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Abstract

Purpose: To investigate the clinical outcomes of autologous cultivated oral mucosal epithelial transplantation

(COMET) on human amniotic membrane (AM) for corneal limbal stem cell deficiency (LSCD).

Methods: Prospective, non-comparative case series. Twenty eyes (18 patients) with bilateral severe ocular

surface diseases were chosen to undergo COMET on human AM. The clinical outcomes included corneal

surface epithelialization, conjunctivalization, inflammation, visual acuity (VA), and complication.

Results: Cultivated oral mucosal epithelium on AM (two to four layers) was positive for p63, ABCG2, CK3,

and CK13. The mean patient age was 48.2 + 15.5 years. The mean follow-up time was 31.9 £ 12.1 months

(range, 8-50). All except 1 eye had complete epithelialization within the first postoperative week. A

successful clinical outcome, defined as stable ocular surface without epithelial defect, clear cornea without

fibrovascular tissue invasion at visual area and no or mild inflammation of ocular surface, was obtained in 15

eyes (75%). Survival analysis showed that the clinical success rates at 1 year were 79.3% and at 4 year of the

end follow-up were 70.5%. Fourteen of 20 (70.0%) eyes had VA improvements after COMET and 5 eyes had

subsequent cataract surgery (1 eye), penetrating keratoplasty (3 eyes), keratoprosthesis (1 eye). Preoperative

symblepharon was eliminated in most eyes (8 of 13 eyes, 61.5%) after COMET and combined with eye-lid

reconstruction when needed. Complication was corneal perforation (1 eye), induced by severe eyelid

abnormality, which was stabilized after tectonic corneal graft.

Conclusions: COMET can successfully restore ocular surface damage in most cases with corneal LSCD.

Key words: limbal deficiency, limbal transplantation, corneal epithelial stem cell transplantation, cultivated

oral mucosal epithelial transplantation
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burn 7 911, Steven Johnson’s Syndrome 10 ¢11, multiple ocular surgeries 1 $11, advanced pterygium 1

A1, LAY ocular trauma 1 €1
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d' = Y d‘ X [ Y
M3 19N 1 LLﬁﬂQiTﬂaglﬂﬂﬂﬂJﬂ\‘]Ej‘]J’JEJ‘ﬂllﬂﬁ‘]JﬂﬁNW]@ COMET

No. Age Extent of
Gender Disease Eye Symblepharon
of Eyes (years) limbal deficiency
Partial
1 45 Male Burn OD No
(5 clock hours)
2 27 Male Burn oD Total No
Partial
3% 44 Male Burn OD Yes
(8 clock hours)
Steven Johnson’s
4 35 Female OD Total Yes
Syndrome
Partial
5 42 Female Burn oS Yes
(10 clock hours)
Steven Johnson’s
6 57 Female OD Total Yes
Syndrome
Steven Johnson’s Partial
7 56 Female oS Yes
Syndrome (8 clock hour)
Partial
8* 44 Male Burn oS No
(6 clock hour)
Steven Johnson’s
9 53 Female oD Total Yes
Syndrome
Partial
10 73 Female Multiple Surgeries OD Yes

(10 clock hour)
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Age Extent of
Patient Gender Disease Eye Symblepharon
(years) limbal deficiency
Steven Johnson’s Partial
11 57 Female OD No
Syndrome (4 clock hour)
Advanced Partial
12 62 Male . OS No
pterygium (6 clock hour)
Steven Johnson’s
13%* 54 Female oS Total Yes
Syndrome
Steven Johnson’s
14 32 Female OD Total Yes
Syndrome
Steven Johnson’s Partial
15 60 Male OD Yes
Syndrome (7 clock hour)
16 77 Female Trauma OD Total Yes
17 49 Male Burn oS Total No
Steven Johnson’s Partial
18** 54 Female OD Yes
Syndrome (9 clock hour)
Steven Johnson’s
19 18 Female oS Total Yes
Syndrome
20 24 Male Burn oD Total No

[~ 1 @
* No. 3 1az No. 8 (Hudihesederiu

I Y = Y
** No. 13 uaz No. 18 (Jugihenedginy

OD = @197, 0S = A1y
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' Y Y o quPy Y v . & s &K A o
ﬂ@ulell']‘ﬂ@\iw']@ﬂ(lwQﬂjﬂﬂjuﬂqﬂﬂjﬂ spectlal mouth wash 3 A3 m‘jl,ﬂ‘]J!,ufJLt’lfJi]x‘ﬂﬂu

=

9 L [ & Y . . 2 A A
Horda TagriinNuaze1Ae111nA 38 10% betadine solution AABIWURWIENNEBDYA
a a A Y % d’ [ a Qy di d‘w :/l
vanasuiihna s ludameyihndiudiving 5 X 5 uu. 1 5u Teaigeaniidasoniunig
1o <3| 3| 1 < . v 1w '
wn 39l I hnideglviedlummadiuudlszms laduuwadae vierly 8.0 dsidadile
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wlasuiheniauihn 3 asyiutlunar 7 9w sawduenl§Fussulssmu unaifiedues
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mldnamssuihnegie urazmeilulnaluna 1 dan
[ Qy dy 1 g’ o dy . A = . . <3|
deuitousitenir liwizi@esuu amniotic membrane M@V insert dish 1Huran 2-3
o J a wa a 4 o < 5
dland Tudesdfiamsandsdnedu Wo'ldiwad Tady amniotic membrane #915zu1m1 2 x

2 e, vz I lgnanenduduundilae

Y i1
A

dy A .. Y d A = an
111018030 (preserved amniotic membrane) I ngudiiBIBoTINM Tsane1uads 1y
ng dy " A 9 A 9 dy A I a
dunpuiioz imerdesnudile Tagldiewesnuuia 3 X 3 au. inulugungi -70°C
< [ A & Qa: = 1< da' A I~
sraznamsny ldinu 6 heu Fetuaeumsassuuaznuiiomesmiu lannasgiu

g & A e & A A a4 o 2 & A o
ﬂl@ﬁﬂ”ﬁ!ﬂ‘ﬂLuﬂlﬂﬂiﬂ"uﬂﬂﬂuﬁllu@lfl@"]NLW?J@UﬂTJlI”I@]ﬁﬂTuﬂWﬁLﬂ‘ULu@Lﬂ@ﬁﬂcﬂ’JIﬁﬂ Iﬂf]

a

A A v Y a = 1y Ay a I YAy
iWegesn launnsnvesduinnnaaea lasmsriiesn ilinnurailnglas uaziiugdnl
= Aa dy v v an A 491 A A 12 491 ‘é’ =
Imsaaie HIV dudniery $Naa namzi¥eswazuuaiiGe liliyevu wazlimsnsivdeu

1 12 a dy A A tﬁy
NhilimsfAaeuuaiiseuazi¥es

a ¢ A Y Y aa
mstnziRgasaaeyihnluieinasswazmsdoumanensinen
dy s A . . . o J dy
MIIZIasasaaEe11n (cultivated mucosal epithelium) IagMssaaN ALY
{ 33| o 4 0 J Y 191
amniotic membrane 1939V insert dish 1uryan 2 dat waziih lihlgnarenduAuundile

o & Yo Y 9 a  ado ' a ¢ a a
Iﬂﬂl%ﬁa‘ﬂlaﬂ\illﬂu']llﬂﬂ@uﬂ?ﬂllﬂuﬁu@ﬂﬂﬂnw']gﬂ@ marker UUNAUFAD Tﬂﬂﬂ'lﬂ’JGIf'IWﬂ']‘ﬁ

A A a a0 s dy Y I 4 . . ~ (= .
1NN LW@Wﬁjﬁ]u’m%aamaﬂﬂmﬂumaa epithelium ‘Vlhlllll keratin

LY v ¢ A Y Y A ¢y a
3) msmmﬂgnmﬂwaame‘qﬂm“l‘nmJQ1]3ﬂn1'Jzsf:remaamaammmummmnﬁmnm

@ 4 s A ) J J
WaIMIWIzaeraaweyin (cultivated mucosal epithelium) Iagnmsiusaanuaeauy

v
=

{ d < o 4 sa J ) J @ v
iiogo N3 Y insert dish 11181 2-3 dai iwaaide1a azih lignaenduaunn

Y
U

91 = Y [ ¢ A [ dy
Aihelagiduneulumsmsiidalgnaeadorinaail



Y v ¢ A Yo Y A <Y a
msrdalgnmenaaaayihn lvinugihennzi@euveusaddununvesdIngzInm
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D) i luresriaa Tagmsavenaay
ad 7y A o . .
2) lupsalnyadduuuuveInIzInadou lUnarua (total limbal stem cell deficiency)

a)  AAOYA1 1119910 limbus Uszanm 1-2 uy. TA8TOUNIZINAT ADNAINITZINAAIU
d’a a Y
nralnaeonannIzanaIfilg

o dy A A J Y 1 ~ dy R 1 . )

b) HuleweInnladduiUuageanINNALUTaaYI0d IUMFUL sterile 11111219
AQUNTZINAILAE limbus H1991N limbus 000 l1szana1 1-2 Wy, Feazwedny
usnamasnmmnialnaesnliaiude (a)

