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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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,).(,Ċ ,,)Ċ,,)(J(,(JĊ .0-Ċ ,,).ĊlcĊ ,,.,-(1Ċ
E)Ċ,),,)-)-,Ċ,)(J-,(J)))Ċ,,)Ċ,,,)Ċ,(Ċ ,)-),Ċ
))Ċ.0-Ċ),Ċ,),)(,,Ċ ,)(J,(,)-.Ċ,(JĊ (J,(Ċ,).,-,Ċ
I,((Ċ.(,(J)))Ċ1c7.Ċ.,(,(Ċ.(,,)),).(,Ċ,,(Ċ
,,,)Ċ,,(,(,()(J),,,-Ċ,),(J,),-(J(,.Ċ,,,(J),-,,,,-Ċ
))Ċ,(),,(Ċ.)(J,Ċ,,,1Ċ,1))1Ċ

b.Ċ Special Regulation: u)Ċ(J,(Ċ,(J(,,-Ċ,(J,(J(.Ċ.0-Ċ
,,(Ċ,))-H,)-(,Ċ,),Ċ,,(Ċ,,,(Ċ(J)Ċ,,,,),(Ċ(J.)Ċ
,))n),(J))-Ċ ,(.,),,­Ċ I,7Ċ (J)Ċ )),,(,,(Ċ (J,(Ċ
)-.,(,Ċ),Ċ,(,,((J(,Ċ.0-.Ċ,),ĊI,7Ċ(J)Ċ)),,(,,(Ċ
(J,(Ċ ,,(J(Ċ ),Ċ ,),,(,()(J),(J)))Ċ ,,).Ċ (J,(Ċ
,(,,((J(,Ċ.l1Ċ-,(Ċ5,,(JĊ,(.,),Ċ),Ċ,),Ċ,(,,1
,()(.,,eĊ(J,(Ċ,(,)),Ċ),Ċ,),Ċ,).,(),,(J)))Ċ),Ċ
,(,,Ċ,),,Ċ,(JĊ(J,(Ċ,).(,Ċ,)(,,,,,-Ċ),Ċ(J,(Ċ(J),,-(1Ċ
V).(-(,.Ċ -),(,Ċ ,)),)(J))),Ċ ),Ċ (J),,-(Ċ
,(-()(,,(J))).Ċ(J,),Ċ,,--'>,),(Ċ.),,Ċ,(Ċ,),5,-,(JĊ
(J)Ċ.¡((J1Ċ.0-Ċ,),-,,(J)))Ċ.),,Ċ,(Ċ,(,,((J(,Ċ),Ċ
,),5,-,(JĊ(J)Ċ,(Ċ,(,)-(,(,Ċ,-(Ċ(J)Ċ(J,(Ċ)((,Ċ,),Ċ
,(,,ú--'>,,Ċ ,),,(,()(J),(J)))1Ċ -)Ċ (),-,(Ċ .0-s,Ċ
,))-H,),(Ċ ,),Ċ ,).,(),,(J),-Ċ ,(,,)),(Ċ (J)Ċ
(J),,-(Ċ ,(.,),,.Ċ ,Ċ ,(--'>),,(J(Ċ ,(----'>,(J),-Ċ
.(,,,)),.Ċ .-,(JĊ ,(Ċ ),(,,(J))-1Ċ 1)Ċ (J,(Ċ
(1Ú,),,(J)))Ċ ),Ċ ,(--,,(J),-Ċ .(,,,)),.,.Ċ
-,(,(JĊ ,-,,(,,Ċ ,,,Ċ ,(()Ċ ,,,)(-(,Ċ ))Ċ (J,(Ċ
,(.),))((J),Ċ ,-,(J(.Ċ ).))-Ċ (J)Ċ (J,(Ċ (J.)Ċ
.,3),Ċ ,,(,1(J,,)--,,Ċ ))Ċ ,,,,-))-Ċ .0-­Ċ in 
vitro -,))-Ċ,-,,Ċ,---'>(J-,(liĊ,),Ċin vivo -,))-Ċ
,,,(()Ċ ,)--'>))-i,),.))-Ċ -,).(J,1l8Ċ EĊ ,(,)(,Ċ
),Ċ ))-(,(J)-,(J))),Ċ ))(J)Ċ (J,(Ċ ,(.),))((J),Ċ
,-,(J(.Ċ ,,-(Ċ ,,)-),(,Ċ (-),(),(Ċ (J,,(JĊ (J,(Ċ
,(--,,(J)))Ċ),Ċ),(,,(J))-Ċ))Ċ(J,(Ċ,),,,Ċ.),,)1
()-),)).()(JĊ))Ċ(J,(Ċ,))(Ċ.,,,)..Ċ))Ċ.,),,Ċ

,,),(Ji,,)-(Ċ,,(J))),Ċ,,(Ċ(J,1))-Ċ,,,,(Ċ,(JĊ,(,,1
.,(J,)1Ċ ,),Ċ ,(,,H,(,--'>Ċ ,(-(,,1ĊKQKRĊ 1)Ċ (J,),Ċ
.),,)()-),)).()(J.Ċ ,-,,(J,,(J(Ċ )ãĊ ,(J(J,,h1
,()(JĊ ,,,(J),,Ċ ,,(Ċ ,,,(Ċ (J)Ċ ,b(,(JĊ (J,(Ċ .0-Ċ
,(,,-))-,,1Ċ 1)Ċ,,,)(J))).Ċ,(.),))((J),Ċ .0-Ċ
,,(Ċ ,,,(,(J(,Ċ ,-Ċ ,)(J,Ċ ,(J).---'>,(J),-Ċ ,),Ċ
)),),)(J),-Ċ,),-,,(Ċ,,,(J),,ĊI,ă(J)1))(,7Ċ,,).Ċ
)(J,(,Ċ ,(,,,Ċ ,(JĊ (J,(Ċ )),.,,Ċ ,(J(,,-Ċ ,(J,(J(Ċ ),Ċ
,(-()(,,(J))-Ċ ,(J,(J(.Ċ ,(,,(,(J)-(,-1ĊKIoKe1Ċ 60),Ċ
(,)(J,(,),,Ċ (J),,-(,.Ċ )(JĊ ),Ċ ))(JĊ ,,(,,Ċ ,).Ċ (J,(Ċ
,(--,,(J),-Ċ,(,,,)),,,Ċ,,(Ċ),(,,(J))-Ċ,-(Ċ
(J)Ċ(J,(Ċ,,,1Ċ),Ċ,)Ċ,,,,),,),(J(Ċ,,,,-Ċ,),Ċ.0-Ċ
,,)),,Ċ-,).(J,1Ċc),(Ċ-),(,,(J,),8-)-Ċ),Ċ(J,(Ċ
,(--,,(J),-Ċ ,(,,,)),,,Ċ .),,Ċ ,,,).Ċ -,Ċ (J)Ċ
(J,1(Ċ ,,-,)(J,-(Ċ ),Ċ (J,),Ċ .),(JĊ ,).(,,-,Ċ
,)-,,(Ċ ),Ċ .0-Ċ ))Ċ ()(J,(,Ċ ,(,,=(1,,),)))Ċ (J)Ċ
.,))(J,))Ċ (J,(Ċ .0-Ċ,),-,,(J))).Ċ),Ċ ))Ċ (J),,-(Ċ
,(-()(,,(J)))Ċ ,-Ċ ,(J).-,,(J))-Ċ ,,,,),,),(J(Ċ
,(,,-,,,Ċ,)b(,()(J),(J)))1Ċ

111Ċ Identification of Stem Cells: 

