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Summary 
Cumulative reported evidence indicates that some fraction of limbal basal epithelial 
cells are the stem cells for corneal epithelial cell proliferation and ditTerentiation. 
Limbal epithelium is therefore crucial in maintaining the cell mass of corneal 
epithelium under normal conditions and plays an important role in corneal epithelial 
wound healing. Deficiency or absence of limbal stem cells explains well the patho

genesis of several ocular surface disorders characterised by defective conjunctival 
transditTerentiation or conjunctivalisation of cornea. This paper reviews and 

updates the basic concept of stem cells, the reported findings of limbal stem cells for 

corneal epithelium, and their therapeutic applications. Through this review, one 

hopes to gain a more complete understanding and increase proficiency in treating 

these diseases. 
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,,) (1,,,)) ,). , ,),h(,()(J),(J))) (-()(J ),
)),-,(,l 60),,(J. , ,-,, ,)(J)(J), ,(,, ,-,,( ),
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,))n),(J))- ,(.,),, I,7 (J) )),,(,,( (J,(
)-.,(, ), ,(,,((J(, .0-. ,), I,7 (J) )),,(,,(
(J,( ,,(J( ), ,),,(,()(J),(J))) ,,). (J,(
,(,,((J(, .l1 -,( 5,,(J ,(.,), ), ,), ,(,,1
,()(.,,e (J,( ,(,)), ), ,), ,).,(),,(J))) ),
,(,, ,),, ,(J (J,( ,).(,,)(,,,,,-), (J,( (J),,-(1
V).(-(,. -),(, ,)),)(J))), ), (J),,-(
,(-()(,,(J))). (J,), ,,--'>,),( .),, ,( ,),5,-,(J
(J) .¡((J1 .0- ,),-,,(J))) .),, ,( ,(,,((J(, ),
,),5,-,(J (J) ,( ,(,)-(,(, ,-( (J) (J,( )((, ,),
,(,,ú--'>,, ,),,(,()(J),(J)))1 -) (),-,( .0-s,
,))-H,),( ,), ,).,(),,(J),- ,(,,)),( (J)
(J),,-( ,(.,),,. , ,(--'>),,(J( ,(----'>,(J),-
.(,,,)),. .-,(J ,( ),(,,(J))-1 1) (J,(
(1Ú,),,(J))) ), ,(--,,(J),- .(,,,)),.,.
-,(,(J ,-,,(,, ,,, ,(() ,,,)(-(, )) (J,(
,(.),))((J), ,-,(J(. ).))- (J) (J,( (J.)
.,3), ,,(,1(J,,)--,, )) ,,,,-))- .0- in 
vitro -,))- ,-,, ,---'>(J-,(li ,), in vivo -,))-
,,,(() ,)--'>))-i,),.))- -,).(J,1l8 E ,(,)(,
), ))-(,(J)-,(J))), ))(J) (J,( ,(.),))((J),
,-,(J(. ,,-( ,,)-),(, (-),(),( (J,,(J (J,(
,(--,,(J))) ), ),(,,(J))- )) (J,( ,),,, .),,)1
()-),)).()(J )) (J,( ,))( .,,,).. )) .,),,

,,),(Ji,,)-( ,,(J))), ,,( (J,1))- ,,,,( ,(J ,(,,1
.,(J,)1 ,), ,(,,H,(,--'> ,(-(,,1KQKR 1) (J,),
.),,)()-),)).()(J. ,-,,(J,,(J( )ã ,(J(J,,h1
,()(J ,,,(J),, ,,( ,,,( (J) ,b(,(J (J,( .0-
,(,,-))-,,1 1) ,,,)(J))). ,(.),))((J), .0-
,,( ,,,(,(J(, ,- ,)(J, ,(J).---'>,(J),- ,),
)),),)(J),- ,),-,,( ,,,(J),, I, (J)1))(,7 ,,).
)(J,(, ,(,,, ,(J (J,( )),.,, ,(J(,,- ,(J,(J( ),
,(-()(,,(J))- ,(J,(J(. ,(,,(,(J)-(,-1KIoKe1 60),
(,)(J,(,),, (J),,-(,. )(J ), ))(J ,,(,, ,). (J,(
,(--,,(J),- ,(,,,)),,, ,,( ),(,,(J))- ,-(
(J) (J,( ,,,1 ), ,) ,,,,),,),(J( ,,,,- ,), .0-
,,)),, -,).(J,1 c),( -),(,,(J,),8-)- ), (J,(
,(--,,(J),- ,(,,,)),,, .),, ,,,). -, (J)
(J,1( ,,-,)(J,-( ), (J,), .),(J ,).(,,-,
,)-,,( ), .0- )) ()(J,(, ,(,,=(1,,),))) (J)
.,))(J,)) (J,( .0- ,),-,,(J))). ), )) (J),,-(
,(-()(,,(J))) ,- ,(J).-,,(J))- ,,,,),,),(J(
,(,,-,,, ,)b(,()(J),(J)))1

111 Identification of Stem Cells: 

-) ,,(J(. ,,, .((J,),, ,), ),()(J),-))- .0- ))
-,,))-, (J),,-(, ,,( )),),(,(J1 S),(,(J .,,1(,,
,), .0- ,,-( ))(J ,(() (,(J,,,),,(,1 1) (J,(
,(.),))((J), ,-,(J(.. .0- ,,( ),,(,-(� ,-
.(,), ), (J,(), ,(,-,(J,)(J ,))-,(H,(,, ,,)),,
-,).(J, )) ()(J,(, in vitro ,-,, ,-,(J-,(!i ), in  
vivo ,,,(()1!8 a-() )) ,-,, .),(,, (J,,(J ,,( ,)
,,, ,(,(J (,(J,,,),,(,. ))( ,(J)--'>, ,,)))(J ,)),)))(J
.,),, ,(,, ), ,,(J-,,,- .0- ,), .,),, ), ))(J1 1)
(,),(,.),. )(J ), .(--'>, 1)).) (J,,(J ))(J ,,, ,,,,,
,(,,, ,,( .l1 -,( ,((J(,)-()()(J- ), (,),(,.,,
,,,,--'> ,(,,, ,,-( ,(() ,(.)),(J,,(J(, )) (J,(),
hVe (J,-.),))( ,,,(,,))-.IcIcKiuRd ae60 ,(,(,(J),
,),(J,),-(J))).Rl ,), ,(,,)),)-()(,, (J) (J-.)-,
,,).)(J(,,1KicRKoRI E, , .,(J(J(, ), ,,,(J. (J,( -,( ),
,(,(J)))))- ,,,,,,(, (J) (J,( ,1)) ,-,,,,( ,,, ,(,
(J) (J,( ,),,)-(,- (J,,(J (J,( (,),(,.), ,,) ,(
,(-,,,(, ,, ,())- ,)),(J)(J-(J(, ), ,,3,,()(J
-))(J, ), ,(--'>,, ,,--'>--'>(, (,),(,.,, ,,)--'>),(,,(J)-(
-))(J, Ia]l71RCuRi -,( a]l ), .,,( -, ), IuIy
,,-(,, ), ,(--'>,,. ,-(J )),- ,,,,--'> ,(--'>--'>, ,,)--'>),(,,(J(1
E.))- ,,--'> (J,( IuII ,,,,, ,(,,, )) ))( j]l.
(J,( ,()(J,,, ))( ), ,,(,-.(, (J) ,( .0-. .,),,
,,) ,( ),()(J)5(, ,- ,,),))-(, hVe (J,-.),))(
,,,(,,))-1R8tIû a]l ,(J,-,(J-,(, ,,( ,)-), )) (J,(
,1)) ), ,--'>, .,..,,),) ,,(,)(, ,) ,,, ,(J-,)(,Il
,), ,(,()(J--'>- .(,( ,,,) ))(J(, )) .)-,( ,--'>,,,(,
(,)(J,(,)-.1IK 1) (J,( ,,(,),,),(, (,),(,.), ),
.))1(- ,,,.. •,-1(, ,), .-) ,-,(J,(,
,(,)),(J,,(J(, (J,,(J .0- .)-,(J ,( --'>),,(J(, )) (J,(
,,,,, ,,-(, ), (J,( )))H,(,,,(J(,. ,((, ,((J(
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,),-(, I,(,,,, ,,,),,,(7. ,,(J,(, (J,,) )) (J,,(J ),
(J,( ,(,,,(J(,. ,,,,,). ))(,.87Çe -,), ,)),,-,)))
.,, ,,,(, )) ,,).))- ,(-))),, ,)f,(,(),(, 8-)
(J,( rVe (J,-,),))( ,,,(,,))- ,, .(,, ,, )) (J,(
,,(,)5, 1(,,(J)) (1,,(,,))) )) (J,( ,-,,,,,,,,
,,-(,,f8cale