A IJY A IS ' . .
3) TunsalUnMzsaad UL LVUeINsZaINAUTMTUL19EIU (partial limbal stem cell
. an o 1w Y A o = 1 Aa Aa <Y
deficiency) 33M M EAa lnAREINY INBUAITIAIZRNIZUTDUNNYaaAULLVUD
A L A A s = ' a ~
NILINANADY 11AZNAUUBIBOINNVIFaAINIZIAsIad W1z TUUTnaNmIzoen
o 3 9 a a o 1 w . ~
4) mﬂmﬂuma"luaau 10.0 @1unAUAUNAYDINITRINIAA ocular surface reconstruction 9
o & 0 A A vy A Ay 19 9a 0 s '
Aufluiszdr TaswenomuaziiiogosnIniosigame lildimsiarewadwizeguu

A
9In

(Y] Y a Y ¢ A [ %
4) Msguardsdiasazmsiamunamsidalgnaewadioyihn msguandsdailgnae
¢ A
aaioyihn
v 1 v Y Yo
1) wasdagiennieas lasusmoean
¢ 3
a) 1% methyl prednisolone eye drops Failu evieen non-preservative steroid Hg9ANN
A g w o 2 g & <
1wy Tuvasan e 7 34 vasnivaaauilumnn 2 419 uazaaauily 4
nauaduveInsonanlum
a 4 [ a g @ < o 4
b)  emeeamlfiuzietlosiumsdnie Juaz 4 nauunar 2 dle
v
0 a1l non-preservative LAZHEDA autologous serum IU5zaLHI I
v Y
N0 1 92T MniulSuasmuanumuza
a [ o’/’ 1 [ (%% o
d)  ertheal§Brugman steroid Tuaz 1 39 nouueu Idilunar 3 daniIagen
09/’ dy = a Ay 1 9
navuatazidonatiangile lulinsun
dy =\ ~ 1 d'ﬁ)l Yo Yy 1w
2) wenanteniinimimzanlunaazyanandihens lasunudinourida

3) M3A35291A8NA0A4 slit lamp biomicroscopy 1znIuluzNdheed Tsane1alag

v o @ [ 4 qgj v Y d‘ [ J
szoznanininead lulsmennalssna 1 dilawt ainiuaziadienuie 2 dlans

13



= =) [ qﬂll A A [ =) tg [
uagnn 1 woulu 6 IDULTN HANUUNN 2 woulu 6 IADUNAY UIDVUNVDINTLUAL

Y A o a
ﬂ’JHJﬁgﬂ’JﬂGUfNEj‘]J’JEJLWfJﬂWﬂﬁ@]i’Ji]‘IJ‘i%LNHWﬁ
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a LY v ¢ A
ﬂ]ﬁﬂﬂﬂ‘]uwaﬂ‘lﬁﬁnﬂﬂﬂgﬂﬂ1ﬂ!°’“aa!ﬂ@uﬂ]ﬂ

MIANHINAMSHIAA (Clinical outcome) W1B1910 post-operative clinical findings Tagiims
[ 1 9 o A " v @ dy A
umﬂ’qmmﬂ%mmmmﬁuwamsmmmu ®MINN2)
Success: stable ocular surface without epithelial defect, clear cornea at visual area without
fibrovascular tissue invasion and severe inflammation of ocular surface
Failure: instability of the corneal surface, such as a recurrent or persistent epithelial defect
refractory to all treatments or severe ocular surface inflammation with total fibrovascular

tissue invasion of the visual axis.

A15191 2 Llﬁﬂﬂlﬂm%ﬂﬁﬁﬂﬁuNasllf’Nﬂ”ISPhﬁﬂ COMET

Clinical findings Clinical Clinical
grading outcome
Peripheral corneal vascularization < 2 mm. Grading 1
. S . Success
Peripheral corneal vascularization = 2 mm. but sparing Grading 2
central cornea
Corneal vascularization involving central cornea Grading 3
Corneal vascularization with involving central cornea . Failure
Grading 4

fibrosis

Y 1 s A 91 [ A = <
Namimmﬂgﬂmﬂmaaw@uﬂm Glu@ﬂ’m 20 11 AT NN 3 LEANT19TIDIANTITNDUNT Y
=) A 1 [ Y .. . A = = ' 1w
LﬂiﬂﬂLﬂﬂUﬂ@uLm%‘ViﬂiWW]ﬂ, clinical outcome grading {QaNINN 3 uﬁmgﬂaﬂiaumwﬂaumm

(column 7 1) HAZHAIHIAA (column 7 2,3)
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3199 3 AR NEULIAZHANEINIHIAAY901) 28 COMET

o Visual acuity (LogMAR) Follow up
Epithelialization Recurrent Clinical Outeome e
of Pre-op Post- Post following  Procedure
(days) symblepharon outcome grading
eyes COMET (mo)
procedure

1 6/36 6/60 - - 1 No Success 1 50
(0.8) (1.0)

2 Fc %’ Fc»’ 6/48 PKP 60 No Failure 3 47
(2.6) 2.6) 0.9 at 32 mo

3 1.5/60 6/48 - - 1 No Success 2 45
(1.6) 0.9)

4 Hm 6/30 - - 1 No Failure 3 42
(3.0) 0.7 at 8 mo

5 Fc ' Fc I’ 6/38 Phaco ¢ 7 No Success 2 41

IOL

(2.6) 2.3) 0.8)

6 Fc Y&’ Hm - - 1 Yes Failure 3 40
(2.6) 3.0) at 6 mo

7 6/15 6/48 - - 3 Yes Failure 3 38
(0.4) (0.9) at 5 mo

8 6/24 6/19 - - 9 No Success 1 38
(0.6) (0.5)

9 Hm Pj 6/30 KProc 3 No Success 1 37

ECCE IOL

(3.0) (3.0) 0.7)

10 Fc 2’ Fc 1’ 6/15 PKP 1 No Success 1 34

(2.0) (2.3) (0.4)
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No. Visual acuity (LogMAR) Follow up
Epithelialization Recurrent Clinical Outcome fime
of Pre-op Post- Post following  Procedure
(days) symblepharon outcome grading
eyes COMET (mo)
procedure

11 6/75 6/15 - - 1 No Success 2 34
(L.1) (0.4)

12 6/120 6/19 - - 1 No Success 1 32
(1.3) (0.5)

13 Fc I’ 6/48 - - 1 No Success 1 30
(2.3) (0.9

14 Fc & Hm - - 1 No Success 2 29
(2.6) (3.0)

15 Hm Hm - - 1 Yes Success 1 16
(3.0) (3.0

16 Pj 6/48 - - 1 No Success 1 28
(3.0) (0.9

17 Hm Hm 6/240 PKP 1 No Success 1 25
(3.0) (3.0) (1.6)

18 Fe I’ Hm - - 7 Yes Failure 4 15
2.3) 3.0) at 12 mo

19 6/48 6/15 - - 1 Yes Success 2 9
(0.9 (0.4)

20 Fe I’ 6/152 - - 1 No Success 1 8
(2.3) (1.4)

PKP = penetrating keratoplasty, KPro = keratoprosthesis,

Phoco ¢ IOL = phacoemulsification with intraocular lens implantation, mo = months, Fc = finger count, HM = handmovement
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mi 4 uaasnmdihon/Seuisuneunagndanisaida 1aedT cultured oral mucosal epithelial cell transplantation (COMET)

Patient Pre-op Post-op Last follow-up

rl ‘4 h rf? ﬁ_:._




Patient Last follow-up
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Patient Pre-op Post-op Last follow-up

24 mo.




Patient Last follow-up

o MO.
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Aiheain1s) limndamuwands 16 1@on  1INMTAAMUKANMTHIAATIHUANY I
ia (% (Y] o
NIHIYVDIB AN INTSINA (Epithelization) ?iﬁ\‘ﬂg]’iﬂﬂ1§f'hﬂﬂ COMET

v 1w Y 1 ] =\ d‘q
o viduhaadiediulua (19 Tu 20 a1, 95%) ImsmeveaunaniInszanm
o 4 Y 1 aw J Y s A
(epithelialization) MeTu 1 a1 (1-7 Tu) neasdenauddeiigwnsofeusadigoynli
a 1 [ o 4 ] o [y 1 1 { {
Aauin 18U amniotic membrane ¥ lvtiadog lansy, dmsudile 1 a1 @iead 2) 1%
UHANHINTZINAIMARDN 11U 60 TULTN (recurrent corneal epithelial defect) A1AT
tﬂ' FIA = o 1 a = A d’Q a =
iioanIndielnmsiaeveanszanaiedlagunsn Isaau dnldenamnaailnd uazll

9 ] . Y Yo Y . .
NITAUNIDYIITULLT (severe dry eye, Shirmer test = 0 mm.) qu“lmumimm amniotic

membrane patching LIQ tarsorrhaphy AN Lagll complete epithelialization 18

T4 o rSurvi val
:1- 0 Functi on
; +Censor ed
(%]
0. 87
o
o
20. 67
]
T
‘0
c
0. 241
bS]
>
=0. 27
=
(o]
Q
o
1 0. 07

0 6 12 18 24 30 36 42 48
Ti me (nont hs)

