN FEHRFRZE H 1IAE F R SZ 2 FE AL . MENG 2B 7327~ OPN R I 520 TGF-B A%
BTl T LECs MR EA4E{b[16], &5 PCO k4. 545, OPN &ALt Snail . Twist . ZEB
AR TR A PCO ) EMT F2[17], AR E7K-F/ OPN {2k T PCO i A8 #EFE[ 18], 4l OPN
KA BT PCO & AR & «

Iy AESHE LA 4 A0 5T AR 2 3% W BT R (hyaluronic acid, HA ), [ 32 AFE T2 1A) ) —Fb
R, — 7 TR LA LECs FIS A 4E QMBS J— T Refe it LECs #4958 iTR A,
Tk R R BE BRI LT 4E 4k . CD44 J& HA 1324k, Saika Z5F|FH B HACE AR & T/ AW BEF A
SRS T FERE o LECs 40 2634 R L JE CD44 A HA [19], Al fE/E PCO [ J& il s B4 . W&
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B], CD44/HA 8% 5 TGF-p 15 5l EgAHIK[20], tHA] 5 HARA AP 7ML BT 5 s s VA AR A . At
FA AR E HA PR LECs [21], 4558 Bon A B ) CD44 FIAHINA LECs ib#4n, X
F W] CD44 f1 HA W[ RE2 5 | LECs MIZ# . HWN BT AR H R AR -80S H HA, EF
ARidFE, LECs MURLsf oA Hefih, — SRh om0 n] fe 2> B E SR IRIR BN o« BRI, IX W] RS2 AR TR BT
PCO TEFZE M — A

Zi b, £ PCO BRI FEH ECM AU #5480 M 18] A U SRR RN REAE F 2 A0 B (R3S A% 3 (1 i
2, 25 PCO KAEKRBMEZER T, 25 ECM By i REIVE R 33 PCO TR

3.3. AEKEAT. HUETFHORTREXESER

FIA BT ARG 51 S — R A A SN 51 B 530 LECs 139 IE88 S B o0k, X s iy
FE @S MK T A T T A OGAE S S RSS2 P A B R 1 R IA
Al fih % EMT, XE4Ri A 12 8] ik 75 LECs Z 18] LL M LECs 5 ECM 2 [Al ¥ 7EAEME HAR T, @it
—RIVE ML, I LECs [MUREF4E 4% 4k, ek ECM FI& S 7, 52330 PCO HITE il

3.3.1. BUEKEF-B (Transforming Growth Factor, TGF-£)

TGF-f XA E TGF-fs. WEER . MR BIREKAEEASE 30 ZF TGF-p X5, 251
WHRIETE . TR, Forth. FA ECM PRARSE. SOIRIRHTIEEH BN AL LECs iR, TEISW
TGF-4 5 5% 1S ECM S AMKIE, WEHHEE N . HEE D P46 E A EHZ P, collagen
I. collagen I M4 (%5, A ER[22], 1€ PCO G REH, TGE-f BTG SPARC (—FR
PEI IR A B SRR )R, e n] LAY T R R S AR A AR

TGF- AAFKIEAL, BT TGF-2 4b, SRR ZUE R LLERIE TGF-p1 1 TGF-p3, HAF TGF-p2
FE drtRAA 2R 55 7K Hh ik B iy « TGF-B £E PCO Hild & H EAEH[10], £ —Fh 2 DhRe A K1, 22 EMT
RO, BN SRR EMT 555, EZ@Ed T Smad ARG 54 S, BAHFRIZIL
2T Y 1 (T Ao

TGF-p/Smad J& TGF-B 7E EMT i F2 i 5 f5e) 12 (45 5 a1, o Smad3 & 1% 45 5 8 I 1) S A,
BHIT Smad3 7] LLT-4i%45 58, ) LECs &E EMT R A 7. UM LR ik, imimis
R A b e 1Al R a4, RETGANE] PCO K. Smad3 AIAEVENIATT PCO M—NEMEE 5. BT Smad 1%
FRIS 5 B, Bl IEHE R B[23] [24] [25], ZF07F Smad ¥ 2 4MOHARE 5@ S5 T TGF-p
55 1E LECs H1ffki, 25 PCO k4. KREiIFE, W: Rho/Rock. PI3K/AKT. MAPK. Wnt. Notch
MG RE S % . TGF-B £ LECs (& 58 S iz femy UL Frid RS Sl i 2 /e, ff
H NPT iR PCO ML 7 IR

