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THNIUEPHREIRIT R I V%0,

2. ANIRZATAIWALEBRE SR
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(VZV), A4 P AF T 4NV A (CMV) 1ZHRA
S FEFLREIEREZLELDHNE 25,
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B 7 MEELETERRZOBURTIL ChRIEe
RSP s NS,

Jo Fz, HSV & VZV IXHF BRI &
WAL MOIE e 0B 2 (B 8) 24U %
T ENHY, BN ET 4 v AERE (7
¥ u ¥l 10~15mg/ke/H O M S) %
ToTh, MIEHHREIEIEER S SN E 5 s
L5 THEL vy, SIS DEBEIC MY
W2 PCRERTTH) ZEBKEHMTH B, CMV
X AIDS B R BAAFHIP IR E & E o6
AL RIB S A L& X B (CMV
W) BAELLI &I Hryrzuldn
S S AL BN AT b o B
B, WS HYIBLRE A A U 2 T3S KA S 745
T 5o

3. BERIZEDREDER

HFhEERI L B RE ) PENLHNL IO
W, BEFRv T A &R MY THERD
o PEVTIATWRAIEMFEETBA
FHMRBERETH Y, MFVTT AT
(Toxoplasma gondit) HENEETEZET
BIET Bo MM F V79 XD RN
FREBY L BRIRYe D Do T RGP TR
205 gk R U T 9eRRI% (trophozoite) #JR N
WEATL, BMERil, Rt e &
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Ho HREIR N % v 75 X<HETIZMHT IgM
Podfilli L5 ORIt 2525 IR S b
FV 75 ATET % PCRIETHRINTE S Z
ENHY, BEHICHMTHE", HHHCET &
FWALTTL Ly 1,200mg/Homlke, B
MO EIZIS LT Favo % 0.5
mg/kg/ F 70 & ABRITE & 17 9 o

kv a 58, 4 XM (Toxocara
canis) %4 il (Toxocara cati) OXMELT
JET, GHOMEBCAELES. EElio%k
P, RIEZORBOEKIHIML T E
FERZONBHY, IWZEICIE, TRMRH, Bk
W, FUSIEEE (R10) 55, B
W, JEBOAVIRET Rofmde, R, $hbb
LS Loy o O g EIR OB 4
X, Faoy EFROAMORIN T
B o MEEBWAIZUMHT R MPPO A Xiil]
UK 5 B4R E, ELISA e ¥
VA GPMEINES Y b (Toxocara CHECK®) ™
B EEMHCTNES 5. BIEYZF VIV
NPy 10mg/HETL F=vr 0. 5mg/

kg ZNIRIFHT %,
F &£ O

RE S EROMBHE RS LT TH S L LT
B, RE3BEDRT MM ERRIZNAS T

::E
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FUBIC

IBRSEOERE LT, v4LR, Ml =

B, FERLEOBEREMERTHY, B

FHRITERFTL, ChLLORETHOLERELS
B EERERICAIRTH B, 72, TOR
H & % AASEERREESE T, SN2
RKDohb, FOHZ, BEHPLEONLIK
HERICHMET, WRENLBHRELTH IR
TRELREE 2L, ik, PEREBICTER
B2 0E B OIRBIERA Z1T ) SRR BE
L 72, PCR (polymerase chain reaction) 2'CA
pU -V I AABREMEN L LT,
HSV-1, HSV-2, VZV, EBV, CMV, HHV-
6, -7, -8 DAIVARR T4 VA DNA, HIE 165

TDNA GHIB4#%), EH 28S rDNA (EHE&H),

HUVF T ARMEIVA 18S rDNA, FFY
TIGRAT - FFEVATOFLELDNA O 14H
HONEUTE DNADH LS. YA VABIT
A M DNA ORER, YAV F T Ly 7 A
EWEPCRBITUTVY 4 L%EE PCR OHEA
Eh¥EBVCRE, ¥/ #HE- -BEHEZS

* Sunao SUGITA EbEW%ERT B4 - FERERS

Bty — BESERSFERE 70V b (#
)

Key words © 5 25 4, B3, PCRBE, BiyE,

BRPYZS, uveitis, ocular fluids, PCR examination,
infection, endophthalmitis ‘

U R IY T4 AEEPCR CIRESR
SEEFEBREL, COEMEERE L. AR
Tk, BB OBMEREREIC X 2 RRNHRE
23T B ORBHBRISESHIEIC D W T~
723,

|. IREFMREOEERTGE

HERHR Z2iefh & LT, RIBK, TR, BRI
METRE COBRAR, $50ITEY, HE
HIREEAY 7 E OB D B (T WTND
BB THHD5, PCR ORMEE LCIE+4ICRAY
bo FEiz, MBEEFLTBINE BERMET
H5ZLHTELOT, BbLVHRMFEIEERE
LTHEL DOPEE L, RICFDO—RI IR
FEZEBRL 720 RIERIEETERS &S BA (T
B, AENEELR EOFESOBRIENE
EEIWADT, 0.1ml OB THICHERE R
EHFTR B WFHEIWFEEH PPV) O
RSN OEREIERT 2. Y1 2
4V DNABEZEET 2540550 TRE
BIOAEOHEEZRIT 200 EE Lv, BEE
JORUERB (A, BELRY) TR, RES
AEEAY T RNT . BREESENE VO
Teye washE (EEZHVTRER?ES &
FILTZORORRE & b cERFER) ©
BoNLHRERE PCRREBICEHT 2. &
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*EKERY b 130G #A W ERY M TFEY ES Y -BRENA L THEKEER (=70

EXa
PPV : pars plana vitrectomy

Of, HEEE, F, R AREEYLREOR
2o/ S 82 S DNA B 24T

Do —BREBREOMEE, BELRLIE

L, EOMIBES T DNA ¢ Hl, %722
B o LIEIX PCR DAL OWE (48, X2 7,
EHNER D CERT %,

MR S BETE IR 2 S ORB TR
HnohTnizd, Bohimk2l3d#ME<Td
BE bbb AR BRI & LT, SRR
ITRIO L) BHERER F TRETRZ
BB OB EESE (Q ENE) O FHZE
FiToTwiz, ZOXRBEPCREZHVTY
BRBIX1~-2HEF BE TS, LLEE
IO AMERETHAEIORBENIK

WEEDEEZ CDHEE OB DNA 2 RE.