1c Evidence of Limbal Location of Corneal 

Epithelial Stem Cells: 
E,))- ,,, (,)(J,(,),. ,),)(,, (,)(J,(,)-, ),
-))f-(f 1(J ), , ,(J,,(J)5(, ,), ,)-,,- ,),,(,()1
(J),(J(, (,)(J,(,)-,. g)1( ,1)) (,),(,,),. , ,)-,
,(),)(J- ), ,(,,),),(, ,((J.(() ,(,,, ,,(
))(J(,eIR ,-(J -),)1( (,),(,,),. ,),)(,, (,)1
(J,(,)-, ), ))(J 1(,,(J8-)),(, -),(, )),,,, ,),1
,-,,(J,),(,f II -,), ,)-,,- ),-,)),(, ,(J,-,(J-,(
), ,,),,,)--'>- ,(,,)),),,( ,), (J,( ,)), ,,,,1
,(,,-,,, ,(,,(,,),)(J- (J) )))H)))), ,),-(J(, ,),
.,(J(,.IC ,), ,,,-, ,) ),,),(J,)(J ,),( )) ,,))1
(J,))))- (J,( ,,))(J,)(,, ), (J,( ),(J),,, ,-,,,,(
,, .(,, ,, (J,( ,((J(,-(,,()(J ,(J,(J( ), (J,( ,),)(,,
,(J,),,.II 1(J ,,, ,))- ,(() ,(,)-)),(, (J,,(J (J,(
,),)(,, (,)(J,(,)-, ), , ,,,), ,(,,H,()(.))-
(J),,-( -),(, )),,,, ,(J(,,- ,(J,(J( ,)),)(J))),.
60), (1,,,--'>(. ,,,)),,,(,, )),),,),,(J(, ))(J)
(J,( ,,,,, ,(,, ,,-(,, ,,( ,((Ð )) (J,( (J,( ,-,(,1
5,),, ,(,--'> ,,-(, ,), ,),,,,(,, .)(J,)) b (J) T
,,-,.Ie 1) (J,( (-()(J ), ,()(J,,, ,),)(,--'> (,)1
(J,(,),, ,(,(,(J, ), -,,))-, ,)o(, )) ,,,,)(J,. (J,(
,)-,,(J),- ,(,,8-)- ,,(J(, ,,-( ,(() ,(,,-,(,
)) (J,( ,,)-( ), l1Tm (J) I1bT ,,Kl,, in vivo, I&-Cd
,), l1fil ,,Kl,, in vitroY 1(J ,,, ,(() ,
-()(,,--'> ,)),(,(J))) (J,,(J (J,( ,,,,, ,(,,, ), (J,(
,),)(,, (,)(J,(,)-, ,,( (J,( .,),),(,,(J)-(
,)-,,(. ,,,(, )) ,(J-,)(, -,))- rVe (J,-,),))(
,,,(,,))-CK ,), ),,(,-,(J))), (J,,(J (J,( ,()(J,,,
,(,(,(J, ,,( ,(,,(, ,- (J,( ,)-,,(J))) ), ,,3,1
,()(J ,(,--'>,t CR>CI E, .),, ,( ,(,,,),(c ,(,).. (-)1
,(),( ,,, )). ,(() -,(J,(,(, (J,,(J .0- ), (J,(
,),)(,, (.)(J,(,)-, ,,( ,),,(J(, ,(J (J,( --'>),,,,
,(-)))t -,), )(. ,)),(,(J ), (,,()(J),--'> (J) ).,
-),(,,(J,)c))- ), (J,( ,(,,,)),., ,- w,),,
,),)(,, (.)(J,(,),, .)-), ,(,--'>))- .,),((,,
,-,))- )),,,--'> ,), ,),(,,(, ,(J,(J(,. c( .),,
5,,(J ,(-)(. (J,( (-),(),( ,,,-,---'>,(J(, (J) ,,(J(t

0-,))),,,,-. .( ),(J() ),,(,-( .)-,()(J(,
,)-,,(J))) ,))(, ,,), (J,( ,),,,, ,(-))) ,,(J(,
,(,,))- ), ,) (,,()(J,), ,),)(,, (,)(J,(,),,
,(,(,(Je (J,), .)-,()(J(, ,))( .,, ,,,) ),,(,-(,
,- S,-,)-(, ,), j-(),() )) (J,(8-, (1,(,)1
,()(J, )) --))(, .)-,.Ca (J,)--, .)(J,)-(J ,-,51
,)()(J ,-,,),(J))- ,,(J,. (J,(- .(,( (J,( 5,,(J (J)

,,(,-,,(J( (J,( (J,(),- (J,,(J (J,( ,),,,, ,,,),,,,-
,(J,-,(J-,( ,(,-(, ,, , -()(,,(J)-( ),-,) ,), ,),1
)(,, (.)(Jh(,),, ,(,,,t CC c8-(J, rVe (J,-,8-,8-)( (J)
,,,(, (J,( ,)(J)(J), ,,,,, ,(,,,. (J,( ,)(J)(J), )),(1
), (J,( ,),)(,, (,)(J,(,)-, (J(),, (J) ,( ,)-,(,
(J).,,, (J,( ,(,),,(,-IeeCK ê---(,(J))- (J,,(J (J,(
,(,).,(,,, ,),)(,, ,,,,, ,(--'>,, ,,( ,),( ,,(J)-(
)) SjE ,-)(J,(,),f 60-,(J,(,,),(. ,))3-),(J)-,,
))(J,,(Û)(J,(,),, )(),,,,), I0-1j7. , ,,(,,)1
,(,)-, ,)),)(J))) ,,(,-,,,,- ,,h(,(J))- .0-. ),
,,(,),)),)(J,- ,)-), ,(J (J,( ,),,,, ,(-))).CI
j-() ,-,, ,(,))), ))-),-))- (J,( ,),)(,. ,,,,(,
,),)(,, ))(J,,(,)(J,(,),, )(),,,,),. .(,( ,,,)
,(,),(J(, (J) ,( ,))(J)--)-, (J) (J,( ,,3,,()(J
,),,-,�

Centripetal Movement 
.(-(,,, ,(J-,)(, ,,-( ,,).) (J,,(J (J,( ,×-,,( ),
,(,--'>-,,, ,,),),(,,(J))) ,), ,)-,,(J))) ), ,),))-
,,), (J,( ,(,),,(,,, ,),)(,. ,---(,(J))- (J,,(J
(J,(,( ), ,()(J,),((J,, ,)-(,()(J ,(,,)),),,( ,),
(J,( ,(,,,,(,()(J ), ,(,,-,,, ,),, ), ,(J(J,)(J)))
))(J(, )) (J,( ,()(J,,, ,),)(, -),(, ,)(J, (J,,-1
,,(J), .)-),))- ,), (J,( )),,,, ,(J,,-,,(J),
,(J,(J(.

