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Abstract

* The continuous proliferation and differentiation of limbal
stem cells (LSCs) maintain the integrity and homeostasis
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of the corneal epithelium, which plays an important role
in protecting the cornea and maintaining
transparency. Currently limbal stem cell deficiency
(LSCD) is one of major causes of blindness in corneal
diseases, and transplantation of LSCs is the hot
therapeutic option. The effectiveness of transplantation
mainly depends on the proportion of LSCs to the total
transplanted cells, so it is very important to clearly
identify LSCs. There are many markers of LSCs, but their
specificity is controversial. Therefore, one of the main
challenges in LSCs transplantation is the lack of definitive
cell markers. In this paper, the latest research progress of
LSCs markers is reviewed.
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£ IR BB S A B, A AR AR S8 R AE WX A
ew i, JERiEMT 2015 F2 R 4H 3600 TH A,
294 1000 J7 N PR A TR T 250, He b A B2 1 4 Jif a5
ZiE (limbal stem cell deficiency, LSCD) HEREFER
HZz 1 BRI A G IT R AR T
i (limbal stem cells, LSCs) B o LSCs 137 F ff K 1
IR AT IX, B AR IR Vogt HIFRLIX A |l JE 2™ | 4k
FRAE b e i) TE WA A LA BB 5 32 4 1 FA e, > s |
T, LSCs 23 43 24 7= A= F QB B 4 3% 40 it ( transient
amplifying cells, TAC) , 233458 iEF Mok, DI
AN [ B I 1 A % B HG 400 it 2 B 1k 45
b R AR AR AR R BT 24 LSCs T K IR
ORI St R RN LSCD— B EHEWHENZ—™
RS HE 2 HR 7 Y — B T B SR T |y T A BT AR 2 fe
SEEHE R SN | G 2 41 ) 7] %) 28 A A P A5 22 R IR B ) 1
JEERS R 0 1 1, PRI PR 3R B 22 BNR 7 5 s 2 W5 AT 1 3E [R)
() E BRI AR LSCs B 12 #1155 A #i i L {3
H AT A R e P bR S vl LU 51 LSCs
1 LSCs #REH R T E 4R

B4 N IR BB G — W bR R i WA 43 50
] IYE R LSCs BYAR &), Pajoohesh —Ganji L[0T 9Y A Ky
PRAEPIRLE R ILAZ5 . (1) B LSCs 1943 85 Al 1 2
HERTEERY 70k 5 (2) TEAR B AR 7598 B U3 LSCs, I H.
BAFARICYIY LSCs BURPREFMIXIARE 5 (3) 15 LSCD &
R IR LRSI 1SCs I/
2 LSCs trE4Y

IAESCT LSCs iR Mt AR 2 e 260 X2
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FE, BRI 7 XOE AR lsr, HARGE B, T MR 4 1.SCs A5
BRI R B AR A A B AR T L
R 7 25 400 7 40 i %) 457 5 43 Sy 240 L s A5 - AR B
5.19 (K5.K19) .oa—fBE b ; AR o9 an . p63 K R 1 b
EYEIEEAEE BL.a6. a9 ATP G &Kz H A 2
(ABCG2) %™ A1k 5% Fe Wl b vl DAL B 43 o 40 L 45 44 2
S = S R N e N O S A o8 KNS R o
AR ATP 254 &Nz B A MU CAR B E

2.1 PHIEARAEY  PHAME AR T 48 T LE A T T IR 2 I At 38
PEASHE Ff I 2% 52 30 1 R 1 4 T, AL 46 A 3R 1 KS (K14,
K19 3% JE & [ ( Vimentin ) | 4 Ji J& 3 3% 55 5 7 p63;
C/EBPS . Bmi - 1 ABCG2 ATP 45 & & Xz HEH 5
(ABCBS) ;a—JfiBE AL ; AE K T R 2 1K A& o2,
B1.a6.a9;Notch—1 Importinl13(IPO13) %,

