A Rabbit limbal epithelial cells
(Cell suspension culture)
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SHEM - Aprotinin
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Fibrin digested by cells

Submerged cullure

, ™ Fibrin or AM coated chamber
e GHER 4 aprotinin
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Fig. 4 . Cultivation of carrier-free epithelial sheets.

Limbal epithelial cells were collected and seeded on fibrin- or
amnionic membrane (AM)-coated chambers (A). HE staining
(B, C) and immunohistochemistry against fibrin (green) and
K12 (red) (D, E) showed that fibrin acted as a scaffold during
cultivation with the protease inhibitor aprotinin (B, D) and was
allowed to dissolve by removing the aprotinin before transplanta-

tion (C, B).
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Fig. 5 : Cornea-derived progenitors (COPs).

COPs from transgenic mice encoding PO-Cre/Floxed-EGFP as
well as Wnt1-Cre/Floxed-EGFP were GFP™*, indicating the neu-
ral crest origin of COPs, which was confirmed by the expres-
sion of the embryonic neural crest markers, Twist, Snail, Slug,

and Soxg.
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_graft

Descermnet’s membrane stripping
endothelial keratoplasty (DSEK)

araft

Post Ope

Fig. 6 : Penetrating keratoplasty (PKP) and Descemet’s membrane stripping endothelial kerato-

plasty (DSEK).

DSEK is a new technique of sutureless corneal endothelium transplantation with small incision. This
technique will be applied to regenerative medicine of corneal endothelium.

FUCHE RO RGN 2 Bk 5~ —h —
& LTp63"Y, ABCG2"™, cytokeratin 15", N-
cadherin®®, HESI?”, nucleostemin® 7 & 2%t
BEINTWS,

B) AREXERME

B AR, (neural crest) FHED iR
EEHN (keratocyte) &, B OPEILR
MIC X > CTHER S 5. FEBMLONZRIE E
FRsfialz ERELTB ST, RAZCHEZRS
NTWwb, A3~y AMEIE LY Elis ok
a b oMmEFEHMIE (Cornea-derived pro-
genitors : COPs) O4EEIZED) L7222, AHily
AR 2 B 284 A R D neurospheredifii
ST A2 & T, EIMFRETTHEMALL RS HE
BTXLZEZHRAL TS, fEIEHETH S
Z OFIE X wist, snail, slug, Sox9%FEH L T

Wiz F72, Mg 5 b k7 sphere & TR
3 Aclonal growthZ/R$ T &, HLFHERH %
W5 Z & TRl (B Mtubulin+), HRIGH
i (Oil-Red O staining+) 72 &b 4L T 5HE7]
ERoTWAH I DR SNz (Fig. 5)o B
5 b FERRO MBS H RS RS IhTE
), sphere® BT 5 7% i@ O % Fr b 2
TWwh, LHL, ZhsoMBHERIZHEL
IBDH, HBHVIIERNTORE (=vF) %
ElZOWTREZHI VMO TRV, S5%IE
Z S O Sk O characterization %
i PRI, FEMITIZCOPsEFIA L7,
FASHIE 2 & O M RFEEHBOMENEFERT S
eV END,

