» REHIRIREEIC S 2 T E0B 0 (BICARE

REICED AT O NEARORES O gEE
P& d.
ALRSBICH D BXRLBEEBESHELD
ESNTEDIT D,

RAEICH DM AEAEBAERAE (SACO) [
ERDWE,

RESERICAELICCL (BLLEESBA
EHETEEVWC EBHD). BLYOREE
ERETDHELDDY, BERWICIEFME
SE(LT B,

@

@

W Aasleesam {247

- EANCROSHEAREBURED, B
BABERICE U ISR FHEE S0
TIREIY FO—ILELoh D EF2THL
CEPRETH D, |
BEEBCEET 2RABTE, N5
PR DR NER S < RDH B0
BEBECERENETSN, BEDY MO
—LELTHSREBEEEGTSHS5H LS
BEEPIE S AER L TR RENG D,

R

DB COSBRARICE L B,

112 U B K B PR R D R 3 AR
HRRRIC 5 X — VIR B EEE D NEEENT
BOEAEICEENUE,

Fifi

RSRoOMS— BHEEDLERFO.
£ REMEOBES NN BEAITTS.
MMCHR SR L o hS— BEESS
L IBREDEESNRVEAITT S, SRR
BOIEORE,
“Fa—TYe Y hEl TR CHNERTS
BICEAT 2. et

s

@

©

@

©

O3k
1 AREsE |

! IO RS BOE THE 2011
2) m@m=. 3

) o
DEE BB UZ YD 2R EXER- 2003
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4. FARAETOENDE 321

R NEOERZE

MEAE p.A02 BE.

BEOBH R

FAEZFRICB TR, BEAHZRET S A THRNERE
ZTHIAZEDIFFEICERTH D, TODIZEBAKIZLABAKR
BEPLBEERDL, L L, SEEAEOEE IS AES P HECH
DEEICL > THRACIREOFHMATE R b DR R{,
f:ﬁ%ﬁ]éﬁ%“ﬂiﬁ%@@%‘%B‘J%‘?ﬁﬁ’?]‘l% %7 TH LT A RRER 5l
TAHILGHEETH S, EFE, BUTAICHERESE L (ML L2EIR
HEGS RS T EHATAZ LICL ), BERNEOZECHRED
KD ERELEESTREL Lo TE TS, RIETIE, HiEiENED
EEZHESE L LTFHEOEBEREKEME (Wrasound
biomicroscope ; UBM), RillE#} OCT (anterior segment optical coher-
ence tomography ; AS-OCT) % (2, #ssiNBEDSEIZBLT
LR OEREZEBOERT S LRI T 5.

R (1) ST ERETERE |

24 7%, B A ¥ o0 FEA. LASIK (laser in situ keratomi-
leusis) HAOTEEZZ L7245, HIR =20mmHg, £R =40mmHg
&R RE S E O 72 D T T L E R RS B Im IR B8 . BTEELC T
Sy 7aRERE FEO-LTLA VBEAREBLOT X
BT FRIRDLT BN T 729, MEAMERE O DRIRTE
3. WPHEFIREIZAIR = 18mmHg, AR =8mmHg. AIRAEEE
wEERE (®la) B LUK - AKERERZE (l o) #d by, %
BEREAREY X ba 7 1 237, BB REEEE < SEME A ;Eﬂ%ﬁ%ﬂﬁﬁ?ZF
L WA < IR 6 & B B R (B 1),  pEm s
BRFEAEEEE, UBM 2167 L2k 25, BFICEML2ILY o

94

—-\\

\

EEZTERE 0% ’f‘f)’gil
PERE I NMEIL 7T v 7 (reverse pupillary block) 4 LTz =R F‘@‘f—? %Eﬂf‘*r“&b
(R 1d). BEEBES, WMELERN, (, IREEHMERDE L ea EAHA0
: ) e ’ - - EEIC &@Tﬁ""ﬁm%?’f’t
(pigment dispersion syndrome) & BAEKEROEMHIC X ZIRE L RSN &I L 3R

BEEIREINLTVA.

ALZHEL, FEU—I <L VEEESRBEROATREEEES,

- 237 -



C.

R IEERERERE 48 21

a. EEREIFRR. ﬁﬁ?*”‘@ﬁm%‘ﬁk@aé&t;u DB,

b, BEEZMERBESIFOT 1. %féﬁz@th%/{kwdvkﬁé%ﬁﬁﬁﬁ% (vesicle] &5 3.

c. BEFE BESE2ECEEINEERYSY, BIITHEA IR A5 NS ({EFE#EH 1 Sussman For
Mirror Held Gonioscope B&#).

d. IOy (reverse pupillary block). UBM T#AICES L 2R FABES 5. (BEEH  UD-
8000, Fr=—X ==Kl —3 32

BBl (2) TR ;

79 #E, B 9 FEENCEE AR (penetrating keratoplasty s
PKP) # L OBEILIBEHT, 6 FRiiCENBEFRHRZ RN L > X
AR, RS EER IR A ICITE L& %720 (BIE =26mmHg), #
VT O — VIR EEE R AR 2% & BAG, NRIE T RER & 3«
FET M TOA MERET BN 2525 FHIR=38mmHg &
BETH 7080, EIRIEIZEETEL, BARETIC TSRS
M. 70 >»V9 3 NiREE 1% @iﬁ?)ﬂ’?s"i%’f‘qﬁﬁﬁ: 14mmHg ¥
TTMEL722%, BB (ris bombé) %A (K 2a), AS-OCT
THORME M (E2b). BILBETORMELOBESICLS%E
BEiLl7 o v 2 (iris bombé) #5R < SEbNm70, L—F—Il#Hl

i
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4. BRETORERLDEZ 3

5]
[N}

C.

