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MERF & fET

1. B4OHRBVRBIIEEFBERE SO, FEEMER
BITHEBELERIREN TE 3.

2. Fourier K % 1 >3 OCT (R T#MEE) TiB
RARIR b IEERIRISE TROBRRE AR 1 B .

3. BEREZAFL-SASFBABETOVR I 777
E—EkD.

4. Dynamic contour tonometer THEITE & h % ki 1448
BT REENECEET 3.

5. 74V LAILET ML AHRERIFEE R
. WTREATERESMENFEEL 5 3.

I B4 OREFARERERE

FEAEDFIIRE AT oMEA L HE F L <, SPAC
(scanning peripheral anterior chamber depth analyz-
er . Takagi. Japan). Pentacam {Oculus Inc., Lyn-
nwood, WA, USA), Visante anterior segment optical
coherence analyzer (Carl Zeiss Meditec, Jena, Germa-
ny), SL-OCT (Slit-lamp optical coherence tomogra-
phy ' Heidelberg Engineering GmbH, Heidelberg, Ger-
many) & EH% COFH L ERSES L Twb. SPAC
FAY w FBTHRAT S I LX) AR % B
MITBIENTELAY )~y 78 LTSS
1, Pentacam i Scheimpflug # A MGG L /-5
TR - EEEH TSR, BB BRI, B
BAELR EORRERDL LN TEL. L2LIRSD
PORIZHBEM AR E BT CTE DD CER (Wi
E LT T BN e iEr, 740y Tl
# L7 3o UBM (ultrasound biomicroscope) L4
FAE L e ar o 7o Wil OCT o B X b BEE O

HUCH L CTlE% 2 b 00 IEERET UBM IZICECST A1
HWAHSENDL L)l o7 (F1). Visante THREW
DR AMHETH 5 T LHHHEE S, S5 Ly
Fourier F 44 »3 OCT (RTVue-100, Optovue #) T
WHIRER 7 & v F A 2 MCE D BERD Y £ 4 F 2 4 K
OCT & DB TR M S5 5 5. Asrani
S EHER OCT TIEAWHETH » 72 Schlemm %
FAEEERT AT Fourier FAA YR OCT &) Ehonioal
MTELEHELTA, FEE LN TERBARTOL
O FHEBRIZIREINCOICH S B Lo Ts Y, 4%
PRIfFE A,

I BEEXFL—IX

SO AL E A IS T & BB L
7z. Ocular Response Analyzer (ORA : Reichart Oph-
thalmic Instruments, Buffalo, NY, USA : [ 2a) Tilll5g
TEDAPE A7 L—¥ A (CH) IZMA viscoelasticity
BTG A= FD—DT, EEEICL AAEOM AL
COLEYOEE»SHEL TS (B2b). W AD
CH & 8~15mmHg TH Y, fAPEN =TT —4 > oIk
RIRACIRIEI B 215, Kirwan 5P 12k 4ud, CH L
FEIE R Goldmann FEFIRIE (GAT) il & Z4HPY 2 720
At IR LASIK 2. Fuchs £ B2 74 <
Haab's striae D& 5 LKBHE TRV liz & 5.
W & ISR A RN R (POAG) BHE B L DAL
BRI & S 5 & R > RN R v > R NI
W CHAAME L B/, IRHOHIEL Y CHISIRIEE
B+ 2SS LTwb EE LN, CHA
e EMEA b L AR ERZE LTI e
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1 Visante OBASEING

SHEEETOY AT T 7o ¥ —IC
Wah.

m REEEOCIEY I X

DCT (Pascal dynamic contour tonometer : Swiss
Microtechnology AG, Port, Switzerland) & it o5
BAEZICCWIRIERFE LTRSS, GAT LD &1
~4mmHg & CMEE NS, POAGBH TIEHREFRE
DFEGEF T ST DCT ME e <. ARPAFEE S S
Wigs LAHA T A Z EAVRIEY ShTwb, FDCT T
AR A E fcawé%WWMO?%é.Mme&
RLFHOEAI - TEE L, 2 O% DR HRENR L
(ocular pulse amplitude : OPA) T3 5. OPA (2K