1) (J,( ,(,,))- ), , ,),)(,, (,)(J,(,),, ,(,(,(J.
(J,( ,,()),())) ), ,()(J,),((J,, ,)-(,()(J ),
))(J ,-,,,),))- (J) ),,(,-( ,(,,-,( ,, ,(J,(J(,
,,)-( ,-,, ,(,,))- ), ,,,),,,),,(, ,- ,(,,-,,,
,,),),(,,(J))) ,), ,)-,,(J))) ), ,,3,,()ò
,(,,,.CR8CI V).(-(,. )(J ), ), ,,,(J),-,,, ))(J(,(,(J (J)
,)))(J )-(J (J,( ),,(,-,(J))) ,,,( ,- c,(J,-,,
et �Èf Cd (J,,(J )) ,,,,)(J, ,,,-( ,),)(,, (,)(J,(,),,
,(,(,(J, ), fi ,, )) ,),,((J(, ,(,, ,,,(J(, .)(J, ,
,(,) ,(,,))- ,,(J( ), l1mI ,,Kl,,. (J,)
fiidr ,,Kl,, ,), ,,,,,(, ,(,(,(J, ), b ,, ))
,),,((J(,. -,), ,(,-,(J ,---(,(J, (J,,SO (J,( .(,).,1
(,,--'> ,),)(,, (.)(J,(--'>)-, ,,, , ,)-,(, ,.)--'>),(,,1
(J)-( ,,(J(i -,), ))(Jµ)) ), ,--'>,) ,-,.),(J(, ,- ,
,(,()(J ,(.),(J ), j,,(J) et al., CI )) w,),, (J,(-
,)-), (J,,(J (J,( )-(J-,).(J, ,,(, ), ,---'>(J-,(,
(1,,,)(J, ), ,(,),,(,,, ,),)(, ), ,)-))c,,)(J--'>-
,,,-(, (J,,) (J,,(J ), (J,( ,()(J,,--'> ))(, aypFfi ,.K
vs. r1fi ,,K7. ,), (J,( ,)(J)(J), ,,(J)-)SO- ), ,,,)
,)-))5,,)(J,- ,)-,(, aIfi1fi .(, ,()(J vs. I1I .(,
,()(J7. c,() (J,( ,()(J,,--'> ,).)(,, (,)(J,(,)-, ),
,(.(,(J(,,- ,()-,(, ,(,,,)),,,,-. .,)))-,,,)
,), j,1)),C8 ,)� ,(,()(J--'>- V-,)- )) )-,
--'>,,),,(J),-b ,,,) ))(J(, (J,,(J SO,( )))(J),--'> ,(,--'>))-
,,(J( ), (J,( ,(,)), .)-),))- ), ,),( ,,.)c
(J,,) (J®,(J ), (J,( 5,,(J ,))«( ,()-,,(J))). -,),
,---(,(J, (J,,(J (J,( -)-)-(, .(,),,(,,, (.)SO,(--'>),,
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,(,,, ,,-( ,)-,,(J(, ,()(J,),((J,,,- (J) (J,( .)-),
(,-( ,,(J(, (J,( 5,,(J ,()-,,(J))) ,), ,(,,)),
d(,,),- (J) (J,( .(,)), d(,(,(J(, (Jd,-,, ,(J ,
,,,(J(, ,,(J(F

1) (J,( ,(.. (J,,-,,(J8-, ,)(J-,(J))). (F-F ,()1
((J,,(J))- 1(,,5),,,,(J- ), ,,,(,,,, 1(,,(J),,,.(J-
)) .,),, (J,( ,),(J ,()(J,,, ,),)(,, (,)(J,(,)-, ),
,-,,(J)(J-(J(, ,- (J,( ,))),. (J,( ,()(J,),((J,,
,)-(,()(J ), (J,( .-,,).),))- ,),(J (,)(J,(,)-,
(J) ,(,,,,( (J,( ,))), ))( ), .(,, ,),-,()5(,
,- (J,( (,(-,)(J .),1 ), °))),,)(J, et al.61 -,(-
),.(,-(, , -,,,-,, ,),-(J))) ), .(1 ,,,),,(J))
)) (J,( ,(,,,( ,))), -,,,(J ,- (J,( ,,,( ,(,),
)()(J )-(, , ,(,)), ), Ill .((1,F c,() ))(
(1(J,,,),,(J(, (J,(), ,,(J, (J) (J,( (), ,)))5 ),
(J)(J,, ,),-(J))). )(J ), ,,,(J),-,,,,- ))(J(,(,(J))- (J)
))(J( (J,,(J ,),,,((J( ,(,,,,(,()(J (J,1(, ,,)-(J ,
-(,,F -,(,( ,,(J, ,,( ,(,(J,)),- ,)),),(J()(J .)(J,
(J,( ,,))),,, ),,(,-,(J))), ), ,()(J,),((J,, ,)-,,1
(J))) ), (J,( (,)(J,(,),, ,)(J, )) ,()((J,,(J))- 1(,
,(J),,,,(J-Iv ,), (J,( ,(,,(J)-(,- ,). )),),(),( ),
(,)(J,(,),, ,(3(,(J))) ,),,,,(, (J) )(J,(, (J-,(,
), -,,,(J ,(3(,(J))) ))( -(,, ,,(J(, ,()((J,,(J))-
1(,,(J),,,,(J-NIR

a-() -),(, (J,( )),,,, ,(J,,-,,(J), ,))1
,)(J))). d-,1II ,,,) ,((J(,(J(, ,()(J,),((J,, ,)-,,
(J))) ), superficial ,),)(,, (,)(J,(,),, ,(,,, ))
,),( ,), ,(,,-,(, , ,,(J( ), ,,)-(J Ir !l, ,(,
,,-F -,)--, (J,(,( ), , ,,(,)(, ,),,(,(),(. (J,),
5--,( ,,) ,( .(,, ,,,,)(, (J) (1,,,)) (J,( ,,)-(
))(J(,,,((J,(J))) ,), (1(J,,,),,(J))) )) ,,,,)(JIal
,), ,-,,)IR ,),)(,, (J,,(J (J)(J,, ,(,,,,(,()(J ),
(J,( ,),)(,, (,)(J,(,)-, .)(J, , ,8-,,((J(, ), Ifi
(J) Ill ,, (J,1(, ,,)-(J , -(,,F -,1() (J)-((J,(,.
(J,( ,,)-( ))-(,(J)-,(J))), ,,)-( (J,( (1),(J(),(
), ,()(J,),((J,, ,)-(,()(J -),(, ,)(J, (J,,-,,1
(J), ,), ,(J,,-,,(J), ,(J,(J(, ,), )),),,(J( (J,,(J (J,(
,,),),(,,(J)-( ,)-,,( ), ,(J (J,( ,(,),,(,- ), (J,(
,),)(,F gl) (J,( ,,,( ,,,),. -,)f(J ,), 60,)(),IC
,,-( ,,),),(, (J,( X, Y, Z ,-,)(J,(,), (J)
(1,,,)) ,). (J,( ,()(J,,, ,),)(,, (,)(J,(,),,
,,,, ), ,,))(J,))(,F