X2 EBEi¥ g £
WBEOHREHE (@) zAs—ocﬂ% (b). BBEL=1% (ris bombé) £ 3. (EREH : Visante™ OCT 3.0,

Carl Zeiss Meditec)
L —H ST OB R (o) & AS-OCT & (d). 6 5 AROERDARIIHC L hole »FEERTES. BFLTOv 71282k

fAfiT (laser iridotomy ; LI) % JEf7. GHR =7mmHg £ TTRML,
7oy 73R (B 2c,d).

EBl (3) TS bR CELREREIC RS EE

74 5%, B 11 FENSAIRMBIER AT L ERFAT B K UK
mAE RN BT, F0%d ﬂﬂﬂ%"iﬁ'}‘cﬂ%ﬁﬁ% 2 EEHE LEF 3 B FAF
WOEED Y. MECTEERAR, ZIRE LA LS ZER K
FERERE 2 HEBNZE. W, ERLEFICEERFTM
L AREFEEL D (R 3a), IREIEAAIR = 10 mmHg, R = 60 mmHg.
AL Y ZEERNEE SN TBYMAREIC CERISEREICHA

EMWTEFETE o7, UBM ICTEEMEIC TS P — B IRE R
B, —HTIEBRERKEEREEOBAICE DICEIR T ~NEREE N T

W3 ?:73‘?13% 2z (R3b). L—F—BEABE (laser gonio-
plasty s LGP) ZHaAT L72& 25, B4 o OIS BIiEAILBEER
B R, BREIE 25mmHg FTTH 01% XF A5V, 05%
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a. - b.
M3 77 h—MIBERAREEY im Bt

a. VBBHRSRE LACEETHELL AR BRENELE 5. ,
b. UBM Fif. 75 h—i#4 5 ULRBRROBIL L 5HBONSRIL RN 5. (#AE
1 UD-6000, b= A —T=Fl— 352}

a. b.

X4 PetersE% 5m %R
a FIRLFRE. SHEREICERAOEEERAROS. (FEEH  AF ALz ya—)b, 20O
B S UL

b. UBM AR, RELUIFCARARBEOERS S
6000, b—A—T—FKL—3)

%ﬂxrmmaﬁﬁ 1 5. (fEE#EM UD-

FET—VT LA VEEE, 1% FLVYF I FER, TR VUFIF
PR (aﬁ?‘ff’?f,’l HHIZIRE L 10mmHg., F01%, RFW
FEEEICTIRE

Tl (4) Peters B §

5%, foUE. HAERF X 0 MRS IR % R0, £ 3 0 TEEIRE

X0 BUER I SLE RIS M B AR BEIREL G S, TR B S S FIACIR O
HERBrREO (F4a), HARTIRILETES (K4b) 2o Tw
72, MRFE L icare THIET % b BEENFMIC L - TRELZ H720,
FEHEIZIESDENREDPo7. 4L D IE LA ERTRD, J

770X, ANTFFO—LOEIRE G BEPEEIIEITS
MET R

SET 20~30mmHg B2 /AT b, MAEIATENY, MEFETF
bV ORENINE TREEHES.

- 240 -




4. BARETOENDEZ
 EFED §
i & @Jﬁﬁ§@'—§“’§5‘%§ﬁ’3{;‘if W’Eu ST, Fmﬁi:}%?ﬁ‘ﬁ@@i
55 UBM % AS-OCT %2 X ORIBHEGETEEZFHT 22 &
ZEoT, IR EHTRAFENGFLT A, LerLaehs, 2
NSDHEESHOMIL - THEWD TR LI TIE R L, MASER
HERELICERLTLIED LOTIE RV, ﬁWk@ﬁﬁEW IBW
TiE, LTI EMERECBAERETEONFTR s
EhHDL, BENIHEEZIRETAZ &N kﬂ THb.
£#2 “J’ﬁ@&urge Weber IEIEEZ ROBEREFIEME (UBM) BEZRICART. ELVLWDIE

En.
a ZRROBERIKZ L. b
d REIEDEEEZERERD G V.

2 DEN
EEDRELEZRH 3
e GRIEERICY FIROEFEZ

HiE

iR

c ZIRRDIRELE
R B,

TR 5.

EMRICEAICmroTHED,
ELHRTEL R

MEA A E @T?Eﬁzn D5, HIEE
< 72>THBY, BMABMOERIFRTH 5.

a,b,c. 3 RELIRTOIREREEASH & 20\ I B HRJE A#rise 5 t,ﬁaﬁ;’% )
BAEAT B, SOESCIREROET LR, ABEOEKE D

A EE, BREEOLEZIZRED 2.

e. Sturge-Weber SEMEEETIZ AR L Y, EEO B, =3 MEHE

Iucm’fznkoﬁlé (R— b7 A4 V) FEEFRENLEENLNER
DBRDOLNDE., AFTRMEEBL IZELD.