-)Ċ ,,(J(.Ċ ,,,Ċ .((J,),,Ċ ,),Ċ ),()(J),-))-Ċ .0-Ċ ))Ċ
-,,))-,Ċ (J),,-(,Ċ ,,(Ċ )),),(,(J1Ċ S),(,(JĊ .,,1(,,Ċ
,),Ċ .0-Ċ ,,-(Ċ ))(JĊ ,(()Ċ (,(J,,,),,(,1Ċ 1)Ċ (J,(Ċ
,(.),))((J),Ċ ,-,(J(..Ċ .0-Ċ ,,(Ċ ),,(,-(�Ċ ,-Ċ
.(,),Ċ ),Ċ (J,(),Ċ ,(,-,(J,)(JĊ ,))-,(H,(,,Ċ ,,)),,Ċ
-,).(J,Ċ ))Ċ()(J,(,Ċ in vitro ,-,,Ċ,-,(J-,(!iĊ ),Ċ in  
vivo ,,,(()1!8Ċa-()Ċ))Ċ,-,,Ċ.),(,,Ċ(J,,(JĊ,,(Ċ,)Ċ
,,,Ċ,(,(JĊ(,(J,,,),,(,.Ċ))(Ċ,(J)--'>,Ċ ,,)))(JĊ,)),)))(JĊ
.,),,Ċ,(,,Ċ),Ċ,,(J-,,,-Ċ.0-Ċ,),Ċ.,),,Ċ),Ċ))(J1Ċ1)Ċ
(,),(,.),.Ċ)(JĊ),Ċ.(--'>,Ċ1)).)Ċ(J,,(JĊ))(JĊ,,,Ċ,,,,,Ċ
,(,,,Ċ,,(Ċ.l1Ċ-,(Ċ,((J(,)-()()(J-Ċ),Ċ(,),(,.,,Ċ
,,,,--'>Ċ ,(,,,Ċ ,,-(Ċ ,(()Ċ ,(.)),(J,,(J(,Ċ ))Ċ (J,(),Ċ
hVeĊ(J,-.),))(Ċ,,,(,,))-.IcIcKiuRdĊae60Ċ,(,(,(J),Ċ
,),(J,),-(J))).RlĊ ,),Ċ,(,,)),)-()(,,Ċ (J)Ċ(J-.)-,Ċ
,,).)(J(,,1KicRKoRIĊE,Ċ,Ċ.,(J(J(,Ċ),Ċ,,,(J.Ċ(J,(Ċ-,(Ċ),Ċ
,(,(J)))))-Ċ,,,,,,(,Ċ(J)Ċ(J,(Ċ,1))Ċ,-,,,,(Ċ,,,Ċ,(,Ċ
(J)Ċ (J,(Ċ ,),,)-(,-Ċ (J,,(JĊ (J,(Ċ (,),(,.),Ċ ,,)Ċ ,(Ċ
,(-,,,(,Ċ ,,Ċ ,())-Ċ ,)),(J)(J-(J(,Ċ ),Ċ ,,3,,()(JĊ
-))(J,Ċ ),Ċ ,(--'>,,Ċ ,,--'>--'>(,Ċ (,),(,.,,Ċ ,,)--'>),(,,(J)-(Ċ
-))(J,ĊIa]l71ĊRCuRiĊ-,(Ċa]lĊ),Ċ.,,(Ċ-,Ċ),ĊIuIyĊ
,,-(,,Ċ),Ċ,(--'>,,.Ċ,-(JĊ)),-Ċ,,,,--'>Ċ,(--'>--'>,Ċ,,)--'>),(,,(J(1Ċ
E.))-Ċ,,--'>Ċ(J,(ĊIuIIĊ,,,,,Ċ,(,,,Ċ))Ċ))(Ċj]l.Ċ
(J,(Ċ,()(J,,,Ċ))(Ċ),Ċ,,(,-.(,Ċ(J)Ċ,(Ċ.0-.Ċ.,),,Ċ
,,)Ċ,(Ċ),()(J)5(,Ċ,-Ċ,,),))-(,ĊhVeĊ(J,-.),))(Ċ
,,,(,,))-1R8tIûĊa]lĊ,(J,-,(J-,(,Ċ,,(Ċ,)-),Ċ))Ċ(J,(Ċ
,1))Ċ),Ċ,--'>,Ċ.,..,,),)Ċ,,(,)(,Ċ,)Ċ,,,Ċ,(J-,)(,IlĊ
,),Ċ,(,()(J--'>-Ċ.(,(Ċ,,,)Ċ))(J(,Ċ))Ċ.)-,(Ċ,--'>,,,(,Ċ
(,)(J,(,)-.1IKĊ 1)Ċ (J,(Ċ ,,(,),,),(,Ċ(,),(,.),Ċ),Ċ
.))1(-Ċ ,,,..Ċ •,-1(,Ċ ,),Ċ .-)Ċ ,-,(J,(,Ċ
,(,)),(J,,(J(,Ċ(J,,(JĊ.0-Ċ.)-,(JĊ,(Ċ--'>),,(J(,Ċ))Ċ(J,(Ċ
,,,,,Ċ ,,-(,Ċ ),Ċ (J,(Ċ )))H,(,,,(J(,.Ċ ,((,Ċ ,((J(Ċ
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,),-(,ĊI,(,,,,Ċ,,,),,,(7.Ċ,,(J,(,Ċ(J,,)Ċ))Ċ(J,,(JĊ),Ċ
(J,(Ċ,(,,,(J(,.Ċ,,,,,).Ċ))(,.87ÇeĊ-,),Ċ,)),,-,)))Ċ
.,,Ċ,,,(,Ċ))Ċ,,).))-Ċ,(-))),,Ċ,)f,(,(),(,Ċ8-)Ċ
(J,(ĊrVeĊ(J,-,),))(Ċ,,,(,,))-Ċ,,Ċ.(,,Ċ,,Ċ))Ċ(J,(Ċ
,,(,)5,Ċ1(,,(J))Ċ(1,,(,,)))Ċ))Ċ(J,(Ċ,-,,,Ċ,,,,,Ċ
,,-(,,f8caleĊ

1cĊ Evidence of Limbal Location of Corneal 

Epithelial Stem Cells: 
E,))-Ċ ,,,Ċ (,)(J,(,),.Ċ ,),)(,,Ċ (,)(J,(,)-,Ċ ),Ċ
-))f-(fĊ 1(JĊ ),Ċ ,Ċ ,(J,,(J)5(,Ċ,),Ċ,)-,,-Ċ,),,(,()1
(J),(J(,Ċ(,)(J,(,)-,.Ċg)1(Ċ,1))Ċ(,),(,,),.Ċ,Ċ,)-,Ċ
,(),)(J-Ċ ),Ċ ,(,,),),(,Ċ ,((J.(()Ċ ,(,,,Ċ ,,(Ċ
))(J(,eIRĊ ,-(JĊ -),)1(Ċ (,),(,,),.Ċ ,),)(,,Ċ (,)1
(J,(,)-,Ċ ),Ċ))(JĊ 1(,,(J8-)),(,Ċ-),(,Ċ )),,,,Ċ,),1
,-,,(J,),(,f IIĊ-,),Ċ,)-,,-Ċ),-,)),(,Ċ,(J,-,(J-,(Ċ
),Ċ ,,),,,)--'>-Ċ ,(,,)),),,(Ċ ,),Ċ (J,(Ċ ,)),Ċ ,,,,1
,(,,-,,,Ċ,(,,(,,),)(J-Ċ(J)Ċ)))H)))),Ċ,),-(J(,Ċ,),Ċ
.,(J(,.ICĊ,),Ċ,,,-,Ċ,)Ċ),,),(J,)(JĊ,),(Ċ))Ċ,,))1
(J,))))-Ċ(J,(Ċ,,))(J,)(,,Ċ),Ċ(J,(Ċ),(J),,,Ċ,-,,,,(Ċ
,,Ċ.(,,Ċ,,Ċ(J,(Ċ,((J(,-(,,()(JĊ,(J,(J(Ċ),Ċ(J,(Ċ,),)(,,Ċ
,(J,),,.IIĊ1(JĊ,,,Ċ,))-Ċ,(()Ċ,(,)-)),(,Ċ(J,,(JĊ(J,(Ċ
,),)(,,Ċ (,)(J,(,)-,Ċ ),Ċ ,Ċ ,,,),Ċ ,(,,H,()(.))-Ċ
(J),,-(Ċ-),(,Ċ)),,,,Ċ ,(J(,,-Ċ ,(J,(J(Ċ ,)),)(J))),.Ċ
60),Ċ (1,,,--'>(.Ċ ,,,))Ċ,,,(,,Ċ )),),,),,(J(,Ċ ))(J)Ċ
(J,(Ċ,,,,,Ċ,(,,Ċ,,-(,,Ċ,,(Ċ,((ÐĊ))Ċ(J,(Ċ(J,(Ċ,-,(,1
5,),,Ċ ,(,--'>Ċ ,,-(,Ċ ,),Ċ ,),,,,(,,Ċ .)(J,))Ċ bĊ (J)Ċ TĊ
,,-,.IeĊ 1)Ċ (J,(Ċ (-()(JĊ ),Ċ ,()(J,,,Ċ ,),)(,--'>Ċ (,)1
(J,(,),,Ċ,(,(,(J,Ċ),Ċ-,,))-,Ċ,)o(,Ċ))Ċ,,,,)(J,.Ċ (J,(Ċ
,)-,,(J),-Ċ,(,,8-)-Ċ,,(J(,Ċ,,-(Ċ,(()Ċ,(,,-,(,Ċ
))Ċ(J,(Ċ,,)-(Ċ),Ċl1TmĊ(J)ĊI1bTĊ,,Kl,,Ċin vivo, I&-CdĊ
,),Ċ l1filĊ,,Kl,,Ċ in vitroY 1(JĊ ,,,Ċ ,(()Ċ ,Ċ
-()(,,--'>Ċ,)),(,(J)))Ċ(J,,(JĊ(J,(Ċ,,,,,Ċ,(,,,Ċ),Ċ(J,(Ċ
,),)(,,Ċ (,)(J,(,)-,Ċ ,,(Ċ (J,(Ċ .,),),(,,(J)-(Ċ
,)-,,(.Ċ,,,(,Ċ))Ċ,(J-,)(,Ċ-,))-ĊrVeĊ(J,-,),))(Ċ
,,,(,,))-CKĊ ,),Ċ ),,(,-,(J))),Ċ (J,,(JĊ (J,(Ċ ,()(J,,,Ċ
,(,(,(J,Ċ,,(Ċ,(,,(,Ċ,-Ċ (J,(Ċ,)-,,(J)))Ċ),Ċ,,3,1
,()(JĊ,(,--'>,tĊCR>CIĊE,Ċ.),,Ċ,(Ċ,(,,,),(cĊ,(,)..Ċ(-)1
,(),(Ċ,,,Ċ)).Ċ,(()Ċ-,(J,(,(,Ċ(J,,(JĊ.0-Ċ),Ċ(J,(Ċ
,),)(,,Ċ(.)(J,(,)-,Ċ,,(Ċ ,),,(J(,Ċ,(JĊ (J,(Ċ--'>),,,,Ċ
,(-)))tĊ -,),Ċ )(.Ċ,)),(,(JĊ),Ċ(,,()(J),--'>Ċ (J)Ċ).,Ċ
-),(,,(J,)c))-Ċ ),Ċ (J,(Ċ ,(,,,)),.,Ċ ,-Ċ w,),,Ċ
,),)(,,Ċ (.)(J,(,),,Ċ .)-),Ċ ,(,--'>))-Ċ .,),((,,Ċ
,-,))-Ċ )),,,--'>Ċ ,),Ċ ,),(,,(,Ċ ,(J,(J(,.Ċ c(Ċ .),,Ċ
5,,(JĊ,(-)(.Ċ(J,(Ċ(-),(),(Ċ,,,-,---'>,(J(,Ċ(J)Ċ,,(J(tĊ

0-,))),,,,-.Ċ .(Ċ ),(J()Ċ ),,(,-(Ċ .)-,()(J(,Ċ
,)-,,(J)))Ċ ,))(,Ċ ,,),Ċ (J,(Ċ ,),,,,Ċ ,(-)))Ċ ,,(J(,Ċ
,(,,))-Ċ ),Ċ ,)Ċ (,,()(J,),Ċ ,),)(,,Ċ (,)(J,(,),,Ċ
,(,(,(JeĊ(J,),Ċ.)-,()(J(,Ċ,))(Ċ.,,Ċ,,,)Ċ),,(,-(,Ċ
,-Ċ S,-,)-(,Ċ ,),Ċ j-(),()Ċ ))Ċ (J,(8-,Ċ (1,(,)1
,()(J,Ċ ))Ċ--))(,Ċ.)-,.CaĊ (J,)--,Ċ.)(J,)-(JĊ,-,51
,)()(JĊ ,-,,),(J))-Ċ,,(J,.Ċ (J,(-Ċ.(,(Ċ (J,(Ċ5,,(JĊ (J)Ċ