ERZ W T, Feal e MM 22 77 [26], UESEH TEA K4 & H (bone morphogenetic protein,
BMPs ){& 5@ B Al LA T TGF Fr8UN 4l EMT. SR A B[27] [28], E#Fik BMP-7 A DLl
Wnt3/f-catenin {5 5 BB T TGF-B A8 EMT. [RULAEM T BMP {5 5@ 1] S8 EMT, nJU/ERN
Ak PCO B il 3 —H#E K.

3.3.2. HibEKEAF
B TGF-g 4b, HAWES 0 Tth=5 T PCO MIkRE. lyengar % AXf FGF-2. EGF. IGF-1 1 PDGF-A
HEAT T BB 7R [29], KIS LECs M & 2 MK FRAEIER, 1M FGF J&—N i 45 8 1.
1) ARAF4E4N i A= & R F(fibroblast growth factor, FGF): FGF X il 7 75 FE 37 A4k 35 1E 5 A SRIR AR 45
FIFITHRE T R 55 EB/EM, Ho FGF-2 1E/RSMG IES LECs (35 TR M4 am. B
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EWE Tt R, FGF-2 @i 23 LEC BFEAIE S EMT br&E A (a-SMA LT Y i R A 413E 5 (1 45) &4 74 PCO
HORIEMER] . BEAh, FGF-2 &M IE W RESHRIN TGF-p S AE T LECs I 158 i = A= i 4/
[30], FGF-2 mjlli# LECs MR . XKW TE S RAME LM, IRBMH%: PN TGF-4 25
Refig 52 4= Pi 1k PCO HITE K.

2) FT4uf A KK (HGF): Choi Z5Hfi %€ T HGF £ LECs M58 Fe b 44 4175 SAF FH[31], B cyclin DI
BAGI#E, F£5% MAPK Al PI3K/AKT JE . HGF (B 0] 5 T R 45 & Op R BERT 2 [32], A
M4 LECs f394E, XAlfgem T eEsEKEFH — R,

3) R ALK ¥ (epidermal growth factor, EGF): M 71K B, EGFR 7£ PCO Rkl H 2 1) {E
H, LG EGFRAE 518 % fe A 200 LECs ¥4 5 o 30 55 N @i 7E 48 S Mst FH 2 17) EGFR 1)/ T3 RNA (siRNA)
H0] 7 LECs B34 5HE[33], UFSE EGF X} LECs fs20a . i@ %) K i LECs 17T & 3L EGF $UE 5 TGF-8
PrFETT R Smad. ERK A1 EGFR BEER LK V- [RIRFE[34], I8 N i $EJE IR (K 2 1 /K S AT 3658 LECs
) EMT.

54b, EGFR 2 #RTEEH 90 (heat shock protein 90, HSPOO)W EHZHEREH, HMHRESEHEZ
HSP90 i#EER . £ PCO KAz FEH HSPOO H)RATHE, EGFR 15 5@k L, 2 5FRRE F &
YA . BWEFERIL35], HSPOO K5 S5 17AAG AEAE 23] LECs BG5S, A I 1) A1k B 4t
PE. 17AAG @] HSP9O-EGFR 15 5 i@ B il K SRR A dl AR S 48R B LECs MBI RE . AR
HSP90 1] BEA2 B PCO 1 — AN HE ) 41

4y [ /RIEYEAE K R (platelet-derived growth factor, PDGF): Zi& A CHR A L, PDGF X (41 ity
ST HE A M AT R — b, P B I R T A A P P SR A (R G 43 3L . — TR 75 K I [36], PDGF
AliE PI3K/Akt 5 515 S LECs KAITH: HI—DwFFERM[18] [37], M/PMRATAEAKKF-A
(PDGF-A)i# i /T R5E R M5 T LECs KAESEFHFN L 704k . WU SEHF 9T 7R [38], PDGF-A BHVERIA R
TESe R M VA B R LR S5 55 KR 2 3 B, HOKSP 5 R )5 PCO ™ S AR B 2 IEAR DG, #onT T IR R VPR
PCO B35 1 1 HERE