RE#EEE ) b, d

(ZHEE#, & W

W
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Sturge-Weber fE1EEE
IZEE ERBIEOKEES
SJUBEBOREREEZZE
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LT 3ARAE BREERC
BIBRRLERD. NERE
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EREOEEEENS—
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*ksmfaﬁﬁm§u¢aa WHIE DR, ZOENAERFThATOS &
[FEVVEEL.

FUSIE

B JEIRA AT ST B

MVEL S G RE D IEAT 2\5 % 1A %
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Z O RN AHERE O T T 5. ¢l DEF IR LTI H I LENH L.
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5, DG MM X - TIYE TR 2R B O AEIARKETRL, BELTHS
RSB LS, SO X H I, 21 LJ\J: TAY b =TWRIER X Ul Ui
O IR 2 GFH L T v B ; O Silliifee THb. 1 f‘ijHO’)rrll’f)‘u&\ﬂmé:hZ:uiiJ/‘(i,
P & BB A BR L 72 BT F o 1% !IJ HE& 27 HoGIRBIRA30 TIZIEE
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S

Ophthalmology

% (2oL LiF3)

AT

REBFLENAZIRR/RRIFHERER

REOREERLE L THEERMANEROL

2011 SRR E o 7o SUERRL R - B AR S
WX BBAEROERANA 7o/ D% 5%
L, 120wk s nE kit
boZ EDRERENCEY J—VES - AH
FHRzIP R RERRESZE L
EEEA L LT, HROBARRIIERTO
W ARDL 9 & LT 5, BAERREE
2BAUE L, H4EIZIZW oo RBEA
By MABRIGEE LTRITER
XL LTwE, 20X RRIBIIBNT,
BREEOIBEOFAER Y =7 bAF
BELRE LTERBEEREIELT
WAHIEIEFETREIETH S,

F7z, INLOTAFT LEHMATTTH
FHEHOLOTH Y, HAROERHARRT
L UVAIEEICEETHL I L ER LT
Lo BT, PSHIEAOHE L BEAEL
R = B v TnBs E Y (age-related

32 BEAEZEIEE No.4891 4 2014.8.22

macular degeneration: AMD) Z#E# L &
3 L BAGMEE S BIEH IR T S,
T, BEMIEAERTRE ShTwnie
MBI A TR 2 R L
RRTHEEL, HEL VI HEEMICEAT
3G P IR AR, R
OHELTMFEBICL R 2 AFRBEEZ S
THAI. S50, iPSEIE» S /B LM
fa, BN E R, BRICHY
I3 ETHTAFTIE, H- BENICEEA
BERBERICEEZL-6T0LEbR A,
PEO LS BELMEVSSER L0
IBETH B, 14FICE, HEMLZBERER
PERCRESRLIbOLEDIS,

2, BERERTHHNIATA4, P&
LA R VIRBTHDBNE, P ERE
TEELTwD AMDRERENEHREROE
B EOBBEIRKEERL TS, 0T
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TOPIC 1

BoEEENS |

TOPICLED |

KRS E

REOBEERMANEROL

HELOMD Y AR EWIEEE LTI, IEOEAER 15CiPSH
W% Fl v 7o i Y (AMD) ~ DB O MM AT T E B 7
TEThhHo BEEROEBLEL VI BETS, AMD & v Biist
RBICHTHH LVIGREOBH L VI BRTHEHE NS, E61
fEEAERRY SORHTE, BERMIUTRIIGC X 288
BzHEFEw)EONSE b—HT 5,

CD1ERD 1 BHEOBEERMEIERTL
2 BEOKSA P RBIHEEY—KTS
3 BRBEFEMHSEYRERILTS
4 RABABSSHEETT
5 WEIRMGIEESICHVEGF sHIBIES SEAEhD

b, BREHETHCERLUTRBEINL,
ZOFIKE V. D0, »OoTILEH
DERD - - BEDE L ORI HRENS
X HhoTE

20134E, IS, YO T RO AaRFOh
EOFTA T4 BRARE, FIHLS, 7
2t bSN® AV T e, FIUNGORE
OYRRNBEER G KK, vy 1 X8 .7
A4 ) —7 ®i EOHLVEGF (LS I B 5 A
F) BT HRPEHEIERICLo» Y L EH
THI T, BREBHRIHALMITERL

2 Z L IXFEEV ARV,

BB, ABEBREIEICHEIT S DSAEK (des-
cemet’s stripping automated endothelial
keratoplasty), DMEK (descemet mem-
brane endothelial keratoplasty) & FFiEh 5
AN SR, BRABRFMNICB T 2RART
2—=7 % v FOEH, WEMTEERCS
FABTRFRBREORBEL, ARBHESH