TEAVATFTLAIMER SN, EBERICHS L
TETWh,

. R L T RS RN
sk

B 1 icfAc ORI TRIET LT B RS
BT A MBENZH Y A7 A% R L. 8
BRI, TNCORKERERT, BRREERE
IS, BERMEIRPyAk, BRIV vosHE, HEEEL
BR COFRBRBRAKELETL2EE, LA
V7 —AF - avEY FERETCERARESEA
AL BRAUT 50 IBREAERES Cl3ARE
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BYRFM S R HRINT 5 FRERREERY
IBELRTHBEETET S A THAZ BT
EBENDDL, TTEDEZ2ODRT Y T TR
7Y~V PCREEEITH B Do AF v
T1ITHE, YINVABITRE) ERORRE

R AAEBEO~VE T Ly & Z N PCR

BIXCFYTNIALEEPCRET I £72A
7y 72T, MEeRk GHE 16S) B L UHER
i ER PCR (L H 185/285) # 7 u— F L »
VEEPCRTTHTI (B, LEBD20oD R
FYTDAY ) —Z VIR T, ERIC
ot FyaviEEl LTHIICERT LS
L RBHIEILEAE DNA BB OO - 2
B PCRHEDLITH . HTLV -1 {proviral DNA :
HTLV-1B#E R Y S BER), BEIA VA
(Fuchs ¥ R EBRITHERMEL), 77/
4 WA (EATEARKELE), Y Fuy 4L
(FATHEAREIER), 7 27 2 W (Propionibacterium
acnes | WHEFBEERRK), 2V 7 rav s X
(BBMBERE), 7Y b 7A—23 (HEE),
7Y T A (BER), #EGEEER S EE),
e ERERCIEE), 75397293
VTHRIER), "WbRT (HCo»ER 2L
EEIBEDABRELRTT) . LERBSEIIMNC
EBHEDY v EMBEAIRAICRET AT ~
NEXDHY, EHFRICESTLIOTHEIHE
HIEBRNICRELRIT ). IRAY) VBB
F— AR R EARATIC N 2 ¢, IgH ERTEE
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R, AR
AR R BFERER

R, HREEE -
RE S BEHR/BRIK/
Yy E/REnE K

DNAdmSH

JO—-RL>IEEPCR

MBS - HE16S rRNASE
BHE2R | EE28S rRNAES
hr P 1188 rRNATESE
FRAYVFNZR 185 rRNAEIR

y fﬂ,wgﬁgpm

HSV-1, HSV-Z2, VZV, EBV,
1 CMV, HHV-8, HHV-7, HHV-8
KEVHD, bEVYTISIR

BLASTH#T (BERE)

FORY FILE 4 APCR EHPCR
HTLV-1
BBV BUIE (T VB
FF/S oA IR
IVFATCILR
7 RHE (P. acnes)
SUFRIAYAR PCRUA DRRE
FH R AN
THUT L BUVIRE - Y A1 VIR
i Flow cytometry
HagE RERE
DTEIT kY HS5 - ToxocaraCHECK
L NRS : BRRIEERINZS - B8, AXT

1 WEREZEWCHERN PCR SHRE
RESERPRAXG EQBEARFEEERS, H2WLEELR, AEXAREORRERE
EHhoREFERENLT, MEASIZEDNAZRHE, B PCREAORE (B,
ZAATFREVERT D, PCREZ2 DOXFY I TAZY—Z v FREETS (R,
MDIANABELURESERTILFILYIABLEICUY PN LAEEPCR, 2)HE
2% (HE 16S) H LTERHSKER PCR (BHE 185/289) # 70—~ R LY IER PCR.
DNAHHIC 409, YILFTLyIREEPCRIE0 D, UFILF1LEEPCRIED
TH 0D THRETHREAEICEOBREER/DITILNTED,

ToxocaraCHECK © bV ASHEEE, PCR : polymerase chain reaction
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K (B r70—FF 4 OENH) ORELYEH
PCRBFET, FRIL(A ¥y —ufFY)-10
BIUIL-6 QIRAEYA Y44 VRIEET ).
WENOBE OREEF DLV O TR
BT 2 bENS 5, '

Il TLFFUwoX PCRIE : AR
PEEROBER

WERETHAEICHS I 10EED LD
Z { DB DNA 2RETE 5 Y A5 ANMER
Eh, ERBEREHSRZI)ICRoTETY
% (TWFF Ly 7 APCR, Bl4&, ZEHAE
PCR:E2)V2, O NFTL vy X PCRD
BROBRE, BEEOY A VAR EOMNRE
PR Z FAECRHRICRIBCE A L Th b, £
OEMEEPE2ICR L, UFTo—#H A PCR
DX EF VADI Y Mg CBErEESE
HETHOTIE L, RFHRTHEST S (B
2o HMIRISKE VS, DNAERSWI &R
PV FERBTELNEN DL, ZOINTT
1y ZAPCREMAT, FOBROEL ER
Ld 20, V7 NI A AEE PCR PEIEME
BAERBEI ol COUTNVILLAEE
PCR BRI MEI AT R TENEE
DEBRORERDNA I ¥ — BB TE S
READ Do F72, WEAIZEBHAO DNA
¥ -FERIBB T L0, EE BEED
BOREDBE b, A, U4 VX
AEIBEEOHBEAIOBIE KO VIV-
DNA % CMV-DNA 2" S hZ D RBET O
A VAECIRANHEREESHE L, R
B - RHREFEECHAILEZHEL T
2399, ZomofEe LT, IBREEEER
BAEEL BELR L) ORREIERON
FUMEREABRH IR TEEXS Y, 20
PCRBEGAHTH 5, T/, HEF2EE
OIFMED 5 S EBOPUE DNA VBB INE
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END B, 1BREOARDEE, BAELED S
PCR B ROUE L Th3h 3~4 BHET, 108
BMUEOBBEHREDNARED DDA 7
Y=Y SRERET T 5,

V. J0— KLYy PCRE : S 0EE

D2l

Tu—-FLYPPCR L, URY—TIVRNA
(tRNA) BEFZEMC L PCRIET, B
AW TIE 16S TRNA, E 44 T 1L 185/28S
TRNA & Vo 22 F NENOR CRE SN EE
FEEHCI LD DO THD, 1B ALOMEN
BETHERETFTHEINT AF -V TRET,
165 rRNA (U RV — A0 EAFRCHS, B
B OHA1E 185/28S rRNA) it X L Bwoh s
NI AF -V FBEFOVLDOTHY, h
RHRMT A L CHOBENEHETE 5, EE
ik, OB CFEET S 3R LOMEOS
CERBBTELEEZLN, BROBTHLHE
WEELRREICRoTWS, AL, ZOHE
16S PCR & 7NV ¥ 4 AEEPCR 2#lHEh
RIBETREVRAFAREIL, WEERA
KPEEEREALORECHAL (B3, 20
FREICOWTOHREEZITo T2 99, RE
PEORTH INSORBEREALEEEL /2L
B EFHBHOT, REAOTENLBIIRE
BOLERTRTH S, T/, REIERLRED
IR BT RENHHE, Flcryaf ¥
PREORLER S, LAL, BEREREIE
RRBPERPRICHT L TCATF R, FEEMRT
85T EHICHECER 2 REIATHESY
BRIRZ, 2OT0O—FL VY PCREER
RBPBEREIERPBARERET2IATH
ERGREL 5. ER, S 0ERERERY
SERERT BRI RIOBRBTEETE,
ZLLTATEA FRETEL LI TR T
bo ZOXIiT, EEAHOBRIEREEORE
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BRAIENS DNA it (DNA BEimd)