5) 4 214 K K F (connective tissue growth factor, CTGF): #5753 B[28], CTGF A TGF-52 M4
3 [, g R BT S Smad 15 582 5 A\ LECs 1 EMT M55/ ECM E ¥ . CTGF A 55 R-Smads
BOE, MUTER CTGF WHMH] T TGF-2 i S 1) R-Smads fIBEERLL -

6) FANIEFN SRE R T+ [ BT AR A B S A REOR S0 [ X PCO R 5 CBE T, IS A
Jo5 ) 188 0 DA B A PR R K ST PR RR 2 B i s P S PR Sz e T IE R, (23 LECs (38 A EMT %
A TR O SR ARUNE SRR R 2 A B BRI A, IR S S A Y R A,
B T 1) EMT T ZIhREME R Notch 15557 SR IKEN . WIRTT M BERE, AR BAT Noteh 55
FE SHRYS Je— R HVREL T FERA T HE A5 39], FRHIE EMT M5 . EMT i FE ] (4O I M 512, #ib)
HLHI AR TE A5 2 o ARSI A K R -8 [40], 1K T — KB FIVRES IR 1 4 S 2 Fhaif
7 A5 Sl 2 5 7 BN R AR B EMT WM 7 Iss, ESE T RER 75 EMT ZIEIR R,
H W BEFAR T BHEGE LECs 1% EGRI [41], ¥ EGR1 251848 LECs B2 5ER S A EMT, #if&
EGR1 A DLJEAE B3R 90 BN EMT. —IUFE /N SR 4y SEge Hh R B42],  E A B AR S5 55 7K Hh 98 R R
(1) LR TG TGF-B & &0t e, It HY5 TGF-B M5 SIS IEM IS, $RE T 68 206 K 15N G 3l
WHEOE T TGF-B. Ma &2 F A/ 22-6 A€ N LECs "' FN. TGF-B. JAK2/STAT3 {5 Sl B 3£
1k[43], HET{EEE PCO K RE, ] JAK/STAT3 {5 57 FAeA R Py (oK B AR IR ZEH ECM 15 e
Zhang %5 NAESE T MG F-a 5% IV BURE FIFESRARIIE2], TV BUREAAE T IR SR, =
WA HE 5 EMT M6 ECM ViRA %, (HHZ5 PCO W EAR/E MU M ARERE. 25, TR 1
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MHEMKESEES S T PCO RAEDFES LECs (14458 . EMT M ECM Jifi%.

3.3.3. tAFE [ Mt ZEiES(Histone Deacetylase, HDAC)

HDAC /T (WAL WL ) 72 40 B T o R A% DA, ili e R IZ 5 7 LECs 1) EMT i 72
[44], $0#] HDACs AJ @i #041 P13K/Akt. MAPK Al ERK1/2 il & #01#1] Smad2 BB 4L A1 LECs 1454, %W
HDAC 1l 77I7E PCO TPy & #E— @ HIER . B A R MEBE LT 5 ez #0, BIHATNIE,
CVAHHIA T 18 f HDAC WAL, w434 4 2. #£ TGF-£2 i3 ) LECs EMT 1, I 28F1 11 2% HDACs [1]3F
R R T L

gi BRIk, ZRhgnM bR Tl 2 RS SE kR PCO KRR, — R4 T PCO KA A [H
B B 1 BT AR 2 (0 4 P R MR . ELan, TGF-p E PCO K AEMLEI P 1 e, S /E T L5 S LECs
KA EMT, [FIf EGF. CTGF. HDACs. #RJER 7555 HhR 25 EMT AHXH) ECM H¥%, {H BMPs
HIA] LA TGF T8 EMT . TGF-p #£ LECs 458 77 [ A8 #0 i 4F H . X A4l 5 FH T LL# FGF-2 . HGF .
EGF. HDACs. HSP90. PDGF-A 54iLiH, MR F g, 545, PDGF %5iLREi%5 5 LECs
KT . PCO KA T LECs (345 . 38 . EMT M ECM Ui R ZMalFE TR 2 5048 R,
AR R F-7E PCO A2 Bt E B AAHTE,  FALHIE A R TR R