HREFERICBIIB 728 beh v FL—F—
DALY, A7 T —FItd RKE LY
e RY (AN

B, BRHIBI 2 AHERORAAL L
THBIE R SNPs 2 T L 72w { 020
BrahTwd, ZORTEELRDOEEMNT
5, RENZDDIIFERRNE, FICEFR
[P (normal tension glaucoma; NTG)
"CCDKN2B-AS1\ZBI#$ % SNPs A5 & &
NizZeThb, TOSNPsIZHERDOTRTH
MNEDONTGIHBLTALN DL Z EAVREN

72 512, AMD ORZFNHEEFIRES L,

HRANDBRBEE) R T4 —T VR Va vy
Y v fE{% B (Stevens-Johnson syndrome;
SJS) T, HLA-A0206 8IzF L L BIZTLR
3% EP3 M SNPs % B¢ 5§D & & HRBRIE
KHEELTWwR w5 #iEN R ih, ohbd
DOERITE ) BEZRFOEHEROER
Fekotz |

No.4691 & 2014.3.22 BXEEIER
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137 a————————————————————————————————

TOPIC 1) BHOBEERIRS RS

BHPLREELO2HAHEEE OV b
PHEHEED TS, FOREL L0 EHE
ERR it BAEROEHE{L oY
=7 b BAEEOEBA A T4 LICHRE
N7238ETHL, COTT Vs MIOLTERK
WA F— b L7275, HPORIRSEE S, 3358
PIEBOFEEFFETH 5. BFICEBBRK
(FALEMZEET) 5O 7 N —J A EERIPSHIEHE
DA E BT (retinal pigmented epithelium
RPE)AEZHWTITB S L LTw A mg
E (AMD) WB#IZ, ¢ MEBRNUEZ v 2 BRI
CHTA2HEREESTORESH, 134, <2
AFLTTHRERFERED LY, EPIZ
IFEBOBRABET SN BETTHL, 2hid
iPSHIED & F~DIEH R, AMD~OFEEEH
DIEHE A BHRTHLRELRESTH A,

iPSHlaOBE~ORHE, BEezEE
{retinitis pigmentosa) 72 & OEMBEFEIIN T2
FHRBHLETICAN, w{ohDRELTL

=7 AN THEREZH L Qb 2, £
DIFHOLHEL LT, B, REHARELLT
EEERISEFRFEWREE LTI > Ty A2 AER
BRSO & B 7 R AP R S
AR, FLT, KRS BESRRE
FRFTIT - T3 iIPSHIRE - ABBEAR
#ix, HAEPRET 2 HRWOBERNE (first in
man study) KETFO {30 TH L, Zh b5
DM, ThEHZLEMETCHABBOD
DTHY, WREPY— 8L CHREER{LCET T
Buetwd, ZoX5is, 2013FHAORE
BARERILBILRET_EETH /2
Ehll, RFA—TrAR: Vary EER
(SIS) PALFEBEL EOBERERNREEY 77
v MO UABE RO b o — P ERICow T
& 20o0HEPEEEREBE LCORERINTS
0, BIRBGTREOFBGT -7 2ER Lo0d
B, TOFEE, 003EESSHAROER L
LTRESNTERLLOTHY, 43 THEFHE

B BElEsE ey - MBS REEEEE
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1)Kamao H, et al:Stem Cell Reports. 2014;

P S ErE20oBZ 2014

2(2):205-18.

2)0kumura N, et al:PloS One. 2013;8(2):
e58000.

3)Sotozono C, et al:Ophthalmology. 2013;
120(1):193-200.

TOPIC 2 b BA®D K51 P ARPEREY— kT2

FoA4 741, ROFPRBICHEBEBREZMES
BHRETHY, TORKIY = — 7V VERE
(Sjogren’s syndrome) TdH b, L L, ¥4,
VDT (visual display terminals) fESEDM,
7ar il ABHAOHMBEOEKT, 2%
Z MUY AEBICE AIREE» S ORRBIUER L
12E D, RRATRREICRABEI SHPEED P
SATABENHITEBY, BARICEBBLR
20005 ADBEINB LEEEN TS,

RHEFS4 741, BRORFICLIVFEREE
EhAMEERBELERINTYRD, Bk
W% o T, kL RKE LRICIIHE L IRz D
), FOBELLTHRALRIRAZ 77275 —bH
ELTwWAZ L PBAROBRPIETHL IR
>T&R. FIATAORBERIFHLIICED
ZohT, SHISHIS L7z# LW ERBE 2R Y
AIREATR SN, BRCERBAYEAS & L AT
BIXhTw5,

FS4TARBICIE, ChET b7l VO
B (e 7 Aa B b v s, BREE) AT
RHAMEH SN, BEACIZER TS 7H, &KIE
PICEBREA 7o 4 FRIBIEIMERHShTE L,
LAL, 20104E12B1CiE, T2 7 A SIRH3% (¥
IT7ERVIVF ML, BREE), I124818
i3, ATRXZEREUD2% (LSIEF, kK

BE) ARV S NSRBI B L, BKFs
N5 RREOBIRIKE SER L, VI7TRR
HAWE3% 13, FaRsBL LRz ICHEAES A P2Y 2R A4
D7I=AMTHY, MBAINVYD AL T VB
BEE RS, BELENOOKGLELF D
WEREETSY, Aoy ARBEUD2%IER%
oo g TR L RARICIRERE O A F v ik
R =2, Rt |7 VvE—ER %2R
LF VEAREETH S, WiThd BAMEICH
RENFH LI A TORBETH Y, RIS
bEHXhTWS?,