211 HEHER

2111 AEA-Ks M K14 Ki4 8T [ A& A FE G
— AR R R 2 E A, FERA T ML L
JRANM, KSR MM A, bR 40 M B 400 32 B A
WH K14 5 KSR AR fedn i k[ R ik, —F %
h1SCs BHYEA Prbr st o SRM, KS (K14 15 ff1 B %
TYiM A bR ic P A R B 70 K14 B3R R AR T
FA 2 X3, 76 A I e 2 BEE A 5 ok KS/K 14 78 4
FETE UL AT LAE R LSCs (9 PHVEAR &4, A L o5 R 1A
TEARANEE FE 1LSCs, 2wk Ji B FHA 2 AR (air-lifting) A T
et /1, T LSCs bR W 3 & 484k, RT PCR
(real-time PCR) FI# H EJ{C ¥ (western blotting ) 45 5 i 7~
S5 K5 mRNA Fl K14 2 IR B IR A WD, ROmng A
AN, XHELHRR KS F1 K14 78 LSCs A4k A9 B Be A #0A
hje LSCs B AR sy, FE BRI T oAk i 4 i v, ofe
BPERREAR . i K5 A0 K14 HA 164 2 500 R oA b2
LSCs FAPERRED , 1 B E AT A 255 5k 9 %35 T A i
S XSRS BRI T KS A K14 VR A FREWIR
2112 KIOFIEFHEB K19 2 LSCs By FHMEA W br &
Yy, A F S b SR AN ik RS R B K19 FE4h
JE - Rz AR RS B R A s K19 R AR
TRl 40 22 1 0L, e I 8 R P e 22 v i Y
B I A IS b g R 40 i rp ek i
B E 5 HAb A Wy bR B B SR A5 A AE— il TR
1SCs'"™, FrLA K19 F I & AR A R S AR 8
212 WA EAHIATEF ZEH p63 & —FhiE K+,
TE LR B AR E B CEEAER, RN X A&
F 5 R R S & B A G, [AIBHE pS3 ZR L bt
P63 TE Mt JE] 399 9 4 40 4 e 354 g R O T rp ke AR
p63 TE AL I e FL 236k, FLFE o £ I I fz ok 2 1
Fs , Di lorio SO SE T4 BT RS % LSCs R
Y AT 2 3k p63, ATESS v FE A Ml h AR KB, p63 Fik
6 FhAR (7 Y, M3 4 2 75 A % 5% BTG X ((transactivation,
TA ) 25 95 20 2 1 W7 %! TAp63 ( TAp63ar, B Fll y) Fil ANp63
(ANp63a,B Fll y), Hid ANp63 5 LSCs & R R & Y],
IE IR 00 A AL A0 B AT BE 5 A 1 AN W7 . ANp63a,
ANp638, il ANp63y, EATZE A I A& i rh Rk | If