WA 5 LA survival of the first complete epithelialization NaIMIHIAA 1875 cultured oral mucosal
epithelial cell transplantation (COMET)
21nN5MNVIUNTAAAIVO4 survival TUBIWTA LLEAIDINITIAA recurrence of corneal epithelial defect

= A v 1w
“]NWUTH 6 IABDULTNHAINIAN
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STAUMIHRUNUKAINSHIAA (Visual outcome)

Y = = d‘dd? o " v [ 1 Vo A a A
L4 EJ‘IJ’JEJ 14 911 (70%) ¥UMITUDUUUNAVURAINITNINA COMET FINNUNTHIAANUANDU)
aoun laun penetrating keratoplasty (3 $11), keratoprosthesis (1 $11), phacoemulsification with
. . . Y =\ < 1T A =1
intraocular lens insertion (1 #11), I%J‘]JTJEJ 581 (25%) UNTUDIUHUNUAN 91NV dense stromal
1 9 [ 1
scar 181 (F1)28019 1, 6, 14, 15, 18) wonviniiludiea 14 ¥l severe lid abnormality
NAINIAA eye lid reconstruction with mucosal graft 32UNU COMET 841091l recurrent central
corneal epithelial defect, subsequent central corneal perforation 39185UM3HFA tectonic
corneal graft VT central cornea THNAABNAZTIN 1 dense central stromal scar ﬂjuiﬂﬂ
d? 1 I [ 09/’ dd? @ = a [
YU ’E’]EJNllianiJWﬁ\‘ﬁ]"lﬂuu ocular surface AUU NITONFUAADI IUDINITAANINNITINY

Qa: 1 1 =\ < 1 4 2
AN, é}‘ﬂ’lﬂ 1 91 (5%) UNMTUDAUHUDAD (éﬂ’)&lm‘ﬁ 7) 93 clinical outcome failure,

. gy A y 4 £
grading 3 INTIEUAULADAYNATIULUININ central cornea WINVU

NansHIAA COMET (Clinical outcome)

v F4
®  NINIAITIIANAINATIANGA WU clinical success outcome 15 A1 (75%) clinical failure
A
outcome 5 911 (25%). [A13194N 3]
T oAA - A A 91 A
L] 1uﬂqumu clinical success outcome [$113 1NN 3, NINN 4, Qﬂ’)ﬁlm‘ﬂ 1,3,5,8,9,10,11, 12,
o 1w ' £y a4
13, 14, 15, 16, 17, 17, 19, 20] %awrdanunszanalavu iqudoannszanaianad o
@ A9 ! A v a9 A < 9 a .
onavanad lagndiredrulngldnyazlidu@aa@aniuIunuI I periphery Y9IN3ZINA
1 ] ! 4 s U ] ]
119 ua lidsdrunanvesnszena iesanwadnilgnnie i1y corneal limbal stem cell
a ' <3 Y A @ ' A A ' [
1399 061915 Naduideadenaniidsnuanaswinainnouriia
1 Y
o lunqudilenii clinical failure outcome 11 d2ulwg) (4 Tu 5 a1, 80%) inalunsal limbal
stem cell deficiency 910 Steven Johnson Syndrome (SJS) f4m3sARYIA19#A AT 181U RO
dy 1 I A = [ 1 A 9
Hwu SIS 11 T3aNil severe ocular surface damage 3JﬂTﬁf)ﬂlﬁ“ﬂﬁ;uLLiQLLﬁzGlleufJﬂﬂﬁaﬂﬂ
Aa A o v 1w [ dyyl J . 1 1 =
Faa Imanermsal Isanasiida i, venvniidienqu failure daulna) 3 a1, 60%)
total limbal deficiency, d%uﬁlﬁﬂj (4 a1, 80%, é)ﬂ?lﬂmﬁ 2,6,7,18) W lid abnormality LA a1

Tnaj (4 a1, 80%, 418017 4, 6, 7, 18) 1 symplepharon 28 Tagdil i 6, 7 5



v
symblepharon U31auunnneurida nelasunms  lysis symblepharon 314@INOUNENT 2

9
=

Y Y
A5 89793 recurrent symblepharon HAZHAINIAA COMET AS911 recurrent symblepharon
[ A Aa A
NAVNUHUDULANDN
o dihedulng (4 lusan, 80%) 145UN13ATI9NY sign Y04 clinical failure M1l 1 Tusn

NAWIAA COMET, Hiiied 1 a1 (20%) N1l clinical failure waa 13/ T1udan 32 1hou

Uszansmnveamsinifia COMET (Efficacy of COMET)

1) M3nEIda COMET eunsnandidonuasiaiausnumInszanaaIuna1d 399 1d
R { ' =& Ay A 9 A
117 YOIUUNUAUVU Iﬂﬂm‘w1$1uﬂ€!ll success c]fﬁ"lwgﬁu!,aaﬂqmﬁmmmnm central U
NIZINAMAINAAERE HIoUT IUNGY failure AuUATI8A 1N 4 (14T lid abnormality 1@
A . & 9 2 oo o= 9 ' ' ) A =
U severe dry eye (Shirmer = 1) c]NQﬂaﬂmuwmmm@mumzagiuﬂqu failure 1H®IVINY
corneal vascularization Lﬁfl’wmﬁw?nm central cornea AN COMET ‘ﬁﬂﬁlﬂi LN
dgl Y =\ < d'ddgl 1 (Y =
Glﬁ"llu E‘!TJ’JElﬂJﬂTillfJ\HT‘iu‘ﬂﬂ"Uuiﬂﬂiﬂﬂﬂ@uWW]@%‘HQQ last follow up (91 Hand
I
movement 1)1 6/30)
2) Lﬁf]\iﬂ1ﬂﬂ1'§ﬁ1wl1éfﬂ COMET ’mmﬁﬂamﬁmﬁammzﬁaﬁﬂﬁnmﬁaﬂnimm
v 1 A Y T W A’f A ‘é’ A ] o
i]%ENGIf’JfJL‘]Jﬂ‘VINGlTiﬂ"IiPﬂ@ﬂﬂlu@l@u@uﬂﬁ%ﬂ?ﬂlﬂﬂﬂlﬂ UAZINUANUTUITIVDINTITN
Vo A 1 Y 1 A A g = o & A Y Yo " v .
idaduaee 11 ldun nsdiiedihetinnuindunezdoalasumsrda penetrating
1 A o A a . . Ay Yo
keratoplasty ao'l 92 10n31UTEIN510A corneal graft rejection QRGN nTzINAN ATy
1 = = <3 d'dd? Y Y A £~
ﬂ"li‘].]gﬂﬂ"lﬂ%%ﬂﬁﬂﬂ?'mﬁlﬁ LAgUNTUDUNRNUNAVU ulﬂllﬂ EJ‘IJQEJWWI 10 BIUNIT
g al . 3| 91 A
WBANUATVUNIN 91N Counting finger at 2 1y 6/19, Hilwan 17
I @ < 12 . 1 Y
910 Hand movement 11U 6/240 (ﬁmumsummu”lmmﬂ optic neuropathy 33UAY)
Y d' d! dy (% 1 o =K 9 1 1 . d’ =1
LL@%Q‘]J'JEIGH‘V] 2 cm@]mwmmmmumzagiuﬂ’qu failure H®3I91NY corneal
. . Y = a v 9 A o ] A A
vascularization (V1NN UTLIV central cornea Lmmuma@mﬂanuﬂimmaﬂamm
1 % A g = o & A Y Yo (% .
ninneurda Wedthetinnusuiunazdolasun1siiAa penetrating keratoplasty
1 A o A a . . AY Yo 1
valﬂ TUDNTUFTYINITINA corneal graft rejection AR ﬂigi]ﬂ@1ﬂllﬂiﬂﬂ1iﬂ@,ﬂﬂ'lﬁli]$

= = < Lﬂ'ddg’ . <3|
asianulatazimsueurunATULIN 910 Counting finger at 2’ 1y 6/48

Y 4 g o d § Y] Yo "o X
wonnniinsaiiedihetinnusuiunazdeslasunsiiaa keratoprosthesis (Kpro)