,,(,-,,(J(Ċ(J,(Ċ(J,(),-Ċ(J,,(JĊ(J,(Ċ,),,,,Ċ,,,),,,,-Ċ
,(J,-,(J-,(Ċ,(,-(,Ċ,,Ċ,Ċ-()(,,(J)-(Ċ),-,)Ċ,),Ċ,),1
)(,,Ċ(.)(Jh(,),,Ċ,(,,,tĊCCĊc8-(J,ĊrVeĊ (J,-,8-,8-)(Ċ(J)Ċ
,,,(,Ċ(J,(Ċ,)(J)(J),Ċ,,,,,Ċ,(,,,.Ċ(J,(Ċ,)(J)(J),Ċ)),(1Ċ
),Ċ(J,(Ċ,),)(,,Ċ(,)(J,(,)-,Ċ(J(),,Ċ(J)Ċ,(Ċ,)-,(,Ċ
(J).,,,Ċ (J,(Ċ ,(,),,(,-IeeCKĊ ê---(,(J))-Ċ (J,,(JĊ (J,(Ċ
,(,).,(,,,Ċ,),)(,,Ċ,,,,,Ċ,(--'>,,Ċ,,(Ċ,),(Ċ,,(J)-(Ċ
))ĊSjEĊ,-)(J,(,),fĊ60-,(J,(,,),(.Ċ,))3-),(J)-,,Ċ
))(J,,(Û)(J,(,),,Ċ )(),,,,),Ċ I0-1j7Ċ.Ċ ,Ċ ,,(,,)1
,(,)-,Ċ,)),)(J)))Ċ,,(,-,,,,-Ċ,,h(,(J))-Ċ.0-.Ċ ),Ċ
,,(,),)),)(J,-Ċ ,)-),Ċ ,(JĊ (J,(Ċ ,),,,,Ċ ,(-))).ĊCIĊ
j-()Ċ,-,,Ċ,(,))),Ċ))-),-))-Ċ(J,(Ċ,),)(,.Ċ,,,,(,Ċ
,),)(,,Ċ ))(J,,(,)(J,(,),,Ċ )(),,,,),.Ċ .(,(Ċ ,,,)Ċ
,(,),(J(,Ċ (J)Ċ ,(Ċ ,))(J)--)-,Ċ (J)Ċ (J,(Ċ ,,3,,()(JĊ
,),,-,�Ċ

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

1)Ċ(J,(Ċ,(,,))-Ċ),Ċ,Ċ,),)(,,Ċ(,)(J,(,),,Ċ,(,(,(J.Ċ
(J,(Ċ,,()),()))Ċ),Ċ,()(J,),((J,,Ċ,)-(,()(JĊ),Ċ
))(JĊ ,-,,,),))-Ċ (J)Ċ ),,(,-(Ċ ,(,,-,(Ċ ,,Ċ ,(J,(J(,Ċ
,,)-(Ċ,-,,Ċ,(,,))-Ċ),Ċ,,,),,,),,(,Ċ,-Ċ,(,,-,,,Ċ
,,),),(,,(J)))Ċ ,),Ċ ,)-,,(J)))Ċ ),Ċ ,,3,,()òĊ
,(,,,.ĊCR8CIĊV).(-(,.Ċ)(JĊ),Ċ),Ċ,,,(J),-,,,Ċ))(J(,(,(JĊ(J)Ċ
,)))(JĊ)-(JĊ (J,(Ċ),,(,-,(J)))Ċ,,,(Ċ,-Ċc,(J,-,,Ċ
et �Èf CdĊ(J,,(JĊ))Ċ,,,,)(J,Ċ ,,,-(Ċ,),)(,,Ċ(,)(J,(,),,Ċ
,(,(,(J,Ċ),ĊfiĊ,,Ċ))Ċ,),,((J(,Ċ,(,,Ċ,,,(J(,Ċ.)(J,Ċ,Ċ
,(,)Ċ ,(,,))-Ċ ,,(J(Ċ ),Ċ l1mIĊ,,Kl,,.Ċ (J­,)Ċ
fiidrĊ,,Kl,,Ċ ,),Ċ ,,,,,(,Ċ ,(,(,(J,Ċ ),Ċ bĊ,,Ċ ))Ċ
,),,((J(,.Ċ-,),Ċ,(,-,(JĊ,---(,(J,Ċ(J,,SOĊ(J,(Ċ.(,).,1
(,,--'>Ċ,),)(,,Ċ(.)(J,(--'>)-,Ċ,,,Ċ,Ċ,)-,(,Ċ,.)--'>),(,,1
(J)-(Ċ ,,(J(iĊ-,),Ċ))(Jµ))Ċ ),Ċ,--'>,)Ċ,-,.),(J(,Ċ,-Ċ,Ċ
,(,()(JĊ ,(.),(JĊ),Ċj,,(J)Ċet al., CIĊ ))Ċw,),,Ċ(J,(-Ċ
,)-),Ċ (J,,(JĊ (J,(Ċ )-(J-,).(J,Ċ ,,(,Ċ ),Ċ ,---'>(J-,(,Ċ
(1,,,)(J,Ċ),Ċ ,(,),,(,,,Ċ ,),)(,Ċ ),Ċ ,)-))c,,)(J--'>-Ċ
,,,-(,Ċ(J,,)Ċ(J,,(JĊ),Ċ(J,(Ċ,()(J,,--'>Ċ))(,ĊaypFfiĊ,.KĊ
vs. r1fiĊ,,K7Ċ.Ċ ,),Ċ(J,(Ċ,)(J)(J),Ċ,,(J)-)SO-Ċ ),Ċ,,,)Ċ
,)-))5,,)(J,-Ċ,)-,(,ĊaIfi1fiĊ.(,Ċ,()(JĊvs. I1IĊ.(,Ċ
,()(J7.Ċc,()Ċ(J,(Ċ,()(J,,--'>Ċ,).)(,,Ċ(,)(J,(,)-,Ċ),Ċ
,(.(,(J(,,-Ċ,()-,(,Ċ,(,,,)),,,,-.Ċ.,)))-,,,)Ċ
,),Ċ j,1)),C8Ċ ,)�Ċ ,(,()(J--'>-Ċ V-,)-Ċ ))Ċ )-,Ċ
--'>,,),,(J),-bĊ,,,)Ċ))(J(,Ċ(J,,(JĊSO,(Ċ)))(J),--'>Ċ,(,--'>))-Ċ
,,(J(Ċ ),Ċ (J,(Ċ ,(,)),Ċ .)-),))-Ċ ),Ċ ,),(Ċ ,,.)cĊ
(J,,)Ċ(J®,(JĊ),Ċ(J,(Ċ5,,(JĊ,))«(Ċ,()-,,(J))).Ċ-,),Ċ
,---(,(J,Ċ(J,,(JĊ(J,(Ċ-)-)-(,Ċ.(,),,(,,,Ċ(.)SO,(--'>),,Ċ
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,(,,,Ċ,,-(Ċ,)-,,(J(,Ċ,()(J,),((J,,,-Ċ(J)Ċ(J,(Ċ.)-),Ċ
(,-(Ċ ,,(J(,Ċ (J,(Ċ 5,,(JĊ ,()-,,(J)))Ċ ,),Ċ ,(,,)),Ċ
d(,,),-Ċ (J)Ċ (J,(Ċ .(,)),Ċ d(,(,(J(,Ċ (Jd,-,,Ċ ,(JĊ ,Ċ
,,,(J(,Ċ,,(J(FĊ

1)Ċ (J,(Ċ ,(..Ċ (J,,-,,(J8-,Ċ ,)(J-,(J))).Ċ (F-FĊ ,()1
((J,,(J))-Ċ1(,,5),,,,(J-Ċ),Ċ,,,(,,,,Ċ1(,,(J),,,.(J-Ċ
))Ċ.,),,Ċ(J,(Ċ,),(JĊ,()(J,,,Ċ,),)(,,Ċ(,)(J,(,)-,Ċ),Ċ
,-,,(J)(J-(J(,Ċ ,-Ċ (J,(Ċ ,))),.Ċ (J,(Ċ ,()(J,),((J,,Ċ
,)-(,()(JĊ),Ċ(J,(Ċ.-,,).),))-Ċ,),(JĊ(,)(J,(,)-,Ċ
(J)Ċ,(,,,,(Ċ(J,(Ċ,))),Ċ))(Ċ),Ċ.(,,Ċ,),-,()5(,Ċ
,-Ċ(J,(Ċ(,(-,)(JĊ.),1Ċ),Ċ°))),,)(J,Ċet al.61 -,(-Ċ
),.(,-(,Ċ,Ċ-,,,-,,Ċ,),-(J)))Ċ),Ċ.(1Ċ,,,),,(J))Ċ
))Ċ(J,(Ċ,(,,,(Ċ,))),Ċ-,,,(JĊ,-Ċ(J,(Ċ,,,(Ċ,(,),­
)()(JĊ )-(,Ċ ,Ċ ,(,)),Ċ ),Ċ IllĊ .((1,FĊ c,()Ċ ))(Ċ
(1(J,,,),,(J(,Ċ (J,(),Ċ ,,(J,Ċ (J)Ċ (J,(Ċ (),Ċ ,)))5Ċ ),Ċ
(J)(J,,Ċ,),-(J))).Ċ )(JĊ ),Ċ,,,(J),-,,,,-Ċ ))(J(,(,(J))-Ċ (J)Ċ
))(J(Ċ(J,,(JĊ,),,,((J(Ċ,(,,,,(,()(JĊ(J,1(,Ċ,,)-(JĊ,Ċ
-(,,FĊ-,(,(Ċ,,(J,Ċ,,(Ċ,(,(J,)),-Ċ,)),),(J()(JĊ.)(J,Ċ
(J,(Ċ,,))),,,Ċ),,(,-,(J))),Ċ),Ċ,()(J,),((J,,Ċ,)-,,1
(J)))Ċ),Ċ(J,(Ċ(,)(J,(,),,Ċ,)(J,Ċ))Ċ,()((J,,(J))-Ċ1(,­
,(J),,,,(J-IvĊ,),Ċ(J,(Ċ,(,,(J)-(,-Ċ,).Ċ)),),(),(Ċ),Ċ
(,)(J,(,),,Ċ,(3(,(J)))Ċ,),,,,(,Ċ(J)Ċ )(J,(,Ċ (J-,(,Ċ
),Ċ -,,,(JĊ,(3(,(J)))Ċ))(Ċ-(,,Ċ ,,(J(,Ċ ,()((J,,(J))-Ċ
1(,,(J),,,,(J-NIRĊ