DNA M : 404

TIFFLvH A PCR (LightCycler)

PCRESRE : 904
LightCycler ¥+ £Z U —=

SRS - U5 T

RIWFTLYIAPCRT
BEOHER DNA

YT ¥ L PCR : #&{F DNA 2%

PCR K : 805>

R EEEEE EEEE R EREN

HBEHERLUERE

E2 ¥YIWF7LYyIPXPCR & U7IWL51LPCREEDHN ,

FIEE U7l DNA BEHRHE (B LEEHE) 2 AWTRED S DNA £ T3, TIFTIL YO XA PCREIZ, %
EEAEPCR)BRER, SWESE 10BEMU O A G EOARMEXARICRECRHETEZHLL
PCR &2k, AN DS DNA #HiH%, Accuprime Tag ZBWTEFhThOWE DNAKEN /S v—%ES
LT, IWFFLvZXPCRETDS, HEEORRZERDF v U5 U ~E2HAWCHEBICBRET S (LightCycler
(e Y- HFPREHE), PCREEE N TUFrE—v3v7O0—-70REKE PCREYEESL,
HEEEATESTY, NEDNACHEBET3. EHRBROTS 7EMARENNTC, MEKSBILFILY IR
PCR T T HSV2-DNA BB I Wittt 0 (=), BFICHSV-2 BIA DD AIL R 1 JL X DNA (HSV-1,
VZV, EBV, CMV, HHV-8, HHV-7, HHV-8) Bg~NTRETHE T 1B T3, YIAFTLvo R PCR
THBEOSERERYFILIALPCRBEABTIZ(ETIS57, —HEMOESR).,
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BREEE : #E16S rDNA, EE28S rDNA, Ay Y5 - PRAULFIL X188 rDNAK E

200 400 600 800

1 OPO

1200

1400

1542 bp

Vi V2 V3 V4 V5 V6 V7 V8 v8 V10

1
i

B3 JO-~KL>¥PCR%E

HE 165 rRNA 4838 ('DNA) DR 75~ ¥ —& TagMan 70— 7% %EH L, B8 PCR
REEKE, BUEET, BHE 183 VEH 285 rRNAESOERY P91 A PCR EFH 1
v U, MBEOENCERERS GFUERR) LAEERFRECFEL, RERRET S
T—&FO—7%FAWT PCR THIBS €%, BRI E McERT S 60~70%0EE%:
ANR—TEBEEISNTWVWD, TS 7R COER PCR T2 ENIEEREALX® PCR
CHEROT S 7. AL—ROERFRE, KO DNABEOTZ MY 7L (EMIEEK) SBRER
EROIEHOR T V& — w7 (control DNA @ 102, 108, 104 105 %E URE&ETT PCR
ENTTERFL, Y TILOCGEEZEEEUVIREBILETEHZILTCEOY Y FILROD
DNAEBEXZHIZZ &N TES,

N - 5 xe i _ R AR
P OSRBONREIREROFREZAZ Y V. I57 MEFERLTEREDRE

SVTTEDLDOT, BRUICEREESRIITE,

N

T Lo TIRAT A FHLORARRES HIH 165 70— F1 ¥ ¥ PCR TOBMBE
TRBLIICh B, 3, HOREB®NTYT S A MEN (BLAST :
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AAENSRAAOER

PCRZEE © 1.4%X10° copies/m/
B S | Strepiococcus oralis
BLAST ##f © Streptococous sp.

>Dsb}AYOO§U§D.1I Svreptococcus 8p. oral strain 7R 165 riboscmal RNA gene, partial
seguenca
Lepgrh=1472

Scoxe = 1131 hits (612), Expect = 0.0
Tdentitigy = B13/614 {99%), Baps = D/6L: [O%)
Strand=Plus/Pius

Query 2 TECHRGTACAACECTERRGCITEETGCITECACCRLUGCEERICAGTIGCERAACGEETGRE 60

iHi!tIHIl!!H1l11!H!U!xHi1§nIiniHlH[HHI[IHHUU
Sbjcr 31 TECABGTAGARCHCT! GETECTTECRCTEAGCEGAT GABTIGCERACEGET 30

Query 61  TAACGCETAGGIARCCTGCCIGGTACCEGGGGATAACTATIGEARACCGATAGCTAATACE 120

!}1'!HIHI!HHIHHHIHHHHl]i}tHHHHIHHHHHHH
Sbjcr 91 GCGTREGTABCCTGCCIEETAGCGEEEGATAACTATIGEABACHRTAGCTARTACC 150

Query 121 GOATAAARTSEATTATCGCATEATARTCCATTGARAGGTCCAZATSCATCACTACCAGAT 180

rH*HiliHH\VHH!HIHIHH tIliHHlllilli!lllh!{!!lii
Sbjet 151 GCATARRATGEATIRTICGCATGATRATCCATNGARAGGTGCARATGCATCACTACCAGAT 210