-,( ,,(J, ,-,,,,),(, (J,-, ,,, )) (J,( ,,(
-))-, ä(,),(J, .(,( ,(J),, ,)),-),)-F -,( (1,,(J
,),(J),),,, ,),,(J))) ), .0- ), (J,( ,),)(,, (,)1
(J,(,)-, .,, -),,(,, -)(J), ,(,()(J,- .,() .,,(1
,,(,. e,,-)) ,), .-)II 5,,(J ,,)-),(, )),),(,(J
(-),(),( ,---(,(J))- (J,,(J .0- ), (J,( ,),)(,,
(,O(J,(,)-, ,,( ,(J (J,( ,),,-,. ,,,(, )) (J,(
,,(J(J(,) ), (1,,(,,))) ), , ,),)(,H,,(,)c, Tb°
n(,,(J))F .-,,(n-()(J,-. 0-)(J,,,(,), et alY ,,,)
,,,)-(, ,(J (J,( ,,,( 5),))- ,,,(, )) (J,( ,(,-,(J

), hVe (J,-,8-,))( )),),,),,(J))) ), (J,( ,),1
)(,,s,),,,, ,,.,, ,(,,. -),(, .(J),-,,(J))) ,- ,
(J-,)-d ,d),)(J(du {(�(14(Jey. x,ýº(d et al. lII.
,), ,(,,)),, ,),,-)8-,,(J)))7 ))(J(, dfi ,(,
,()5 ), ,)-,( ,),,,, ,,,,, ,(,,, ,)-,(J ,(,,(1
.()5 (J,( .0- ,),-,,(J))) .)),( 5,(- ,,) ,(
,,,(,,(, ,- ,,),))-(, hVe (J,-,),))( 8-),),1
,),,(J8-)). ,)F (J,-. (1,(,),()(J,,,y ,, ",,,(,1
,((J,))))- ,(,,.sF S)-))5,,)(J,-. (J,(.( ,(,,. ,,(
,,.()(J )) ,()(J,,, ,),)(,, (,)(J,(,)-,F d,,(,
)) 5,(.( 5),))-,. (J)-((J,(, .)(J, 5,( 1)).)
,()(J,),((J,, ,)-,,(J))) ), ,),)(,, (,)(J,(,),,
,(,,.. S,,(d,(, et al.66 ,-,(J,(d ,---(.(J(, (J,,(J
,),)(,, ,,,,, ,(,,, ,(,,(.()(J -E0- ,),
.-,,,,,.,, ,(,,, ,),,(,,)), (J) ]c0- ,),
-S0-F

cF Anatomy of Limbus: 

E),(J),),,,,-. (J,( ,),,-. ,,(J. ,, , 3-),(J))),,
o))( (J) ,(,,,,(J( ,),)(, ,,), ,))3-),(J)-,.
(J.) ,).(J)),(J)-(,- ,),h(,()(J 5)..-(,F E,, (J,,((
(J)-((J,(, ,,1( -, (J,( ),-,,, .-,,,,( (,)(J,(,),F
V),(J),)-),,,,-. ,),,,, (,)(J,(,)-, ). ,,,)
-))f-(e )(J ,)),),(J. ), ,),( (J,,) Ifi ,(,, ,,-(,,
,), ), (J,( (J,8-,1(,(J ,,))- (J,( (J,,(( ,, ,),1
,,,(, 5) I:ll ,(,, ,,-(,, ,), (J,( ,))3-),5)-,,
(,)(J,(,)-, ,), 4-() ,(,, ,,-(,, ,), (J,( ,),)(,,
(,)5,(,)-,F ],())(J-,), (1,,(,,))) ), (J,( ,),1
,,, (,)(J,(,)-, ,,, ,(() ,(-,,,(, ,. ))(J(,1
,(,),(J( ,((J.(() ,),)(,, ,), ,))3-),(J)-,,
(,)(J,(,)-, I)F(F ,,,,)(J,7F 60), (1,,,,(. ))
.)-), ,(,,))- ), , (J)(J,, ,),)(,, (,)(J,(,),,
,(,(,(J ,- ,),,,, (,)(J,(,)-,. (J,( ,(,-,(J,)(J (,)1
(J,(,)-, ). ,),,,),)-),,,,- .),),,, (J) (J,,5 ),
,),)(, ,-(J )(J, -,-,)-() ,))(J()(J ,), ,,)(J())
,,)5,( ,,( ))(J(,,(,),(J( ,((J.(() (J,,(J ), ,),1
)(,, ,), ,))3-),(J)-,, (,)(J,(,)-,FI8 HØ 1)(J(,1
(,(J))-,-. -,(J,,,(J,-,(J-,,, ,),,-,), ), ,-,,)
,),,-, ,---(,(J, (J,,(J (J,(,( ,,- ,( ,,-,(J ),()1
))-, ,), -),,((J ,(,,,.Hal , -))n-( ,(,(J-,( ), ,))1
3-),(J)-,, (,)(J,(,)-,F 1(J ). ,(J),, -)1)).)
.,((J,(, (J,), 3-),(J))),, (,)(J,(,)-, ,,) ,(,-(
,, (J,( .0- ,)-,,( ,), ,)(J, ,),)(,, ,), ,))1
3-),(J)-,, (,)(J,(,),F 1) ,-,,),. , ,(-))),,
,,(,),,),,(J))) ), (J,( (,)(J,(,),, ,(J,-,(J-,( ,,,
,(() ),()(J)5(, ,(J (J,( ,),,-, ,), .,, ,,,,(,
og),,,, ,,,),,,(, ), c)-(JsFHveHR E, ,(J,(J(,
(,,,)(,. (J,), ,(J,-,(J-,( .,, 5,,(J ,,(,-,,(J(, ,-
S,-,)-(, ,), a-(),()CC (J) ,( (J,( -()(,,(J)-(
),-,) ,), ,),)(,, (,)(J,(,),, ,(,,,F g)n( (J,(
,((, ,((J( ,),-(, ), ,))n(- ,,,,,, (,),(,1
,),.8ealH (J,( ,),,,, ,,,),,,(, ), c)-(J ,,( ,,,)
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,),, )) ,(,,))) ,))(J()(J.CC ,,,(J),.,,,,- )) ,,,11
,1)))(, ,(),,(. -,( ,,,,, �(,,, ), (J,), ,(J,.,1
(J.,(. ,),( ), 0-,),, ,,( (J,( ,,(,.,(, .0-. .,(
(J)-,(J,- ,(J(J,,,(, (J) (J,( .),(,,-))- ,,,(,()(J
,(,�,,)( ,), ,,-( , ,),, )((J0-),1 ), ,,)),
,.,,,-.Hx c),( .),(,,(J,),))- ), (J,), ,(-))).
,,,(J),.,,,,- )(J, Ê),,)()-),)),()(J. 0-),, ,,(,
,),( ,)-,(J )) (J,( ,(-.,,(J),- ,(,,,)),, ), .0-
,(J (J,( ,),,.,.

c1. Aplasia of Limbal Stem Cells as a Cause 

of Abnormal Wound Healing 
E, ,),,.,,(, ,,)-(. ,),)(,e (,)(J,(e)-, ,,)
,( ,(-()(,,5(, (,5,)()(J,- ,- ,),,,, (,)1
(J,(e).,. 1) (J,( ,,,(),(. ), ,,,,,),. ), ,),,,,
(,)(J,(,)., I).(. ,(,(,(J (1(J(),))- ,(-)), (J,(