a-()Ċ -),(,Ċ (J,(Ċ )),,,,Ċ ,(J,,-,,(J),Ċ ,))1
,)(J))).Ċd-,1IIĊ,,,)Ċ,((J(,(J(,Ċ,()(J,),((J,,Ċ,)-,,­
(J)))Ċ ),Ċ superficial ,),)(,,Ċ (,)(J,(,),,Ċ ,(,,,Ċ ))Ċ
,),(Ċ,),Ċ,(,,-,(,Ċ,Ċ,,(J(Ċ),Ċ,,)-(JĊIrĊ!l,Ċ,(,Ċ
,,-FĊ-,)--,Ċ(J,(,(Ċ),Ċ,Ċ,,(,)(,Ċ,),,(,(),(.Ċ(J,),Ċ
5--,(Ċ,,)Ċ,(Ċ.(,,Ċ,,,,)(,Ċ(J)Ċ(1,,,))Ċ(J,(Ċ,,)-(Ċ
))(J(,,,((J,(J)))Ċ ,),Ċ (1(J,,,),,(J)))Ċ ))Ċ ,,,,)(JIalĊ
,),Ċ,-,,)IRĊ,),)(,,Ċ(J,,(JĊ(J)(J,,Ċ,(,,,,(,()(JĊ),Ċ
(J,(Ċ,),)(,,Ċ(,)(J,(,)-,Ċ.)(J,Ċ,Ċ,8-,,((J(,Ċ),ĊIfiĊ
(J)ĊIllĊ,,Ċ(J,1(,Ċ,,)-(JĊ,Ċ-(,,FĊ-,1()Ċ(J)-((J,(,.Ċ
(J,(Ċ ,,)-(Ċ ))-(,(J)-,(J))),Ċ ,,)-(Ċ(J,(Ċ (1),(J(),(Ċ
),Ċ,()(J,),((J,,Ċ,)-(,()(JĊ-),(,Ċ,)(J,Ċ(J,,-,,1
(J),Ċ,),Ċ,(J,,-,,(J),Ċ,(J,(J(,Ċ,),Ċ)),),,(J(Ċ(J,,(JĊ(J,(Ċ
,,),),(,,(J)-(Ċ,)-,,(Ċ),Ċ,(JĊ(J,(Ċ,(,),,(,-Ċ),Ċ(J,(Ċ
,),)(,FĊgl)Ċ(J,(Ċ,,,(Ċ,,,),.Ċ-,)f(JĊ,),Ċ60,)(),ICĊ
,,-(Ċ ,,),),(,Ċ (J,(Ċ X, Y, Z ,-,)(J,(,),Ċ (J)Ċ
(1,,,))Ċ ,).Ċ (J,(Ċ ,()(J,,,Ċ ,),)(,,Ċ (,)(J,(,),,Ċ
,,,,Ċ),Ċ,,))(J,))(,FĊ

-,(Ċ ,,(J,Ċ ,-,,,,),(,Ċ (J,-,Ċ ,,,Ċ ))Ċ (J,(Ċ,,(ą
-))-,Ċ ä(,),(J,Ċ.(,(Ċ,(J),,Ċ,)),-),)-FĊ-,(Ċ(1,,(JĊ
,),(J),),,,Ċ,),,(J)))Ċ),Ċ.0-Ċ),Ċ(J,(Ċ,),)(,,Ċ(,)1
(J,(,)-,Ċ.,,Ċ-),,(,,Ċ-)(J),Ċ,(,()(J,-Ċ.,()Ċ.,,(1
,,(,.Ċe,,-))Ċ,),Ċ.-)IIĊ5,,(JĊ,,)-),(,Ċ)),),(,(JĊ
(-),(),(Ċ ,---(,(J))-Ċ (J,,(JĊ .0-Ċ ),Ċ (J,(Ċ ,),)(,,Ċ
(,O(J,(,)-,Ċ ,,(Ċ ,(JĊ (J,(Ċ ,),,-,.Ċ ,,,(,Ċ ))Ċ (J,(Ċ
,,(J(J(,)Ċ),Ċ(1,,(,,)))Ċ),Ċ,Ċ,),)(,H,,(,)c,ĊTb°Ċ
n(,,(J))FĊ .-,,(n-()(J,-.Ċ 0-)(J,,,(,),Ċet alY ,,,)Ċ
,,,)-(,Ċ,(JĊ(J,(Ċ,,,(Ċ5),))-Ċ,,,(,Ċ))Ċ(J,(Ċ,(,-,(JĊ

),Ċ hVeĊ (J,-,8-,))(Ċ )),),,),,(J)))Ċ ),Ċ (J,(Ċ ,),1
)(,,s,),,,,Ċ,,.,,Ċ ,(,,.Ċ -),(,Ċ.(J),-,,(J)))Ċ,-Ċ,Ċ
(J-,)-dĊ,d),)(J(duĊ {(�(14(Jey.Ċx,ýº(dĊet al. lII.Ċ
,),Ċ ,(,,)),,Ċ ,),,-)8-,,(J)))7Ċ ))(J(,Ċ dfiĊ ,(,Ċ
,()5Ċ),Ċ,)-,(Ċ,),,,,Ċ,,,,,Ċ,(,,,Ċ,)-,(JĊ,(,,(1
.()5Ċ (J,(Ċ .0-Ċ ,),-,,(J)))Ċ .)),(Ċ 5,(-Ċ ,,)Ċ ,(Ċ
,,,(,,(,Ċ ,-Ċ ,,),))-(,Ċ hVeĊ (J,-,),))(Ċ 8-),),1
,),,(J8-)).Ċ ,)FĊ (J,-.Ċ(1,(,),()(J,,,yĊ ,,Ċ ",,,(,1
,((J,))))-Ċ ,(,,.sFĊ S)-))5,,)(J,-.Ċ (J,(.(Ċ ,(,,.Ċ,,(Ċ
,,.()(JĊ ))Ċ ,()(J,,,Ċ ,),)(,,Ċ (,)(J,(,)-,FĊ d,,(,Ċ
))Ċ 5,(.(Ċ 5),))-,.Ċ (J)-((J,(,Ċ .)(J,Ċ 5,(Ċ 1)).)Ċ
,()(J,),((J,,Ċ ,)-,,(J)))Ċ ),Ċ ,),)(,,Ċ (,)(J,(,),,Ċ
,(,,..Ċ S,,(d,(,Ċet al.66 ,-,(J,(dĊ,---(.(J(,Ċ(J,,(JĊ
,),)(,,Ċ ,,,,,Ċ ,(,,,Ċ ,(,,(.()(JĊ -E0-Ċ ,),Ċ
.-,,,,,.,,Ċ ,(,,,Ċ ,),,(,,)),Ċ (J)Ċ ]c0-Ċ ,),Ċ
-S0-FĊ

cFĊ Anatomy of Limbus: 

E),(J),),,,,-.Ċ (J,(Ċ,),,-.Ċ,,(J.Ċ,,Ċ,Ċ3-),(J))),,Ċ
o))(Ċ (J)Ċ ,(,,,,(J(Ċ ,),)(,Ċ ,,),Ċ ,))3-),(J)-,.Ċ
(J.)Ċ ,).(J)),(J)-(,-Ċ ,),h(,()(JĊ 5)..-(,FĊ E,,Ċ (J,,((Ċ
(J)-((J,(,Ċ,,1(Ċ-,Ċ(J,(Ċ),-,,,Ċ.-,,,,(Ċ(,)(J,(,),FĊ
V),(J),)-),,,,-.Ċ ,),,,,Ċ (,)(J,(,)-,Ċ ).Ċ ,,,)Ċ
-))f-(eĊ)(JĊ,)),),(J.Ċ),Ċ,),(Ċ(J,,)ĊIfiĊ,(,,Ċ,,-(,,Ċ
,),Ċ ),Ċ (J,(Ċ (J,8-,1(,(JĊ,,))-Ċ (J,(Ċ (J,,((Ċ ,,Ċ ,),1
,,,(,Ċ 5)Ċ I:llĊ ,(,,Ċ ,,-(,,Ċ ,),Ċ (J,(Ċ ,))3-),5)-,,Ċ
(,)(J,(,)-,Ċ,),Ċ4-() ,(,,Ċ,,-(,,Ċ,),Ċ(J,(Ċ,),)(,,Ċ
(,)5,(,)-,FĊ],())(J-,),Ċ(1,,(,,)))Ċ),Ċ(J,(Ċ,),1
,,,Ċ (,)(J,(,)-,Ċ ,,,Ċ ,(()Ċ ,(-,,,(,Ċ ,.Ċ ))(J(,1
,(,),(J(Ċ ,((J.(()Ċ ,),)(,,Ċ ,),Ċ ,))3-),(J)-,,Ċ
(,)(J,(,)-,Ċ I)F(FĊ ,,,,)(J,7FĊ 60),Ċ (1,,,,(.Ċ ))Ċ
.)-),Ċ ,(,,))-Ċ ),Ċ ,Ċ (J)(J,,Ċ ,),)(,,Ċ (,)(J,(,),,Ċ
,(,(,(JĊ,-Ċ,),,,,Ċ(,)(J,(,)-,.Ċ(J,(Ċ,(,-,(J,)(JĊ(,)1
(J,(,)-,Ċ).Ċ,),,,),)-),,,,-Ċ .),),,,Ċ (J)Ċ(J,,5Ċ),Ċ
,),)(,Ċ ,-(JĊ )(J,Ċ -,-,)-()Ċ ,))(J()(JĊ ,),Ċ ,,)(J())Ċ
,,)5,(Ċ,,(Ċ))(J(,,(,),(J(Ċ,((J.(()Ċ(J,,(JĊ),Ċ,),1
)(,,Ċ ,),Ċ ,))3-),(J)-,,Ċ (,)(J,(,)-,FI8ĉHØĊ 1)(J(,1
(,(J))-,-.Ċ -,(J,,,(J,-,(J-,,,Ċ ,),,-,),Ċ ),Ċ ,-,,)Ċ
,),,-,Ċ,---(,(J,Ċ(J,,(JĊ(J,(,(Ċ,,-Ċ,(Ċ,,-,(JĊ),()1
))-,Ċ,),Ċ-),,((JĊ,(,,,.HalĊ,Ċ-))n-(Ċ,(,(J-,(Ċ),Ċ,))1
3-),(J)-,,Ċ (,)(J,(,)-,FĊ 1(JĊ ).Ċ ,(J),,Ċ -)1)).)Ċ
.,((J,(,Ċ (J,),Ċ3-),(J))),,Ċ(,)(J,(,)-,Ċ,,)Ċ,(,-(Ċ
,,Ċ (J,(Ċ .0-Ċ ,)-,,(Ċ ,),Ċ ,)(J,Ċ ,),)(,,Ċ ,),Ċ ,))1
3-),(J)-,,Ċ (,)(J,(,),FĊ 1)Ċ ,-,,),.Ċ ,Ċ ,(-))),,Ċ
,,(,),,),,(J)))Ċ ),Ċ (J,(Ċ (,)(J,(,),,Ċ ,(J,-,(J-,(Ċ,,,Ċ
,(()Ċ ),()(J)5(,Ċ,(JĊ (J,(Ċ,),,-,Ċ,),Ċ.,,Ċ,,,,(,Ċ
og),,,,Ċ ,,,),,,(,Ċ ),Ċ c)-(JsFĊHveHRĊ E,Ċ ,(J,(J(,Ċ
(,,,)(,.Ċ (J,),Ċ ,(J,-,(J-,(Ċ.,,Ċ5,,(JĊ,,(,-,,(J(,Ċ,-Ċ
S,-,)-(,Ċ,),Ċa-(),()CCĊ(J)Ċ,(Ċ(J,(Ċ-()(,,(J)-(Ċ
),-,)Ċ ,),Ċ ,),)(,,Ċ (,)(J,(,),,Ċ ,(,,,FĊ g)n(Ċ (J,(Ċ
,((,Ċ ,((J(Ċ ,),-(,Ċ ),Ċ ,))n(-Ċ ,,,,,,Ċ (,),(,1
,),.8ealHĊ (J,(Ċ ,),,,,Ċ ,,,),,,(,Ċ ),Ċc)-(JĊ ,,(Ċ,,,)Ċ
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,),,Ċ))Ċ,(,,)))Ċ,))(J()(J.CCĊ,,,(J),.,,,,-Ċ))Ċ,,,11
,1)))(,Ċ,(),,(.Ċ-,(Ċ,,,,,Ċ�(,,,Ċ),Ċ(J,),Ċ,(J,.,1
(J.,(.Ċ,),(Ċ),Ċ0-,),,Ċ,,(Ċ(J,(Ċ,,(,.,(,Ċ.0-.Ċ.,(Ċ
(J)-,(J,-Ċ ,(J(J,,,(,Ċ (J)Ċ (J,(Ċ .),(,,-))-Ċ ,,,(,()(JĊ
,(,�,,)(Ċ,),Ċ,,-(Ċ,Ċ,),,Ċ)((J0-),1Ċ),Ċ,,)),Ċ
,.,,,-.HxĊc),(Ċ.),(,,(J,),))-Ċ),Ċ (J,),Ċ ,(-))).Ċ
,,,(J),.,,,,-Ċ )(J,Ċ Ê),,)()-),)),()(J.Ċ 0-),,Ċ ,,(,Ċ
,),(Ċ,)-,(JĊ))Ċ(J,(Ċ,(-.,,(J),-Ċ,(,,,)),,Ċ),Ċ.0-Ċ
,(JĊ(J,(Ċ,),,.,.Ċ