20134E, Tear Film Oriented Therapy (TFOT)
EVWIEZFBRFSA 7TAHRE»LRESh,
FROKE, 2FVE, MEOERETNE S —F
v bET R ENER LIz, ThitlEw, ¥
27 ABIREE3% & & T R ¥ IR UD2% DA H
HATS HICHRICEBRS R, WERFIATAN
DE—BIROKBEE LTHEASAAL X ) ICE-
T&7

@3

1) Takamura E, et al:Br J Ophthalmol. 2012;
96(10):1310-5.

2)Kinoshita S, et al:Ophthalmology. 2013;
120(6):1158-65.

TOPIC 3 P AARFMHF X UERIET S

ANERM, ik 2 X ViRE Lk
2T BERE TR ®EIL, RPYICAT
BNCYES L 72BRP L ~ X (intraocular lens:IOL)
ZEATHFEHRTH D, SOFMBNT, IOL
ORFEN 2R B X OKEREL KSHFEZIE

BT 2720 b Y FL—F—2EE S
nTwz, '

IOL 23 B A L ¥ X (monofocal-IOL) & 4
BV v X (multifocal-IOL) 25b b, & 5 IZEHE
FRBNZFRBA- =V 2L XHHsY,

No.4691 € 2014.3.22 HAEERE 35

- 250 -



BESRLV Y AREAFIEHRTHLY, SELL
v X GEEWH IR D ) BEBIEATEE &
5> TWw5, BEAVLRTWAEEALL ¥ X3,
FexEH EEHOEFIRY T 5 EFRBASER
Thbo M=V v 7L ¥ XE, FHEERORER
WRZBHLZEAHBIERLY Y XTh b, wih
DIOL LT 27 U ANEHOHBRZEIZE Y, MIE
THATEEZY 7 FL VAL LTHRESATYS,
HABFHICBWT, BFORRIBLTINS
IOLZHWwT, AHRPERLRARICBET L
I FERFBLIZVICEE L TEIOD 201350
KERBRTH S, 271, SEALV U X3E#E
ERdHZVIIHBZRTRVEEATE VLY
I RIS 2,

—7F, BRI, 722 beA Y FL—9F—%
B TR AERTEE & AR A% % RIS 518
BHPERLEILDHTEY?, Z2oHhZERICD
BREICBELDOH D, SDT7xhbeIVFL
—¥F—2AREFHICHVZ LI 2 eSO

mﬁﬁ?----------------—-----------l

—FORL VM, PROREHLESEEZSS
K EEE2LZHILHB, Txh AV FL
—F—i, E7z A P OEBE7 A VB0
WAV ARZZANE-2ERLTCRIBETLHL—F
—Thh, ARCLKEEEEERCUATAZL
PBTED, EBE, 722 b Y FL—¥—%H
W-ABEBHIIRBRZEI N TV 5,
ZDEHIT, HAEPMOEEN BRSNS
HIZRDLNEBRICHSP->TEY, IOLDFH
HWEBREEOBER LI RDONTEY, XT
BRI R E S L BBBHE (LS PL—3 ¥
7) ZHW72OKULIX™ & ) H LWIOLE#
FHlY 7 PR EPRBRIRTYS,

@ &

1)Yoshino M, et al:Jpn J Ophthalmol. 2013;
Sep 28. [Epub ahead of print]

2)Roberts TV, et al:Ophthalmology. 2013;
120(2):227-33.

TOPIC 4 b RAABRISHEEETT

HATIZ 40U DK 5% ARGARICBEL T
W5, RABETRERERLZDIZPOREIZLD
BaRrEESh, HEPRL LOERPEL S,
BREFERETHREEESEL2RNELERER
ERARE (NTG) L8354, HEATIEZDS
A 7ORABIR DS L, TOITITRBEIRE
2%, RABTIIHEFREEBE»OETHIC
AL, ZOREFEBTEZ LR

RABEOBBRITEYRESEARTH S5, 7o
A% 75V (prostaglandin; PG) B#l, f 2%
HERT (beta~adrenergic blocking agent), B
BB kB E % (carbonic anhydrase inhibi-
tor; CAD 2 &, B4 ¥R 2R RIREH
Y, RAERY, SHEFETE WE 25~0
BEEBLRYIBUTRE SRS, BRRTIIRL25E
AR RRRZRESERGSREIMEA L
NTERD, BEICE-T, BATH2EEDK
A1 DI o L HURPIER A IRES KRS
Nz 2010EPSHFSF AL (FHF7®+05%
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FET IO, Fat bFN(bINF I X®+
0.5%FE7b—=), aVv7rI%BIVYT IO+
05%F €7 b—N) PR Eh, 1BEICTVIVY
(1%x4 V7 F®+05%FES b—) HPREX
h, 0k HERERBRENHFEECHEEIR
FENB LA kot 7275, 22T, FE
Th—NIIRESNh S pEFREFN TEHED
BfERZA LA WEENESD Y, BREKBEORY
TREWERHMBUCRICER T2 LEN D 5, BE
ABREOFEE LTk, 2BEEZABTHIVR
BEEARP L, Zlikzd, BEOTFETS
VARERBZETH D,