! Y A 2 o o Yy 9 A v A a a
@]’ﬂul‘]J Ej‘]J'JfJWWI 9 ¥34N13N1 COMET 1/]111’1Llﬁula@ﬂlla$W\1WﬂUiL'}ﬂlW'Jﬂi%ﬁ]ﬂ@n
T A 9 A dil 1 = ] KX a 1w
afa LmﬂﬂulﬁulaﬂﬂiuLui’]ﬂigﬂﬂ@]'lﬁ?uﬁﬂ@QW@ﬁ'iJﬂ'Ji ANIITUININA
. A 1 9 <3 dtg o
keratoprosthesis (Kpro) o8 1HNsUOURUATU UNUNITI corneal
. a d‘ =~ 9 A =\
transplantation aulnd osnnMsduLaen Gluﬂi%ﬁ]ﬂﬁﬁ]gﬂﬂ?l'm
A a v 1w FYA dyd
LY UDINITINA corneal graft rejection NN WAIWIAA Kpro [ZJJ‘]J’JEJ@H‘L! N9
< dd? [~
UOURUAVULIN 910 Hand movement 1111 6/15
Y d’d 1 [ - d‘
3) Ej‘]J’JEJ 13 11 U symplepharon NOUWINA (AN 3,4, 5,6,7,9, 10, 13, 14, 15, 16, 18, 19,
1 1 J [ <3 [ (Y]
A126m19 10 3 symplepharon 119 nasal nour1aa iu'la liFanuainluga)), msrida
[] o w 09: 1a 091 I 1 1
COMET %281119@ symplepharon 800 lianua Tag lumadnludihedulng 8 o,
61.5%) Iﬂﬂﬁluéﬂﬂﬂﬁﬁ severe lid abnormality, severe symplepharon (é’ﬂwmﬁ 13, 14, 16,
18,19) doalasumsnrida eye lid reconstruction with mucosal graft Tag oculoplastic
1 A o < Y
specialist 5’.]115]}38 %QLW&IWﬁﬂ?WﬂJﬁTLﬁ]ﬂI@QﬂTiNT@]@ COMET
4) NaNSHIAA COMET Glué}ﬂi]ilﬂtjn Steven Johnson Syndrome (SJS) WU clinical success
N . 2 4 o . 4
outcome UINNIATIHUIVDIVIUIUNIHUA (6 11, 60%) U3 SIS 1Wu15A autoimmune 9
™ o v 1w ] o 1 4 a
T ldTmanermsal Isanaeriida lid mszlimsonauunsaazaoiiod ldnasadin
= . . 1 Y | o 1 o
1azini severe dry eye a2 severe lid abnormality 323628 (Huilgyriveanisnicide

. . . { a . 1 <}
conventional penetrating keratoplasty L1 keratoprosthesis N1nA failure rate (R 9819130

A

AUNUINY clinical success outcome YBINIHIAA COMET 4 1HBI91NNTHIAA COMET 194

[ Y
FYAANITONEVVDS ocular surface, 13 tear stability YNNI Ej‘ﬂ’JEJ SIS 4 91 (40%)

4
L

@ Y < { @ 1 % % 1 1
El\iﬁ‘i%ﬂﬂﬂﬁi]f]\imuﬁﬂﬁuﬁ W19 COMET (1ag3INNUNITHINA Kpro @Dl Glu[%jﬂi]ﬂﬁW

=).

9

MIAAMUNAITEZEIVOINITHIAA COMET (Long term follow up)

a "W a o
® MIAAMINNATEEZE1IVBINMITHIAA COMET AATIEY Iag Kaplan-Meier survival W1 1 year

survival Y94 COMET g4 79.3%, 4 year survival (M1301379AA914a15A) Y89 COMET g4

70.5%. fauaalugilin 7



o msdAnyIMTlasunainin (ocular surface) HEINIFANUI NMIaRAIUAFUIADALAZ N
= a a [ Y] o [ = 9 A 1 = [
NAUTNURINTLINMAIUNANHAINMINIENGA COMET Huu Tunan lunasuuilanaa

= 1 A 1 1 d' 1] d‘ %
17 uazanuyuvesnszanaanaslu 3 @ounsnneuaNuyuIzAIn liwldsunilas d

d‘ a oy A [ LY [ d'
waadlugin 7 Manag1ue symplepharon 3xwulu 6 HourdIida duaaalugii g

1. 0 | M Survi val
' Functi on
+Censor ed
w —
$0.8 + +——+++
o e
U -+
S
7]
. 0. 67
o
>
—0. 47
-
<
o]
o
& 0. 27
0. 0

T T T T T
0 10 20 30 40 50
Ti me (nonths)
MW 6 L1FAY survival of the clinical outcome VYBINTHIAA IABIT cultured oral mucosal epithelial cell

transplantation (COMET)

1IN 1 year survival Y94 COMET @4 79.3%, 4 year survival (ﬂﬁ@lﬁ’)iﬁﬂ@ﬂhﬁ%’!ﬂ) VDY

COMET ¢ 70.5%

25



Nooww s
wuv o w o
5 )

Corneal vascularization grade
© © r = N
[0, o (6] o
1 1 1 1

o

T T T T T 1

0 6 12 18 24 30 36 42 48
Time (months)

w
o
)

N
U

Corneal opacity grade
o =
(O}

o
o

g
o

=
o

n

T T T T T T T T T T T T T T 1

0 6 12 18 24 30 36 42 48
Time (months)

WA 7 11dA3 Time course Y04 corneal vascularization and corneal opacity grading NaIMIAAA 1875

cultured oral mucosal epithelial cell transplantation (COMET)

v 4
90N IMNY corneal neovascularization A) wundudenvziivvuly 12 Pounsnudimdanauay

Asf uazinua Tuanasluaeuiousinsninadaaiu. Corneal opacity (B) WUIAMNYUVBINTZIN

aanadlu 3 1APUITNHAIHIAANDUAINYUIZ AT

26



= Sur vi val
© . 11 A
_31' 0 Functi on
; +Oensor ed
(%]

00. 87

0]

)

20. 67

()

©

I3

c

=0. 47

IS

>

=0. 27

3

[0}

Q

o

1 0. 07

0 6 12 18 24 30 36 42 48
Ti me( nont hs)

NINA 8 LLEAY survival of the symblepharon-free i 84M5H16a 1a87 cultured oral mucosal epithelial

cell transplantation (COMET)

21005 WU recurrence of symblepharon 3¢ Wi 1u 6 B UNAIHIAA
Y

NaININYoU

~ FYA I v o = a ‘g = ~ v 1w A 1
Tuani 14 gihedlu SIS wawh COMET finszanameqaduludoud 7 nawida osnnlugia
Y 1
W lugszmalne dile iaunsaunsumssnuaeriiios]d diheviaewazlszneunuiivua
A a a o Y a I Y LY .
uaznlaenaidnlnanganszanani ldinadluima nszanausasaznzg 1a5uUmMsHda tectonic

corneal graft HAM10A AINTzana hilluwadn uashldlinszanauiazaoniiag

27



Output Nla01nlnsams

Period Activity Output
month 1-6 Wamanzimunzdmsums | -awnsamanzimungaylums
= sy — = —
NI SUFAAULUUN epithelial | IWIELA8N oral mucosal epithelial cell VDI
4 4 1 1
s veudoyhn vesdie A1128 1Uu human amniotic membrane
ad . . .
2 vy A (HAM) 1875 explant, airlift technique Tao
‘nziaesayaaduuuuioi 11
] 4 a
. 131819 373 feeder traaannnsnvzayIn
NWFIUNN imunohistrochemistry
Y @ J o 9
. C ave o laalunanlszunm 2-3 dilaniagld
uazth ldgnaneldnudile
U eaziven lUuda
a J SN Y I 4 A dy A o v v
-Ngnituraahn ldithuaad AR AR AN HULATINUENHULNS
epithelium Yo uto1y1n Ty WAL N immunohistochemistry AFINY
o - whane aeldasenuseazidea liuds
Mslszliudnyasnanesiay
. . . vy
NN immunohistochemistry 1dwa
asanuithvane
month 7-12 -fAansoazmAadiiealens S1@Rdheinidn Tasamsive lasumsida

1 J 4
Ugnaieiwad epithelial Y¥o11801)

1)

-AAMNANHAENIINALNG
a a J dy A
Uszaninmueassaaniz@en

AQUNITINA

k4 v
ieedu 5 M1 wuIuTaaNAguAINTZING

v A a A a2 o 9 =
gaulszansnInG m"lmmmuﬁwamaa@

TaJudn

28



month 13-18 -AAnT09 LazrAagieaens Sdihmsdaawdihentiidalinds
1 J 4 v 4 o v oA
Ugno1e1ad epithelial voudoy | Aoiies, imsAansoazIAaLiy
. 4 2
ithnd iy . oy dm D4 y
-smdwudihenaaaudorilowazi
v k4
-AAMNANYAUENINALNY lasumsridamuaunamua 10 a1
a A J dy ~
UszAninmvesaadimzioi C s - .
, WUIUAdNAqUAINTZINAE]
aqunszana ludihensug e oy .
UszAnTnnd aelanenuneazidoa i
Y
1"
month 18-24 -AAn309 LazrAagiedens Sdihmsdaawdihentiigalinds

1 J 4
Ugnanewaa epithelial Yo U01)

. L2
1NIUIUND AU

-AAMIUANHAULNNAAUNA

U

A A 4 4 §
szanTMnvoUTaANIZIDLIN

VA ng
Agunszana Tugilenarue

AoIHDd, MMIAANTBILAZFHIAAINY

o FIA d‘a 1 d' d‘
—iammmuQﬂaﬂmﬂmmmuamaw

v Y
TasuMIkdauANNIMIA 15 a1

Taaidugihefiiazideuvousadduuuy
VYOIHINTZINA1N Chemical Burn 5 1
Steven Johnson’s Syndrome 8 A1 g
Multiple ocular surgeries 1 911 la1¢ advanced

pterygium 1 911

T W 9 3 =

-Hamsraa Tugilenaruany il
a A = U 1 ] <3
Uszansnwd dihedmInglimsuouniu
dd?l v 1w KR 9 .
AVUNNHNINA DIUNIZND peripheral corneal
Y

vascularization INATUNAIHIAA LI

AIUNANVBINTZINNTIADY Fa318a2108A

laJudn

29



month 24-30

% T v Y 9
-ANNIDN LL@%WT@ﬂﬁjﬂﬁﬂﬂﬂﬂﬂﬁ
1 J 4
Ugnanewaa epithelial Yo U01)