5 RS AT 7% | ) ISP A RN 43 AR AE O, T ANp63a fif
TS B TE f B b R i b 238 ) J6i8 1LSCs 2
R RO IRAS , ANp63 #R A bR B Y . FEH R
FANKZE , ANp63 162 1Y /NI i vh 23k e B s A
B Rt R, ANp63 7 #1525 56 I 41 A b i 2k 38
XA TS C/EBPS B IEA K I H 24 £
Pifst, ANp63 BH: 41 A A ff B 2% %% 1] T 2 3 B, ANp63B
1y S ATE 7 BRI A B % 1 1 62w X o 68 45 Ak
AR B SR, e —Fh o A R B O e A A e ) S 4h,
ANp63 Je (a3 58 (7] AR A ANp63 —bright cells) 15 IIfi &
LSCs oAl T 347 ¢, B AH A AL ANp63+ 241 Jfd 1) 7% 1270
F 3% B M 2R KA AE R AR Y L 8 LR T LAk
ANp63 J2 Ff BE 25 1 40 M B AR N 4 S e AR b s W 22— T
HLAE LSCs B i) ad A Hh e 25 2R .
2.1.3 C/EBPS #1 Bmi1 C/EBPS J& C/EBP K%M /S4>
MR Z—  TEF A2t B h i 5% sk I F I VE T, (4%
Lok B3 AR S G GE A SE T AR e e
RN, IZ AR I E AR — e BB L IO 240 i 25 78 A
IAEE . C/EBPS B S 1LSCs 47 2243 S4B 1L Al A
FRH, AU A T ANp63ac [ 235, 4+ 1 4H A (14 338 5 vk
it ZFiEAE Bmil f& PeG( polycomb group ) Z% % T B
PR SE DN I BE DR 5 1 4 i A B4 g L 1A 3R SR A — R B
Jiggg 1) A R B TS B DIAHOG , A B 28 R e AAH PR
28 AR ML R GE ) T A0 M AR I SE R R A T B 3R
T3 AN FE /N FURS 240 6 vt G 0 1) 2 3 PR 1) e 3k | % 3k
PR X RG Ji T 4T A 3 A A — R R R Y A 244y
Fr 1k A 1SCs 3 W] 235 C/EBPS ., Bmil 1 ANp63, iX L&
C/EBP3+ Bmil+#1 ANp63+ 41 M 2 (5 f I 2% I iz 3L 2
B 10%, A1) , LSCs #5305 , C/EBPS I Bmil ik
TR IS T ANp63+ I T 40 i 4G 5 -5 B8 2 o A
BEG O, fEXA R, w3 LSCs 4k 2 K3k
ANp63 , {HAE LA MU R £ 3Rs ™ HRA A C/EBPS
Bmil Al GEJE LSCs fRA W AW EY, e YS
ANp63 I [FlFRic LSCs, (HH 2 Kk A ff ik — 2001 5% .
214 ATP A ERHIZER
2.1.4.1 ABCG2 ABCG2 J& ATP %44 £ 3 ( ATP -binding
cassette , ABC) 51z 8 FH KGN 51 2 — , J&—Fh 41 it 2 i
HH, EEENM T AL, 3T Hoechst 33342 YLk} 21 iy
AMHEJFEE , ABCG2 " 41 e BB B I XA b T T, B i
WLEEF 22 2 200 1 40 B 35k 3 Ff o) 0 o T B 0 B 1
>k, X F T M AT 2 L side — population ( SP) g1,
AL 1 Kz 73 B0 SP 41l RT-PCR J7 ik Z I H 3%
ik ABCG2 mRNA , [H 1. ABCG2" 4l it 7] LA % A by 2 SP 4l
ML FIARIC , H HAG /N R 43 F B 2% 3 IS 41 it 32 38 SP 41 i
ABCG2" 2L T A B 2 b i i 58I 2, &%t BLAE A
2% b B RS ICZE AR F RS L B2 h R R BLERIL . Si4b
ABCG2 HY A48 m SR I5 I iR A K RE 1 R AR
P DL AR R X Fh G5 3 ABCG2 J& LSCs — NP
FRICH), i . ABCG2 76 ff1 B4l 21 i 4 S PR i 23k T A IR
% 0 H A b 1SCs F35 ABCG2, I A RE Ay il 7 1Y
LSCs ¥Rty .
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2.1.4.2 ABCB5 ABCB5 /& ABC ¥z EHF S — W5,
i Je P-AHER 4 (P—gp) KM BL , S — Fl e AR ) 2
YA B A R it ABCBS J2 I RE 22 24 it 245 1 (R WL =2
—21 A ABCBS 55 R I R E R AT IR 251 R K
AT ORE LATE AR FT IR IE R ABCBS el & Bt
Tz 0 v B R R BE B R B TR A AT & B
ABCBS 75 22 Fli g v 52 B0 i 220, Wn&h g B %
PR Y FLBE D 4 ARk, ABCBS BBk
B2 1SCs & & s & Fr ib 5 i 2L N ABCBS 7£ /)
FR A P 5 PR B PR T AR 25 1 B 1 1SCs SE 338 76 AR
5 ANp63a'LSCs g3k, Toit &/ ik & A2, ABCB5
MBS T 3L AR G Lz A AR L R sl b A L 7 e ok
RIZIEH A, LSCD % ABCBS 2 [HM: % LSCs 1
o W E A, 9 AMERIFR ABCBS JE R A4 /)N BRUA P IR H:
THRE MBI 25T | # 1 LSCs RIFEIL, 30 AL AR B
0 f A 2ER | DL ERFSTIE T ABCBS AU 1SCs fObxR
29, i HJ2& LSCs TIRE A ab @5 LA (H H T (k%A
K B SR 9T UE S5 X — 4538, Bl k52 T ABCBS AR
W —H R E, X W R LA RS T8 5,
R EAN IR B A & .

2.1.5 HREEE oW b T R A AL Bl ) — ol [R] T 2
AR AR LA 200 6 32 v ) S SR I A | S — PP 2 h RE R
F B — R R A, BT LA S — 27 15 i I 45 52
WRAEAR R R A0 i 2 T kY L PR | oI BE AL
T G A T A R LR A T i LA i A b N
BRI T AN MR oM BE AL Z2 | N I e ] DUAE
R 1SCs MAREY) . 78I 1 B2 I8 BRA IS 5z 200 DA £ i
GILRAMMPRET R 1 B, a— I B LB Ok TH R, I
AR T FEUE B, oo — s P2 AR T A AN TE R 25 L 1 4 it v
Fik R TIIE B AN 5 A 0 5% 6 WA 25 i
RS o EEIL R, AR o EE AL B N 2
LSCs FnicH) , (HHAR T A =