C) AEMKE=Hi
FA TR B AN b SEEAMNE & RIS AR sk T

Organ Biology Vol.17 No.l 2010 57

Presented bz Mdical*Online



HY, v MTREHZOHEMEBIZIEFICHEL LT
%o AN MO 2, ARFEEE k
FEDFNE % k3 AR & 70 5. AN
BEAREIC X 2 BMEIERL, MAEBH SR}
Bt LD TWH* 7 fERIZARNE 2 & KT
— %o T, £BAKEHN (penetrating kerato-
plasty ; PKP) %479 DAMIWHHTET 5 FERII L0
272 LD L, WETIIHNEMILRE DM Z BRI
AHABRNE RN (Descemet’s membrane strip-
ping endothelial keratoplasty ; DSEK) SRR
WWERINEENDL L) 124 -72® (Fig. 6)o
— i CTARNEBAICOWToOMRIE T 2%
BERELTELT, NEBIHOFMFEILLT
LTHENTETCWAHRTH 5, FRIICH;
EMPENE Y — T+ OIER . S i, BALTF
FERIEZTTICHLENDDOHL5DT, ZOEH
IR WEEZ SNLH, b MAEANEM LN
Vitroll BWTHBIH S5 2 L% {, A9%H
TORERBEL o TW5A, 512, HEHI
DFEEZRRLEHME D © OFFETH O N7 A B
W & LCHRIGH TE 5729121, Na, K-
ATPase, carbonic anhydraseZz &M B O
RIS ELRRTPBIAL TWBLEZIT TR, #h
5 DORF- DA EDE KRB Z ol U EBRME %
TR BT OEM - ALERREZ R L 2
FTE Lo hnwZ e, B 2TIESR S 2w
— FVDO—DTH 5, AEFEMIL (keratocyte)
DAL D AR ERTH B 2 &
5, bNbIILHEDCOPsH & D P Bz AL 5
ZRATBY, W OhDOREESLMN TNa, K-
ATPase, carbonic anhydrase’s & DOFH % #ER
LTWwWb, b LCOPs%& A L7-#Hlaat 5 &
REABENE Y — FEREPERNICER TSR
12, ABRKBEZEICESTRERRA Yy b ERD
2T, NEBBASPBI#ERICED S Y
I POREEREZ D EHEWNERDIEEICK
EnkExbhs,

EHUIZ
FA LD PR BRI FLER ) S 2 & BRRIS H &

TWABREMSHOONEDTH S, LHL, EEUL
NoAEEE, L CTABENEDOBARERICON
TEFIREZHBOIMCH S, —FHT, D10
FREOMICERICHEL CE 7, FRIEBEARK
BH, ARNEBHZ EORTTLAFEN—YR
MWOFMFEE, F0F THAERMIOLHT S
CENRTERLEEZLON, Wolz ABKIIDSE
BRNENOFEHEVHLSMNEZZ 50
RIS IZRVCOTIE v L s ns, 77,
B SNz ekl GPSHIR) ™ 2~ 5
A BRI AR OBHIL % 8T A5 b 1T- T
BY, ZOREIMEINS, HIBOCOPsIZH
BRI OMEEE L TWBEDT, iPSHIKEL S
ARSI, COPs? & MFEE - WM~
FEOEMOVER S AL, R ICIPSHR D
SARERBORENTEICR LD Lk, fi
BRI B TR B MR 5 4
BEXRHY, TOOICITMEEXHETAYTUT
VORFEDULETH,H, MENICHMICEZ %A
BECH Y hs, BFEHL VX LTIIEEICHE
e, ORPMLIERE LTwaS, MiklL7zt b
D, RIFICBVTITARBMER BT 285N
B RF—AEPHEE Z->TED, 2L DBED
HEERZHATY 5, ABEOEREOFARE)N
FENLCTENIZE, ARIFICBITL FF—FREOMER
WARIIRERTE A5, TNICITFEZ TN
b N—=FVPIFEL TS, BOVITE
PEW, MIRIEEEICHEATVSEDOTEHEOR
BUZEIRE L 720,

SR

1) Thoft RA, Friend J. The X, Y, Z hypothesis
of corneal epithelial maintenance. Invest
Ophthalmol Vis Sci 24 © 1442-1443, 1983

2) Wilson SE, Mohan RR, Ambrosio R, Jr., Hong
J, Lee J. The corneal wound healing
response . cytokine-mediated interaction of
the epithelium, stroma, and inflammatory
cells. Prog Retin Eye Res 20 : 625-637, 2001

3) Aggarwal RK. Deep lamellar keratoplasty-an

58 Organ Biology Vol17 No.l 2010

Presented bg ﬂ/édical*Online



alternative to penetrating keratoplasty. Br J
Ophthaimol 81 © 178-179, 1997

4)Shimmura S, Shimazaki J, Omoto M, Teruya
A, Ishioka M, Tsubota K. Deep lamellar ker-
atoplasty (DLKP) using viscoadaptive vis-
coelastics in keratoconus patients. Cornea 24
(2) :178-181, 2004

5)Kenyon KR, Tseng SC. Limbal autograft
transplantation for ocular surface disorders.
Ophthalmology 96 © 709-722 ; discussion 722-
703, 1989