. L2
1AIUIUNYUU

a

-AAMIUANHAULNNAAUNA

U

A A 4 4 §
szanTMnvoUTaANIZIALIN

VA ng
Agunszana lugilenarue

Sdihmsdaawdihentiigalinds

AoIHDd, MMIAANTBILAZFHIAAINY

o FIA d‘a 1 d' d‘
—iammmuQﬂaﬂmﬂmmmuamaw

v Y
TAsuMIFdaNUANNIMUA 20 A1

Taaidugihefiiazideuvousadduuuy
YBININTLINAIIN chemical burn 7 a1,
Steven Johnson’s Syndrome 10 11, multiple
ocular surgeries 1 911, advanced pterygium 1

A1, LA ocular trauma 1 €1

L% 9 A’f =

-Hamsraa Tugilenaruany il
a A = U 1 ] <3
Uszansnwd dihedmInglinsuouniu
ddgl v 1w KR 9 .
AVUNANHNINA DIUNUIZND peripheral corneal
Y

vascularization INATUNAIHIAA L1

AIUNANVBINTZINNTIADY Fa318a2108A

laJudn

month 30-36

-AANUNATZHZEIVDINITHIAA, 9
Aa A 4 dy ~
UseanTnINvoAFaaINIZIaeIN

9 QSJ}
Aqunszana lugilenarue

a 4 ~ 9 an
ﬁﬁqﬂllﬂ%flmﬁW%'ﬂWa‘lflhlﬂ‘ﬂwﬁ'ﬂﬁ

Hazvey manuscript

SIdihmsaaaudiheniiiidae Tuudo
v A o Y Ay Yo "o o
aottiod Tudmudihenlasumsmdams

Hum 20 a1

-ﬁ;ﬂwamimﬁﬂiué’ﬂwﬁwm WUNEIN
Yszansamaluszezen A2 1 year

survival YBINIIHIAA 9 79.3%, LAE 4 year
survival survival (M3A3I9AANINAIYA) T4

70.5%

v
v 1

Y (] 1 IS ak @
ﬁ_jﬂTJamuimﬂmmmmmmmuwmmm

HaHINIAUMIEGAND NI VDU

30



1 A 1 A 9
28190 W UAeUNTZINAT ABNTZAN
IS v

Y ~ < dd? L] o
;gﬂ’;&mmiummuﬂeuuemmuﬂm YNN

a0a (P <0.05)

J o [ 1
-8Y manuscript ANYIATIHIVATHA

Nsasaatlsuna

31



MANUIN N



fanssunhendesiumsinmaninlassmslilFd sz Tawa

Period Activity Output
o g ] A aa o ~ v o y Y a v
Wauasady | sweunsunanuudteasdned | -danwinanunsai il ldesalums 14
av ' o 191 qu’ ' a
Tasamsave | lunsansaalseme mMasnundtle naluudveamsuims

-WennT T Tuaul sz

a [ 4 3
'31/]fﬂaﬂfﬂﬂELLWVlﬂLLW\?ﬂi%L“ﬂﬁUlV]ﬂ

-guws uATe Tuau sz

FBINTILAVUIUIFIA

J 1 1 4
V]TQﬂTiLLW‘V]EILLﬁgﬂ?ﬁﬁﬂ‘]&ﬂ@ﬂwﬁﬂlﬁ@\‘l

S ' ¥9 Y 1w ¢
-L‘]Juuﬂﬂﬂﬂ’ﬂll?flﬁLLﬂﬂﬂH‘LLWVIH“II@Q"lTIEJ

tazaeilsemne




MANUIN U



Cultivated Oral Mucosal Epithelial Transplantation Prabhasawat et al 1

Efficacy of Autologous Cultivated Oral Mucosal Epithelial

Transplantation for Ocular Surface Reconstruction

Pinnita Prabhasawat, MD'
Pattama Ekpo, PhD?
Mongkol Uiprasertkul, MD?
Suksri Chotikavanich, MD!
Nattaporn Tesavibul, MD'
Kanograt Pornpanich, MD'

Panitee Luemsamran, MD!

'Department of Ophthalmology, “Department of Immunology, and *Department of

Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Correspondence: Pinnita Prabhasawat, MD, Department of Ophthalmology, Siriraj
Hospital, Mahidol University, 2 Prannok Road, Bangkoknoi District, Bangkok 10700,
Thailand

Tel: +66 2 411 2006

Fax: +66 2 411 1906

Email: pinnita.t@gmail.com

Key words: limbal deficiency, limbal transplantation, corneal epithelial stem cell

transplantation, cultivated oral mucosal epithelial transplantation



Cultivated Oral Mucosal Epithelial Transplantation Prabhasawat et al

Abstract

Purpose: To investigate the clinical outcomes of autologous cultivated oral mucosal
epithelial transplantation (COMET) on human amniotic membrane (AM) for corneal limbal
stem cell deficiency (LSCD).

Methods: Prospective, non-comparative case series. Twenty eyes (18 patients) with
bilateral severe ocular surface diseases were chosen to undergo COMET on human AM.
The clinical outcomes included clinical success define as stable ocular surface without
epithelial defect, clear cornea at visual area without fibrovascular tissue invasion and
severe inflammation of ocular surface, visual acuity (VA), and complication.

Results: Cultivated oral mucosal epithelium on AM (two to four layers) was positive for
p63, ABCG2, CK3, and CK13. The mean patient age was 48.2 + 15.5 years. The mean
follow-up time was 31.9 = 12.1 months (range, 8-50). All except 1 eye had complete
epithelialization within the first postoperative week. A successful clinical outcome, defined
as stable ocular surface without epithelial defect, clear cornea without fibrovascular tissue
invasion at visual area and no or mild inflammation of ocular surface, was obtained in 16
(80%) of 20 eyes. Survival analysis showed that the clinical success rates at 1 year were
79.3% and at 4 year of the end follow-up were 70.5%. Fourteen of 20 (70.0%) eyes had VA
improvements after COMET and some cases with subsequent cataract surgery (1 eye),
penetrating keratoplasty (3 eyes), or keratoprosthesis (1 eye). Preoperative symblepharon
was eliminated in most eyes (8 of 13 eyes, 61.5%) after COMET and combined with eye-
lid reconstruction when needed. Complication was corneal perforation (1 eye), induced by
severe eyelid abnormality, which was stabilized after tectonic corneal graft.

Conclusions: COMET can successfully restore ocular surface damage in most cases with

corneal LSCD.
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I ntroduction

Severe ocular surface diseases, such as Stevens-Johnson syndrome (SJS), thermal and
chemical injury, and ocular cicatricial pemphigoid can cause corneal limbal stem cell
deficiency (LSCD) resulting in poor corneal epithelial integrity, corneal vascularization,
conjunctivalization, corneal fibrous ingrowth and lead to chronic ocular surface
inflammation and permanent severe visual loss'*. Because of the absence of limbal stem
cells in the donor corneal button, conventional penetrating keratoplasty (PK) has
unfavorable outcome in these patients. In vivo limbal transplantation, however, has
exceptional problems of donor size inadequacy in autograft and high incidence of graft
rejection in allograft requiring lifelong systemic immunosuppressions which that involves
high risks of serious eye and systemic complications’. Encouragingly, cultivated corneal
limbal epithelial transplantation (CLET) has been reported to get more epithelial donor cell
and have favorable outcome with less exposure to donor immunity compared to
conventional keratolimbal allograft®®. Nonetheless, the transplant cells of the allograft
were allogenous and immunosuppressant medications were still required.

Recently, oral epithelial cell has been shown to be able to differentiate to cornea
epithelium and autologous cultivated oral mucosal epithelial transplantation (COMET) has
been studied demonstrating promising outcomes'” "' As a result of variability in surgical
techniques and follow up time of the surgery among series and to the best of our
knowledge no previous report in Thailand regarding COMET as the treatment of LSCD. In
the current study, we evaluated efficacy of COMET and its long-term outcome using
cultivated oral mucosal epithelium on human amniotic membrane (AM) for treatment of

severe bilateral ocular surface diseases.
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M aterials and M ethods

Subjects

The study was conducted in accordance with the principles of the Declaration of
Helsinki; The Committee for the Protection of Human Participants in Research at the
Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand (Siriraj
ethics committee number 639/2551(EC2) approved the study). Adults with LSCD who
were willing to comply with the protocol provided written informed consent before
enrollment.