c1.Ċ Aplasia of Limbal Stem Cells as a Cause 

of Abnormal Wound Healing 
E,Ċ ,),,.,,(,Ċ ,,)-(.Ċ ,),)(,eĊ (,)(J,(e)-,Ċ ,,)Ċ
,(Ċ ,(-()(,,5(,Ċ (,5,)()(J,-Ċ ,-Ċ ,),,,,Ċ (,)1
(J,(e).,.Ċ1)Ċ(J,(Ċ,,,(),(.Ċ),Ċ,,,,,),.Ċ),Ċ,),,,,Ċ
(,)(J,(,).,ĊI).(.Ċ,(,(,(JĊ(1(J(),))-Ċ,(-)),Ċ(J,(Ċ

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.Ċ,(,,))-Ċ,(,),(,Ċ,(,,Ċ(,5,)()(JI8cHCĊ,),Ċ
),Ċ ,,,,,,(J(,),(,Ċ ,-Ċ ,(,.,,()(JĊ (,),))).HIĊ
a1,(,),()(J,,,-.Ċ,-,,Ċ,,)),,.,Ċ0-).),Ċ,(.e1
))-Ċ,,,Ċ,(()Ċ,),,-,(,Ċ))Ċ-,,)).,Ċ0-,-,.Ċ0-,),,Ċ
,,)Ċ,(Ċ,.,(J,(,Ċ,,(J(-),),(,Ċ,,Ċ,),,)0-,yĊ

c,()Ċ(J,(Ċ,),,,,Ċ(,)(J,(,).,Ċ0-,,Ċ,.,-),,,,-Ċ
,(,)-(,Ċ,,),Ċ(J,(Ċ,,,,)(JĊ(-(Ċ))Ċ,Ċ,))-Ċ,,,,))).Ċ
V.,)-IdĊ ))Ċ ,-Ċ ,,,),,(J),-Ċ ))(J(,Ċ (J,,(JĊ (J,),Ċ
,(,(,(JĊ 0-,,Ċ ,(,,(,Ċ ,,,),,ÿĊ ,-Ċ ,,3,,()(JĊ (,)1
(J,(,),,Ċ,(,,,Ċ0-)(J,).(JĊ,)-Ċ(,),))).Ċ1)Ċ,Ċ(J)(J,,Ċ),Ċ
IIĊ(-(,.ĊdTĊ,(,Ċ,()(JĊ,(-(,),(,Ċ,(,),,(,,,Ċ,),1
)(,,Ċ)()-,,,.,,,),,(J)))Ċ,.,))-Ċ,)Ċ),,(,-,(J)))Ċ
,(,)),Ċ),Ċ,)1Ċ,))(J,,.Ċ�)Ċ(1,,))(Ċ),Ċ(J,(Ċ,,)1
,),(,,(J)-(Ċ,,,.,)(J-Ċ),Ċ(J,(Ċ(,)(J,(,),,Ċ,(,,,Ċ,(JĊ(J,(Ċ
,),,,,Ċ ,(-)))Ċ),Ċ ,.),(J))),,,-Ċ))(J,,(J.Ċ,Ċ,()(J,,,Ċ
y.lĊ,,Ċ,),)(,,Ċ(,)(J,(,),,Ċ,(,(,(JĊ0-,,Ċ,,(,(J(,Ċ
))Ċ(J,),Ċ(1,(,),()(J,,Ċ-,).,Ċ,),Ċ,),,,,(,Ċ0-)(J,Ċ
(J,,(JĊ ,,(,(J(,Ċ ))Ċ ,))(J,(,Ċ IIĊ )),,,,Ċ ,))(J,),,.Ċ
S(,,-(,Ċ0-).),Ċ,(,,))-Ċ,),Ċ,),(,,(J(Ċ,),)(,,Ċ
)()-,,,.,,,),,(J)))Ċ ,(-(,),(,Ċ ))Ċ blĊ,(,Ċ ,(a(JĊ
,),ĊTbĊ,(,Ċ ,()(J.Ċ ,(,,(,(J)-(,-.Ċ),Ċ(J,(Ċ(1,(,)1
,()(J,,Ċ ,),)(,,Ċ ,),Ċ )))(Ċ ))Ċ ,))(J,),,Ċ
I,rk.kl7.ĊEĊ,(,)),Ċy.lĊ,,Ċ,(,(,(JĊ0-,,Ċ(J,()Ċ
)),.,(,Ċ dĊ 0-((1,Ċ ,,(J(,.Ċ c,,1(,,-Ċ ,(--'>,-(,Ċ
,(,,))-Ċ0-)(J,Ċ,(,.,,()(JĊ(,),)))Ċ,),Ċ)),,(,,(,Ċ
)()-,,,.,,,),,(J)))Ċ0-,,Ċ))(J(,Ċ ))ĊmfiĊ,(,Ċ ,()(JĊ
,),ĊTbĊ,(,Ċ ,()(J.Ċ ,(,,(,(J)-(,-.Ċ),Ċ (J,(Ċ(1,(,)1
,()(J,,Ċ,),)(,,Ċ,),Ċ)))(Ċ))Ċ,))(J,),,ĊI,rk.fiIĊ
,),Ċ,rk.klĊ,(,,(,(J)-(,-7.Ċi,,),,,)-))-Ċ(J,(Ċ
,,)-(Ċ ,,,)-(,.Ċ (J,(Ċ (1,(,),()(J,,Ċ ,),)(,,Ċ
(1,),)(J(,Ċ ,()(J,),((J,,Ċ ,)-(,()(JĊ ),Ċ -),,((JĊ
,(,,,.Ċ1)Ċ,))(J,,,(J.Ċ))Ċ-),,((JĊ,(,,,Ċ0-(,(Ċ))(J(,Ċ
))Ċ(J,(Ċ,))(J,)eĊ,),)(,,.Ċgl)(Ċ,.,,Ċ(1,,,,(Ċ),Ċ
),,.,(J,,(J(,Ċ))Ċ60)-.,(Ċll.Ċ,,)0-))-Ċ(J,(Ċ,),h(,(),(Ċ
))Ċ (J,(),Ċ (1(J(,),,Ċ ,,,(,,,),(.Ċ -,),Ċ ,(,.,(JĊ
,(J,))-,-Ċ)),),,(J(,Ċ(J,,(JĊ,),,,,Ċ(,)(J,(,).,Ċ,),1
,(,,(,Ċ ,Ċ -(,-Ċ ,)-,Ċ ,,),),(,,(J)-(Ċ ,,,,,)(J-Ċ ,),Ċ
-()(,,(J))-Ċ ,),)(,H,)n(Ċ (,)(J,(,).,.Ċ 1)Ċ ,,,)1
(J))).Ċ ,),,,,Ċ (,)(J,(,)õ,Ċ ,((,,Ċ (J)Ċ ,(Ċ ,m,(Ċ (J)Ċ
(1(,(JĊ,,),),)(J)-(Ċ-,)0-(J,Ċ,.(,,.,(Ċ,-,O),(JĊ,))1
3.),(J)-,,Ċ(,)(J,(,),,Ċ))-,,)))Ċ.),(,Ċ)),,,,Ċ,),1
,.,,(J,),(,.ĊEĊ,(5,O(),-Ċ),Ċ--'>),m,,Ċ.0-.Ċ))Ċ(J,O,Ċ
,,,(Ċ ,-Ċ ,.,-),,,Ċ .(,)-,--'>.Ċ )),.,(,Ċ (,,,-Ċ
,,.(,.,),(Ċ ),Ċ ,(,(,(J)-(Ċ ,))3.a,(J)-,,Ċ (J.,),1
,)f,(,()(JO-(J)))Ċ),Ċ ,)a3.),(J)-,,),,(J))aĊ ),Ċ ,),1
a(,Ċ I,,,)Ċ ,((Ċ,(,)0-7.Ċ