guery 181 GRACCTGCGIIGTATTAGCIAGITGETGGECTAACGECTCACCAAGGUEACCATACATAG 240
HHHIHHI!HHIHHHIUI!iiHIHHII}HHHHIIHHHIN

Sbjct 211 GEACCIGCGIIGIATTAGCTAGTIGGTEEGEGTAMCGECICACCANGGCEACGRTACH, 270

Quexy 221 CCBACCTGAGAGEETGATCGECCACACTGGEACTGACACACGECCCAGACTCCIACEEEE 300
HHHUHIHHHHIHHHH[I?!HHUHHHHHH!HHIH’I

spjct 271 AGAGCETEATCGECCACACTEE 330

Qmery 301 - GECAGCAGTACEERRATCIZICGECARTCGRCCEARBTCTGACCEAGCAACECCECEIGAST 360

HHHHHHHHIHMHHHiH;HllH!H!HI!IH)HHHIH!I
Sbjct 331 GECAGCAGTAGGGARTCITCBECRATEEACEERALTCTCGACCEAGCRACGCCGCETBRET 330

Query 361 GRAGAMGGITITCGGATCGTARRGCTCIGTIGTARGRAGAAGALCEGAGTCTEAGAGTGEAR 420
lH}HHHHHHHIHHUHIHHilH%!NHUHHHH;MIHH

Sbjct 831 GARGAAGGTTITCGGAICGTARAGCICTGTIGTAAGAGHREAA( 450

guazy 9421 REITCACSCTEICACGETATCIIBCCACARRMGEEACGECTAACTACGTGCCABIBET 420
: 1H!IlHHIHHHZHHH!HHHHHlHIIIHHHHHIHHHU

sbjct 451 RAGTTCACACIGIEACGGIRTCTITACCAGH GACGGCTARCTACEGTGCCAGCAGCCEE 520

Query 481 GEIAATACGTAGGICCCGRECGITGICCEEATTIATIGEECETARAGCEAGCECAGECEE 540
lIIHIHsiiullliﬂnnlix%inhHIiHHHHHEHHHRHHH

Sbict 513 AGETAGETCCCEAGCETIGTCCEEATTTATIGERCETAABECGAGCGCAGEUEE 570
Query 521 L.tZlGA"‘P.AGIC“ AAGTIEAAGECTET GECITBACCATAGTACCCTTTGEARBCIGITEA 600
: ilmmmmmmmmnmummm1 HHHIHUH
sbjct 571 TIAGRTARG AAGTTAARGECTGIGGCI TAACCATAGTACCCTTIGEARRCT! &30

guery 601 ACTTGAGYGCRRAGR 614

ISERRRRURINANE
Sbjct 631 RACTIGAGTGCAAGR 644

B4 7SRBER
B 16S JO— R LYY PCR TOBERER HOREENT/SAMETETS.
FPSAR—EBWTEIREL/Z PCREYE GeneBank F— 4 R—ATHF AL I hv—2
TYRY B, MESE, HABTZOBRRERAXEVWOESNT BEOLSKHES
BARBENSHLWIBAKIESS D, ETFERELSREDE—KOHE DNA PBRHEN
fro 0%, HOREEMICTZAMNERNZT o7, Z2O0HE HEERERCRU
Streptococcus BAREE T Wi (identities=99%)
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Basic Local Alignment Search Tool) %17 J o
754 —%FvCHEEL 7 PCR EY % Gen-
eBank F— ¥ R—ACFL L7V v—r 2
AT Bo 100%—Z (HDHVIZBBLLL)T45H
PEIZEHE T A, CORERFVIIE—FNZ
MREEEREL ) BHCEENE S TR 5.
HEIMOITHESEEBEREDO T TICBY
THEREFUHTH 5, R4 ICHAIT o7
BLAST S 232 0@ FH Th - il i
BEREOERZER LIz LA LERIZIEIA
FORE(AHE, Vs v —EE B
E) LEA O ME Bk o DNA B9 E ORRE
 EBABED TLBFTERY, RE)FHY
L OWRTHRETED X )R BT TR
ERPPETHS D,

HBHOIC

REDER - BALOBINE - CRETEE
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This review describes our recent attempts to develop new therapeutic modalities for corneal endothelial
disease using animal models including non-human primate model in which the proliferative ability of
corneal endothelial cells is severely limited, as is the case in humans. First, we describe our attempt to
develop new surgical treatments using cultivated corneal endothelial cells for advanced corneal endo-
thelial dysfunction. It includes two different approaches; a “corneal endothelial cell sheet trans-
plantation” with cells grown on a type-I collagen carrier, and a “cell-injection therapy” combined with
the application of Rho-kinase (ROCK) inhibitor. Recently, it was reported that the selective ROCK
inhibitor, Y-27632, promotes cell adhesion and proliferation and inhibits the apoptosis of primate corneal
endothelial cells in culture. When cultivated corneal endothelial cells were injected into the anterior
chamber of animal eyes in the presence of ROCK inhibitor, endothelial cell adhesion was promoted and
the cells achieved a high cell density and a morphology similar to corneal endothelial cells in vivo. We are
also trying to develop a novel medical treatment for the early phase of corneal endothelial disease by the
use of ROCK inhibitor eye drops. In rabbit and monkey experiments using partial endothelial dysfunction
models, corneal endothelial wound healing was accelerated by the topical application of ROCK inhibitor
to the ocular surface, and resulted in the regeneration of a corneal endothelial monolayer with a high
endothelial cell density. We are now trying to advance the clinical application of these new therapies for

patients with corneal endothelial dysfunction.

© 2011 Elsevier Ltd. All rights reserved.

The corneal endothelium is the innermost layer of the cornea,
derived from the neural crest, and plays an essential role in the
maintenance of corneal transparency via its barrier and pump
functions. Since the human corneal endothelium is essentially non-
regenerative in vivo, endothelial cell loss due to dystrophy, trauma,
or surgical intervention is followed by a compensatory enlargement
of the remaining endothelial cells. Thus, there is functional reserve.
However, if cell loss is too great the outcome is often irreversible
corneal endothelial dysfunction. For many years penetrating kera-
toplasty was the only realistic choice of surgery for visual loss due
to corneal endothelial dysfunction, but it is not a risk-free treat-
ment. To overcome the problems associated with penetrating
keratoplasty, new surgical procedures (i.e. the posterior lamellar
keratoplasties) which replace the endothelium without host
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E-mail addresses: nkoizumi@mail.doshisha.acjp (N. Koizumi), shigeruk@koto.
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corneal trephination have been developed (Gorovoy, 2006; Melles
et al,, 2000; Price and Price, 2005; Terry and Ousley, 2001).
However, irrespective of the selected keratoplasty procedure,
corneal endothelial cell loss can be a long-term problem following
corneal transplantation using donor tissue (Price et al., 2011; Terry
et al.,, 2008).

The ultimate goal of our research is to develop new surgical and
medical treatments for corneal endothelial disease, which provide
a healthy corneal endothelium with high cell density. To achieve
this we are currently focusing on the proliferation of corneal
endothelial cells. Currently, our efforts are aimed at developing
feasible medical treatments for the early stage of corneal endo-
thelial dysfunction, such as those that involve the use of ROCK
inhibitor eye drops. We have also tried to develop surgical treat-
ments for advanced corneal endothelial dysfunction, such as
a cultivated corneal endothelial cell sheet transplantation using
a type-I collagen carrier, or a cultivated Descemet-stripping auto-
mated endothelial keratoplasty (DSAEK) surgery using a human
lamellar graft in animal bullous keratopathy models. At present, we
are also investigating a form of cultivated corneal endothelial
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transplantation without the use of a carrier. In this review we
report our recent progress toward the development of new thera-
peutic modalities for corneal endothelial disease focused on the
proliferation of corneal endothelial cells using animal models.