2A6 AKEFREZE AERENTFAHZEGHE L EE
KHRTZ8( epidermal growth factor receptor, EGFR) #£%
K FEF (nerve growth factor, NGF) A B4k 40 g /1= K A
“F (keratinocyte growth factor receptor, KGFR) &%, Efi1J&
e R T 1 55 5% 6 ES 40 M 1) 40 S B Y B R diR AR
i, KR AL R PR R AN 5 f L A0
HEEKFR EGFR™ N B R AE KN T2 kiR, A
TRV B B 14 I % 5 G 400 L 25 A e i ) B g €, R
AN B f 55 b e EGFR 5 58 e (a5 5 R [, 53 4h
EGFR 7 1 J5 2 3L IS 4 M A5 AR 53 1) 2R 38, (H L g o 5 5
FEF RS FA B T S A O e 2 R R AR K
732k, KGFR I NGF 51 35 A 1 Z AR f e s 4 T
BRI AN, AR ICIARZE X T BTS2
TR 5T

21.7 WEAFEBREF A0 F T T EIEE AR a2.a3,
ad a6, a8, a9, av, Bl B4 . BS. E-F5 K H 1 (E -
cadherin) \P-FEREEE [ N-F6RE 8 (5%, BARIEH o Ml
B W FEAL ALY T AR T RIS AR 1, S S 5 4 R
5 TR - S BURAE AR T S BR  —Fh B A2k, &
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B EA 184 o FI 8 AN B I, AT LI A K 24 DA 32
i, B AR 4 A R MA R nm e 845K BL,
B4, a2, a3, ab Al av FERIK TIHIE L L AIM)Z ;%5
K a6 Fl BA AE 204 8 2 o3, 45 5 b e A T LIS
MR LRI Y AR B I b BN R T4
JMEIFRICY), G R Bl FE MM LA M g 5 tb b
JECZ i, 1T ELXT BT A 5 b B A I e e s A R a6 G
6 UL R b 2L A0 A A L 7 A T A DL A
GILRAMIE' ", HEEEFPTR/NRIRE, BEE 9 BN T
Rz LEMERAA RS B FE AN, A N s et
1 RT-PCR UESZHE A FE «9 1132 38 0 PR T35 43 F i 2% 3k
JUS b Bz A T B X 4000 Sy A M A R D RS R
o9 TE RS b R A i Sk B TS Y, (AR S o9 Ml
Bl J& 752 LSCs 45 5 P 40 M R 1 A 10 ) 0 7 Btk — 20
HoE.,
2.1.8 Notch—1 #1 IPO13  Notch-1 & —Fh 5 21k, &
SRR A AR AR A A B A O HUZ LSCs 45
Y1, Notch—1 7778 T 3235 ABCG2 (1) 40 g .7+, 7 Vogt
RIS Hh 5 300 25 L DT A b S 35 A, 7 i 0k A0 B P o B SR
151 Thomas %57 BF 58 & B Notch—1 [k E A T /0
) AR I 2 b i SECJZ 40, H A Notch—1 PHA: 40 i 5%
ik ABCG2, RAEFIA Notch—1 il ABCG2 34 9 fHE: , {H
FHAERTH ABCG2 FHM: 40 A ¥4 32 35 Notch — 1, PRl U AIE 52
Notch —1 124 LSCs #ric ¥y BAT R 4 B9 A5 o