c,()Ċ ,Ċ (J)(J,,Ċ ,).a(,,Ċ (.O(J,(,O-,Ċ ,(,(,(JĊ ),Ċ
,,(,(J(,Ċ (J)Ċ )),,.,(Ċ ,),,-,Ċ (,)(J,(,).,tĊ (J,(Ċ
,().,(,Ċ ,.,,-,(Ċ ,,)Ċ )),2Ċ m(Ċ,(,--'>(cĊmĀĊ (J,(Ċ
,...).a,O)-Ċ,)aj.a,(JOn,,Ċ(.O(J,(,O...ĊS..OarĊ
(J,(Ċ,(-,O)-Ċ,,),(,,tĊ(J,(Ċ,,(J(Ċ),Ċ(J,(Ċ.Or.,(JOarĊ
,)a3.),(J)-,,Ċ(,O(J,(,)..Ċ))Ċ(J,(Ċc(Í.c(,Ċ,).u
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)(---'>Ċ ,..,-,(Ċ.)--'>--'>Ċ,(Ċ,((J(.,))(,Ċ,2Ċ(J.(Ċ..(,Y
(),(Ċ).Ċ-,,(),(Ċ),Ċ,).)(---'>Ċ--,,.--'>-.),-(J)))1Ċ1)Ċ
)(J,Ċ -,,(),(.Ċ (J.(Ċ ,))3.),(J)--H--'>)1(Ċ (.)(J.(--'>).,Ċ
.)--'>--'>Ċ.),(.-)Ċ,(-(.---'>Ċ,(J--(,Ċ),Ċ,)...)--'>)-),---'>Ċ
(J.-),,).,-(J)))Ċ))(J)Ċ-Ċ,).)(-i--'>)1(Ċ(.)(J.(,).,Ċ
.)(J.Ċ(J.(Ċ--'>),,Ċ),Ċ-),--'>((JĊ,(--'>--'>,.HH?H8Ċ-Ċ..),(,,Ċ)).Ċ
(J(.,(,Ċconjunc tival transdifferentiation. b.),Ċ
..),(,,Ċ .-,Ċ ,(()Ċ (J.(Ċ ,.,3(,(JĊ ),Ċ ))(J(),)-(Ċ
))-(,(J)--(J)))Ċ,2Ċ,(-(.---'>Ċ.(,(-.,.(.,.Ċ)),--'>.,))-Ċ
b.),(JĊ -),Ċ 60.)(),Ċ et al. .I8eHdfiHI9I[RĊ •).Ċ et al.,84 
p-..),Ċet al.,85 -),Ċ)..,(--'>-(,.H8fiIy8 Ċ,(,-.,(Ċ)(JĊ
,.--(,(J,Ċ (J,-(JĊ ,).)(---'>Ċ (.)(J.(--'>).,Ċ ,-)Ċ ,(Ċ
.(-()(.-(J(,Ċ,2Ċ-Ċ,))3.),(J)----'>Ċ,)..,(1Ċj(-(.Y
(J.(--'>(,,.Ċ(J.(Ċ.(,.--'>(J-)(JĊ,)...)--'>)-),---'>Ċ(J.-),,).Ć
,-(J)))Ċ),Ċ3.,(JĊ,).)(-H--'>)1(.Ċ-),Ċ))(JĊ(J.(Ċ-().))(Ċ
,).)(---'>Ċ..())(J2Ü(iĊb.),Ċ))(J)))Ċ),Ċ,...).(J(,Ċ
,2Ċ (J.(Ċ .(,.--'>(J,Ċ ),Ċ ..(-)).,Ċ ))-(,(J)--(J))),Ċ ))Ċ
,(J.,)(,Ċ ),Ċ ---'>2,)--'>2(J),Ċ ()o2,(Ċ -),Ċ ---'>2,)-()Ċ
,))(J()(J.�Ċ )).,---'>Ċ (J(),)--'>(Ċ ,(J.()-(J..IsĊ 1(.-(J))Ċ
..)c--'>(.HĈĊ(.)(J.(--'>)---'>Ċ..)ó())Ċ..)c--'>(.ICĊ-),Ċ.-.-Y
,(--'>--'>.--'>-.Ċ .(.,(-,)--'>)(J21I8Ċ b.(,(Ċ ))-(,(J)--(J))),Ċ
)),),-(J(Ċ (J.-(JĊ (J.(Ċ ,)...)--'>)-),---'>Ċ (J.-),,).,-Y
(J)))Ċ ),Ċ -,,),.-)¶(,Ċ ,2Ċ )),),.--'>((J(Ċ ,))Y
,.(,),---'>Ċ ).Ċ ..2,))--'>)-),---'>Ċ (J.-),,).,-(J)))iĊ
gl)(Ċ ,-)Ċ (J..,Ċ ,.(,.--'>-(J(Ċ (J.-(JĊ ,))3.),(J)----'>Ċ
(J.-),,)b(.()(J)-(J)))Ċ ),Ċ -)---'>)-).,Ċ (J)Ċ (J.(Ċ
,n.-,).,Ċ ,((J-.--'>-,)-Ċ ),Ċ ,.,),---'>Ċ (.)(J.(--'>)-Ċ
.),(.Ċ ,2,(J(,),Ċ -)(J-,))ĊiĊ,(c,)(),2.Ċ -Ċ..)Y
,(,,Ċ---'>,)Ċ,.-.-,(J(.),(,Ċ,2Ċ --'>),,Ċ),Ċ-),--'>((JĊ,(--'>--'>,Ċ
-s,Ċ)),.(-,(,Ċ,(--'>--'>.--'>-.Ċ,(J.-(J)c,-(J)))Ċ-(JĊ-)Ċ(-.--'>2Ċ
,(J--(Ċ-),Ċ1(.-(J))),-(J)))Ċ-(JĊ-Ċ--'>-(J(.Ċ,(J--(1ĊIIfi8sĊb)Ċ
..)-(Ċ(J.),Ċ))(J))).Ċ.(Ċ.--(Ċ..(-)).,--'>2Ċ,(,))Y
,(J.-(J(,Ċ (J.-(JĊ ,))3.),(J)----'>Ċ (J.-),,)b(.()(J)-(J)))Ċ
),Ċ))(JĊ-Ċ.(.,-)()(J.Ċ,(J-,--'>(Ċ..())(J2.),Ċ(c..(,Y
,)))­Ċ)),(J(-,.Ċ)(JĊ,-)O,(Ċ,),.--'>-(J(,Ċ,2Ċ,.-)-))g 
(J.(Ċ--'>),---'>Ċ,...--'>2Ċ),Ċ-)(J-,))ĊiĊ.)(J.Ċ).Ċ.)(J.).(JĊ
)),.,))-Ċ ,).)(---'>Ċ --,,.--'>-.),-(J)))1IyyĊ b.(Ċ
.(,.--'>(J,Ċ),Ċ(J.(,(Ċ(c.(.),()(J,Ċ-.(Ċ,.,,-.),(,Ċ
))Ċ60)-..(Ċd1Ċ

i--'>--'>Ċ (J.(Ċ -,)-(Ċ ))-(,(J)--(J))),I8fiHdoHfyĊ ))Ċ (J.(Ċ
,(J.,2Ċ ),Ċ ,))3.),(J)----'>Ċ (J.-)ë,),,(.()(J)-(J))).Ċ
.).(-(..Ċ,),Ċ))(JĊ..--'>(Ċ).(JĊ(J.(Ċ.),,),)--'>)(J2Ċ(J.-(JĊ
(J.(Ċ))O(J)---'>Ċ,.(,),---'>Ċ,(,.)c(,()(JĊ.)(J.Ċsu.(.Y
(J-))W8KĊ))Ċ,.(-(J))-Ċ(J.(Ċ(c.(.),()(J---'>Ċ,)c(--'>Ċ.-,Ċ
))(JĊ.(,)-(,Ċ(J.(Ċ()(J).(Ċ--'>),,---'>Ċ(.)(J.(--'>).,.Ċ)).Ċ
.-,Ċ(J.(2Ċ(c,--'>.,(,Ċ(J.(Ċ--'>)1(--'>).)),Ċ(J.-(JĊ--'>),,---'>Ċ
).Ċ ,))3.),(J)----'>Ċ (.)(J.(--'>.,Ċ,)-.(JĊ ,))(J-))Ċ .0-Ċ
(J.-(JĊ.--(Ċ-Ċ,).)(J()(JĊ,-.-,)(J2Ċ,).Ċ,)(J.Ċ,l.n(---'>Ċ
-),Ċ ,))3.),(J)----'>Ċ (.)(J.(--'>)---'>Ċ ,),,(.()(J)-(J)l)1Ċ
60).Ċ (J.(Ċ ,).,(.Ċ .),,),)--'>)(J2.Ċ )),),.--'>((J(Ċ
.(,)----'>Ċ),Ċ--'>),,---'>Ċ(.)(J.(--'>).,Ċ,-)Ċ .(,.--'>(JĊ ))Ċ-Ċ
,)c(,Ċ (c..(,,)))Ċ ))Ċ ,)(J.Ċ ,).)(---'>Ċ -)cĊ ,))H

3.),(J)----'> --'>))(--(,Ċ))Ċ(J.(Ċ,().,(,Ċ,).)(---'>Ċ,..Y
,-,(.Ċ ..),.Ċ ,(.(J-))--'>2Ċ ,-)Ċ ¢c.--'>-))Ċ (J.(Ċ
-,).(,()(J)))(,Ċ )),),.--'>((J(Ċ ô.-),,).,-(J)))Ċ
-),Ċ,),.--'>-,)--'>)(J2Ċ,2Ċ--'>),---'>Ċ-)(J-,))ĊiĊ--'>(-(,,1Ċ