DR IE T HO LM RE WL T3 & 20,
ﬁff‘ TiE 3SmmHg §i%TH%. OPA ﬁi‘iﬁf")(é vk
WNEOBFEENTA2 LI HE #HY. OPA Z#H
FFEFLBEIGE & IREREI M e B A T aEtkavrme 2 T
wah, BEECREOHEBICHEL "fi, 'i‘ﬁ{!fiiiﬁiiéi EMRE
ARELRZY vy Bl LT
AT 2w,

2008 4£® Association for Research in Vision and
Ophthalmology (ARVO) T Pitchon ¥ 2L - TV
AXVATRELREDPE=F ) 7/ TELV ) a—>
v7bhary s Ly A (K3 AEsAL T T
FRwA 0Ty THEBOATATEY. 10 5o

188  H7=5H LWRER Vol 25, BEEREHG. 2008

— 237 —

: chngimea-

| EEEARAE

. : ) ICAng!e -0 -
AOD750 ‘nL‘G2mm : i
1012 mn@®
TISAS00 - D.022 : 008 mm
~TISATS0 ' 0,035 mm* y : s%”?% 'xa%x"f’?.z i
- Scleral Spur Angle 1 6.0 ® cleral Spur Angle : 0%

2a  Ocular Response Analyzer

~~~~~~ R LIV A)
Lo ) e«
BN iE{ﬁ/ &
iz i:
=
“i\
DAY
0

B (msec)

75— & CIEgR IR I 2 <, IBIEIZ GAT &
MM URBEIEDCTIZIEH T 55D TH - 7. v
FHIE N E TETH - 7 24 B




"

TA¥LARLYa—-2L X

3

NE)Ths.

X [

1) Sakata LM, Lavanya R, Friedman DS et al : Assessment
of the scleral spur in anterior segment optical coherence
tomography images. Arch Ophthalmol 126 : 181-185,
2008

2)

)

Pt

4

e

(31
R

6)

7

~

8

<

— 238 —

Asrani S, Sarunic M, Santiago C @ Detailed visualization of
the anterior segment using fourier-domain optical coher-
ence tomography. Areh Ophthabnol 126 1 765-771, 2008
Kirwan C, O'Keefe M, Lanigan B : Corneal hysteresis and
intraocular pressure measurement in children using the
reichert ocular response analyzer. Am J Ophthalmol 142 :
990-992, 2006

Sullivan-Mee M, Halverson KD, Qualls C : Clinical com-
parison of pascal dynamic contour tonometry and gold-
mann applanation tonometry in asymmetric open-angle
glaucoma. / Glawcoma 16 : 694-699, 2007

Weizer JS, Asrani S, Stinnett SS et al * The clinical utility
of dynamic contour tonometry and ocular pulse amplitude.
J Glaxcoma 16 1 700-703, 2007

James CB, Trew DR, Clark K et al @ Factors influencing
the ocular pulse — axial length. Graefes Arch Clin Exp
Ophthalmol 229 @ 341-344, 1991

Kaufmann C, Bachmann LM, Robert YC et al : Ocular
pulse amplitude in healthy subjects as measured by
dynamic contour tonometry., Arch Ophthalmol 124 2 1104-
1108, 2006