4. BERRKRE

zi ERTR, PCO A WEARG® W AIE, PCO KR EMUFERE LECs I5E. T/, EMT
S ECM JiAR&E . B EMT JREEORLCK, 2RI 1. 2015 5% S M550 TikIIS
57T PCO Wk, FHh TGF-g #isE i E BRI . XA T &5 5B T 758 PCO TR $E 11
TOIREMAE S . TS5 ARG LA TAE R MR A0, AVEN A — R =R M B PCO 778, TR
55 Z P EURIN ZRAE PCO KA KRR i Ve, vJE R IE A A B I B i S A i ik . FA T3 E
TEASKRBIBTE R, B0 PCO KA Al AR M0 R HA 3 296 97 5 R W LAFE PCO [ Filly A 5 K
I T 5

oM
RE A S ST S
EEUH

LRI AU AR E S H (No.YJS20210543): sk H AR B ZHE 7001 H (No.KJ2021A0718);
B PR 24 Bt AR R A0 H (No. BYK'Y2019021ZD).

SE

[17 RFete, PHRE. FRMEANED AP R, BERREZLE, 2017, 17(9): 1659-1662.
https://doi.org/10.3980/j.issn.1672-5123.2017.9.13

[2] Zhang, X.H., Sun, H.M. and Yuan, J.Q. (2001) Extracellular Matrix Production of Lens Epithelial Cells. Journal of
Cataract & Refractive Surgery, 27, 1303-1309. https://doi.org/10.1016/S0886-3350(00)00833-6

[3] McLean, S.M., Mathew, M.R., Kelly, J.B., Murray, S.B., Bennett, H.G., Webb, L.A., Esakowitz, L. and McLean, J.S.
(2005) Detection of Integrins in Human Cataract Lens Epithelial Cells and Two Mammalian Lens Epithelial Cell Lines.
British Journal of Ophthalmology, 89, 1506-1509. https://doi.org/10.1136/bjo.2005.071886

[4] deIongh, R.U., Wederell, E., Lovicu, F.J. and McAvoy, J.W. (2005) Transforming Growth Factor-#-Induced Epitheli-
al-Mesenchymal Transition in the Lens: A Model for Cataract Formation. Cells, Tissues, Organs, 179, 43-55.
https://doi.org/10.1159/000084508

[S] Nibourg, L.M., Gelens, E., Kuijer, R., Hooymans, J.M., van Kooten, T.G. and Koopmans, S.A. (2015) Prevention of

DOI: 10.12677/hjo.2022.112027 198 MR A}~


https://doi.org/10.12677/hjo.2022.112027
https://doi.org/10.3980/j.issn.1672-5123.2017.9.13
https://doi.org/10.1016/S0886-3350(00)00833-6
https://doi.org/10.1136/bjo.2005.071886
https://doi.org/10.1159/000084508

2RI A AT

[11]

[12]

[13]

[14]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Posterior Capsular Opacification. Experimental Eye Research, 136, 100-115.
https://doi.org/10.1016/j.exer.2015.03.011

ML, FkRE. R AN SHE S BT R ED]. ERRIREA Y, 2016, 40(3): 170-178.

Jin, S.L., Guo, H.K. and Chen, Z.H. (2015) Preliminary Study on Expression of SIRT1 Gene in Lens Epithelial Cells
of Diabetic Cataract Patient. International Eye Science, 15, 968-971.

eF, AR5 Sirtl 69T 5 KM A W BRI SR [T]. IRELETHERE, 2020, 40(7): 686-690.

BEE, STaTEE, K0, EEE, TR #EE, Dt TGF-A2 S SRR R i T AL EI[I]. PE2eAsE ok
SR (B 2EAR), 2019, 40(5): 728-731.