1. Cultivated corneal endothelial cell sheet transplantation in
a monkey model

Although human corneal endothelial cells are mitotically inac-
tive and are arrested at the G1 phase of the cell cycle (Joyce, 2003),
they retain the capacity to proliferate in vitro (Engelmann et al,,
1988; Miyata et al., 2001; Senoo and Joyce, 2000; Zhu and Joyce,
2004). Some groups, ours included, have worked on developing
cultivated human corneal endothelial cell sheet transplantation
with (Ishino et al,, 2004; Mimura et al., 2004) or without (Sumide
et al., 2006) carrier materials, and have demonstrated in vivo
functionality in a rabbit model. It is known that the proliferative
ability of corneal endothelial cells varies among species, and that
rabbit corneal endothelial cells proliferate very well even in vivo. In
contrast, as in humans, the ability of monkey and feline corneal
endothelial cells to proliferate is severely limited (Matsubara and
Tanishima, 1982; 1983; Tsuru et al,, 1984; Van Horn and Hyndiuk,
1975; Van Horn et al., 1977), rendering these species as represen-
tative models for corneal endothelial cell research. To this end, our
laboratory developed a corneal endothelial dysfunction model in
monKkeys by mechanical scraping of the endothelium followed by
trypan blue staining of the denuded Descemet's membrane.
Thereafter we examined the feasibility of cultivated corneal endo-
thelial transplantation. To the best of our knowledge, endothelial
research programmes using monkey models for developing new
corneal therapies are not established or in widespread use in other
laboratories.

1.1. Cultivated monkey corneal endothelial sheets using collagen
type-I as a carrier

Corneas were obtained from cynomolgous monkeys (3—5 years
old: estimated comparable human age, 5—20 years) at euthanasia
for other research purposes at NISSEI BILIS Co., Ltd. (Ohtsu, Japan),
and KEARI Co., Ltd. (Wakayama, Japan). At all times the ARVO
guidelines for the use of animals in ophthalmic research were
adhered to, as were local and national ethical rules. We cultivated
monkey corneal endothelial cells according to a modified protocol
for human corneal endothelial cell culture (Ishino et al.,, 2004;
Miyata et al., 2001). In brief, Descemet’s membrane was stripped
of intact monkey corneal endothelial cells and dissociated using
Dispase II. The monkey corneal endothelial cells were cultivated on
tissue culture plates coated with cell attachment reagent (FNC
coating mix) in culture medium containing DMEM supplemented
with 10% FBS, 50 U/ml penicillin, 50 pg/ml streptomycin, and
2 ng/ml bFGF. Primary cultures formed confluent layers of hexag-
onal cells within 14 days, with an average cell density of more than
2500 cells/mm?. After 3—5 passages on culture plates, confluent
subculture cells were seeded onto rehydrated collagen type-I
sheets (Fig. 1A, B) at a concentration of 5-10 x 10% cells/mm?.
After reaching confluence in one week, cells were kept in culture
for an additional two weeks. Alizarin red staining revealed mainly
hexagonal, homogeneous cells with an average density of
2240 + 31 cells/mm? (mean =+ S.E.) (Fig. 1C). Inmunohistochemical
staining of ZO-1 and Na*/K™-ATPase revealed that these functional
proteins were located at the cell boundaries of the cultivated MCEC
sheets (Fig. 1C). Examination by TEM showed a monolayer of
endothelial cells similar to that seen in normal in vivo corneal
endothelium of monkeys (Koizumi et al., 2007).

1.2. Transplantation of cultivated monkey corneal endothelial cells
on type-I collagen sheets into monkey eyes

Six female cynomolgous monkeys (2.0—2.5 kg) were anes-
thetized intramuscularly with a mixture of ketamine hydrochloride
(5 mg/kg; Sankyo, Tokyo, Japan) and xylazine (1 mg/kg, Bayer,
Munich, Germany) followed by inhalation anesthesia with iso-
flurane. Surgery was carried out in an animal surgery room at the
same levels of cleanliness as for human keratoplasty. During
surgical procedures, animals were observed by veterinarians
monitoring pulse, blood pressure, and partial pressure oxygen. To
induce endothelial dysfunction 3-mm limbal-corneal incisions
were made in the right eyes of the six monkeys, and then the corneal
endothelia were removed by mechanical scraping using a 20G sili-
cone needle, followed by 0.04% trypan blue staining to confirm that
all endothelial cells were removed from Descemet’s membrane. The
scraped area measured at least 9 mm in diameter (the diameter of
the cornea is approximately 10 mm). For the posterior graft, a6 mm-
diameter limbal-corneal incision was made and a 6-mm diameter
disc of a cultivated monkey corneal endothelial cells on a sheet was
brought into the anterior chamber in four eyes of four animals using
a lens glide with the corneal endothelial side facing the anterior
chamber. In one of the surgeries a Dil labeled cultivated monkey
corneal endothelial cell sheet was used. In all cases the limbal-
corneal incision was closed with 10-0 nylon interrupted sutures
and the cultivated monkey corneal endothelial cell sheet attached to
Descemet’s membrane by air injection. As controls, a collagen sheet
without monkey corneal endothelial cells was transplanted in one
eye of one endothelial-dysfunctional animal, and a suspension of
cultivated monkey corneal endothelial cells was injected into the
anterior chamber in one eye of another. Following surgery we
conducted a four-year follow up of corneal clarity (slit-lamp),
corneal thickness (ultrasound pacymeter) and in vivo corneal
endothelial assessment (non-contact specular microscopy).