6) Tsubota K, Satake Y, Kaido M, et al.
Treatment of severe ocular-surface disorders
with corneal epithelial stem-cell transplanta-
tion. N Engl J Med. 340 (22) © 1697-703, 1999

7)Shimazaki J, Kaido M, Shinozaki N, et al
Evidence of long-term survival of donor-
derived cells after limbal allograft transplan-
tation. Invest Ophthalmol Vis Sci 40 . 1664-1668,
1999

8)Pellegrini G, Traverso CE, Franzi AT,
Zingirian M, Cancedda R, De Luca M. Long-
term restoration of damaged corneal sur-
faces with autologous cultivated corneal
epithelium. Lancer 349 : 990-993, 1997

9) Koizumi N, Inatomi T, Suzuki T, Sotozono C,
Kinoshita S. Cultivated corneal epithelial
transplantation for ocular surface reconstruc-
tion in acute phase of Stevens-Johnson syn-
drome. Arch Ophthalmol 119 © 298-300, 2001

10) Shimazaki J, Aiba M, Goto E, Kato N,
Shimmura S, Tsubota K. Transplantation of
human limbal epithelium cultivated on amni-
otic membrane for the treatment of severe
ocular surface disorders. Ophthalmology 109 -
1285-1290, 2002

11)Kim JC, Tseng SC. Transplantation of pre-
served human amniotic membrane for sur-
face reconstruction in severely damaged rab-
bit corneas. Cornea 14 . 473-484, 1995

12) Higa K, Shimmura S, Kato N, et al.
Proliferation
Transplantable Rabbit Epithelial Sheets

Engineered with or without an Amniotic

and Differentiation of

Membrane Carrier. Invest Ophthalmol Vis Sci
48 © 597-604, 2007

13) Nishida K, Yamato M, Hayashida Y, et al.
Functional bioengineered corneal epithelial
sheet grafts from corneal stem cells expand-
ed ex vivo on a temperature-responsive cell
culture surface. Transplantation 77 . 379-385,
2004

14) Nishida K, Yamato M, Hayashida Y, et al.
Corneal reconstruction with tissue-engi-
neered cell sheets composed of autologous
oral mucosal epithelium. N Engl J Med 351 .
1187-1196, 2004

15) Cotsarelis G, Cheng S-Z, Dong G, Sun T-T,
Lavker RM. Existence of slow-cycling limbal
epithelial basal cells that can be preferential-
ly stimulated to proliferate . Implications on
epithelial stem cells. Cell 57 © 201-209, 1989

16) Pellegrini G, Dellambra E, Golisano O, et al.
p63 identifies keratinocyte stem cells. Proc
Natl Acad Sci U S A 98 © 3156-3161, 2001

17) Watanabe K, Nishida K, Yamato M, et al
Human limbal epithelium contains side popu-
lation cells expressing the ATP-binding cas-
sette transporter ABCG2. FEBS Lett 565 . 6-
10, 2004

18) Yoshida S, Shimmura S, Kawakita T, et al
Cytokeratin 15 can be used to identify the
limbal phenotype in normal and diseased
ocular surfaces. Invest Ophthalmol Vis Sci 47 -
4780-4786, 2006

19) Hayashi R, Yamato M, Sugiyama H, et al. N-
Cadherin is expressed by putative stem/pro-
genitor cells and melanocytes in the human
limbal epithelial stem cell niche. Stem cells
(Dayton, Ohio) 25 : 289-296, 2007

Organ Biology Vol.17 No.l 2010 59

Presented by Madical*Online



20)Higa K, Shimmura S, Miyashita H, et al. N-
cadherin is required to maintain human
corneal limbal epithelial progenitor cells in
vitro. Invest Ophthalmol Vis Sci 50 (10) : 4640-
4650, 2009

21)Nakamura T, Ohtsuka T, Sekiyama E, et al
Hes 1 regulates corneal development and
the function of corneal epithelial stem/pro-
genitor cells. Stem cells (Dayton, Ohio) 26 :
1265-1274, 2008

22) Kawashima M, Kawakita T, Yoshida S,
Shimmura S, Tsubota K. Nucleostemin as a
possible progenitor marker of corneal epithe-
lial cells. Mol Vis 15 . 1162-1168, 2009