RAREEETIE, ABRBCIABREa Y bu—
NVER+FRBETEFERETI FE LT’
L—¥—CRBE R BARICILERIT 2D,
ARBICRIRE A SRS TS A BEkEE (34 23
2) 2ERT 5o HEROPHETIE, 1BRLAH
ABOIHROBELLETHEI-TLEIZLND
ofr FITERENLDN, Fa—T28BbA
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ACHAMEHRT 5 F 21— T ¥ v ¥ VEHTH
B0, ZORHNBEF 2—T Y x v ME, BRORTIR
DRSS C a2, BATKRKBIRE
BT Wz, L L, 2011450~ b ik
L 750y (AMOR) k7 va vy s AT
LAT™MENEET 4V L—Ya v P84 A (BAR
FTavi) WRESH, 13EEXE-TIRE6D
FONA ANBEIHHEND L) otz Fa

e e 75 F = 2 B 2 2014

=7 vx v i, BROKFEK) 2 BRA~BE
B 5 FM AT CHVBHEKF 22— T
HY, FL—1rEZHOEVT AT (AR E)
LEWEA T (27 ATVR) 028D 5,

@ ®

1) Gedde SJ, et al:Am J Ophthalmol. 2012;
153(5):789-803.

TOPIC 5 b MIRMBEBICVEGF b HIEILC BRSNS

BILA TR E & b1, ROKHOHRTY
AMDPEHENTWAD, AMDIZ, #EEoOpC
S 24 5 T B RIS & & b ICH
WA RITRETHY, K& BIHBLESR
B S NS o SERDHBIR S 2 HATT 2
EMEICHA, B, IRMIES & A I A¢
LS & CHEERIC M CREHEE RS L
BHCRBUCHNAME T3 2 - RA R BN E
Thhbo

ZOBMBAMDIZHL, 20094 ikvs Vo
VERFTEI=TFIITL, TFAF-) Lk
VFALA(SZEXRT, INANF LR T 7—)
Lo 2 VEGF OB FHIIEH L w I HL v
BEOERIET Sz, ZO%HI, HEmE
ORERRT VEGF 2% 5 2 L CHAEME D
W REE Y, RERE L CRIRMEH %%
PR e L ORE 2B ET 5, PIVEGF
FEOBHICL Y, BIMA AMD O HEIH
TR DRI E~ LB L2,

HREEICE W TEBH AMD BROERE %
S>TWAPVEGF#EILX, 74 V=7 (77U~V

7 b, N VIR &) FEA 2012411 A
M Ehi-2 &tk Y, SOIICHR: 2 HEE
Elolze B, MEYF 4 RIX134ES HICHE
R IREA 2EE (central retinal vein occlusion ;
CRVO)ZHES HBEMPIE Y, MIERICHIT 2 kM
TR A I 2 b WIS AR S iz,

COEHIE, HEHEBICETXTHVEGE#
BT LEoTHRETREVIRREICE > TE
7eo ThbEE, BT BTG (optical coher-
ence tomography ; OCT) # H W CEBEH O
RERBEL R T A LR Y, F-WH
BOHREAED 225, HERBOBN XL
DRBICIT A2 X910l b —HIlk-T
watEbhas,

@ &

1)Huang P, et al:PLoS One. 2013;8(12):
e82454, ’

2) Miyake M, et al:Ophthalmology. 2014; 121
(1):225-33.

3)Yamagishi T, et al:Ophthalmology. 2012;
119(8):1621~-7.
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Purrose. To evaluate the effect of Rho kinase (ROCK)-inhibitor eye drops on a corneal
endothelial dysfunction primate model and human clinical case series of corneal endothelial
dysfunction.

MerHODS. As a corneal-endothelial partially injured model, the corneal endothelium of seven
cynomolgus monkeys was damaged by transcorneal freezing; 10 mM of ROCK inhibitor Y-
27632 was then applied topically 6 times daily. The phenotype of the reconstructed corneal
endothelium was evaluated by immunohistochemical analysis and noncontact specular
microscopy. For clinical study, the effect of ¥27632 eye drops after transcorneal freezing was
evaluated in eight corneal endothelial dysfunction patients: four central corneal edema
patients and four diffuse corneal edema patients.

Resuwrs. Slitlamp microscopy revealed that both Y27632-treated and -nontreated corneas
became hazy after transcorneal freezing, and then recovered their transparency within 4
weeks. ROCK inhibitor ¥27632 promoted recovery of corneal endothelial cell density and
wound healing in terms of both morphology and function. The percentage of ZO-1 and Na™/
K*-ATPase positive cells in the regenerated area in the Y-27632 group was significantly higher
than in the controls. Noncontact specular microscopy revealed that corneal endothelial cell
density was significantly higher in the Y-27632 group compared with the controls at 4 weeks;
cell density reached approximately 3000 cells/mm?, as opposed to 1500 cells/mm? in the
control group. In addition to the animal study findings, the clinical study findings showed that
Y27632 eye drops effectively improved corneal edema of corneal endothelial dysfunction
patients with central edema.