1)Ċ ,))(J.-,(J.Ċ ),Ċ ,).)(---'>Ċ --,,.--'>-.),-(J)))Ċ ),Ċ
..(,()(JĊ ,..))-Ċ (J.(Ċ .(---'>))-Ċ .(.)),HHcH8P8RĊ ).Ċ
))(J.),.,(,Ċ -,(J(..-.,,.IKoIIeI8Ċ (J,(Ċ ..),(,,Ċ ),Ċ
,))3.),(J)----'>Ċ (J.-),Ċ,)fh(.()(J)-(J)))Ċ ),Ċ ()(J.(.Ċ
)).),)(J(,HHfiH8eIKĊ).Ċ.(-(.,(,.IIeI8Ċ-,Ċ(-),(),(,Ċ,2Ċ
(J.(Ċ.(.,),(J(),(Ċ),Ċ-),--'>((JĊ,(--'>--'>,Ċ))Ċ(J,(Ċ,).)(---'>Ċ
,..,-,(1Ċgl)(Ċ,-2Ċ(J..,Ċ,)),--'>.,(Ċ(J.-(JĊ(J.(Ċ.(,.--'>Y
(J-)(JĊ(.)(J.(--'>)---'>Ċ..())(J2.(Ċ,-)Ċ,(Ċ,((J(.,))(,Ċ
,2Ċ(J.(Ċ--,,.--'>-.Ċ,(J-(J.,Ċ),Ċ(J,(Ċ,).)(-Ċa---'>,)Ċ,((Ċ
60)-iĊdtoĊ d-,(,Ċ))Ċ)..Ċ.(,()(JĊc),))-Ċ(J.-(JĊ(J.(Ċ
)),),(),(Ċ),Ċ,).)(---'>Ċ--,,.--'>-.),-(J)))Ċ)),.(-,(,Ċ
,)-))c,-)(J--'>2Ċ,).(Ċ))Ċ(J.(Ċ,).)(-,Ċ.)(J.).(JĊ--'>),Y
,---'>Ċ (.)(J.(--'>).,Ċ (J.-)Ċ (J.().Ċ ,))(J.)--'>,Ċ a(J.(Ċ c.,(JĊ
(J2.(Ċ ),Ċ -,)).,---'>Ċ .).),Ċ .(---'>))-Ċ ,.).)Ċ ))Ċ
60)-1ĊpĊ-n,Ċm(,(.(),(ĊTpt.Ċ))(Ċ,-2Ċ.)),(.Ċ),Ċ
(J.(Ċ),,...(),(Ċ),Ċ,).)(---'>Ċ)()--,,.--'>-.),-(J)))Ċ
))Ċ(J.(Ċ--'>-(J(J(.Ċ.(---'>))-Ċ..),(,,Ċ),Ċ(J.(Ċ,(,(,(J)-(Ċ
,))3.),(J)----'>Ċ(J.-),,),,(.()(J)-(J)))Ċ,),(--'>Ċ),Ċ,.(Ċ
(J)Ċ (J.(Ċ ,),.--'>((J(Ċ .(,)----'>Ċ ),Ċ --'>),,---'>Ċ .r1Ċ c(Ċ
.--(Ċ .(-)(.(,Ċ )..Ċ .-,(JĊ (c.(.)(),(Ċ ))Ċ (J.),Ċ
,),(--'>Ċ.,))-Ċ(J.(Ċ)H.(.(J-))--'>Ċ,.(,),---'>Ċ,(,.),(Y
,()(JX8oIIfi8 Ċ-),Ċ ,).),Ċ (J.-(JĊ (J,(Ċ),,...(),(Ċ ),Ċ
(J,(,(Ċ (J.)Ċ ,).)(---'>Ċ (J2.(,Ċ .-,Ċ .-..-o-.,.Ċ
.)..(,),(J-,--'>(.Ċ -),Ċ .),,),--'>2Ċ .(--'>-(J(,Ċ (J)Ċ (J.(Ċ
,(-(.)(J2Ċ ),Ċ ))3..21Ċb.(Ċ )-(.H---'>--'>Ċ )),),(),(Ċ ),Ċ
,).)(---'>Ċ--,,.--'>-.),-(J)))Ċ.-,Ċ ))Ċ (J.(Ċ .-)-(Ċ ),Ċ
pRSdpĊ.(.Ċ,()(J1Ċ.)),(Ċ(J.(Ċ,),(--'>Ċ),Ċ,.(-(J(,Ċ,2Ċ
,.(,),---'>Ċ,(,.),(,()(JĊ(J)Ċ.(,)-(Ċ(.)(J.(--'>).,.Ċ
.(Ċ,.(,.--'>-(J(,Ċ(J.-(JĊ(J.(Ċ,),,(.(),(Ċ))Ċ(J.(Ċ-,)-(Ċ
(J.)Ċ (J2.(,Ċ ),Ċ .(---'>))-Ċ ,)-.(JĊ .(..(,()(JĊ (J.(Ċ
(c(J()(JĊ),Ċ.(,)----'>Ċ),Ċ--'>),,---'>Ċ.r1Ċ90 blĊ(c-,))(Ċ
(J.),Ċ.2.l(J.(,),.Ċ-Ċ(J)(J---'>Ċ),Ċ^pĊ.-,,)(JĊ(2(,Ċ.--(Ċ
.(,()-(,Ċ-Ċsurgical .))-Ċ.(,)----'>Ċ),Ċ--'>),,.,Ċ))Ċ
-,,)(J)))Ċ (J)Ċ (J.(Ċ -,)-(H,()(J)))(,Ċ ,.(,),---'>Ċ
,(,.),(,()(J­Ċ .(Ċ ,).),Ċ (J.-(JĊ ,).)(---'>Ċ )()Y
--,,.--'>-.),-(J)))Ċ.-,Ċ..(,()(JĊ-),Ċ.(.,),(J()(JĊ))Ċ
beĊ (2(,Ċ amTĊ .(.Ċ ,()(J7Ċ a.)..,--'>),.(,Ċ ),,(.ć
--(J))),Ċ-),Ċ---'>,)Ċ,((Ċ.(,(J)))Ċc1v171Ċ

b)Ċ,-(J(.Ċ.(Ċ,-)Ċ(J()(J-(J)-(--'>2Ċ,.,,-.),(Ċ(J.-(JĊ
,))3.),(J)----'>Ċ (J.-),,),,(.()(J)-(J)l)Ċ ,-2Ċ .(,.--'>(JĊ
,.),Ċ)),),.--'>((J(Ċ .(,)----'>Ċ),Ċ --'>),�---'>Ċ.r1Ċb.(Ċ
.(,.--'>(J-)(JĊ(.)(J.(--'>).,Ċ ,-)),(,(J,Ċ ,)(J.Ċ ,).)(---'>Ċ
-),Ċ ,))3.),(J)----'>Ċ ,,-.-,(J(.),(J),,Ċ -),Ċ ),Ċ ,.--'>--'>2Ċ
,),.--'>-,--'>(Ċ,2Ċ ,).)(---'>Ċ --,,.--'>-.),-(J)))1Ċq).Y
(-(..Ċ,),.--'>((J(Ċ.(,)----'>Ċ),Ċ--'>),,---'>Ċ.0-Ċ.(,.--'>(J,Ċ))Ċ
(J.(Ċ,(,(,(JĊ),Ċ�))3.s,(J)----'>Ċ(J.-),�),,(.()(J)-(J)))Ċ
))Ċ..),.Ċ ,))3.),(J)----'>),-(J)))Ċ),Ċ (J¯(Ċ,).)(-Ċ ),Ċ
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�eeoĊ Clinical Implications: 
H,)14)81,,9iĊ 5,(Ċ 8)143.1485)-1,Ċ 5,114,,8-,,(,(1458-11
5))14Ċ ,(,(8(JĊ ),Ċ 8)143.1485)-1,),15))14Ċ ),Ċ 8),14(1Ċ
,(,8,8-,(,Ċ 1,)-(Ċ 8114Ċ ,(Ċ ,).14,Ċ 8-14Ċ ,(-(,1,Ċ
)8.,1,Ċ,.,,18(Ċ,),),,(,,Ċ I-1,,(Ċ re7oĊ-b),Ċ0-1,Ċ
-(14(,1(J(,ĊL-Ċ .,)14-Ċ ),,,(,,))14Ċ8-(J),)-98IĊ )14Ċ
8),14(1,Ċ ,.,,18(Ċ )14Ċ 1Ċ ,.,-(-Ċ ),Ċ 8,l148-81,Ċ