Pitchon EM, Leonardi M, Renaud PA et al : First in vivo
Human Measure of the Intraocular Pressure Fluctuation
and Ocular Pulsation by a Wireless Soft Contact Lens
Sensor. ARVO abstract #687, 2008

Vol 25, BERp3SP. 2008 189



t\:uzu J:—aj'lbutf FEZIETD
5 10

DNAZ77/ 74907 U1

§ﬁ~ m?fﬂiiﬁ Efﬁ @!%H%E{H/\wiﬁi)‘b
SEOBRR-MERET

Al Rl

BRI AT AV EY

— 239 —



DNAFv J/34 507 LA BRGE~NOEE —

1. BRROEN -SRI S N-

7) EREREEICSITD7 LA RO

FREFIER - KE—{Z - AT ZX-HRK =

CZHEH»BOEIC, EbRT/ LICDEZETT »EIO—BEZE (single nucleotide poly-
morphism : SNP) #4214 E> T L, BMTAREOT VL I -2 a3 VBN &Rk L ZAZERED
R2ZICERE SN, genetics DAH TIEHEBREESETORTEICHVNTVLS, FLLH, Z0%
BRI DE L - ARBIIEREE P SDHDTH - -, Z NI, 2005 FICMEBEHTHED
EREEFE L TRHREROAHFETFO 12, HEFEETFIPRAEI N R TH 5. AT,
MM?V7%%Dt$@%7—ﬁ~t?é7VDI—?3?%ﬁﬁ%t%btjb47xw
—CDWTCCOMEABEMICEHTEEEDIZ, BI1TODORRMNABRERTHIBRARBO T
VI I—2a VEROBRYF Y TERAVAEGETRERER D BREEICE 2 B EEEEIC DL

TEET D,

[FU®IC

A, BAEEOBMEETFORIETP L b
&7 LB ER A FTICS RASNPs DY A E
VIRETTRL, AN TT VA AW NS
YAZ )T - AR EAEER L oY -
¥ U THR A 5 comparative genomic hybridization
(CGH), 523N vy—2s Ty AT THHF v 7
N—ADEEBETITA A LI E>TE 1z, IRFHE
BT, BEORNW) Y—r 1Y 25y TOHE
BlUIBAED & ZAY T T, CGH D I retinoblas-
toma" & intraocular uveal melanoma® @ 25D AT H
BN, ENLUSNOT T r—a VIERIZER
ENTWVE, INHLDOF v TOEMEHFOTR L
LT, QEMHapMap 70V 7 MY DERS T —
FN—2ZALDT /T = a VEROEHIIL BT
O—7DEDEE, @F v FIERTE S 70—
TOEEEL, @F v 7o) DT A b DE

HRETHRETONE, H4DF v FIZi3ENE
NERFHBEFBVEELEHLbD0, 5%
VEDBEWT— s 2 L DEEICELIZODT v T
HEOHMHABIIEFEEIERL TV I e FE
INa,

—F, Fv TEETIE, EF 2T IIHh
6T, HlH SN S F— 7 3B K h o mukE g
Thbo LIcHFoT, BITHEOBRSHER L
DEFEIEHIL LA A, F—FOMEFELEFD
B, 7Yz MY FR—-PbTF—5bEDMEL
B2 ERRENCEEOEG S PEREN L,
B, BEBEORERCETZHMETEIA AL %
RIS 5701218, EEMREREICL ) EHE
SEAF/WIIRA D [HDOL] ZUTERTES
DOTIERL, DAEBET7+—HALLREE L
KT LERLEVH S, KBTI, Hc0F v THE
DFETHEICOER LS, RREHTED %
{ SNPs f##fT & B FEIBEMTOTIRZIEEL,

SNP, REREEGT, 7V I—a @, REH, REE, NBEREE, &ARE

271

— 240 —

L
p
/
3

SFEANQ YImEITNES A o-sIriese y 20N -



BA4E DNAFYI/IYA47OF L ABEERSBANDERE

1. BRIROER -SRER & 5R-

H@® REEOMEREEEBEOAHRSIVBREOBEE (HX)