After surgery, the monkey corneal endothelial cell sheet was
attached to Descemet’s membrane and remained attached in all
experimental eyes (Fig. 2, 3rd day). In the two control eyes (i.e.
sheet only, and cell-injection) severe corneal edema was observed
after surgery. In the postoperative day 5—14 period in the operative
group the monkey corneal endothelial cell sheets became detached
from Descemet's membrane and dropped into the anterior
chamber in all of three eyes. Nevertheless, these corneas achieved
full clarity (Fig. 2, 14th day), which was maintained at least up to
eight months after surgery (Fig. 2, 8 months). These experiments
revealed that whereas irreversible corneal edema and neo-
vascularization, similar to that seen in advanced bullous keratop-
athy in humans, occurred following endothelial scraping, eyes
which received cultivated monkey corneal endothelial cell sheet
transplantation recovered their clarity and became less edematous
with time. Ours is the first study to investigate the feasibility of
cultivated corneal endothelial sheet transplantation in a primate
allograft model in which corneal endothelial cells have low in situ
proliferative potential. Interestingly, in the successful post-surgery
animals corneal endothelial cells more than 2000 cells/mm? were
observed by specular microscopy six months postoperatively. In
some additional experiments, we found Dil labeled donor corneal
endothelial cells on the host Descemet’s membrane outside of the
sheet transplantation area in the early postoperative period
(Koizumi et al., 2008). This was unexpected, and the mechanism of
wound healing was not as we initially envisaged; i.e. we did not
expect to see migration or proliferation of monkey corneal endo-
thelial cells in the eye. This finding lead us to speculate that, once
cultivated in vitro, monkey corneal endothelial cells might recover
their proliferative ability and are able to migrate onto the host
Descemet’s membrane and proliferate in vivo. This provides us with
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Alizarin red

Fig. 1. Cultivated monkey corneal endothelial cell sheet on a collagen type-I carrier. (A, B) Primary culture of monkey corneal endothelial cells subcultured on a collagen type-1
sheet. The cultivated corneal endothelial sheet is transparent and easy to handle. (C) Alizarin red staining of the cultures reveals mainly hexagonal, homogeneous cells with
a density of 2800 cells/mm?. The cultivated monkey corneal endothelial cells on a collagen type-I sheets expressed ZO-1 and Na* /K*-ATPase at their lateral cell membranes (green).
Propidium iodide was used to visualize the cell nuclei (red). (Scale bars: 50 pum). (Reprinted with some modification from Koizumi et al. (2007) with permission from the Association
for Research in Vision and Ophthalmology). (For interpretation of the references to colours in this figure legend, the reader is referred to the web version of this article.)

Intensive scraping of the corneal 3rd day 14t day 8 months

endothelial cells

Transplantation of the 6mm-
diameter cultivated MCEC sheet
(endothelial side down)

Fig. 2. Schematic image of the surgical procedure and slit-lamp photographs after cultivated monkey corneal endothelial cell sheet transplantation. In cultivated monkey corneal

endothelial cell sheet transplanted eyes, the sheet was attached to Descemet’s membrane on the 3rd day and a clear cornea was recovered by two weeks. The eyes remain clear up
to the most recent observation, even though the sheet was detached from the posterior cornea.
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a potential new concept for the treatment of corneal endothelial
dysfunction, which involves not just transplantation of a cultivated
corneal endothelial sheet, but the transplantation of endothelial
cells which have the renewed ability to proliferate in vivo. Our long-
term observation using non-contact specular microscopy suggest
that corneal endothelial cell proliferation was stopped when the
cells reached confluence probably due to contact-inhibition
(Koizumi et al., 2008).

1.3. Cultivated-DSAEK surgery in an animal models

Another concept for corneal endothelial repair is the use of
donor posterior stromal tissue as a carrier for cultivated corneal
endothelial cells. We examined the feasibility of using human
corneal lamellar graft tissue as a carrier for the cultivation of
corneal endothelial cells. Descemet’s membrane, with an intact
corneal endothelium, was removed from human corneal tissue
obtained from an American eye bank (SightLife, Seattle, WA) for
research purposes. Corneal lamellar grafts (150—200 pum thick and
8 mm in diameter) were made from the posterior stroma using
a Moria microkeratome. They were preserved in the freezer
at —20 °C for four weeks before being seeded with monkey corneal
endothelial cells (2 x 10° cells/graft) and cultivated for three weeks.
Under general anesthesia, the corneal endothelium and Descemet’s
membrane were removed by scraping with a 20G silicone needle,
and the lamellar grafts with monkey corneal endothelial cells were
transplanted onto the posterior cornea of one monkey and one
rabbit using a Busin glide in a similar procedure to DSAEK (Fig. 3A).
The allograft in the monkey eye was performed for the long-term
observation of the surgical outcome; the xenograft in the rabbit
was performed for the short-term (up to 48 h) evaluation of donor

A

Monkey corneal endothelial cells
cultivated on human corneal lamellar grafts

endothelial cell damage during the graft insertion process. Histo-
logical examination showed that confluent monkey corneal endo-
thelial cells were established on the human corneal lamellar graft at
a density of 2240 cells/mm?, and the protein expression of ZO-1 and
Na™/K™ATPase was confirmed by immunohistochemistry. The day
after surgery, the graft was well attached to the host corneal stroma
and mild corneal edema was observed (Fig. 3B). Histological
examination of the rabbit eye with alizarin red staining showed no
donor endothelial damage due to the graft insertion (Fig. 3C).
A long-term observation in the monkey model indicated that the
cornea recovered its clarity by postoperative week two. Pre-
experimental corneal thickness of the monkey was 473 um, and
the corneal thickness one week postoperatively was 1042 um,
which decreased to 600 pm at the eight month time point. One
month after surgery the cornea was clear and remained so seven
months later (Fig. 4). No signs of rejection were detected with the
use of minimal immunosuppressive treatment (steroid ointment
applied once daily for one month). Control eyes from which corneal
endothelial cells were scraped showed severe bullous keratopathy
after surgery, which did not recover during the observation period.
By non-contact specular microscopy, polygonal cells were observed
at a density of 2178 cells/mm? at two months and 1841 cells/mm?, 8
months after surgery (Fig. 4D). Though our results are still
preliminary, they suggest the possibility of cultivated corneal
endothelial cell transplantation using a corneal lamellar graft.