Inclusion criteria were the patients who had bilateral corneal LSCD from any causes. The
diagnosis of LSCD was based on the absence of the limbal palisades of Vogt and the presence
of conjunctival epithelial ingrowth onto the cornea (conjunctivalization) by the slit-lamp
finding and subsequently confirmed by impression cytology that showed goblet cells on the
corneal surface. Parameters included degree of conjunctival inflammation, conjunctival
scaring, corneal opacification and corneal neovacularization were judged by the principle
investigator (PP) in all cases. The conjunctival inflammation was graded into absent, mild
(slight hyperemia), moderate (diffuse hyperemia), and severe (episcleral or scleral hyperemia).
The conjunctival scarring was ranged from reticular subepithelial fibrosis to extensive
symblepharon. The corneal opacification was graded from 0 through 3, where 0 = clear cornea
with iris details clearly visualized, 1 = partial obscuration of the iris details, 2 = iris details
poorly seen with pupil margin just visible, and 3 = complete obscuration of iris and pupil
details. The corneal neovascularization was graded from 1 through 4, where 1 = clear cornea
with peripheral corneal vascularization less than 2 mm., 2 = peripheral corneal vascularization
more than 2 mm. but sparing central cornea, 3 = corneal vascularization involving central
cornea, and 4 = corneal vascularization with involving central cornea with fibrosis . Impression

cytology was performed by applying nitrocellulose filter paper on the central, superior, inferior,
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nasal and temporal corneal surface followed by processing and staining with modified Periodic
acid-Schiff reagent and a modified Harris hematoxylin-eosin stain. Exclusion criteria were
patients who had severe dry eye with total keratinization, patients unwilling to undergo surgery,
or patients who could not comply with the follow-up schedule. Twenty eyes of 18 patients with
LSCD from chemical burns, SJS, multiple eye surgeries, advanced pterygium, and ocular
trauma causes were recruited.
Cultivation of limbal epithelial stem cells

After oral cavity sterilization, under local anesthesia, very thin buccal mucosal biopsy
specimens each approximately 10 x 10 mm. were obtained 2 to 3 weeks before the planned
COMET. The obtained oral mucosal tissue was washed in sterile calcium and magnesium-
free phosphate-buffered saline. The explants were treated with 2 IU/ml dispase (GIBCO,
Invitrogen, NY, USA) at 37C for 20 minutes. The mucosal epithelium was separated from
submucosal connective tissue and cut into small pieces and digested with 0.25% trypsin at
37°C for 5 minutes. Enzymatic activity was stopped by washing with culture medium
containing 10% bovine serum. The denuded AM was carefully separated from its
nitrocellulose membrane carrier and pulled down to adhere to the side of the bottom of the
insert disc of which membrane was previously removed. The oral mucosal epithelium was
seeded onto the prepared denuded AM fixed on the culture insert disc which was put on a
sterile culture plate. The AM was obtained during elective cesarean sections with negative
tests for infectious diseases and kept at -70°C before use. The culture was submerged in
keratinocyte growth medium for 2 to 3 weeks and then exposed to air by lowering the level
of the medium (air lifting) for 1 to 2 days. Cultures were incubated at 37°C in a 5% carbon

dioxide-95% air incubator, and the medium was changed on alternate days.
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Histologic analysis and immunohistochemical study

Hematoxylin-eosin staining and immunohistochemical staining for stem cell markers
(p63) and differentiation markers (cytokeratin 3 [CK3], cytokeratin 12 [CK12], cytokeratin
13 [CK13]) were performed to evaluate the epithelial characteristics of the cultivated oral
mucosal epithelial cells. All immunohistochemical studies were stained with the autostainer
Ventana XT (Ventana Medical Services, Inc., Tucson, AZ); 3,3'-Diaminobenzidine
(Ventana Medical Systems) was used as a chromogen.

Rever se transcription—polymer ase chain reaction (RT-PCR)

Gene expression in the cultivated oral mucosal epithelium was evaluated. The RNA
was quantified by its absorption at 260 nm. Using a housekeeping gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as an internal control, mRNA expression of different
molecular markers (p63, ABCG2, CK3, CK12, and CK13) was analyzed by semi-
quantitative RT-PCR. The resultant PCR product was analyzed by 1.5% agarose gel
electrophoresis. The fidelity of the RT-PCR products was verified by comparing their sizes
to the expected cDNA bands and by sequencing the PCR products.

Surgical procedures

The procedures were performed under general anesthesia. After conjunctival
peritomy (360 degrees for total limbal deficiency or less for partial limbal deficiency), all
abnormal fibrovascular tissue that invaded the corneal surface and symblepharon were
completely removed. The spare clear cornea and intact limbal area was left untouched for
partial limbal deficiency cases. Mitomycin C 0.02% (Daehan NewPharm, Seoul, Korea)
was applied to the subconjunctival space for 3 minutes followed by vigorous washing with
balanced salt solution. The cultivated oral mucosal epithelial sheet with an AM carrier then
was removed from the culture disc, transferred onto the corneal surface, and sutured with

10-0 nylon and tissue adhesive glue. The tissue adhesive glue (Thai Red Cross National
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Blood Center, Bangkok, Thailand) composed of 1 mL of the solution containing 250 IU
human thrombin, 2 mg gentamycin , 40 mM calcium chloride and the other 1 mL of the
solution containing cryoprecipitate with 10-12 mg fibrinogen and 12.5 mg transamine. A
bandage contact lens was placed at the end of the surgery.
Postoper ative management

Postoperatively, preservative-free methylprednisolone eye drops 1% were prescribed
hourly during week 1, every 2 hours during week 2, 4 times daily during week 3,and then
gradually tapered depending on the degree of ocular surface inflammation. Levofloxacin
eye drops (Cravit®, Santen Noto F actory, Ishikawa, Japan) were used 4 times daily for 2
weeks. Preservative-free artificial tears and 20% autologous serum eye drops were used
frequently to promote epithelial healing. Tobramycin/dexamethasone (Tobradex™, Alcon
Inc., Puurs, Belgium) eye ointment was used at bedtime. The patients were examined daily
during week 1, at week 2, every month for the first 6 months, and then every 2 months.
Secondary keratoplasty

A secondary PK was performed after COMET in patients who still had a dense

corneal scar involving the visual axis. The full-thickness central cornea was excised using a
Hessburg-Barron trephine with a diameter of 7.5 to 8 mm. A 0.5-mm oversized graft was
secured by 10-0 nylon interrupted sutures or continuous sutures. Systemic cyclosporine 2 to
5 mg/kg/day to reduce the risk of corneal graft rejection was prescribed postoperatively for
high risk cases.
Boston Keratoprosthesis

A keratoprosthesis was performed after COMET in patients who still had a dense
corneal scar involving the visual axis and had marked deep corneal stroma
neovascularization carrying high risk of PK graft rejection. The full-thickness central

cornea was excised using a Hessburg-Barron trephine with a diameter of 8 to 8.5 mm.



Cultivated Oral Mucosal Epithelial Transplantation Prabhasawat et al 8

Boston Keratoprosthesis type 1® (Boston, USA) which was integrated with 0.5-mm
oversized donor cornea carrier with 3.0 mm punch at central hole for the front plate optic
was secured by 10-0 nylon interrupted sutures or continuous sutures. Bandage contact lens
and moxifloxacin eye drops (Vigamox®, Texas, USA) combined with fortified vancomycin
eye drops to prevent endophthalmitis were prescribed lifelong.
Clinical outcome evaluation

The postoperative visual acuity (VA) was recorded and ocular surface manifestations
were examined under a slit-lamp biomicroscope. Clinical success was defined stable ocular
surface without epithelial defect, clear cornea without fibrovascular tissue invasion at
visual area and no or mild ocular surface inflammation Clinical failure was defined as
instability of the corneal surface, such as a recurrent or persistent epithelial defect
refractory to all treatments or severe ocular surface inflammation with total fibrovascular
tissue invasion of the visual axis.
Statistical analysis

Statistical analyses were performed with SPSS 15.0 software (IBM, Armonk, NY, USA).
Kaplan-Meier analysis was performed to determine survival of the first complete epithelization,
the clinical outcome of COMET and the postoperative symblepharon free condition. Wilcoxon
signed-rank test or paired Student's t-test was used to compare the mean ranks differ of VA,
corneal vascularization grading and cornea opacity grading before and after the surgeries.

P < 0.05 was considered statistically significant.

Results

Histopathologic and immunohistochemistry results
Multiple layers of oral mucosal epithelial cells were grown on AM from the donor

tissue to approximately 2 x 2 cm in 2 to 3 weeks. The average time of cultivation was 16.0



Cultivated Oral Mucosal Epithelial Transplantation Prabhasawat et al

days (range, 7-22). This technique yielded two to four layers of epithelial cells seen with
hematoxylin and eosin staining (Figure 1). Immunohistochemistry study of these cultivated
cells detected the presence of cornea-specific keratins (CK 3, CK12). There was also
positive staining for CK13 which demonstrated the non-keratinized epithelial property and
positive staining for p63 which indicated the stem cell property. RT-PCR was positive for
differentiation markers (CK3, CK13) and stem cell markers (ABCG2, p63) (Figure 2).
Demographic and baseline Data

Twenty eyes of 18 patients (7 men, 11 women) with bilateral LSCD were enrolled in
this study (Table 1). The mean patient age was 48.2 + 15.5 years (range, 18-62). Diagnosis
included chemical burn (7 eyes, 35%), SJS (10 eye, 50%), multiple surgeries (1 eye, 5%),
advanced pterygium (1 eye, 5%), and ocular trauma (1 eye, 5%). All cases were in scar
phase with the mean duration of the limbal deficiency of 7.2 &+ 5.5 years. Ten (50%) of 20
eyes were diagnosed with total LSCD, and the other eyes were affected partially. The mean
severity of limbal deficiency was 9.7 + 2.8 clock hours. The mean Schirmer test was 13.3 +
11.3 mm. At baseline, the mean corneal opacity grading was 2.5 + 0.7, the mean corneal
vascularization grading was 3.3 £ 1.0. Sixteen (80%) eyes had lid abnormalities and 13
(65%) eyes had symblepharon. The mean follow-up period was 31.9 + 12.1 months (range,

8-50).