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HRRHE

TAEETRAZ

KB AR

HRimk

mgaxLrE

iRy

DFFEIZOWTEEEZMZ 5,

I. SNPZEY—H—¢&TB7VII—Y
a R

R EOMEEIRE SN TS EHETT L
DSNPs# A VI Ny —F TV RERT v <
BT T ARERO T 70— F I ZIREHER T LT
b Tnd, BIZITEE, WREEHERELTY
RRAFZLDONTVAEFKANEIIBIT LT VY NS
Y—RICES T AT REY BETEIILD, HER
B TH 504k, Stevens-Johnson fEMEEE & Toll-like
receptor? 2 ILARY, 7 b E—MAEEL L IFN y L+
TE =" LW o LAEERES T4 10 o EERE
WIS B, 5%, Fv TR &7/
LTV IZ—Ta Y] RIS OB E TR

MBI XATOEELRT 70 —F12% 52 Lid
METHD, BAELSERTHRACERBENIILD
TWAET /LTy I—a  EE, BERE
EFETRABONL T AL LICFZETE 26
T2 BBWIZHO TWA,

2007 E6 BICEED IV — T bagtnER
FEBTREBIZOVWTOFERITRESINY, FEF
2000 A & %+ BE 3000 A SNP 7 — % % 7= 7V &
I— a3 VRITDAr —VORE SICEBEES
172, FH O NatureFE LIS, SNPEZ v —F— &

272

BTV I a3 VRIS RS HE RS
LI/WRENT2Y ZhiE, TNRFTOWL O0DfE
FRER IO THBEWET L v & OREIH R
WD TH B W, TOIRETIX, 4BAKORE
/WZ%TP'?—Z)'%%Q, WRETSER 287 — (BHTT)
BB WERSRFHIEDOWTWwWAZ L E, [
%’zfﬁ‘fz‘»%ﬂ%i@ﬁ%ﬁ@ﬁﬂ%T“ﬁiﬁ’[‘é’é%%% el
EPEREINTVE, O TRETOY 27 D
§§%<7b§%1?5é WDl TH B, Lo LEBRE

IR, & LT = 3 VRO
Lo DT IR T AIREERMIEAITIE, 2o

é‘r%kﬁ’é‘ L3z LTwizdo iz,

. DS EREE

?ﬁ L % 20054E4 A&, Affimetrix ¥ %° Illumina 1t
PI00K Fv 72 Ef L Tidwid oo, F4ESH
B S /BB HapMap 702 = 7 b Y @’%TMB
ORI 7O - TICFEAERBENTESL T
u(“ﬁwkﬁﬁAmmmmﬁj%K%/7@ﬂw
SZEHHE L TWIBERHOETH 72, 20 &
3 R T T, Affimetrix 1 100K F v 7% v 7z
WrgehefE & LT, #EFEDOHEF (complement fac-
tor H : CFH) SE{ZF2Y M BEZ ™ o R F &
F& LTRE S 7z,

MR AL, 2R 2 HED
DHGLC

B ()
EL, BeRHP7ZHDIROEELRRT
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7) IERMEICBIT A T L A BT OB

LE DY F T F LB & &b ITEN

E3[ 2]

METZBEHADY I 2L —2a

TH2EBRTHZ (@), HERADREE
ES0ELETD 1 %R e HEFF STV S
A, KETIEEHEROE I THY, H
FEITETEELE S5 OO LEE L H
v, AR TIE, BADEFI96 A LI
SONDET ) LTV T—3a Vi EE
M L7z SR, TEBREMHE] ES2FbNT
VW 5 ik L\ Bonferroni Dl IE % 2508 L 72 F
FEREDOE T — A —SNPF20RH L
7o TDHBDEFAFHE Ty 7I2L HH
BOBE, BEEAOTA LV N —F Y
A, BEHWSNPs DT O ¥ { TIRF % 8T,
FOUYYPBEAFTADT I LR
% 7259 CFHE{ZF L ® nonsynonymous
SNPERET B LTI L7z, & D%
X, &7 LBFIZE AT — A —SNPA 5,
INPEDEFREERESNP TH S &