IPO13 J&: #5512 3 1 importinB #6851, 2 K
J HfME — [ B[] 3B A7 AR B 1, (R A Bl R 0 AN i i
2, AT DUHEA T W8] 54 12 1) JI ) A4 < pax6 ,ube9 (ubiquitin—
conjugating enzyme 9) M {7 BT ZE Z & NF-YB/C — Rk
PR TPOL3 Sl AE R BRI 41 2 R B, Z R
HUA K & AR P84, T A0 Bk i RO I A9 IR Ji 4 & o 72
Wikt A E Y A B A N Wang PV iR 5T & B
1PO13 FZAE NSRS b R 030 43 58 I 4 Jf i) % TN o S5
PR s 7R T P SR B ES FR Ak T A ARG SLR)Z &
JZ A DA e e e B B A 42 SR e R, 534k 1PO13 AR
FIB T AR L R 20 B, 7 53 A0 R s 22 %) JBE L B 240 i v
AFeik, LT DIAED 1PO13 K523 )il LSCs A W 1 4%
SRR EY
2.2 PAMERRERY  BAMEAREY R A RIB AU & RIE
T RS BR I A Y 2 1 41, G AR AR AR
4R H 43 (connexin 43,Cx43) fAHEH K3/12 SN2 HEH
(involucrin) &5, F ISR EEAREY
2.2.1 Cx43  HEMTE 1 2 /S PR O 3% 12 2R 11 1) 5 S 2R
P 2L ) 4 6L — 40 6 2 5 200 O ) o 8 Bt 32 422 1 PN 3
FUVE/ING TR VR SRR AT AN B B RE R S LY L Cxd3
JEEERR I H B RN 2 — BB O G £ A T
Cx43 76 g A 5 1 Bz 20 RN fy I 2% b R SEDR A i vh 39 A
FEIR AE Sk L R LR A0 it Hp AR A 3] Cx43 (R 35
I HSERTA Cx43 Rk M RS SE A i 2 14
JiL, SRR EE XS Cx43 Ye 45 55 1) AR R 2% 2L JIC 40 Jf 7] fig J2
AU Pk, Cx43 1] LA J& A LSCs 9 —Fh BRI 4
YR T AR ICH)
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®1 AREZTHBRREY

bR #orel ARG AR R A Bic)inee
PR i) O g A E Vimentin'**" - *
K5 K14 +/- +
K197 + +
2 B JE S 7 p63 - +
ATP 254 B H ABCG2'™ - *
ABCB5M! - +
4 ey it oA IR + +
AR IR B H B AR EGFR + +
NGF + +
21 285 B PR L BAEE a6 + +
AR a9 - +
BAEE B + +
LSCs ¥ J1¥rEY Notch— 114" - +
Importin131" - +
C/EBP3!™! - +
Bmil " - +
FItER Y SR AR Y Cx43'% + -
K3 i 120 -
e v AL PR A E
x2 RABESTHEMESS
VA i el JRIBR
i 5/ A% KS‘Klftim L TR %%mmihm 1SCs fbREY)
K19t |3 R
A IR ALY JE I it il E|R
p63[# ®! R 20 3 0 PR 2 R e M RO SR IR T AN AR, R T R
Vimentin' "’ Hh A 22 o A R e
4 A 2 T Cx43% HEREN 4 A2 1 B AT
LISTE S 5t RS IR A R3S
ABCG28Y YR MHE M, 7157 Hoechst 33342 A1k HA /D& LSCs 7235 ABCG2
ABCB5!% M FRMIZME N, LSCs KB B B T B — S
222 fARA K3/12 K3 il K12 & LA AT 26 K3 K12 4% AR SCEA 41 T ROl 5 AR &4 ABCBS, E

YR AT, S — P 40 1 B 1, O A S e A L 245 A o
TNERE 7B S50 B TR PLIR (AES ) K6 I & B A 5 o e
b R K373 I 4 i R RE Bb A IR 2% b R K37 LIS A i 2
BHEEN SRS, 556, s 80k WiF B K3 Al
K12 7EA I b R v 0] o AR BE e i 4 il . DA £ M
L) AL BT AL B, K3 T K12 A 28 11 % 4 o B0 i
N4 TAC B4 S A E R 40 4T B bR i
K3 £ 2 SR T Rz i rp A 323k, K12 2 A R 1
Wk A IR L IS 20 L A0, B AE A T3 A A I B, I K3
K12 8732 0 & 76 f B8 L R 4B fl B 2 1 3L 2
2N Fp R S T A T AN A AR R R IR S A0 R Rk
XEEHFFTIE B K3 Al K12 7] LAE A LSCs #O B bR &4,
AINEAT LI [, % LSCs 10 585 M 35 35 4k R
K, LA HATAAS BRI FR R
3IhGEINRE