23) Yoshida S, Shimmura S, Shimazaki J,
Shinozaki N, Tsubota K. Serum-free spheroid
culture of mouse corneal keratocytes. Invest
Ophthalmol Vis Sci 46 . 1653-1658, 2005

24) Yoshida S, Shimmura S, Nagoshi N, et al
Isolation of multipotent neural crest-derived

stem cells from the adult mouse cornea. Stem

Cells. 24 (12) : 2714-22, 2006

25)Kang PC, Klintworth GK, Kim T, et al.
Trends in the indications for penetrating
keratoplasty, 1980-2001. Cornea. 24 . 801-803,
2005

26) Al-Yousuf N, Mavrikakis E, Daya SM.
Penetrating keratoplasty . indications over
10 year period. Br J Ophthalmol. 88 . 998-1001,
2004

27) Dobbins KR, Price FW Jr, Whitson WE.
Trends in the indications for penetrating
keratoplasty in the Midwestern United
States. Cornea. 19  813-816, 2000

28) Price FW Jr, Price MO. Descemet’s stripping
with endothelial keratoplasty in 50 eyes : a
refractive neutral corneal transplant. J
Refract Surg. 21 (4) : 339-345, 2005

29) Takahashi K, Tanabe K, Ohnuki M, et al.
Induction of pluripotent stem cells from
adult human fibroblasts by defined factors.
Cell 131 : 861-872, 2007

60 Organ Biology Vol17 No.l 2010

Presented b2 ﬂ/lZdical*Online



FLOWEEEBREY U X

224.

MsEARICH T 271 7 ORICK 2 ARAERED

YUY T e fE A ERE

TLtrF-sar i H M

SRR SLEE R A SR A BRI S B SR BE B A S Rk

axeb o B G sk SRR

QNI 7592 F

P S IE S TE,  AEAT YR O S AR T, U
FWNTIENE LR 2 \HEAT 3 %A%, 30 Reni e 1 AE 71 45
552 RS, IUNCEIRE:, vy hrary s L
YATHIETE B, LBRpdEdDiEN—Faryy s L
YA (HCL) ThWwWEHBERIIFHE LN R 5. HCL
THRIETE %  RIEMPRHOBIE & %2 5.

Mg o AR IR RLE, EIREREO RN PRI R
WF7EHS, Witk OFAIL T 5~6D & B & & A%
WESNTWEY, THEBE LML M L3y TH
BAH BT h Fr— A~y 587, BARE(ES
ZENENEEZ NS, Busin HIEMAREEFYLEE N A
R— T TR, PLAATHBHR IR ERIEL, W

BoMPBIRTT) & HAAORMIEI RS D B T & Wt L
TWw52,

Tz Medh v RL—W—% iz T 77 &RRB
&, AR o #) B & R RAIR DD 1,

-

B1 1 7RI E 5 AEhREORFR
<4 z7uRickh, WE3Smm - AE43mm QP2 A
EKEAS 250um T T65CICERSE, F—FvRICAEP
iR BBKT 5.

(109)
0910-1810/15/¥100/3/JCOPY

218

ERA OBV RO LT, AP AT L — v A
EFBICEWREL DAy VEFTBEY. LhLk
A5, AT L7 FEEA IS B W CidR A OABEETLO
RERREME T 372 AN EELBIAYKR & < R 2 IR B -
7.

FITHER O, AT LM IR LT, < A
7 PN & DEIBIKY # AT - 7BV TV T R AR
REA TV, B2 EEZ TV D O TRAT 5.

K3~ 1 7 DR A BREEA R O R

B S HME LT B 0ld Keraflex® (Avedro #1) &
W IEBUGIEH & LTz s cdh 5. IRskicy

et

syav) LT, AERRICEy Sy L
Zodh e, WE38mm - MEAImm O F—F vk 7
0= 7R MFEREICH LS T (B 7y PASL v T
EPGEGT, WHUCARR R BB T E 5. <A
7 T THPBEREA S 250 um DS £ T65CIC L5
S, 3T =7 URHEDGET 5 Z & THREER LIRS

=

R 2 #SFERFSEhEABICI LM A FL—YF—T2E
YIE% L = fich AR

BIRR ORHESEILZ B EHVES. L —TERBWHLT

LEIEIRR-NT WS,

726 LWIRF Vol 32, No. 1, 2015 109




K1 BEOVIVIBEEORE

BRIRA AR
i sival W&
BB Tk
R AR
ELAR WA

HALT 2. ZoxiRE—BEOdOTHY, AERBHEL
LT ISR BERICD 7o TEOERICE> Tw L.