Epithelialization

The mean time to complete epithelialization after COMET was 5.2 + 13.1 days. Most eyes
(19 eyes, 95.0%) had complete epithelialization within the first postoperative week (Table
2). Only one eye (Eye 2) with severe chemical burns who had severe ocular surface
damage with lid abnormality and severe dry eye (Shirmer test = 0 mm.) achieved complete

epithelialization at 60 days after COMET and subsequent amniotic membrane patching and
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tarsorrhaphy. The epithelial defect occurred in 7 eyes (35%) at 1.8 + 1.9 months (range,
0.2-5.5), however the break later completely healed and stable epithelialization in all eyes.
The survival of the first complete epithelialization was shown in Figure 3 describing early

decline when the recurrent epithelial defect developed in the first 6 months.

Visual outcome

The mean visual acuity (log MAR) before COMET was 2.05 + 0.09. After COMET, the
mean visual acuity (log MAR) which was 1.69 + 1.08 improved (p = 0.078). After COMET or
COMET combined with another surgeries; PK (3 eyes), keratoprosthesis (1 eye), and cataract
surgery (1 eye) (Table 2), the mean visual acuity (log MAR) which was 1.25 £+ 0.95 improved
significantly compared with the preoperative visual acuity (p = 0.004). Although 14 eyes (70%)
had VA improvements after those surgeries, five cases had unchanged VA caused by many
associated diseases including remained corneal stromal scar, lipid keratopathy, central retinal
vein occlusion and advanced glaucoma (Table 3). One eye (Eye 7) had worse VA because the

corneal vascularization approached more toward central cornea.

Clinical Outcomes

Clinical success was achieved in 15 (75.0%) of 20 eyes with decreased conjunctival
inflammation and discomfort. Clinical failure occurred in five (25.0%) of 20 eyes. Figure 4
shows the manifestations of representative cases comparing the preoperative and postoperative
findings. Abnormal fibrovascular tissue markedly decreased in the clinical success group, most
eyes (8 of 15 eyes, 53.3%) had peripheral corneal vascularization invasion less than 2 mm.
from limbus, whereas the others had more than 2 mm. but sparing visual axis. In the clinical

failure group (5 eyes), most eyes (4 of 5 eyes, 80%, Eye 4, 6, 7, 18) had lid abnormality and
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marked symblepharon preoperatively. Clinical finding of the failure appeared in the first year
postoperatively in all except one eye which appeared at 32 months.

Kaplan-Meier survival analysis showed clinical success survival at 1 year was
79.3%, at 2 year was 79.3%, at 3 year was 70.5%, and at 4 year (the end of study) was 70.5%
(Figure5). The mean corneal opacity grading after COMET which was 1.7 + 0.7 and the
mean corneal neovascularization grading after COMET which was 2.0 = 0.9 improved
significantly compared with the preoperative grading (p < 0.05) Figure 6 showed the time
course of the corneal vascularization that gradually progressed in the first year before
stabilized after 12 months and trended to regress after 36 months. The corneal opacity
improved and stabilized after 3 months postoperatively.

Among 13 eyes (Eye 6, 7,9, 10, 12, 13, 14, 15, 16, 17, 18, 19) who had symblepharon
preoperatively, almost half of them (5 eyes, Eye 13, 14, 16, 18, 19) had severe symblepharon
together with severe lid abnormality needed eye-lid reconstruction with mucosal graft by
oculoplastic specialist as an accompanying surgery of the COMET. After the surgeries two
third of these eyes (8 of 13 eyes, 61.5%, Eye 9, 10, 12, 13, 14, 16, 17) had no recurrence of the
symblepharon. Interestingly, the recurrent symblepharon developed within 6 months
postoperatively and stable thereafter (Figure 7).

The secondary PK was performed in three eyes at 9.3 + 4.0 months (range, 5-13)
after COMET. All grafts remained clear at 29.7 £+ 12.2 month (range, 19-43) follow-up.

The secondary keratoprosthesis was performed in one eye at 4 months after COMET and

the optic remained cleat at 37 months follow-up.

Complication
In this study, corneal perforation occurred in Eye 14 who was SJS with severe eyelid

and eyelash abnormalities induced corneal epithelial defect. She lost follow-up during that
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time and central corneal perforation occurred, corneal tectonic graft was performed.
Afterwards, the cornea surface was stable with peripheral corneal vascularization up to the
last follow-up. Ocular surface infection or secondary glaucoma did not observed in any eye.

No complication was observed at the wound of the donor site in the oral cavity.

Discussion

COMET which is the autologous transplantation of stem-cell source of non-ocular
surface origin has been shown to be an alternative to allograft transplantation of cadaveric
keratolimbal graft or CLET to treat severe ocular surface diseases with limbal stem cell
deficiency.

The procedure to generate cultivated oral mucosal epithelial sheets was similar to
our previous report of CLET'. The oral mucosal epithelial cells were cultivated using AM
as a substrate without 3T3 feeder or fetal bovine serum, which differed from previous
COMET reports'® ' *1° The benefit of not using the 3T3 feeder is a lower chance of
contamination by oncogenic cells and animal products. This technique yielded two to four
layers of epithelial cells. Moreover, the cultivated cells in the current study were positive
for p63and ABCG2, which represented a progenitor cell characteristic and stained positive
for CK3 which could be found in differentiated corneal epithelial cells and CK13 specific
for non-keratinized cells'®. The average time of cultivation was 16.0 days (range, 7-22)
which was faster than that of CLET with the same culture protocol in our previous report'.

In the current study, COMET was performed in 20 eyes with LSCD resulting
from several conditions. This procedure improved the ocular surface condition, decreased
inflammation, and reduced corneal neovascularization and fibrous invasion. Based on the
current results, corneal re-epithelilization occurred in all cases. All except one eye (95.0%)

had complete epithelialization within the first postoperative week. One third of the eyes
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had recurrence of the epithelial defect happened in the first 6 months postoperatively as the
survival of the first complete epithelialization showed the early decline before the stability
of the epthelialization thereafter. The clinical success of the corneal reconstruction was
achieved in 79.3% of the eyes at 1 year and 70.5% at 4 years (the end of the study).
Without using 3T3 feeder in this current study, the result was comparable to those of
Satake et al'' who recently reported success rates of 64.8% at 1 year and 53.1% at 3 years
and comparable cultivated limbal epithelial transplantation (CLET) of our previous report
which demonstrated one year success rates of 77.9%'~.

Corneal peripheral neovascularization occurred slowly in most cases, usually during
the first 12 months postoperatively. The finding was previously reports by most COMET

- 10,11,13-15
studies

. Different from CLET, this inferior antiangiogenic activity after COMET
previously described by recent studies which showed a lack of the antiangiogenic factors of
fms-like tyrosine kinase-1 (sFlt-1), tissue inhibitor of metalloproteinase-3 (TIMP-3), and
thrombospondin-1 (TSP-1) in cornea after COMET"". In addition, the increased secretion
of fibroblast growth factor-2 (FGF-2) was also demonstrated™. This may explain the reason
why in most cases, even in the success group, peripheral corneal vascularization were found
but interestingly sparing central cornea. However after one year, the vessels ceased to
progress, and remained the same thereafter.

Corneal opacity gradually improved in 3 months postoperatively to be more
transparent and stabilized thereafter. This early cornea opacity could be explained by the AM
carrier was gradually dissolved and disappeared in a few months and the COMET could
maintain clarity afterward. In fact, the AM was helpful for promote epithelialization and
reduce inflammation®' 2.

Beside elimination of fibrovascular tissue from the corneal surface, COMET

achieved symblepharon removal in most cases (61.5%). This may be due to the effect of
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that intact corneal epithelial surface in the early postoperative period could prevent the
invasion of fibrovascular tissue from the conjunctival fornix over the graft**.
Subconjunctival tissue treatment with 0.04% mitomycin C for 5 minutes has been
described in some previous studies to treat residual subconjunctival fibroblast and prevent

conjunctival ingrowth following COMET'" !

. Even though the lower concentration of
0.02% mitomycin C for 3 minutes was used in this study in order to reduce ocular surface
toxicity, the favorable effect was similarly observed.

As a result of marked decrease of corneal vascularization and fibrous ingrowth, the
mean vision improved after COMET. Moreover, because COMET was beneficial to
improve ocular surface environment, inflammation, lid and tear condition, the corneal graft
and the keratoprosthesis survival were better, subsequently resultant improved the mean
vision significantly.

The surgical results usually depended mostly on the preoperative condition of the
ocular surface. SJS which is the autoimmune disease mostly accompanying with lifelong
chronic ocular surface inflammation®, severe dry eye and lid abnormality usually has poor
prognosis after surgery. In the current study, all cases in the clinical failure group were SJS.
However, among 10 cases of SJS, more than half of them (6 cases, 60%) were in the success
group. This was probably caused by the advantages of COMET which reduced ocular surface
inflammation and improved tear stability.