ARICKT L LSCs bRl i AT TR RS (£ 1.2) .
ALFE BHPEAR S P63 MR KS K14 B H ABCG2 .
oL AR Y MR B EEEN 43 AEN

LA LAFRIC LSCs , 0 i] LUE 216 58 17, (H X EI'J?J\T/\
WTHEFEZNBAUE, A& A KS K14 MAHEA K19 Al
PR EAAE T & e, Kb ME A KS K14 fEREE
T T A R & LSCs ZEWanicdy, i f 2 1 K19 Ak g
E AR R AR B, A oI BALEE A E RS
P2 52 41, p63 J& AN JZ T 5% A F 4k R34 40 it 5 22 F
SR RS M, 78 A B2 ] R S PR I A 21) ANp63ac [ 3R
KRN E 2 A A% RS N AR, A RFSAE LSCs B i —
A0 E B P63 4l SR NI AT Y, X —FE SRR T B
JH; ABCG2 il ABCBS A8 4l ffd " iz ¥ 85 H , ABCG2 i1
Tt Hoechst 33342 M, {H A WF 52 32 0 A /N3 o #f i 2%
%ﬁfﬂiﬂ’@%‘zi& ABCG2, AR F M HAZR T2 H
AR R E WA & BBAE S LSCs A ik 4 09 1 O
. HETESR LSCs Wb &M IR 2  BAE N b #A
HA SRR, 2501k, oA B ACh LSCs i
3% & C/EBPS Bmil , ANp63 Notch—1, {H X 755 341114
HE— LR B, T LB % B 1 & R, 35 F mRNA 5
microRNA A94:Wibp s ¥ 09 - & L)L R 4 #&*Eﬁ%lﬁ pa)
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T LSCs FHERA 2 7 LA K bR e 23 K A FE AN T 2R 3
i LA DTS AL 55 ), LSCs A5 — Fh B 21 41 Y
IR, TCIRAERHIT R AR IR R E XA 5 JEH =R X,
H iR 1k, NS 58 2% 5 % LSCs A=) 2 b ik W ik A7
TRERIHIFE, IEIAG T ERHERE X LSCs 19 7E {37 Bk 1
KT 418, RSN HS LSCs RS AR I /R T R4 A9 g FH i
S5 RO R LSCs B Wi R #4013 8, TEHOR | B A i
T [A) R B A S P AR 25 W R RG] LSCs, 130K BR
Tl IR K& S, BT LAXS LSCs A 3k 4 0% 1 3 A F T
LSCs 95385 s 55, % LSCD HVAYT A & O i 3 3
SE 3k

1 Bourne RRA, Flaxman SR, Braithwaite T, et al. Magnitude, temporal
trends, and projections of the global prevalence of blindness and distance
and near vision impairment; a systematic review and meta — analysis.
Lancet Glob Health 2017;5(9) :e888-¢897

2 Nguyen KN, Bobba S, Richardson A, et al. Native and synthetic
scaffolds for limbal epithelial stem cell transplantation. Acta Biomater
2018;65:21-35

3 Sasamoto Y, Ksander BR, Frank MH, et al. Repairing the corneal
epithelium using limbal stem cells or alternative cell —based therapies.
Expert Opin Biol Ther 2018;18(5) :505-513

4 Van Buskirk EM. The anatomy of the limbus. Eye (Lond) 1989;3 (Pt
2).101-108

5 Saghizadeh M, Kramerov AA, Svendsen CN, et al. Concise Review:
Stem Cells for Corneal Wound Healing. Stem Cells 2017; 35 ( 10) .
2105-2114

6 Ramos T, Scott D, Ahmad S. An Update on Ocular Surface Epithelial
Stem Cells; Cornea and Conjunctiva. Stem Cells Int 2015; 2015.601731
7 Joe AW, Yeung SN. Concise review: identifying limbal stem cells;
classical concepts and new challenges. Stem Cells Transl Med 2014; 3
(3):318-322

8 Yin J, Jurkunas U. Limbal Stem Cell Transplantation and
Complications. Semin Ophthalmol 2018;33(1) :134-141

9 Levis HJ, Daniels JT. Recreating the Human Limbal Epithelial Stem
Cell Niche with Bioengineered Limbal Crypts. Curr Eye Res 2016; 41
(9) :1153-1160

10 Pajoohesh—Ganji A, Stepp MA. In search of markers for the stem cells
of the corneal epithelium. Biol Cell 2005;97(4) :265-276

11 Gonzalez G, Sasamoto Y, Ksander BR, et al. Limbal stem cells:
identity, developmental origin, and therapeutic potential. Wiley
Interdiscip Rev Dev Biol 2018;7(2) :e303

12 Schlotzer—Schrehardt U, Kruse FE. Identification and characterization
of limbal stem cells. Exp Eye Res 2005;81(3) :247-264

13 Ekici K, Temelli O, Parlakpinar H, et al. Beneficial effects of
aminoguanidine on radiotherapy — induced kidney and testis injury.
Andrologia 2016;48(6) :683-692

14 Richardson A, Lobo EP, Delic NC, et al. Keratin — 14 — Positive
Precursor Cells Spawn a Population of Migratory Corneal Epithelia that
Maintain Tissue Mass throughout Life. Stem Cell Reports 2017;9 (4) .
1081-1096