VI RERTEHICIEEs TRV L DD,

BT (%)

100 /
80

60+
40+

201 Py

_____
----------
.

O - v : T
0 100 200 300 400 500 600 700
TR (A)

M EREREDOT—F—SNP & L THZE S/ ISNP
(rs1329428) M, KT VI I —T a VERORET %
71— 27V 7 “Power and Sample Size Calculations”
(Department of Biostatistics, Vanderbilt University) % F\TH#E
Bl TVNVHEERBICESEER TS0, v XLk
3.0 (FEM) &) A7 7 LIVEEE 0.52 130k 12 D1F R 51K
5E L 720 BRI, SERI96 A - 3B 50 A (GHBEMER 1 0.52),
7 Eok 13 Bonferroni DIHIEDBMEICEV p< 1 X 107 12325
L7ze v XH15 (F#) OBEICOVWTHFEBOLEET
e L7z,

BHINTVRAELEWIBRTP RV AL,
LW BE K SNP DR E I 2 i) 0 L El
2 BIIFITH 5,

LAY, BANREIDLICAWFEORER oM
HIED 7 DR, FEBI9%6 A - XHRS0 AT V&
— 3 VRIT, BEKENFpIXI0TDT—H
—SNP 2 HUET 5720 DBHE TR 15%ITEET
(R, =), MHEIIITOBEB2 A D IiFd
LD 200 NHEBEOEANDPLETH S, 4H~
—h—& L CHEETE 7 CFHEEFLEDSNP D F
v ALAHG3.0 L LB E o7 S ENEETH
ot EZ A, INPRICEZETFEEATHEE SN
% SNP D+ v XIL15SBETH - 254
(R, =4, fEF & AR % AT 2000 A% 8
ZAEBERERTALEN S, Hiwlk, KEFE
DIREFTIEABROKERELESLZ LITHMENTH
oTe BRI v XA Ero LTV,
HID515% L WIFERRET TR W E BKED <
—H—SNPAEUETE 722 LI2DWT, AEFZEA
FEICEINILIZE ALV ERIL, 47,
FEREOTE % RET T ABICIEEN TR 5 W,

RFFEE, EERD> S OBERE A -HEw

LA b OBRERE THEREETE LT,
Bo I, TDROMEN D OH T GIEEEETF
& L THiRRD C3 EF L nonsynonymous SNP b
FESINTVE W, fi) WERRREF Cldd o 7279,
FEPVERLLETY AT VY= 3 VIBITHE
BORESF AN LO—HE BT 5 %012
holze LDLERERMS, CFHEET LSNP
EHARATIZEER LW EPRErSHE SN,
CORROERINEEICL D EHRHENTVE 9,
A, BORADMBEREMEOREA D =X 20

EROMIHE L HIT, BRAMBOEKEEETO
FEICENT/eer /AT Y v — a VBIFOE
HOFIn 5,

2. BAE

FRPIBE 2 |3 ASEFLBORIADRERE D LD
BTaHr I hn, BEREORREICAIT THR
FCTHEEEFOERORAITREE N TS,
FRNEL, MEREBPEE SNEE I 25
EET, BiEFOWMERS (fEK) OHHESE
WEBRED EFFEROVAZEAFLE SLTW
BH, EEIRERRAE OB S DOREL » O MR
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EAE DNAF YT/ 7OF7 L1 BERIEANDER

I AMAFICHEENET > T D, H<
POBAEBEIEEHEEATHLLEEZLNLTEY,
RNBER R E A W/EEBATICL D 7 A Lo
WEEPEBEEINTWE, TNLOMEENIL, 3
FY v FFFZa—1) 9 WDR3E % &
ARZE SN, [FAEEET] LRI Tw5,
L2L, AP HFICEWERTER I N T
VDT, ITNB3DDBETHFERAEDIRIE A
HZALIHAETAUREREH L LEZELLNEN,
EOREOFEENH A PEEBOMIELFEOLE