Fig. 2. Et4-07224-°I354-5C72I3°5b°2°257:24-°6524-754-°657
202°fff)°226-°22°0tI076:024-24-°65rn02°5b°Ti3663°4-30°4-6:V24-°
0I64-304-6s:°326-°V002°2s7C6624-4-f°70:5T06-°fl)h° l54-3°657
2022°32T0°70606T06-°4-Ti5°652206s4-6T0°6024-724-°7.5 :: 0I6
4-304-624-°6-0V766-0:024-2,° 4-324-°k70°5s4-4-6206-°Vf°2775Ti2h°X54-0°
4-30°566s770260°5b°T226s4-276224-652° 62°0tI076:024-24-°657
202° fl)°2o4-07°65:I4-04-0°3024-62Ch°

,),,.,7.,(,,))-,(,),(, ,(,, (,5,)()(JI8cHC ,),
), ,,,,,,(J(,),(, ,- ,(,.,,()(J (,),))).HI
a1,(,),()(J,,,-. ,-,, ,,)),,., 0-).), ,(.e1
))- ,,, ,(() ,),,-,(, )) -,,))., 0-,-,. 0-,),,
,,) ,( ,.,(J,(, ,,(J(-),),(, ,, ,),,)0-,y

c,() (J,( ,),,,, (,)(J,(,)., 0-,, ,.,-),,,,-
,(,)-(, ,,), (J,( ,,,,)(J (-( )) , ,))- ,,,,))).
V.,)-Id )) ,- ,,,),,(J),- ))(J(, (J,,(J (J,),
,(,(,(J 0-,, ,(,,(, ,,,),,ÿ ,- ,,3,,()(J (,)1
(J,(,),, ,(,,, 0-)(J,).(J ,)- (,),))). 1) , (J)(J,, ),
II (-(,. dT ,(, ,()(J ,(-(,),(,,(,),,(,,, ,),1
)(,, )()-,,,.,,,),,(J))) ,.,))- ,) ),,(,-,(J)))
,(,)), ), ,)1 ,))(J,,. �) (1,,))( ), (J,( ,,)1
,),(,,(J)-( ,,,.,)(J- ), (J,( (,)(J,(,),, ,(,,, ,(J (J,(
,),,,, ,(-))) ), ,.),(J))),,,- ))(J,,(J. , ,()(J,,,
y.l ,, ,),)(,, (,)(J,(,),, ,(,(,(J 0-,, ,,(,(J(,
)) (J,), (1,(,),()(J,, -,)., ,), ,),,,,(, 0-)(J,
(J,,(J ,,(,(J(, )) ,))(J,(, II )),,,, ,))(J,),,.
S(,,-(, 0-).), ,(,,))- ,), ,),(,,(J( ,),)(,,
)()-,,,.,,,),,(J))) ,(-(,),(, )) bl ,(, ,(a(J
,), Tb ,(, ,()(J. ,(,,(,(J)-(,-. ), (J,( (1,(,)1
,()(J,, ,),)(,, ,), )))( )) ,))(J,),,
I,rk.kl7. E ,(,)), y.l ,, ,(,(,(J 0-,, (J,()
)),.,(, d 0-((1, ,,(J(,. c,,1(,,- ,(--'>,-(,
,(,,))- 0-)(J, ,(,.,,()(J (,),))) ,), )),,(,,(,
)()-,,,.,,,),,(J))) 0-,, ))(J(, )) mfi ,(, ,()(J
,), Tb ,(, ,()(J. ,(,,(,(J)-(,-. ), (J,( (1,(,)1
,()(J,, ,),)(,, ,), )))( )) ,))(J,),, I,rk.fiI
,), ,rk.kl ,(,,(,(J)-(,-7. i,,),,,)-))- (J,(
,,)-( ,,,)-(,. (J,( (1,(,),()(J,, ,),)(,,
(1,),)(J(, ,()(J,),((J,, ,)-(,()(J ), -),,((J
,(,,,. 1) ,))(J,,,(J. )) -),,((J ,(,,, 0-(,( ))(J(,
)) (J,( ,))(J,)e ,),)(,,. gl)( ,.,, (1,,,,( ),
),,.,(J,,(J(, )) 60)-.,( ll. ,,)0-))- (J,( ,),h(,(),(
)) (J,(), (1(J(,),, ,,,(,,,),(. -,), ,(,.,(J
,(J,))-,- )),),,(J(, (J,,(J ,),,,, (,)(J,(,)., ,),1
,(,,(, , -(,- ,)-, ,,),),(,,(J)-( ,,,,,)(J- ,),
-()(,,(J))- ,),)(,H,)n( (,)(J,(,).,. 1) ,,,)1
(J))). ,),,,, (,)(J,(,)õ, ,((,, (J) ,( ,m,( (J)
(1(,(J ,,),),)(J)-( -,)0-(J, ,.(,,.,( ,-,O),(J ,))1
3.),(J)-,, (,)(J,(,),, ))-,,))) .),(, )),,,, ,),1
,.,,(J,),(,. E ,(5,O(),- ), --'>),m,, .0-. )) (J,O,
,,,( ,- ,.,-),,, .(,)-,--'>. )),.,(, (,,,-
,,.(,.,),( ), ,(,(,(J)-( ,))3.a,(J)-,, (J.,),1
,)f,(,()(JO-(J))) ), ,)a3.),(J)-,,),,(J))a ), ,),1
a(, I,,,) ,(( ,(,)0-7.

c,() , (J)(J,, ,).a(,, (.O(J,(,O-, ,(,(,(J ),
,,(,(J(, (J) )),,.,( ,),,-, (,)(J,(,).,t (J,(
,().,(, ,.,,-,( ,,) )),2 m( ,(,--'>(c m (J,(
,...).a,O)- ,)aj.a,(JOn,, (.O(J,(,O... S..Oar
(J,( ,(-,O)- ,,),(,,t (J,( ,,(J( ), (J,( .Or.,(JOar
,)a3.),(J)-,, (,O(J,(,).. )) (J,( c(Í.c(, ,).u
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)(---'> ,..,-,( .)--'>--'> ,( ,((J(.,))(, ,2 (J.( ..(,Y
(),( ). -,,(),( ), ,).)(---'> --,,.--'>-.),-(J)))1 1)
)(J, -,,(),(. (J.( ,))3.),(J)--H--'>)1( (.)(J.(--'>).,
.)--'>--'> .),(.-) ,(-(.---'> ,(J--(, ), ,)...)--'>)-),---'>
(J.-),,).,-(J))) ))(J) - ,).)(-i--'>)1( (.)(J.(,).,
.)(J. (J.( --'>),, ), -),--'>((J ,(--'>--'>,.HH?H8 - ..),(,, )).
(J(.,(, conjunc tival transdifferentiation. b.),
..),(,, .-, ,(() (J.( ,.,3(,(J ), ))(J(),)-(
))-(,(J)--(J))) ,2 ,(-(.---'> .(,(-.,.(.,. )),--'>.,))-
b.),(J -), 60.)(), et al. .I8eHdfiHI9I[R •). et al.,84 
p-..), et al.,85 -), )..,(--'>-(,.H8fiIy8 ,(,-.,( )(J
,.--(,(J, (J,-(J ,).)(---'> (.)(J.(--'>)., ,-) ,(
.(-()(.-(J(, ,2 - ,))3.),(J)----'> ,)..,(1 j(-(.Y
(J.(--'>(,,. (J.( .(,.--'>(J-)(J ,)...)--'>)-),---'> (J.-),,).
,-(J))) ), 3.,(J ,).)(-H--'>)1(. -), ))(J (J.( -().))(
,).)(---'> ..())(J2Ü(i b.), ))(J))) ), ,...).(J(,
,2 (J.( .(,.--'>(J, ), ..(-))., ))-(,(J)--(J))), ))
,(J.,)(, ), ---'>2,)--'>2(J), ()o2,( -), ---'>2,)-()
,))(J()(J.� )).,---'> (J(),)--'>( ,(J.()-(J..Is 1(.-(J))
..)c--'>(.H (.)(J.(--'>)---'> ..)ó()) ..)c--'>(.IC -), .-.-Y
,(--'>--'>.--'>-. .(.,(-,)--'>)(J21I8 b.(,( ))-(,(J)--(J))),
)),),-(J( (J.-(J (J.( ,)...)--'>)-),---'> (J.-),,).,-Y
(J))) ), -,,),.-)¶(, ,2 )),),.--'>((J( ,))Y
,.(,),---'> ). ..2,))--'>)-),---'> (J.-),,).,-(J)))i
gl)( ,-) (J.., ,.(,.--'>-(J( (J.-(J ,))3.),(J)----'>
(J.-),,)b(.()(J)-(J))) ), -)---'>)-)., (J) (J.(
,n.-,)., ,((J-.--'>-,)- ), ,.,),---'> (.)(J.(--'>)-
.),(. ,2,(J(,), -)(J-,)) i ,(c,)(),2. - ..)Y
,(,, ---'>,) ,.-.-,(J(.),(, ,2 --'>),, ), -),--'>((J ,(--'>--'>,
-s, )),.(-,(, ,(--'>--'>.--'>-. ,(J.-(J)c,-(J)))-(J -) (-.--'>2
,(J--( -), 1(.-(J))),-(J))) -(J - --'>-(J(. ,(J--(1IIfi8s b)
..)-( (J.), ))(J))). .( .--( ..(-)).,--'>2 ,(,))Y
,(J.-(J(, (J.-(J ,))3.),(J)----'> (J.-),,)b(.()(J)-(J)))
), ))(J - .(.,-)()(J. ,(J-,--'>( ..())(J2.), (c..(,Y
,))) )),(J(-,. )(J ,-)O,( ,),.--'>-(J(, ,2 ,.-)-))g 
(J.( --'>),---'> ,...--'>2 ), -)(J-,)) i .)(J. ). .)(J.).(J
)),.,))- ,).)(---'> --,,.--'>-.),-(J)))1Iyy b.(
.(,.--'>(J, ), (J.(,( (c.(.),()(J, -.( ,.,,-.),(,
)) 60)-..( d1