Wernecke, L., Keckeis, S., Reichhart, N., Strauss, O. and Salchow, D.J. (2018) Epithelial-Mesenchymal Transdifferentiation

in Pediatric Lens Epithelial Cells. Investigative Ophthalmology and Visual Science, 59, 5785-5794.
https://doi.org/10.1167/iovs.18-23789

Kyriakis, J.M. and Avruch, J. (2001) Mammalian Mitogen-Activated Protein Kinase Signal Transduction Pathways Ac-
tivated by Stress and Inflammation. Physiological Reviews, 81, 807-869.

https://doi.org/10.1152/physrev.2001.81.2.807

VanSlyke, J.K., Boswell, B.A. and Musil, L.S. (2018) Fibronectin Regulates Growth Factor Signaling and Cell Diffe-
rentiation in Primary Lens Cells. Journal of Cell Science, 131, jes217240. https://doi.org/10.1242/jcs.217240

Boswell, B.A., Korol, A., West-Mays, J.A. and Musil, L.S. (2017) Dual Function of TGF-f in Lens Epithelial Cell Fate:

Implications for Secondary Cataract. Molecular Biology of the Cell, 28, 907-921.
https://doi.org/10.1091/mbc.e16-12-0865

Zukin, L.M., Pedler, M.G., Chyung, K., Seiwald, S., Lenhart, P., Shieh, B. and Petrash, J.M. (2019) Aldose Reductase
Inhibition Enhances Lens Regeneration in Mice. Chemico-Biological Interactions, 307, 58-62.
https://doi.org/10.1016/1.¢bi.2019.04.021

Xia, W.Y., Xia, H. and Sang, S.G. (2018) The Value of Serum Osteopontin, Matrix Metalloproteinase and Vascular
Endothelial Growth Factor in the Evaluation of the Therapeutic Effect of Elderly Patients with Liver Cancer. Chinese
Journal of Gerontology, 38, 3124-3127.

Meng, F., Li, J., Yang, X., Yuan, X. and Tang, X. (2018) Role of Smad3 Signaling in the Epithelial-Mesenchymal Transi-
tion of the Lens Epithelium Following Injury. International Journal of Molecular Medicine, 42, 851-860.
https://doi.org/10.3892/ijmm.2018.3662

XN, RRE. B R R U A R ()], ARk R, 2020, 51(5): 353-356.

i, FRBRE, ALERE. AANEEARSE K OPN Fl PDGF-A /KPR J5 & M 1 P B AR G PERT FE 0] BRARAG56
=27k, 2020, 35(2): 46-48. htps://doi.org/10.3969/].issn.1671-7414.2020.02.014

Acharya, P.S., Majumdar, S., Jacob, M., Hayden, J., Mrass, P., Weninger, W., Assoian, R.K. and Pure, E. (2008) Fi-
broblast Migration Is Mediated by CD44-Dependent TGF Beta Activation. Journal of Cell Science, 121, 1393-1402.
https://doi.org/10.1242/j¢cs.021683

Shizuya, S., Yoshiji, K., Takeshi, M., Yuka, O., Sai-ichi, T., Osamu, Y., Yoshitaka, O., Akira, O. and Akio, Y. (1998)
Immunolocalization of Hyaluronan and CD44 in Quiescent and Proliferating Human Lens Epithelial Cells. Journal of
Cataract & Refractive Surgery, 24, 1266-1270. https://doi.org/10.1016/S0886-3350(98)80025-4

Chandler, H.L., Haeussler Jr., D.J., Gemensky-Metzler, A.J., Wilkie, D.A. and Lutz, E.A. (2012) Induction of Posterior
Capsule Opacification by Hyaluronic Acid in an ex Vivo Model. Investigative Ophthalmology and Visual Science, 53,
1835-1845. https://doi.org/10.1167/iovs.11-8735

Gotoh, N., Perdue, N.R., Matsushima, H., et al. (2007) An in Vitro Model of Posterior Capsular Opacity: SPARC and
TGF-Beta2 Minimize Epithelial-to-Mesenchymal Transition in Lens Epithelium. Investigative Ophthalmology & Vis-
ual Science, 48, 4679-4687. https://doi.org/10.1167/iovs.07-0091

http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=61982f17fcb12a5d1d24024bad1{9f4d

Tsapara, A., Luthert, P., Greenwood, J., et al. (2010) The RhoA Activator GEF-H1/Lfc Is a Transforming Growth
Factor-f Target Gene and Effector that Regulates a-Smooth Muscle Actin Expression and Cell Migration. Molecular
Biology of the Cell, 21, 860-870. https://doi.org/10.1091/mbc.e09-07-0567

Yao, K., Ye, P.P., Tan, J., et al. (2008) Involvement of PI3K/Akt Pathway in TGF-Beta2-Mediated Epithelial Mesenchymal
Transition in Human Lens Epithelial Cells. Ophthalmic Research, 40, 69-76.

https://doi.org/10.1159/000113884

HEEH. TGF-p2 il F W% EMT 78 )5 A%k B W B B9 4E A R LA 7T [D]: [t 22 A 50). Bl #iik
%, 2020.