Db,
BARATY, 34V R EDBERTFICOVT
DTV I—a VERPREINTED®,
R ERERFOEHIENR>TE, L2L,
—EKELLEDRE N BT AET /LT VYL
— ¥ a VIR EER LRSI EETH D, E
Bl - MBEORIREOSV, HIBREHRENOK
XLREMAPERTLHIENTENE, H50IEE
fEA B = X L ORI EBEED RS IS TR

Q25 89 % [E0KRAEEETR] 2RAET

BIENTERDS LNz,

i, MEFKAREO —RETDH 2 EBRAREO
FEREEFIFIRE SN2 OREPF R S iz,
FHRECZITT—HTIE [BRABEDOREEZT %
FZE] EdbHFULNTWE, UL, AEENL
SNP i b —fR By 2 Rk NE T D 2 R B ARPE
TIEBRESRD bNY, EREERAEOATHEVE
EER L7, 610, HAEZ LR WEBERE
FICH L THEEIRENT WA s, IEHE
ik [ERBEERE L 28 mERAEORR
BEFPRESN] EEIRETHL I,

1. BicFERER

BETOREROEE *EEWIHFTT 254,
R HHEOF MM GEFIETEL &) &
TAED, b LIFEOMMT B A LG THLE
5D (EROREOFEZERLY), KL T2:ED
DT HENEZOND, BROZ Ehhs, w»
THDHEIIBNTH HEMEE LTl s e
72 5 AR IR O total RNADSLEZ72 5, B bD
HMEE AFTHIEFBRISHLOT, Fv 77—
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1.

RO -REBITER-

¥ DEZRDITICIIEIMERDS 50 THIEROEED
BHOTEETH S,

1. IREMEEICHITDE SEROBR; - i

et B FT B st EF B EE ST 7 )T L,
A Trs—bFartry bE+HFIELRE LW
N EBEOETIED ALY, REERCTAFTRE:ZL
MDA R@IR L, HEATOKRETH
BEEPLFENTE2MBIABELEED LED
—EICR SN D, FOMOMEIIOWTIE, F
T EDWERBEATE TR LEERICE, T, BAD
FEOT, EENTOERIFTETH L, —H,
KETERFEEERY, TANYIAREEN
IRETH-oThH, BELFHEEETELIL TR
DEMBAEEEN THERATAI LN TE S, &
B EZOREITFEALENER2ERE LTn5,
2. REEOBEGTFRIRZEET

HFEDRMBTCOETTFER T 7 74 Ve ik
a2 eT, BREEORECHEITEOME (&
@) FHOLPIILED) ETARAVEGHBRES N
Twa, FlZid, FHEDDH L MEEKBEEOHE
JEZ B L THREILE L T 2EETEHIEL,
T EWRET AERLOEEYZEEL TS
WEFH LY, F7-, MEEELEMBELEHWT,
L & BT A4 OBILA ML ADFE
L) EBESEH T AEETF T LIRS L E
REND, IHEREETIE, SNPET»SEE
BIETF L L THARORFIPFEESI NI L2
iz, 4BRERLEOMDL) PEAICKRITENS
ZEMNFHEENE, LAL, REBKRIHAED
[RBEEAR] ORBICHY, #WEEICEANLISRR
BIISIERLFFHE LIS W ESHLNTWA Y,
EHMEOWHERDEIEIC B 2 M EREEOS
JEANZALIZED LI IIEHDboTWLDH, B
RIEVEREIE I N T WA,

BAETIE, BERLTH LMEGEHEROY &
& ARSI S IRIEOMEERICE S L T w55
HMERE TR % W2 E RIS v, WS
Mgt e NEROHIBOAFIEETH L L
B, v Mol LS ERRETRELT
WA, B, MR AR TE e MRERES RO W
REERIFEILENTBY 2, REQO LA TE
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7) BRRMEBIC B AT L A BT OBNH

®@ WRVFELTAFURLRMERKCEET 2RER