2. Cell-injection therapy using a selective Rho-kinase (ROCK)
inhibitor

Direct transplantation of cultivated corneal endothelial cells
onto the posterior cornea by “cell-injection into the anterior

Cc

Fig. 3. Cultivated monkey corneal endothelial transplantation (cultivated-DSAEK) in a rabbit corneal endothelial dysfunction model. Using a microkeratome, a human corneal
lamellar graft was created onto which monkey corneal endothelial cells were cultivated for 3 weeks. The graft was successfully transplanted into rabbit eyes. Donor monkey corneal
endothelial cells were detected both at the center and peripheral part of the graft were not damaged by the graft insertion process. In addition, donor monkey corneal endothelial
cells were clearly distinguished from host (rabbit) corneal endothelial cells with acellular area (host-graft junction).
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Fig. 4. Cultivated-DSAEK in a monkey corneal endothelial dysfunction model. DSAEK graft composed of monkey corneal endothelial cells cultivated on a human lamellar graft was
transplanted into endothelially denuded monkey eyes. The graft was well-attached to the host corneal stroma 24 h after transplantation (A). One month after surgery, the cornea
became clear (B) and remained so for up to 8 months (C). Corneal endothelial cells at a density of 1841 cells/mm? were observed (D).

chamber” has been considered an ideal method of reconstructing
the corneal endothelial layer of patients with endothelial
dysfunction. To develop an effective method to deliver cultivated
corneal endothelial cells to the posterior cornea, magnetic attach-
ment of iron-powder (Mimura et al., 2003; Mimura et al., 2005a) or
superparamagnetic microspheres (Patel et al., 2009) incorporated
in cultivated corneal endothelial cells has been attempted. These
approaches work in a rabbit transplantation model or an organ
culture model of the human eye, but have not yet been clinically
applied. Now, we are trying to develop a cell-injection therapy
combined with the use of a ROCK inhibitor which promotes corneal
endothelial cell adhesion onto the posterior cornea.

2.1. ROCK inhibitor and corneal endothelial cells in vitro

Rho-kinase (ROCK) is a serine/threonine kinase, which serves as
a target protein for Rho and has been initially characterized as
a mediator of the formation of RhoA-induced stress fibers and focal
adhesions. The Rho/ROCK pathway is involved in regulating the
cytoskeleton, cell migration, cell proliferation, and apoptosis
(Coleman et al., 2004; Hall, 1998; Olson et al., 1995; Riento and
Ridley, 2003). In the cornea field, it is reported that ROCKs are
involved in corneal epithelial differentiation, cell-cycle progression,
and cell-cell adhesion (Anderson et al, 2002; Anderson and
SundarRaj, 2001; SundarRaj et al., 1998). ROCKs also influence the
phenotype of stromal cells, their cytoskeleton reorganization, and
cell-matrix interactions (Anderson et al,, 2004; Harvey et al., 2004;
Kim et al., 2006; Kim and Petroll, 2007; Lakshman et al., 2007;
Petroll et al., 2004). In terms of the corneal endothelium, the

Rho/ROCK pathway has an influence on the wound healing and
barrier function (D’'Hondt et al., 2007; Satpathy et al., 2005; 2004).

In 2007, our collaborators reported that a selective ROCK
inhibitor, Y-27632, diminished the dissociation-induced apoptosis
of human embryonic stem cells (Watanabe et al, 2007). We
subsequently examined the effect of Y-27632 on primate corneal
endothelial cells in vitro and found that the inhibition of Rho/ROCK
signaling by Y-27632 inhibited dissociation-induced apoptosis and
promoted the adhesion and proliferation of monkey corneal
endothelial cells (Okumura et al, 2009) (Fig. 5). We are now
applying commercially available Y-27632 purchased from Wako
Pure Chemical Industries (Osaka, Japan) to human corneal endo-
thelial cells in culture, as well as developing cell-injection thera-
pies. We have no commercial interest with the use of Y-27632 of
this project.

2.2. Cell-injection therapy combined with ROCK inhibitor in animal
models

Rabbit corneal endothelial cells were cultured as previously
described and 2 x 10° cells were injected into the anterior chambers
of rabbit eyes from which host corneal endothelial cells had been
scraped off. Cells were injected with or without 100 pM of ROCK
inhibitor, Y-27632. The eye of each animal was kept in the face-
down position for 3 h following injection (Mimura et al,, 2005b),
and it was found that when Y-27632 was present the donor cells
became nicely attached onto the host Descemet’s membrane and
the host cornea recovered its transparency. This attachment was
not so advanced in the cell-injected eyes without the inclusion of
Y-27632. Histological examination confirmed that cell adhesion
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Fig. 5. ROCK inhibitor (Y-27632) promotes the proliferation of monkey corneal endothelial cells. (A) Double-immunostaining of Ki67 and actin fibers; passaged monkey corneal
endothelial cells were cultured for 48 h and stained successively with Ki67 and phalloidin. Ki67 (green), actin (red), and DAPI (blue). Insets are higher magnification. Scale bars
250 um. (B) Ki67 positive cells were analyzed by flow cytometry. Monkey corneal endothelial cells were subcultured for 1 or 2 days, and stained successively with Ki67. The numbers
of Ki67 positive cells were significantly elevated in the presence of Y-27632 on both day 1 and 2 (P < 0.05, *P < 0.01). Data are expressed as the mean =+ SE (n = 6). (Reprinted from
Okumura et al. (2009) with permission from the Association for Research in Vision and Ophthalmology). (For interpretation of the references to colours in this figure legend, the

reader is referred to the web version of this article.)

was enhanced by Y-27632, and that the healthy polygonal mono-
layer was reconstructed in the cell-injected eyes with this selective
ROCK inhibitor. Unlike in the Y-27632-treated eyes, corneal edema
persisted in the cell-injected eyes without Y-27632 and most of the
endothelial cells showed fibroblastic changes with elongated cell
shapes (in submission). Stratification was also detected by phal-
loidin staining. Repeated experiments in monkeys with longer
observation periods (in submission) have confirmed that the
procedure results in a high density of corneal endothelial cells
formed into healthy polygonal monolayers.

3. Eye drop treatment for corneal endothelial disease

A pure medical treatment for corneal endothelial disease has
been sought for a long time by ophthalmologists and patients. It has
been reported that human corneal endothelial cells in organ
cultured corneas proliferate in response to wounding, as they are if
released from contact-inhibition by EDTA (Senoo et al., 2000). It has
also been reported by our group that connexin43 knockdown by
siRNA promotes corneal endothelial proliferation and wound
healing in a rat corneal endothelial injury model (Nakano et al,,
2008). However, to the best of our knowledge no pharmacolog-
ical agent is in use clinically for the treatment of corneal endothelial
dysfunction.

3.1. ROCK inhibitor eye drop treatment in in vivo animal models

With the purpose of developing a pharmacological treatment
for corneal endothelial dysfunction, we examined the effect of
Y-27632 ROCK inhibitor eye drops on corneal endothelial cells
using an animal corneal endothelial injury model. The target of the
pharmacological treatment is the early phase of corneal endothelial
disease in patients such as those with Fuchs’ dystrophy, or those
with corneal endothelial damage induced by intraocular surgeries
who nevertheless retain some healthy corneal endothelial cells.