OFE R F &

<A 7 OEABEBIE A EBAE O 1 4 H RN AR
FREE T IC P E T o T b, Mg hREBo A FRz
BHETHOT, WERAY I Y27 ML U ARREY
TEEEERRL BT Tary sy M3k 5. Hk
RIEDRNDOT, A 1VABIINRS 25V v EHREE
HIREAT.

BB 2 BB LTI, T A AR
L—F—F V7R L BE L RRICT
ZENTESL (R2). F—F VIRICEEERE & -8B
HEEZ->TBY, L—F-BEoLryyYy 730
HBEOHRICADES & L, AT 8 R DuiEiEs &
16 $FoHEbiRE S TIT ) .

MsEfEA~OBE O Y 77T, Btk ->T
MERHEL, VST 2BAPIIEAERS LT E
bdHbH. BT S & THREFMLT 5725 Th

B OR) X TRABENY YR E, HEA
JECH§ 28 LWiRgES o Eo ZICHBLL, DT &
0 BECHARHNIERICEE AL B r — A bR TE
L L%ad50, #EATENIY 2 ARBHLLS T b &k
DFERLELTHATHY, TOFHREFIHMITEE
EFRLERPITON TS, ARBIERIE, HEAE
OABIRBEIEEE LT X D i7bhTE 7285, i
BABFEEROTFHESENC L L, JBFORY KRS
WIEDPRETHo7z. GFERSNLHER, 74

—K [F#ARICHT VM VORICEPABERTEREOY T¥ T 2BARBSHER] ~03x > MO—

{, BOAREFTRICGIZFELN, FHBARIIZITIE
BHREARELRDBOT, V7V TRRFIEREARISE W]
WERTE 5.

BARFGEDRVE E1D

Mg, MLV EBAREBETYS ST oY
AR %F—ICT 5 EFELEREL, BOWEBESEPRT
v, BIERT A LT, VIS ERBAEBIE R Y
AZXDT75 7 FTANEZ TS, MEABETERISE
<, BARDBY, BIEIIEUETHHEH L. &<
CHRSHBIERD IR r o UET L. MBEEOHER
BRIBDEL, FogHEHOrLEDbIS.

1) Gross RH, Poulsen EJ, Davitt S et al : Comparison of
astigmatism after penetrating keratoplasty by experienced
cornea surgeons and cornea fellows. Am J Ophthalmol
123 : 636-643, 1997

2) Busin M, Zambianchi L, Franceschelli F et al : Intraopera-
tive cauterization of the cornea can reduce postkeratoplas-
ty refractive error in patients with keratoconus. Ophthal-
mology 105 : 1524-1529 ; discussion 1529-1530, 1998

3) MH K BAEEE—, NG T ATHREDGT TR A
KB 72 b Y FL—=F =2 B0V 7 ¥ BiRE
BABRBML MU AV ERBAEBHICB T 2 ARKHES
HokE. Hizo LWIRR 28 1 1197-1201, 2011

4) Barsam A, Patmore A, Muller D et al : Keratorefractive
effect of microwave keratoplasty on human corneas. J Cat-
aract Refract Surg 36 : 472-476, 2010

M Y FL—F—2Hn2BARBREORIC,
B EATH & & TRAGRO ARG E 2 B 5 HET
hbH TOHEE EMEZINIESEIE L
{, b BCOTHEHEREREWEEDbIS. 5%
1Z, EOREAMEAT U MR BEICBIER O AL
LVwod, 7xhbkdh vy FL—F—%HRnmlk
BHEICODAEHTHLOPREDHRPRINEZ L%
¥ 5.

110 »725 LR Vol 32, No. 1, 2015

219

(110)



PISIEF I,

PR i iR O A ESLBLO TR

Treatment for Irregular Astigmatism Caused by Keratoconus and

Refractive Surgery
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