Concrusions. These findings show that ROCK inhibitor ¥-27632 eye drops promote corneal
endothelial wound healing in a primate animal model and suggest the possibility of ¥27632 as
a novel therapeutic modality for certain forms of corneal endothelial dysfunction. (http://
www.umin.ac.jp/ctr/ number, UMIN000003625.)

Keywords: corneal endothelial cells, rho kinase, ROCK inhibitor, wound healing

he corneal endothelium is critical in maintaining homeo-

static corneal transparency. Human corneal endothelial
celis FICECs) show severely limited proliferative ability in vivo.
As a result, pathological corneal endothelial cell (CEC) loss
causes a concurrent compensatory migration and enlargement
of the remaining endothelial cells to achieve the functional
contact-inhibited monolayer. In corneal endothelial disorders
such as Fuchs’ corneal dystrophy, pseudophakic bullous
keratopathy, or trauma-related injuries, severe impairments of
the relevant functions of CECs, namely Nat/K*-ATPase pump
and barrier functions, cause irreversible corneal haziness. In the
United States, 42,642 corneal transplantations were performed
in 2011.! Since corneal endothelial dysfunction is the major
indication for performing corneal transplantations, endothelial
keratoplasty represented over 40% of all corneal grafts
performed in both 2009 and 2010.2 However, several severe
problems can arise associated with corneal transplantation,
including allograft rejection, primary graft failure, and severe
loss of cell density. To the best of our knowledge, no clinically

practical medical therapy has been developed to effectively
treat corneal endothelial dysfunction.

As an alternative to corneal transplantation, regenerative
medical procedures might be a plausible path of therapy for
treating severe corneal endothelial dysfunction. Several re-
search groups, including ours, have reported transplantations
of cultivated CECs in an animal model to establish a new
clinical intervention for corneal endothelial dysfunction.>=® We
recently reported the use of cell therapy to successfully achieve
the recovery of corneal transparency in both rabbit and primate
corneal endothelial dysfunction models.® However, in cases of
early-stage corneal endothelial dysfunction, in which stem cells
or progenitor cells are still maintained in the tissue, drug
therapy may provide a less-invasive or antiprogression treat-
ment. Our group, as well as several other groups, reported that
pharmaceutical agents such as epidermal growth factor,
platelet-derived growth factor, FGF-2, and small interfering
RNA of connexin 43 showed the potent effect of enhancing the
promotion of corneal endothelial cells, both in vitro and in
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vivo.!9-12 However, a pharmaceutical agent has yet to be
introduced into the clinical setting.!!3In a previous study, we
demonstrated that a specific Rho kinase (ROCK)-inhibitor, Y-
27632, increased the proliferative potential of cultivated
primate CECs in vitro.'* Previous studies have reported that
the RhoA/ROCK pathway is involved in regulating the actin
cytoskeleton, as well as. cell migration, apoptosis, and
proliferation.'>1? In addition, Rho GTPases reportedly sup-
press cell-cycle progression in several cell systems.'>12 We also
reported that the topical administration of ROCK inhibitor Y-
27632 enhanced corneal endothelial wound healing in an in
vivo rabbitmodel in- which the corneal endothelium was
partially damaged.!320.21

In the present study, the feasibility of using topxcqlly
administered ROCK inhibitor Y-27632 eye drops for clinical
application was evaluated using a primate corneal endothelial
dysfunction model. Our findings demonstrated that the use of
ROCK inhibitor ¥27632 in eye drop form promotes corneal
endothelial wound healing of the primate CECs with respect to
both endothelial morphology and endothelial functions.
Furthermore, CEC density, which is the most crucial indicator
in the context of the clinical setting, was found to be
recovered to the normal level after administration of the
ROCK inhibitor ¥-27632 eye drops. Of importance, we
performed a pilot clinical study and demonstrated the
feasibility of ROCK inhibitor ¥27632 eye-drop treatment as a
therapeutic -modality for corneal endothelial dysfunction.
These findings provide new insights that ROCK inhibitor eye
drops can be developed and employed as a new pharmaceu-
tical agent for the treatment or antiprogression therapy of
corneal endothelial dysfunction.

MATERIALS AND METHODS
Primate Corneal Endothelial Wound Model

The corneal endothelium of seven cynomolgus monkeys (3-5
years of age; estimated equivalent human age: 5-20 years) was
damaged under general anesthesia by transcorneal freezing
with a 7-mm-diameter probe for 15 seconds (Fig. 1A); the
stainless-steel probe was immersed in liquid nitrogen for 3
minutes to stabilize its temperature at approximately —196°C.
We confirmed that the transcorneal cryogenic injury damaged
the central corneal endothelium in a round shape reproducibly.
In all experiments, animals were housed and treated in
accordance with the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research. The monkey experiments
were performed at the Research Center for Animal Life Science
at Shiga University of Medical Science according to the
protocol approved by the Animal Care and Use Committee of
Shiga University of Medical Science (Approval No. 2008-10-5).