First, we made a partial endothelial injury by transcorneal
freezing using a 7 mm diameter stainless-steel cryo-probe in
rabbits. After injury, 10 mM of Y-27632 diluted in 50 pl of phosphate-
buffered saline was applied topically in one eye of each animal six
times daily for 2 days, while PBS was applied in the other eye as
a control. In the Y-27632-treated eyes less corneal edema was
observed by slit-lamp microscopy and ultrasound pachymetry.
Histology showed that the mean wound area of Y-27632-treated
eyes was significantly smaller than that of control eyes (Fig. 6).
These results demonstrate that the topical administration of selec-
tive ROCK inhibitor, Y-27632, as an eye drop has the potential to
enhance corneal endothelial wound healing (Okumura et al., 2011).

To establish the application of ROCK inhibitor eye drop in
a clinical setting we have recently conducted a similar experiment
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Fig. 6. Effects of ROCK inhibitor Y-27632 eye drops in a rabbit model. The center of the corneal endothelium was damaged by transcorneal freezing, after which Y-27632 was applied
topically for 2 days. Slit-lamp microscopy revealed that corneal transparency was higher in the Y-27632 group compared to the control group (A, B). Alizarin red staining shows that
corneal endothelial wound healing was promoted in the Y-27632 group compared to the control group (D, E). The mean wound area of the Y-27632 group was significantly smaller
than that of the control group after 48 h (23.1 & 22.9% as a ratio of control; *P < 0.05) (E). Scale bar: 500 um. (Reprinted from Okumnura et al. (2009) with permission from the British
Journal of Ophthalmology). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

using a partial corneal endothelial dysfunction model in monkey.
Early indications show that the topical application of Y-27632
following cryo-injury enables the corneal endothelium to retain
a high cell density in cynomolgus monkeys during a 1-month
observation period, with reproducibility confirmed in six eyes
(in submission).

4. Discussion: toward the clinical application of new
therapies

There are a numbers of research papers which report protocols
for human corneal endothelial cell culture, however, it is still
difficult for us to consistently expand usable amounts of human
corneal endothelial cells which retain a healthy morphology and

high cell density. Recently, we have used a selective ROCK inhibitor,
Y-27632, in our human corneal endothelial cell culture and it has
improved the culture results. Based on these findings, we are now
planning to apply cell-injection therapy using human cultivated
corneal endothelial cells combined with Y-27632 to advanced
corneal endothelial dysfunction patients in clinical setting. In line
with ethical considerations, endothelial cell expansion has great
potential to be helpful in the reconstruction of the posterior cornea
with possibilities for genetically-engineered endothelial cells or
HLA matched corneal endothelial cells to help avoid the allograft
rejection.

Regarding the Y-27632 eye drop treatment, we have obtained
the approval of the Institutional Review Board of Kyoto Prefectural
University of Medicine and have started a clinical pilot study of
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ROCK inhibitor eye drop treatment for bullous keratopathy and
have confirmed its safety and ability to recover corneal endothelial
cell density in some patients with specific conditions. Currently, we
are accumulating evidence regarding the mechanism of ROCK
inhibitor eye drops; our current understanding is that it works by
stimulating proliferation of the patients’ corneal endothelium
(unpublished data).

Given the burden on individuals and healthcare providers as
a result of corneal endothelial dysfunction, the discovery and
introduction into clinical practice of new pharmacological agents
which are safe and effective is highly desirable. Such an achieve-
ment will potentially reduce the over-reliance on corneal trans-
plantation and improve the quality of life and vision for many.
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ROCK Inhibitor Converts Corneal Endothelial Cells
into a Phenotype Capable of Regenerating In Vivo

Endothelial Tissue
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Corneal endothelial dysfunction accompanied by vi-
sual disturbance is a primary indication for corneal
transplantation. We previously reported that the ad-
hesion of corneal endothelial cells (CECs) to a sub-
strate was enhanced by the selective ROCK inhibitor
Y-27632. It is hypothesized that the inhibition of
ROCK signaling may manipulate cell adhesion prop-
erties, thus enabling the transplantation of cultivated
CECs as a form of regenerative medicine. In the pres-
ent study, using a rabbit corneal endothelial dysfunc-
tion model, the transplantation of CECs in combina-
tion with Y-27632 successfully achieved the recovery
of corneal transparency. Complications related to cell
injection therapy, such as the abnormal deposition of
the injected cells as well as the elevation of intraocu-
lar pressure, were not observed. Reconstructed cor-
neal endothelium with Y-27632 exhibited a mono-
layer hexagonal cell shape with a normal expression
of function-related markers, such as ZO-1, and Na™/
K*-ATPase, whereas reconstruction without Y-27632
exhibited a stratified fibroblastic phenotype without
the expression of markers. Moreover, transplantation
of CECs in primates in the presence of the ROCK
inhibitor also achieved the recovery of long-term cor-
neal transparency with a monolayer hexagonal cell
phenotype at a high cell density. Taken together,
these results suggest that the selective ROCK inhibitor
Y-27632 enables cultivated CEC-based therapy and
that the modulation of Rho-ROCK signaling activity
serves to enhance cell engraftment for cell-based re-
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generative medicine. (4m J Patbol 2012, 181:268-277;
btip://dx.doi.org/10.1016/j.ajpath.2012.03.033)

Corneal endothelial dysfunction is a major cause of se-
vere visual impairment, because corneal endothelial cells
maintain corneal transparency through their barrier and
Na*-K* transport system. Highly effective surgical tech-
niques to replace corneal endothelium (eg, Descemet's
stripping endothelial keratoplasty) have been developed,'?
aimed at replacing penetrating keratoplasty for overcoming
pathological dysfunctions of corneal endothelial tissue. Sev-
eral research groups, including ours, have devoted an in-
tensive amount of effort in an attempt to establish new
treatment methods suitable for a practical clinical interven-
tion to repair corneal endothelial dysfunctions.>° Because
corneal endothelium is composed of a monolayer and is
technically difficult to transplant into the anterior chamber as
a structurally flexible cell sheet, those research teams cul-
tured corneal endothelial cells (CECs) on substrates such
as collagen sheets and amniotic membrane.

The injection of cultivated cells has been reported for
the treatment of a number of organs associated with
degenerative diseases such as the heart,” vessels,® pan-
creas,® and cartilage. ™ In regard to corneal endothelium,
it is known that injected cultured CECs appear to be
washed off by aqueous humor flow, thus resulting in the
poor adhesion of those injected cells onto the corneal
tissue. To develop an effective method for delivering cul-
tivated CECs to the posterior cornea, the magnetic at-
tachment of iron powder or superparamagnetic micro-
spheres incorporated in the cultivated CECs has been
attempted. This method has been shown to work in a
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