Ning, J., Zhao, Y., Ye, Y. and Yu, J. (2019) Opposing Roles and Potential Antagonistic Mechanism between TGF-f

DOI: 10.12677/hjo.2022.112027 199 MR A}~


https://doi.org/10.12677/hjo.2022.112027
https://doi.org/10.1016/j.exer.2015.03.011
https://doi.org/10.1167/iovs.18-23789
https://doi.org/10.1152/physrev.2001.81.2.807
https://doi.org/10.1242/jcs.217240
https://doi.org/10.1091/mbc.e16-12-0865
https://doi.org/10.1016/j.cbi.2019.04.021
https://doi.org/10.3892/ijmm.2018.3662
https://doi.org/10.3969/j.issn.1671-7414.2020.02.014
https://doi.org/10.1242/jcs.021683
https://doi.org/10.1016/S0886-3350(98)80025-4
https://doi.org/10.1167/iovs.11-8735
https://doi.org/10.1167/iovs.07-0091
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=6f982f17fcb12a5d1d24024bad1f9f4d
https://doi.org/10.1091/mbc.e09-07-0567
https://doi.org/10.1159/000113884

2RI A AT

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]
[36]

[43]

[44]

and BMP Pathways: Implications for Cancer Progression. eBioMedicine, 41, 702-710.
https://doi.org/10.1016/j.ebiom.2019.02.033

Shu, D.Y., Wojciechowski, M.C. and Lovicu, F.J. (2017) Bone Morphogenetic Protein-7 Suppresses TGFf2-Induced
Epithelial-Mesenchymal Transition in the Lens: Implications for Cataract Prevention. Investigative Ophthalmology and
Visual Science, 58, 781-796. https://doi.org/10.1167/iovs.16-20611

Song, Y., Lv, S., Wang, F., et al. (2020) Overexpression of BMP-7 reverses TGF-f1-Induced Epithelial-Mesenchymal
Transition by Attenuating the Wnt3/#-Catenin and TGF-£1/Smad2/3 Signaling Pathways in HK-2 Cells. Molecular
Medicine Reports, 21, 833-841. https://doi.org/10.3892/mmr.2019.10875

Iyengar, L., Patkunanathan, B., McAvoy, J.W. and Lovicu, F.J. (2009) Growth Factors Involved in Aqueous Humour-
Induced Lens Cell Proliferation. Growth Factors, 27, 50-62. https://doi.org/10.1080/08977190802610916

Tanaka, T., Saika, S., Ohnishi, Y., Ooshima, A., McAvoy, J.W., Liu, C., Azhar, M., Doetschman, T. and Kao, W.W.
(2004) Fibroblast Growth Factor 2: Roles of Regulation of Lens Cell Proliferation and Epithelial-Mesenchymal Transi-
tion in Response to Injury. Molecular Vision, 10, 462-467.

Choi, J., Park, S.Y. and Joo, C. (2004) Hepatocyte Growth Factor Induces Proliferation of Lens Epithelial Cells
through Activation of ERK1/2 and JNK/SAPK. Investigative Ophthalmology & Visual Science, 45, 2696-2704.
https://doi.org/10.1167/i0vs.03-1371

Xie, L., Sun, J. and Yao, Z. (2003) Heparin Drug Delivery System for Prevention of Posterior Capsular Opacification
in Rabbit Eyes. Graefe’s Archive for Clinical and Experimental Ophthalmology, 241, 309-313.
https://doi.org/10.1007/s00417-003-0645-5

Huang, W.R., Fan, X.X. and Tang, X. (2011) SiRNA Targeting EGFR Effectively Prevents Posterior Capsular Opacification
after Cataract Surgery. Molecular Vision, 17, 2349-2355.

Guo, L., Zhang, X. and Zhang, S. (2002) [An Experimental Study of Inhibition of Tetrandrine on Posterior Capsular
Opacification in Rabbits]. Chinese Journal of Ophthalmology, 38, 235-238.