Histological Examination

To evaluate the effect of ROCK inhibitor ¥-27632 (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) on the morphological
wound healing process, corneas obtained from one monkey
euthanized 48 hours after the transcorneal freeze injury were
examined by DAPI (Vector Laboratories, Burlingame, CA)
staining. A 10-mM amount of ¥27632 was topically applied
to one eye of each animal 6 times daily for the first 48 hours.
PBS was applied to the fellow eye of each animal as a control.
The wound area was then evaluated and calculated by use of
Java-based image processing software (Image J; National
Institutes of Health, Bethesda, MD).

To investigate the phenotype of reconstructed corneal
endothelium obtained from four monkeys euthanized 4 weeks
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after transcorneal freezing in the presence or absence of Y-
27632 treatment, immunohistochemical analyses of actin,
Ki67, ZO-1, and Nat/K*ATPase were performed. Actin staining
was performed with 1:400 diluted AlexaFluor 488-conjugated
phalloidin (Life Technologies Corporation, Carlsbad, CA). ZO-1
or Nat/K*ATPase staining was performed with 1:200 diluted
ZO-1 polyclonal antibody (Zymed Laboratories, South San
Francisco, CA), or Nat/K*-ATPase monoclonal antibody (Up-

state Biotechnology; Inc:; ‘Lake Placid; NY). Ki67 staining was

performed using 1:400-dilution antimouse Ki67 antibody
(Sigma-Aldrich: Co., St. Louis, MO). AlexaFluor 488-conjugated
goat antimouse IgG. (1:2000; Life Technologies Corporation)
was used as a secondary antibody. Each nucleus was stained
with DAPI and examined under a confocal microscope (Leica
TCS SPE; Leica Microsystems, Wetzlar, Germany).

Scanning Electron Microscopy

To evaluate the effect of ¥:27632 on functional wound healing,
corneal specimens were obtained from four monkeys at 4
weeks after the treatment. Excised corneas were fixed in 2.5%
glutaraldehyde and 2% paraformaldehyde in 0.1 M Sorensen
buffer (pH 7.2 to 7.4) for at least 3 hours at room temperature.
Following several washes in the buffer and postfixation with
1% aqueous osmium tetroxide, the corneas were dehydrated
through an ascending ethanol series and transferred to
hexamethyldisilazane (Agar Scientific, Stansted, UK), which
was allowed to sublimate off. The samples were then mounted
on stubs and sputter-coated with gold before being examined
under a scanning electron microscope (model 5600; JEOL Ltd.,
Tokyo, Japan).

Evaluation of Corneal Appearance and
Examination by Specular Microscopy

The corneal endothelium of seven cynomolgus monkeys was
injured by transcorneal freezing as described above. Next, 10
mM of ROCK inhibitor ¥27632 diluted in PBS (50 pL) was
topically applied in one eye of each animal 6 times daily for 2
days, while PBS was applied in the animal’s fellow eye as a
control. One animal was euthanized at 48 hours after
cryoinjury to determine the morphological wound healing
process, while the in vivo corneal endothelium of the surviving
animals was examined by use of a noncontact specular
microscope (Noncon ROBO SP-8800; Konan Medical, Nishino-
miya, Japan). Four weeks after transcorneal injury, four animals
weré euthanized and processed for immunohistological
analysis and electron microscopy. The other two animals were
kept alive for long-term observation.

Clinical Trial of ROCK Inhibitor Eye Drops

The clinical trial performed in this study ‘was conducted in
accordance with the tenets set forth in the Declaration of
Helsinki. This study was performed according to a protocol
approved by the Institutional Review Board of Kyoto
Prefectural University of Medicine (approval number: C-626-
2). Prior to this, a phase 1 clinical study of ROCK inhibitor Y-
27632 eye drops involving 10 healthy volunteers was
conducted (approval number: C-626-1), which confirmed that
10 mM of Y27632 applied 6 times daily for 7 days caused no
systemic or local side effects. Clinical trial registration was
obtained from the Japanese Infrastructure for Academic
Activities, University hospital Medical Information Network
(UMIN) (No. UMIN000003625; in the public domain at http://
www.umin.ac.jp/english/). After proper informed consent
was obtained from all subjects, eight eyes of 8 patients
scheduled for Descemet’s Stripping Automated Endothelial
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Cantrol

¥-27632

Caontral

Y-27gaz

Ficure 1. Promotion of wound healing by ROCK inhibitor ¥27632 in a primate model. (A-C) Central corneal endothelium was partially damaged
by transcorneal cryogenic injury. (D) A 10-mM amount of ¥-27632 (50 UL) was topically applied in one eye of each animal six times daily for 2 days.
(E) DAPI staining shows the corneal endothelial wound. The wound area of the ¥27632-treated eye was smaller than that of the control eye after 48
hours. The white dotted line indicates the wound area. Scale bar: 500 pm. (F) Flatmount examination of the posterior side of the corneal tissue 4
weeks after ¥27632 treatment. Green fluorescein indicates F-actin staining (phalloidin) and biue indicates nuclear staining (DAPD). In the central
area of the corneal endothelium, the actin cytoskeleton is organized at the cortex of the hexagonal cells in the ¥27632-treated eyes and exhibits a
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