i--'>--'> (J.( -,)-( ))-(,(J)--(J))),I8fiHdoHfy )) (J.(
,(J.,2 ), ,))3.),(J)----'> (J.-)ë,),,(.()(J)-(J))).
.).(-(.. ,), ))(J ..--'>( ).(J (J.( .),,),)--'>)(J2 (J.-(J
(J.( ))O(J)---'> ,.(,),---'> ,(,.)c(,()(J .)(J. su.(.Y
(J-))W8K )),.(-(J))-(J.( (c.(.),()(J---'> ,)c(--'> .-,
))(J .(,)-(, (J.( ()(J).( --'>),,---'> (.)(J.(--'>).,.)).
.-, (J.(2 (c,--'>.,(, (J.( --'>)1(--'>).)), (J.-(J --'>),,---'>
). ,))3.),(J)----'> (.)(J.(--'>., ,)-.(J ,))(J-)) .0-
(J.-(J .--( - ,).)(J()(J ,-.-,)(J2 ,). ,)(J. ,l.n(---'>
-), ,))3.),(J)----'> (.)(J.(--'>)---'> ,),,(.()(J)-(J)l)1
60). (J.( ,).,(. .),,),)--'>)(J2. )),),.--'>((J(
.(,)----'> ), --'>),,---'> (.)(J.(--'>)., ,-) .(,.--'>(J )) -
,)c(, (c..(,,))) )) ,)(J. ,).)(---'> -)c ,))H

3.),(J)----'> --'>))(--(, )) (J.( ,().,(, ,).)(---'> ,..Y
,-,(. ..),. ,(.(J-))--'>2 ,-) ¢c.--'>-)) (J.(
-,).(,()(J)))(, )),),.--'>((J( ô.-),,).,-(J)))
-), ,),.--'>-,)--'>)(J2 ,2 --'>),---'> -)(J-,)) i --'>(-(,,1

1) ,))(J.-,(J. ), ,).)(---'> --,,.--'>-.),-(J))) ),
..(,()(J ,..))- (J.( .(---'>))- .(.)),HHcH8P8R ).
))(J.),.,(, -,(J(..-.,,.IKoIIeI8 (J,( ..),(,, ),
,))3.),(J)----'> (J.-),,)fh(.()(J)-(J))) ), ()(J.(.
)).),)(J(,HHfiH8eIK ). .(-(.,(,.IIeI8 -, (-),(),(, ,2
(J.( .(.,),(J(),( ), -),--'>((J ,(--'>--'>, )) (J,( ,).)(---'>
,..,-,(1 gl)( ,-2 (J.., ,)),--'>.,( (J.-(J (J.( .(,.--'>Y
(J-)(J (.)(J.(--'>)---'> ..())(J2.( ,-) ,( ,((J(.,))(,
,2 (J.( --,,.--'>-. ,(J-(J., ), (J,( ,).)(- a---'>,) ,((
60)-i dto d-,(, )) ).. .(,()(J c),))- (J.-(J (J.(
)),),(),( ), ,).)(---'> --,,.--'>-.),-(J))) )),.(-,(,
,)-))c,-)(J--'>2 ,).( )) (J.( ,).)(-, .)(J.).(J --'>),Y
,---'> (.)(J.(--'>)., (J.-) (J.(). ,))(J.)--'>, a(J.( c.,(J
(J2.( ), -,)).,---'> .).), .(---'>))- ,.).) ))
60)-1 p -n, m(,(.(),( Tpt. ))( ,-2 .)),(. ),
(J.( ),,...(),( ), ,).)(---'> )()--,,.--'>-.),-(J)))
)) (J.( --'>-(J(J(. .(---'>))- ..),(,, ), (J.( ,(,(,(J)-(
,))3.),(J)----'> (J.-),,),,(.()(J)-(J))) ,),(--'> ), ,.(
(J) (J.( ,),.--'>((J( .(,)----'> ), --'>),,---'> .r1 c(
.--( .(-)(.(, ).. .-,(J (c.(.)(),( )) (J.),
,),(--'> .,))- (J.( )H.(.(J-))--'> ,.(,),---'> ,(,.),(Y
,()(JX8oIIfi8 -), ,).), (J.-(J (J,( ),,...(),( ),
(J,(,( (J.) ,).)(---'> (J2.(, .-, .-..-o-.,.
.)..(,),(J-,--'>(. -), .),,),--'>2 .(--'>-(J(, (J) (J.(
,(-(.)(J2 ), ))3..21 b.( )-(.H---'>--'> )),),(),( ),
,).)(---'> --,,.--'>-.),-(J))) .-, )) (J.( .-)-( ),
pRSdp .(. ,()(J1 .)),( (J.( ,),(--'> ), ,.(-(J(, ,2
,.(,),---'> ,(,.),(,()(J (J) .(,)-( (.)(J.(--'>).,.
.( ,.(,.--'>-(J(, (J.-(J (J.( ,),,(.(),( )) (J.( -,)-(
(J.) (J2.(, ), .(---'>))- ,)-.(J .(..(,()(J (J.(
(c(J()(J ), .(,)----'> ), --'>),,---'> .r190 bl (c-,))(
(J.), .2.l(J.(,),. - (J)(J---'> ), ^p .-,,)(J (2(, .--(
.(,()-(, - surgical .))- .(,)----'> ), --'>),,., ))
-,,)(J))) (J) (J.( -,)-(H,()(J)))(, ,.(,),---'>
,(,.),(,()(J .( ,).), (J.-(J ,).)(---'> )()Y
--,,.--'>-.),-(J))) .-, ..(,()(J -), .(.,),(J()(J ))
be (2(, amT .(. ,()(J7 a.)..,--'>),.(, ),,(.
--(J))), -), ---'>,) ,(( .(,(J))) c1v171