In summary, COMET with the technique of cultivated oral mucosal epithelium
on AM without 3T3 and fetal bovine serum provided healthy epithelial sheets and were
effective for reconstructing the ocular surface and restoring vision in patients with bilateral
stem-cell deficiencies that are resistant to standard approaches. This procedure relieved

symptoms, reduced inflammation, promoted corneal re-epithelization, eliminated

conjunctivalization and increased vision. Moreover, it provided a better environment for a
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subsequent keratoplasty or keratoprosthesis. The ocular surface condition trended to stable
after one year with the stabilty of postoperative corneal vascularization, corneal

epithelization, corneal vascularization and any recurrence of symblepharon.
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Table 1 Patient characteristic of cultivated oral mucosal epithelial transplantation

No. Age , Eye . Extent. O.f
Gender Disease limbal deficiency Symblepharon
of Eyes (years)
(clock hours)
1 45 Male Burn oD 5 No
2 27 Male Burn oD Total No
3 44 Male Burn oD 8 Yes
4 35 Female SIS oD Total Yes
5 42 Female Burn (O] 10 Yes
6 57 Female SIS oD Total Yes
7 56 Female SIS (O] 8 Yes
8 44 Male Burn 0S 6 No
9 53 Female SIS oD Total Yes
10 73 Female  Multiple Surgeries  OD 10 Yes
11 57 Female SIS oD 4 No
12 62 Mae  Advanced pterygium OS 6 No
13" 54 Female VS oS Total Yes
14 32 Female SIS oD Total Yes
15 60 Mae SIS oD 7 Yes
16 77 Female Trauma oD Total Yes
17 49 Male Burn (O] Total No
18™ 54 Female SIS oD 9 Yes
19 18 Female SIS (O] Total Yes
20 24 Male Burn oD Total No

" No. 3and No. 8 was the same patient.
No. 13 and No. 18 was the same patient.
SJS, Steven Johnson’s Syndrome; OD, right eye; OS, |eft eye



Table2 Resultsof cultivated oral mucosal epithelia transplantation including visual outcomes, clinical outcomes, epithelialization, and duration of follow-up

No. Visual acuity (LogMAR) orocedure  EPithelialization  Clinical '™ Recurrent  FOIOWUP
of Eyes Preop Post- Post following (days) outcome Symblepharon SEASES
COMET procedure (months) (months)
1 6/36 6/60 - - 1 Success - No 50 Remained corneal scar
(0.8) (1.0
2 Fcv2 Fcv2 6/48 PK 60 Failure 32 No 47 -
(2.6) (2.6) (0.9
3 1.5/60 6/48 - - 1 Success - No 45 -
(1.6) (0.9)
4 Hm 6/30 - - 1 Failure 8 No 42 -
(3.0) (0.7)
5 Fcvd Fcl 6/38 Phaco c IOL 7 Success - No 41 Lipid keratopathy
(2.6) (2.3) (0.8)
6 Fcva Hm - - 1 Failure 6 Yes 40 -
(2.6) (3.0)
7 6/15 6/48 - - 3 Failure 5 Yes 38 -
(0.4) (0.9
8 6/24 6/19 - - 9 Success - No 38 -
(0.6) (0.5)
9 Hm Pi 6/30 KProc 3 Success - No 37 -
(3.0) (3.0) (0.7) ECCEcIOL
10 Fc2 Fcl 6/19 PK 1 Success - No 34 -
(2.0) (2.3) (0.5)
11 6/75 6/15 - - 1 Success - No 34 -
(1.1 (0.9
12 6/120 6/19 - - 1 Success - No 32 Remained corneal scar,
(1.3 (0.5) Cataract
13 Fcl 6/48 - - 1 Success - No 30 -
(2.3 (0.9
14 Fcvi Hm - - 1 Success - No 29 Remained corneal scar

(2.6) (3.0)




Visual acuity (LogMAR)

e e - Time Follow up
No. - i Procedure Epithéelialization Clinical to failure Recurrent time Associated di
of Eyes Pre-op Post Post following (days) outcome Symblepharon SEASES
COMET procedure (months) (months)
15 Hm Hm - - 1 Success - Yes 16 CRVO
(3.0 (3.0
16 Pj 6/48 - - 1 Success - No 28 Remained corneal scar
(3.0) (0.9
17 Hm Hm 6/240 PK 1 Success - No 25 Advanced glaucoma
(3.0) (3.0 (1.6)
18 Fcl Hm - - 7 Failure 12 Yes 15 -
(2.3) (3.0
19 6/48 6/15 - - 1 Success - Yes 9 -
(0.9) (0.9
20 Fcl Fcl - - 1 Success - No 8 Remained corneal scar
(2.3) (2.3)

COMET, cultivated oral mucosal epithelial transplantation; CRV O, central retinal vein occlusion; Fc, finger count; HM, hand movement; KPro ¢
ECCE c 0L, keratoprosthesis with extracapsular cataract extraction with with intraocular lensimplantation; LogMAR, logarithm of the
minimum angle of resolution; Phaco ¢ IOL, phacoemulsification with intraocular lens implantation; PK, penetrating keratoplasty.



Limbal tissue Cultivated célls

Figure 1. Histopathologic analysis of limbal tissue (left column) compares with cultivated ora
mucosal epithelial cells (right column).

Hematoxylin-eosin staining of the limbal tissue (A) and cultivated oral mucosal epithelia cells (B)
shows a stratified epithelium consisting of two to four layersresting on an AM. Expression of
p63 is positive based on immunostaining of limbal tissue (C) and cultivated oral mucosal
epithelia cells (D), which indicate the corneal epithelial stem cellular property of the cultivated
epithelial sheet. CK3 and CK12 indicate the corneal epithelial phenotypeisin the limbal tissue (E
and G) and cultivated oral mucosal epithelial (F and H) cells. CK13 isin both limbal tissue (1)
and cultivated epithelial cells (J), indicating a non-keratinized epithelia characteristic.

AM, amniotic membrane; p63, transformation-related protein 63; CK 3, cytokeratin 3; CK12,

cytokeratin 12; CK 13, cytokeratin 13; H& E, hematoxylin and eosin.



M = 100 bp markers
1= CK3

2=CK12
3=CK13

4= p63

5=ABCG2

Figure 2. RT-PCR study shows expression of

differentiation and stem cell markers (CK3, CK12, CK13, ABCG2, and p63).

The presence of CK3 and CK 13 indicates the non-keratinized corneal epithelial cell property, and
ABCG2 and p63 indicate the stem cell property of the limbal cultivated cells. The findings are
identical to that of the immunohistochemistry study. However, the appearance CK 12 was not
found.

RT-PCR, reverse-transcription polymerase chain reaction; CK3, cytokeratin 3; CK12, cytokeratin
12; CK13, cytokeratin 13; ABCG2, ATP-binding cassette subfamily G member 2; p63,

transformation-rel ated protein 63; Bp, base pair.
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Figure 3. Thesurvival of thefirst complete epitheliaization after cultivated oral mucosal

epithelial transplantation (COMET). The decline of the survival represents the recurrence of

corneal epithelial defect occurrsin the first 6 months postoperatively.






Figure 4. Representative dlit-lamp photographs show a comparison of the eyes before (left
column) and after (right column) COMET.

Patient 6 with SIS caused severe dry eye (Schirmer=0), severe symblepharon and lid abnormality
(A) which markedly improve after COMET up to 24 months postoperatively (B). Patient 16 with
total limbal stem cell deficiency with corneal fibrovascular tissue invasion with keratinization,
severe symblepharon and lid abonormality secondary to ocular trauma (C) undergoes lid
reconstruction with mucosal graft and COMET and has resultant markedly improved lid and
ocular surface condition up to 21 months postoperatively. Patient 15 has partial LSCD from SIS
with corneal conjunctivalization and symblepharon nasally (D) which is completely removed after
COMET (E). Patient 17 who has chemical burn caused corneal comjunctivalization and corneal
opacity grade 3 (F), undergoes PK at 13 months after COMET. The corneal graft remains clear 12
months after keratoplasty (G)

COMET, cultivated oral mucosal epithelial transplantation; SJS, Stevens-Johnson syndrome;

LSCD, corneal limbal stem cell deficiency; PK, penetrating keratopl asty
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Figure 5. Kaplan-Meier survival analysis showed clinical success survival of cultivated oral
mucosal epithelia transplantation (COMET) at 1 year was 79.3%, at 2 year was 79.3%, at 3 year

was 70.5%, and at 4 year (the end of study) was 70.5% respectively.
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Figure 6. Time course of corneal vascularization and corneal opacity grading after cultivated oral
mucosal epithelial transplantation (COMET).

Corneal neovascularization (A) gradually occurs in 12 months postoperatively before stable
thereafter and trend to decrease by the end of the follow-up. Corneal opacity (B) gradually

improves in 3 months postoperatively then stable thereafter.
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Figure 7. Survival anaysis of the symblepharon-free after cultivated oral mucosal epithelial
transplantation (COMET). The decline of the survival represents the recurrence of symblepharon

occurrs in the first 6 months postoperatively.
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