15 Guo ZH, Zhang W, Jia YYS, et al. An Insight into the Difficulties in
the Discovery of Specific Biomarkers of Limbal Stem Cells. Int J Mol Sci
2018;19(7) :1982

16 Parfitt GJ, Kavianpour B, Wu KL, et al. Immunofluorescence
Tomography of Mouse Ocular Surface Epithelial Stem Cells and Their
Niche Microenvironment. Invest Ophthalmol Vis Sci 2015; 56 (12)

2068

7338-7344

17 Poli M, Burillon C, Auxenfans C, et al. Immunocytochemical
Diagnosis of Limbal Stem Cell Deficiency: Comparative Analysis of
Current Corneal and Conjunctival Biomarkers. Cornea 2015;34 (7):
817-823

18 Dmello C, Sawant S, Alam H, e al. Vimentin regulates
differentiation switch via modulation of keratin 14 levels and their
expression together correlates with poor prognosis in oral cancer patients.
PLoS One 2017;12(2) :e0172559

19 Tananuvat N, Bumroongkit K, Tocharusa C, et al. Limbal stem cell
and oral mucosal epithelial transplantation from ex wvivo cultivation in
LSCD~-induced rabbits: histology and immunologic study of the transplant
epithelial sheet. Int Ophthalmol 2017;37(6) :1289—-1298

20 Di lorio E, Barbaro V, Ruzza A, et al. Isoforms of DeltaNp63 and the
migration of ocular limbal cells in human corneal regeneration. Proc Natl
Acad Sci USA 2005;102(27) :9523-9528

21 Wang H, Yuan Q, Niu M, et al. Transcriptional regulation of P63 on
the apoptosis of male germ cells and three stages of spermatogenesis in
mice. Cell Death Dis 2018;9(2) :76

22 Bojic S, Hallam D, Alcada N, et al. CD200 Expression Marks a
Population of Quiescent Limbal Epithelial Stem Cells with Holoclone
Forming Ability. Stem Cells 2018;36(11) :1723-1735

23 Notara M, Alatza A, Gilfillan J, et al. In sickness and in health;
Corneal epithelial stem cell biology, pathology and therapy. Exp Eye Res
2010;90(2) :188-195

24 Rama P, Matuska S, Paganoni G, et al. Limbal stem—cell therapy
and long— term corneal regeneration. N Engl J Med 2010;363 (2):
147-155

25 Ko CY, Chang WC, Wang JM. Biological roles of CCAAT/Enhancer—
binding protein delta during inflammation. J Biomed Sci 2015;22(1) .6
26 Sacchetti M, Rama P, Bruscolini A, et al. Limbal Stem Cell
Transplantation: Clinical Results, Limits, and Perspectives. Stem Cells
Int 20182018 ;8086269

27 Chen D, Wu M, Li Y, et al. Targeting BMI1(+) Cancer Stem Cells
Overcomes Chemoresistance and Inhibits Metastases in Squamous Cell
Carcinoma. Cell Stem Cell 2017;20(5) :621-634

28 Yamada M, Sakurai T, Komeda Y, et al. Clinical Significance of
Bmil Expression in Inflammatory Bowel Disease. Oncology 2017; 93
Suppl 1:20-26

29 Barbaro V, Testa A, Di lorio E, et al. C/EBPdelta regulates cell
cycle and self-renewal of human limbal stem cells. J Cell Biol 2007 ;177
(6) :1037-1049

30 Wolosin JM, Zamudio A, Wang Z. Application of JC1 for non—toxic
isolation of cells with MDR transporter activity by flow cytometry. PLoS
One 2017;12(4) :e0174905

31 de Paiva CS, Chen Z, Corrales RM, et al. ABCG2 transporter
identifies a population of clonogenic human limbal epithelial cells. Stem
Cells 2005;23(1) :63-73

32 Keniya MV, Holmes AR, Niimi M, et al. Drug resistance is conferred
on the model yeast Saccharomyces cerevisiae by expression of full-length
melanoma—associated human ATP -binding cassette transporter ABCBS.
Mol Pharm 2014;11(10) :3452-3462

33 Kleffel S, Lee N, Lezcano C, et al. ABCBS5 - Targeted
Chemoresistance Reversal Inhibits Merkel Cell Carcinoma Growth. J
Invest Dermatol 2016;136(4) .838-846