,158-(145,ogCĊn8-,5),15b),)-)81,,-iĊ5b(,(Ċ,),(1,(,Ċ
1,(Ċ1,,Ċ,(15ö,(,ĊL9Ċ5b(Ċ)-(,-,)0-(J,Ċ),Ċ)14-1,))14Ċ
),Ċ 8)143.14858--1,Ċ (,)5,(,).,iĊ 188),,114)(,Ċ ,-Ċ
14()-1,8.,1,8-,158-)14fĊ ,8-,,.,5))14Ċ ),Ċ ,1,(,(14(JĊ
,(,L,114(iĊ 114,Ċ)14n1,,1(J),-Ċ8(,,Ċ)14§,(J,1(J(,1Ċ
e,,,(,,8-)nĊ 895),)-9Ċ ,(,)14,(J,1(J(,Ċ (J,1(JĊ 1,,Ċ
b1-(Ċ -),,(5Ċ 8(,,,Ċ 114,Ċ 8)143.1485)-1,Ċ (,)(J,(,)1,Ċ
8(,,,Ċ)14Ċ5,(Ċ)14-),-(,Ċ8),14(1,Ċ,.,,18(18CĊ114Ċ(J,(Ċ
81,(Ċ),Ċ,(J(,--).,Ċ114,Ċ,),(Ċ81,(,Ċ),Ċ.(J(-(14,1
­),14,)14Ċ ,914,,),(.Ċ 1Ċ ,,),)14(14(JĊ 5,,).,Ċ
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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,Ċ -,Ċ ,,,)Ċ ,,(,()(J.Ċ ..,,Ċ (J-,,.(Ċ ,,(J(,,1
(J-)),Ċ ,,(Ċ (J,(Ċ ,,,-,Ċ ),Ċ ,),,,),-,(,Ċ ,),)(,,Ċ
,.),(J-)),Ċ,),Ċ,,(Ċ,)),-,(J()(JĊ0--(J,Ċ (J,(Ċ(1,(,-1
,.)(J,,Ċ ,,(J,.Ċ ],(J-()(J,Ċ .,.,,,-Ċ ,.,,(,Ċ ,,),Ċ
,(,.,,()(JĊ (,),-))Ċ ,),Ċ ,(,,(,,(,Ċ --,-))Ċ ,,Ċ ,Ċ
,(,.,(JĊ),Ċ-,,(S.l,,Ċ),(J-,,,Ċ,.,,,,(.Ċ0-(,1Ċ(J(),-,(Ċ
,(J,()S(J,fI!Ċ,(,,(,,(,ĊS,-,)S()Ċ,))(J()îfIdĊ,),Ċ
-),)l,((J()(JĊ ,,,,-(,Ċ ,.),(J-)).I8Ċ 1)Ċ ,,(,-,,,Ċ
-)a.,-(,Ċ ,),Ċ ,),(Ċ ,,,(,Ċ ),Ċ .(J(-(),l­),),))Ċ
,9),,),(.Ċ (J,(Ċ ,))a.),(J--,,Ċ (J,,),,-f,(,()(J-,1
(J-)ÎĊ,(,(,(JĊ,(-(,),,Ċ,.(Ċ(J)Ċ(J,(Ċ,(,(J,.,(J-))Ċ),Ċ
,),)(,,Ċ ,),Ċ ,-,,,,Ċ (,-(J,(,-,.Ċ ,Ċ ,-(J.,(J-))Ċ
,-,-,,,Ċ (J)Ċ (J,(Ċ,,)-(Ċ(1,(,-,()(J,,Ċ,),(,.Ċ1)Ċ
(J,.Ċ (-,,.,(J-))Ċ ),Ċ (J,(Ċ ,,-)-,,,Ċ ,e-(,-(J-Ċ ),Ċ
,,(,-,,,Ċ -)a.,-(,.Ċ -(JĊ -,Ċ ))(J(0-),(J,-Ċ (J,,eĊ ,),1
)(,,Ċ (,-(J,(,-,,Ċ ,(,(,(JĊ ,),Ċ ,-,,,,Ċ -,,,,(l-,.Ċ
-),-,,(J--(Ċ),Ċ(J,(Ċ(1(J()(JĊ),Ċ,-,,,,Ċ,(,(J,.,(J-)).Ċ
,,�Ċ(J,(Ċ(J0-)Ċ-,,),(J,)(JĊ,,)-)),(J-,Ċ,,,(J),,Ċ.,(,Ċ
,-Ċ V.S,(,Ċ -)Ċ ,-,Ċ S,,,-)-Ċ),Ċ,e-)-,-eĊ ,(n(r-SO-Ċ
,),Ċ,,)S)),-,.Ċ8pB8cĊ1)Ċ,)-l-h--.Ċ(J,(l(Ċ,--,eĊ,(Ċ,Ċ
,(¨,-(),-Ċ))Ċ(J,(Ċ,(-(,),,()SOĊ),Ċ,--)SO(),),(Ċ
),Ċ ,-,,,,Ċ .HĊ (J,,(JĊ -,Ċ -,,),-,(J(,Ċ 0--(J,Ċ (J,(Ċ
,,,(),(Ċ),Ċ-,-,Ċ,)hĊ,,)),,,,)(J-Ċ ,).),Ċ-)Ċ (J,(Ċ
,)S,(C8du<o-(,Ċ -,(Ċ ,))SO-,SOĊ ,(),i-),.,(,Ċ 1(,,1
(J),,(J,-Ċ0--(J,Ċ,))j.),SO-n-,ĊSO,,),,-f,(,()(J-,(J-))Ċ
,(,(,(JĊ-,Ċ,Ċ,,reĊ),,.ll(),(Ċ,),,,,(,Ċ(J)Ċ)(J,(,Ċ
(J-5(,Ċ),Ċ),.S,,Ċ,),,,-,,(J-)),.Ċ-,(Ċ,,,(JĊ(J,,(JĊ-(JĊ
-,Ċ,,,),-,(J(,Ċ0--(J,Ċ,),(JĊ,(),Ċ,.--(,(J,Ċ(J,,(JĊ,-,,,,Ċ
.­ĊË-S,(JĊ,,(,(,()SO-,,,-Ċ ,(Ċ,,,,-(hĊ,2Ċ,.,,Ċ
-),.,(J,Ċ,,Ċ ,-,)1-,.Ċ ,(,,,)-,,,Ċ -,,-(J,(J-)),.Ċ ),Ċ
(J)1-,-(J-Ċ ,,),Ċ ,(),Ċ ,,,(Ċ ,),÷(J-)).Ċ-,(Ċ ,,)-(Ċ
,-,(,,(,Ċ,,-Ċ,,¾Ċ,(,,(,e)eĊe,(Ċ,,,(),(Ċ),Ċ,(51
,-.),-Ċ),Ċ,-,,,,Ċ.HĊ-)Ċ,Ċh-,,.,(Ċ),Ċ,),,,Ċ,,)1
).,oĊ -,(-,Ċ),,.,,(),(Ċ,,-Ċ,(Ċ,(,(,-(J,,-Ċ),Ċ
,,f.-,(,Ċ ,),Ċ �,)Ċ ,(Ċ .)-,,(J(,,lĊ ),Ċ ,-,,ï(,,lĊ
I-��»�É7DĊ

gl)(Ċ,,).,,Ċ,,,)Ċ,(,)-)-,(Ċ(J,,(JĊ,Ċ,(5,-(),-Ċ
), ,-,,,,Ċ.HĊ,,-Ċ))(JĊ,(Ċ,-,-(J(,Ċ(J)ĊSO,),(Ċ,-,(J(,Ċ
-)Ċ -,,,(Ċ11.Ċ 60),Ċ (1,,,,(.Ċ ,,(J(,,SO-))Ċ ),Ċ (J,(Ċ
,-,,)()--,)),()(JĊ0--(J,Ċ,(,,(,(JĊ(J)ĊSO,(Ċ,(,,l,(,,Ċ

,),s),Ċ,(,,l,,(J,-1Ċ-)(J(,,,(J-)),Ċ,,)Ċ,(,.,(JĊ-)Ċ,)Ċ
,,(J(,(,Ċ ,(S.,,(J),-Ċ ,(,,,)-,,Ċ ),Ċ ,-,,,eĊ .HĊ
,.),(J-))Ċ ,(,,-)SĊ (J)Ċ,,)),,,,Ċ(,-(J,(,-,,Ċ,,(1
))(J-,(,.Ċ 1(JĊ -,Ċ (J,(,(,),(Ċ ,)),(--,,,(Ċ (J,,(JĊ (J,(Ċ
,(,,-,(J()(JĊ(,-(J,(,-,,Ċ,(,(,(JĊ,(,)),,,-Ċ(J)Ċ)(.1
,)(J,),,-,Ċ 1(,,(J),,(J,-Ċ ,,-Ċ ,(Ċ ))(Ċ ,.,,Ċ
(1,,,e(Ċ),Ċ,-,),.),(J-))Ċ),Ċ,-,,,,Ċ.l.ĊH))1
a.),(J--,,Ċ ),Ċ,),)(,,Ċ -)(J,,(,-(J,(,-,,Ċ )(),,,,-,Ċ
,,-Ċ,(,,(,()(JĊ(J,(Ċ,-,5,,,-,Ċ),Ċ,-,,,,Ċ.l.Ċ

c111.Ċ Therapeutic Applications: 

d,,(,Ċ ))Ċ SO,(Ċ ,,)-(Ċ ,)),(,(J.Ċ ,(-(,,,Ċ e,(,,1
,(.(J-,Ċ,,,,-,,(J-)),Ċ,,)Ċ,(Ċ).(J,-)(,.Ċ60),Ċ(J,),(Ċ
,,-)-,,,Ċ,-,),h(,,Ċ,.-,,,(J(,-,(,Ċ,-Ċ ,(5,-(),-Ċ
),Ċ,-,),.),(J-))Ċ),Ċe-,,-eĊ.H.Ċ,),.,,(J-)),Ċ),Ċ
(J,(Ċ,-,,)()n-,)),()(JĊ,-Ċ,,,)S-)-Ċ(J,(Ċ-),),1
.,,(Ċ,.,,(J,,(J(Ċ ,,,(J),,Ċ),Ċ (J,(Ċ,(J-,.,,(J),-Ċ,),Ċ
-),-,-(J),-Ċ ,),.,,(Ċ ,,,(J),,Ċ (J)Ċ ,-,,,,Ċ .H.Ċ l,-Ċ
,)),(--,,,-Ċ (1,,),Ċ (J,(Ċ .­Ċ ,),.,,(J-))oĊ
60.,(J,(,Ċ,,,,-5,,(J-))Ċ),Ċ-EHĊ,-Ċ,,,,),,-,(J(Ċ
,-(J)S()-,Ċ,,,(J),,Ċ,,)Ċ(J,()Ċ-),,(,,(Ċ(J,(Ċ)-(,,,,Ċ
,,),-,(,,(J--(Ċ ,),,,,(J,()(JoĊ E,,,),,-,(J(Ċ
,(J-l.,,(J-))Ċ (J)Ċ -),.,(Ċ ),,(,,-Ċ ,(,,.,,,Ċ ,-,1
£(,()(J-,(J-))Ċ ,,)Ċ (),�),(Ċ (J-,,.(Ċ ,,(J.,,(J-))Ċ
,),Ċ ,.),(J-)),,Ċ ,(,(J),,(J-)).Ċ -)Ċ ,,(J(tĊ ,(-(,,,Ċ
-,)0-(J,Ċ ,,,(J),,Ċ -),,.,-)-Ċ (,-,(,,,,Ċ S,)0-(J,Ċ
,,,(J),Ċ Ikel7OuO;Ou_Ċ ,),Ċ 5,,))(,(J-)½ypuOdIĊ ,,-(Ċ
,(()Ċ .,.,Ċ (J)Ċ (J,.,(J/Ċ (1,(,-,()(J,,,-Ċ ,),Ċ
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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 .HĊ 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. 

rL;� CMALFI� ALCCkH� qCtI;CF;� ­h� iAIHAf� fflf� RFI�
;CFFMICflACfl� LAT� AF� ;xNIFI;� AL;� IAH;CH;� FR� CCAIAIACf�
rMCfl-rA;C�aMCf�lLl�CCI�iFd;IA�­h�qCdk;If�lLl�RFI�
ACHNAICAAFCCI�A;CFLACfl�FC�AL;� HMdj;FA�FR�HA;T�F;IIHf�CCI�
ffIHh�ffCIA;AAC�rMIC;I�RFI�NI;NCIACfl�ALAH� TCCMHFIANAh�
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