248l HSPOO BL[A1VAYT 5 &M 1 Y B RSB 72 [D]: [ 2200 5], JFdh: TR R, 2018: 1-71.

Xiong, W., Xiong, W., Cheng, B., Cheng, B., Jia, S., Jia, S., Tang, L. and Tang, L. (2010) Involvement of the PI3K/Akt
Signaling Pathway in Platelet-Derived Growth Factor-Induced Migration of Human Lens Epithelial Cells. Current Eye
Research, 35, 389-401. https://doi.org/10.3109/02713680903584686

RV, B, S BRI G IR R K MR AR T -C R P B AR R KT R 5
SYBT[I]. HAESRIG AR R4, 2016, 34(7): 619-623.

Wu, X., Liu, Z., Wang, D., Lin, D., Long, E., Lin, Z., Chen, J., Cao, Q., Zhu, Y., Chen, C., Li, X., Liu, Z., Lin, H.,
Chen, W. and Liu, Y. (2018) Preoperative Profile of Inflammatory Factors in Aqueous Humor Correlates with Post-
operative Inflammatory Response in Patients with Congenital Cataract. Molecular Vision, 24, 414-424.

FEEM, NI SRS T T Noteh {5 5 38 B AL _F B2 IA) 5 e A (EMT) B 18] A A FI LA [T]. SEFH 259 5 IR,
2019,22(10): 1104-1108.

SRR, BN, e SOE I b b R A A S R[] R KA R (R AR, 2018, 43(5): 566-570.
whK, HBEE, 81 EGRI X AR b B 40 2858 [ 82 ke EMT IR FRAE R (1], s AR IRAID G 2 SRR 27 2%
£, 2020, 22(9): 676-682.

Jiang, J., Shihan, M.H., Wang, Y. and Duncan, M.K. (2018) Lens Epithelial Cells Initiate an Inflammatory Response

Following Cataract Surgery. Investigative Ophthalmology and Visual Science, 59, 4986-4997.
https://doi.org/10.1167/i0vs.18-25067

Ma, B., Yang, L., Jing, R., Liu, J., Quan, Y., Hui, Q., Li, J., Qin, L. and Pei, C. (2018) Effects of Interleukin-6 on Post-
erior Capsular Opacification. Experimental Eye Research, 172, 94-103. https://doi.org/10.1016/j.exer.2018.03.013

Chen, X., Xiao, W., Chen, W., Luo, L., Ye, S. and Liu, Y. (2013) The Epigenetic Modifier Trichostatin A, a Histone
Deacetylase Inhibitor, Suppresses Proliferation and Epithelial-Mesenchymal Transition of Lens Epithelial Cells. Cell
Death & Disease, 4, €884. https://doi.org/10.1038/cddis.2013.416

DOI: 10.12677/hjo.2022.112027 200 MR A}~


https://doi.org/10.12677/hjo.2022.112027
https://doi.org/10.1016/j.ebiom.2019.02.033
https://doi.org/10.1167/iovs.16-20611
https://doi.org/10.3892/mmr.2019.10875
https://doi.org/10.1080/08977190802610916
https://doi.org/10.1167/iovs.03-1371
https://doi.org/10.1007/s00417-003-0645-5
https://doi.org/10.3109/02713680903584686
https://doi.org/10.1167/iovs.18-25067
https://doi.org/10.1016/j.exer.2018.03.013
https://doi.org/10.1038/cddis.2013.416

	后发性白内障相关细胞因子及其信号通路研究进展
	摘  要
	关键词
	Advances in the Study of Cytokines and Their Signaling Pathways Associated with Posterior Cataract
	Abstract
	Keywords
	1. 引言
	2. 后发性白内障的发生过程
	3. PCO的发病机制和相关细胞因子及其信号通路
	3.1. 上皮向间充质转化(Epithelial-Mesenchymal Transition, )机制
	3.2. 细胞外基质(ECM)形成机制
	3.3. 细胞生长因子、转化因子的调节及相关信号通路
	3.3.1. 转化生长因子-β (Transforming Growth Factor, )
	3.3.2. 其他生长因子
	3.3.3. 组蛋白脱乙酰酶(Histone Deacetylase, )


	4. 总结及未来展望
	致  谢
	基金项目
	参考文献