34 Cheung ST, Cheung PF, Cheng CK, et al. Granulin — epithelin
precursor and ATP—dependent binding cassette ( ABC) B5 regulate liver



Int Eye Sci, Vol.20, No.12 Dec. 2020 http .//ies.ijo.cn
Tel:029-82245172 85263940 Email.1J0.2000@ 163.com

cancer cell chemoresistance. Gastroenterology 2011;140( 1) :344-355
35 Setia N, Abbas O, Sousa Y, et al. Profiling of ABC transporters
ABCBS, ABCF2 and nestin — positive stem cells in nevi, in situ and
invasive melanoma. Mod Pathol 2012;25(8) :1169-1175

36 Wilson BJ, Schatton T, Zhan Q, et al. ABCBS identifies a therapy—
refractory tumor cell population in colorectal cancer patients. Cancer Res
2011;71(15) :5307-5316

37 Yang M, Li W, Fan D, et al. Expression of ABCBS5 gene in
hematological malignances and its significance. Leuk Lymphoma 2012 ;53
(6):1211-1215

38 Wong NC, Cheung PF, Yip CW, et al. Antibody against granulin—
epithelin sensitizes  hepatocellular ~ carcinoma  to
chemotherapeutic agents. Mol Cancer Ther 2014;13(12) :3001-3012

39 Yao J, Yao X, Tian T, et al. ABCB5-ZEB1 Axis Promotes Invasion
and Metastasis in Breast Cancer Cells. Oncol Res 2017;25(3) :305-316
40 Ksander BR, Kolovou PE, Wilson BJ, et al. ABCBS is a limbal stem
cell gene required for corneal development and repair. Nature 2014 ;511

(7509) :353-357
41 Diaz—Ramos A, Roig—Borrellas A, Garcia—Melero A, et al. alpha—

precursor

Enolase, a multifunctional protein; its role on pathophysiological
situations. J Biomed Biotechnol 2012 ;2012156795

42 Chen Z, de Paiva CS, Luo L, et al. Characterization of putative stem
cell phenotype in human limbal epithelia. Stem Cells 2004;22 (3) .
355-366

43 Chen W, Cao L, Hara K, et al. Effect of immunosuppression on
survival of allograft limbal stem cells. Jpn J Ophthalmol 2004;48 (5) .
440-447

44 Polisetti N, Zenkel M, Menzel — Severing J, et al. Cell Adhesion
Molecules and Stem Cell — Niche — Interactions in the Limbal Stem Cell

Niche. Stem Cells 2016;34(1) :203-219

45 Ginsberg MH. Integrin activation. BUB Rep 2014;47(12) ;:655-659

46 Kim EK, Lee GH, Lee B, et al. Establishment of Novel Limbus—
Derived, Highly Proliferative ABCG2(+)/ABCB5(+) Limbal Epithelial
Stem Cell Cultures. Stem Cells Int 2017 ;2017 .7678637

47 Thomas PB, Liu YH, Zhuang FF, et al. ldentification of Notch—1
expression in the limbal basal epithelium. Mol Vis 2007; 13 (35-37) .
337-344

48 Fatima S, Wagstaff KM, Lieu KG, et al. Interactome of the inhibitory
isoform of the nuclear transporter Importin 13. Biochim Biophys Acta Mol
Cell Res 2017;1864(3) :546-561

49 Christie M, Chang CW, Rona G, et al. Structural Biology and
Regulation of Protein Import into the Nucleus. J Mol Biol 2016;428( 10
Pt A) :2060-2090

50 Xu K, Tao T, Jie J, et al. Increased importin 13 activity is associated
with the pathogenesis of pterygium. Mol Vis 2013; 19:604-613

51 Wang H, Tao T, Tang J, et al. Importin 13 serves as a potential
marker for corneal epithelial progenitor cells. Stem Cells 2009;27(10) ;
2516-2526

52 Beyer EC, Berthoud VM. Gap junction gene and protein families:
Connexins, innexins, and pannexins. Biochim Biophys Acta Biomembr
2018;1860(1) :5-8

53 Utheim OA, Pasovic L, Raeder S, et al. Effects of explant size on
epithelial ~outgrowth, thickness, stratification, ultrastructure and
phenotype of cultured limbal epithelial cells. PLoS One 2019; 14
(3) :e0212524

54 Grueterich M, Espana EM, Tseng SC. Ex vivo expansion of limbal
epithelial stem cells; amniotic membrane serving as a stem cell niche.

Surv Ophthalmol 2003;48(6) :631-646

2069