b) ,-(J(. .( ,-) (J()(J-(J)-(--'>2 ,.,,-.),( (J.-(J
,))3.),(J)----'> (J.-),,),,(.()(J)-(J)l) ,-2 .(,.--'>(J
,.), )),),.--'>((J( .(,)----'> ), --'>),�---'> .r1 b.(
.(,.--'>(J-)(J (.)(J.(--'>)., ,-)),(,(J, ,)(J. ,).)(---'>
-), ,))3.),(J)----'> ,,-.-,(J(.),(J),, -), ), ,.--'>--'>2
,),.--'>-,--'>( ,2 ,).)(---'> --,,.--'>-.),-(J)))1 q).Y
(-(.. ,),.--'>((J( .(,)----'> ), --'>),,---'> .0- .(,.--'>(J, ))
(J.( ,(,(,(J ), �))3.s,(J)----'> (J.-),�),,(.()(J)-(J)))
)) ..),. ,))3.),(J)----'>),-(J))) ), (J¯( ,).)(- ),
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Fig. 3. S:aaH;¨° 4a° 4h0°fyI4if0I3I°0x�4H3232z° ff0°a4g:4H432C°a06-fH23Ia° 4r°6-42j:26-43IH4°4;H2I6-abb0;024aH4a42f°
]f0° I;46-0II°4a° f;H2Id3aa0;0243Hi342° 3I°ff4:Cff°10 ;0I:4i°s;4a°;04Hf3I0° 446-H4° I34Ha32°A° 6-0s6-a026-U,° Ti3a63°}HI°l002°
¢0I40g° 0xI0;3a02fH44�° l�° 034f0;° 0xHai23nC° 242-IHI6-:4H;3I0g° 6-4;20HID"° 4;° l�° 326-:6-32C° Ia4Ha32° A° 6-0s6a026-U° a2°
�'HI6-:4H;3I0g°420If°,"°O2° ff0° 44f0;° ~H2g�° ff0° ;0I0;IH4° 4f'f;H2Ig3ta0;0243Hf342° 466-:;I°HI° H° ;0I:44°4b° a26;0HI06-°446H4°
P'��Ha32°A 40I04°f4°4�0°6-4;20HI,° 0iif0;°m�°HII4�32C°f4I36-H4°;04324igI°44°242-IHI6-:4H;aI06-°64l0HI8@,88°4;°lU°0xHaa2a2C°
IHI6-:4H;3I0g°420If '"° (c34f°I0;a3II342°u�4a°l2I0I4°OIffhH4a44°b3I°S6-3�° Reference TTO)°

ln-1,l1LS9 ,,(,(145 5)-(5b(, w8-5b -1,8.S1,8-1
,15l)14H

�eeo Clinical Implications: 
H,)14)81,,9i 5,( 8)143.1485)-1, 5,114,,8-,,(,(1458-11
5))14 ,(,(8(J ), 8)143.1485)-1,),15))14 ), 8),14(1
,(,8,8-,(, 1,)-( 8114 ,( ,).14, 8-14 ,(-(,1,
)8.,1, ,.,,18( ,),),,(,, I-1,,( re7o -b), 0-1,
-(14(,1(J(, L- .,)14- ),,,(,,))14 8-(J),)-98I )14
8),14(1, ,.,,18( )14 1 ,.,-(- ), 8,l148-81,

,158-(145,ogC n8-,5),15b),)-)81,,-i 5b(,( ,),(1,(,
1,( 1,, ,(15ö,(, L9 5b( )-(,-,)0-(J, ), )14-1,))14
), 8)143.14858--1, (,)5,(,).,i 188),,114)(, ,-
14()-1,8.,1,8-,158-)14f ,8-,,.,5))14 ), ,1,(,(14(J
,(,L,114(i 114, )14n1,,1(J),- 8(,, )14§,(J,1(J(,1
e,,,(,,8-)n 895),)-9 ,(,)14,(J,1(J(, (J,1(J 1,,
b1-( -),,(5 8(,,, 114, 8)143.1485)-1, (,)(J,(,)1,
8(,,, )14 5,( )14-),-(, 8),14(1, ,.,,18(18C 114 (J,(
81,( ), ,(J(,--)., 114, ,),( 81,(, ), .(J(-(14,1
),14,)14 ,914,,),(. 1 ,,),)14(14(J 5,,).,
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Table II L6:4-27°2:7f260°6-62576-072°6327264-076206-°Vf°4-30°2V20260° f2I4-2262h°5f°4-6:V24-°24-0:°604-4-2°

i.� i;F;IfANFU:� ?CfFrIfN� (bfINA;FNI)�
K;FNAfAfH�NHHffFfNA;I�nfAL� PMIAfNI;� ;CIffFFfC;�I;fiFf;CFU� (bfINA;FNI)�

2f� AF�MfF;I f�
(N)� lfffMH;:� aA;d;CH-JffLCHffC� HUCIFffP;� (bfINA;FNI)�

pL;PfFNI� rCjMFf;H� (MCfINA;FNI/bfINA;FNI)�
pffCANFA� I;CH-fCIMF;I� k;FNAffNNALU� (MCfINA;FNI/bfINA;FNI)�

(b)� mffFNI:� yA;FURrMP�

lL;�ANbI;�fH�R;C;FNA;I�fFffP�AL;�HMFd;U�fff�FIfCfFNI�NNAf;CAH�MHrCR�rPNF;HHfffC�FUAffIffRU.94�lL;�NbH;nF;�ffF�NNINHfN�fff�
IfPbNI�HA;P�F;IIH�fH�I;A;FPrC;I�bU�AL;�;xrHA;CF;�fff�ffFffCjMCF�fdNI�RffbI;A�F;IIH�ffC�AL;�FffFC;NI�HMFfNF;�(MCNMbIfHL;I�
INAN ,� NIHff�H;;�A;xA) .�

-)S,)0-(J, -, ,,,) ,,(,()(J. ..,, (J-,,.( ,,(J(,,1
(J-)), ,,( (J,( ,,,-, ), ,),,,),-,(, ,),)(,,
,.),(J-)), ,), ,,( ,)),-,(J()(J 0--(J, (J,( (1,(,-1
,.)(J,, ,,(J,. ],(J-()(J, .,.,,,- ,.,,(, ,,),
,(,.,,()(J (,),-)) ,), ,(,,(,,(, --,-)) ,, ,
,(,.,(J ), -,,(S.l,, ),(J-,,, ,.,,,,(. 0-(,1 (J(),-,(
,(J,()S(J,fI! ,(,,(,,(, S,-,)S() ,))(J()îfId ,),
-),)l,((J()(J ,,,,-(, ,.),(J-)).I8 1) ,,(,-,,,
-)a.,-(, ,), ,),( ,,,(, ), .(J(-(),l),),))
,9),,),(. (J,( ,))a.),(J--,, (J,,),,-f,(,()(J-,1
(J-)Î ,(,(,(J ,(-(,),, ,.( (J) (J,( ,(,(J,.,(J-)) ),
,),)(,, ,), ,-,,,, (,-(J,(,-,. , ,-(J.,(J-))
,-,-,,, (J) (J,( ,,)-( (1,(,-,()(J,, ,),(,. 1)
(J,. (-,,.,(J-)) ), (J,( ,,-)-,,, ,e-(,-(J- ),
,,(,-,,, -)a.,-(,. -(J -, ))(J(0-),(J,- (J,,e ,),1
)(,, (,-(J,(,-,, ,(,(,(J ,), ,-,,,, -,,,,(l-,.
-),-,,(J--( ), (J,( (1(J()(J ), ,-,,,, ,(,(J,.,(J-)).
,,� (J,( (J0-) -,,),(J,)(J ,,)-)),(J-, ,,,(J),, .,(,
,- V.S,(, -) ,-, S,,,-)- ), ,e-)-,-e ,(n(r-SO-
,), ,,)S)),-,.8pB8c 1) ,)-l-h--. (J,(l( ,--,e ,( ,
,(¨,-(),- )) (J,( ,(-(,),,()SO ), ,--)SO(),),(
), ,-,,,, .H (J,,(J -, -,,),-,(J(, 0--(J, (J,(
,,,(),( ), -,-, ,)h ,,)),,,,)(J- ,).), -) (J,(
,)S,(C8du<o-(, -,( ,))SO-,SO ,(),i-),.,(, 1(,,1
(J),,(J,- 0--(J, ,))j.),SO-n-, SO,,),,-f,(,()(J-,(J-))
,(,(,(J -, , ,,re ),,.ll(),( ,),,,,(, (J) )(J,(,
(J-5(, ), ),.S,, ,),,,-,,(J-)),. -,( ,,,(J (J,,(J -(J
-, ,,,),-,(J(, 0--(J, ,),(J ,(), ,.--(,(J, (J,,(J ,-,,,,
. Ë-S,(J ,,(,(,()SO-,,,- ,( ,,,,-(h ,2 ,.,,
-),.,(J, ,, ,-,)1-,. ,(,,,)-,,, -,,-(J,(J-)),. ),
(J)1-,-(J- ,,), ,(), ,,,( ,),÷(J-)). -,( ,,)-(
,-,(,,(,,,- ,,¾ ,(,,(,e)e e,( ,,,(),( ), ,(51
,-.),- ), ,-,,,, .H -) , h-,,.,( ), ,),,, ,,)1
).,o -,(-, ),,.,,(),( ,,- ,( ,(,(,-(J,,- ),
,,f.-,(, ,), �,) ,( .)-,,(J(,,l ), ,-,,ï(,,l
I-��»�É7D

gl)( ,,).,, ,,,) ,(,)-)-,( (J,,(J , ,(5,-(),-
), ,-,,,, .H ,,- ))(J ,( ,-,-(J(, (J) SO,),( ,-,(J(,
-) -,,,( 11. 60), (1,,,,(. ,,(J(,,SO-)) ), (J,(
,-,,)()--,)),()(J 0--(J, ,(,,(,(J (J) SO,( ,(,,l,(,,

,),s), ,(,,l,,(J,-1 -)(J(,,,(J-)), ,,) ,(,.,(J -) ,)
,,(J(,(, ,(S.,,(J),- ,(,,,)-,, ), ,-,,,e .H
,.),(J-)) ,(,,-)S (J) ,,)),,,, (,-(J,(,-,, ,,(1
))(J-,(,. 1(J -, (J,(,(,),( ,)),(--,,,( (J,,(J (J,(
,(,,-,(J()(J (,-(J,(,-,, ,(,(,(J ,(,)),,,- (J) )(.1
,)(J,),,-, 1(,,(J),,(J,- ,,- ,( ))( ,.,,
(1,,,e( ), ,-,),.),(J-)) ), ,-,,,, .l. H))1
a.),(J--,, ), ,),)(,, -)(J,,(,-(J,(,-,, )(),,,,-,
,,- ,(,,(,()(J (J,( ,-,5,,,-, ), ,-,,,, .l.

c111. Therapeutic Applications: 

d,,(, )) SO,( ,,)-( ,)),(,(J. ,(-(,,, e,(,,1
,(.(J-, ,,,,-,,(J-)), ,,) ,( ).(J,-)(,. 60), (J,),(
,,-)-,,, ,-,),h(,, ,.-,,,(J(,-,(, ,- ,(5,-(),-
), ,-,),.),(J-)) ), e-,,-e .H. ,),.,,(J-)), ),
(J,( ,-,,)()n-,)),()(J ,- ,,,)S-)- (J,( -),),1
.,,( ,.,,(J,,(J( ,,,(J),, ), (J,( ,(J-,.,,(J),- ,),
-),-,-(J),- ,),.,,( ,,,(J),, (J) ,-,,,, .H. l,-
,)),(--,,,- (1,,), (J,( . ,),.,,(J-))o
60.,(J,(, ,,,,-5,,(J-)) ), -EH ,- ,,,,),,-,(J(
,-(J)S()-, ,,,(J),, ,,) (J,() -),,(,,( (J,( )-(,,,,
,,),-,(,,(J--( ,),,,,(J,()(Jo E,,,),,-,(J(
,(J-l.,,(J-)) (J) -),.,( ),,(,,- ,(,,.,,, ,-,1
£(,()(J-,(J-)) ,,) (),�),( (J-,,.( ,,(J.,,(J-))
,), ,.),(J-)),, ,(,(J),,(J-)). -) ,,(J(t ,(-(,,,
-,)0-(J, ,,,(J),, -),,.,-)- (,-,(,,,, S,)0-(J,
,,,(J), Ikel7OuO;Ou_ ,), 5,,))(,(J-)½ypuOdI ,,-(
,(() .,., (J) (J,.,(J/ (1,(,-,()(J,,,- ,),
,,-)-,,,,-t ,(,,-,(J()(J ,),)(,, (,-(J,(,-,,
,(,(,(J,o -,(,( -)-(,(J--,(J-)), ,(,,(,()(J
°,,),(J,)(J (J,-,,, ), ,(J-,.,,(J-)) ), 0-).), ,(,,1
-)S ,), ,(,, ,e(J,,,,()(J ,- ,-(J)-(),.

60)l (J,),( ),.,,, ,.,,,,( ,-,),,(,, ,,,,,,1
(J(,-,(h �- e,( ,,,(),( ), ,,,,,-, ), ,-,,,, .H.
Ý(,e,,(,()(J), (JÞ,),,,�)(J,SO-)) ), |H ,((,, (JÑ
,� e¬( ,)ª-�� ,Ò¼øð-Ó) ,Ô, ocular Eå.ß¤-��
,(,)),(J,.,(J-)).-,-, -, ,,,(J-,.,,,,- ,(,,-,,( ,),
(J,),( ,-,(,,(, 0-,-,, ,,-( .)-,,(J(,,, -)-),-(1
,()(J I-,,,( 117. c,() (J,( ,-,,., -, ,),,,,-
-)-)e-(, -) )Ï( (-(. ,) ,.(J)S,,,(J ,,) ,(
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Fig. 4. K630:24-i6°6-72Tii2C2°235Tii2C°4-30°4-54-24-°70:5T24-°5b°65rn024-°226-°4-i:V24-°0Ii4-304-i2°f:II07°I2204-,° 2326-06-°2702h°
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similar fashion to that described in an experi
mental rabbit model (Fig. 4) together with 
superficial keratectomy has facilitated recov
ery of the smoothness and clarity of the cornea 
(Fig.6F). 

In summary, more therapeutic implications 
can be drawn, if more knowledge of the regu
latory mechanisms of .H can be obtained. 
This will not only enhance our understanding 
of the pathogenesis of various clinical diseases 
featured by abnormal corneal epithelial 
wound healing, but also our therapeutic arma
mentarium in managing these difficult 
conditions. 
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