B KE
B www 0D 7o wwm G TA s - ERE
pich = O O BHEBENA O O O Stevens-Johnson FEMEHRE, EREELR &
EE O O X O O O Stevens-Johnson fEMERE, BIRK 72 &
FRAEAE X O X X O O FRPIBE
I X O X X O O IT# ¢
TR E g X O X X O O =R
e X O X X O O RN, INEEEAEL L

* Epi-LASIK & %\ {3 PRK /BT FMIRF 51T 5 A LR, impression cytology i & 5 fEE EREIR S

WS LTWABTGF-B 77 3 — 2 EDHF A 7
AV OEEEBRFLIBIrZRZToNns, &
o, HIEKICEINSTGF-RI3REFTEET
ELMERERETBEL, REKRNED —RIT
H HBERBFNEDBE D LTI L 2HIEKF D
TGF- B3 IBESHMOREDOBEICHNTEEILS
WZEEREB LAY, BE, TGF-p77 31 —2°
HEICIREZHE T 2 BEz eI EET 5/
O, AT TGE- 81, -82, -p3%FNE
nWinimL, BEIZEHTLECFHLBEET LT
bo TOWE, TRNOGHERAOFE T TE 57270
BT LDIETA P AA Y ERMLTHEITL
FEHAI total RNA 3l L TF v 7TERICE L Tw
Bo AWFFEATGE-B 7 7 2 U — 12 X BHREDHIHE
BEERABEORESCETOA I =L L EDED
D ERIBHT B2 A Z LRI L TV,

1. IEREDEEME | BHEOTMSICHEVENRT A I LItk
> THET HEE. REE,HREET L RERME
(FrEmE) OFETHBHEEEHUIISEHIND,
FloBphilzse i BTz L L, RPRREE 2
HEEREHRETH 5, BARANTIE, BEoRmsRs
DR 3, SORLLEDBEIIL L %Ki & s
ENTV D, RETIHEBARENE 1L,

2. WA BIEOMGEMERE AT O 2 ORE THEE &
NWARE AR 2 BEE. HRFRIEL b1z [B

HBHDIC

10FELLEDEEDN D BF v 75 A 2EBET5E
BB OKRIIERERTHY, /L —DTFF
—YarvE LTEREENSLS, SNPsBTIIHENE
POREZHELRL TR ROV, AEZHET
EHEROETHERTAZNVEMAZITKRD L
N2, RVPHEEORFENETESINL I LR
BBWIIHY I ADPLTHB, 51, Fv 7 D%
W77 r—ardlb b dEmEDT—4 %,
WERDGTERFNFETEE - KELL2PLE
FHETWA T (ERPETETHERI T D
DEEbNE, [REMEE T, BRBERESOE
FBIRTgE SO 12 [EIREIDNA F v 7HigES] B &
THREN RO BHIEPER T S 5 ITEHEL
TAHIENEETHALALEZ LN,

FROPEIIHIZ) THE WL EF L-ADOEM, kKR
REL, RGWRE, BRETOSRICEHEP L ETET,

DEANF] LEHbN, @ NELBEOREER® BT
DEBTH b, BEKOHEREEZLZBEOLS
PN A 7FFEENTWEY, AERANEED
#reElA [IERIRE] MAETH 5, HAEE, B
ZERRNEE, SERBARE, BREFABICR SN, B
FEARPIRE L & S ISR ARNE (209 iREDS
EFEEO S DT EFIREGAREEER) & HER
BEANEICSES LS,
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Mechanisms of allergy and clinical immunology

Prostaglandin E receptor subtype EP3 in conjunctival
epithelium regulates late-phase reaction of experimental

allergic conjunctivitis

Mayumi Ueta, MD, PhD,*® Toshiyuki Matsuoka, MD, PhD,° Shuh Narumiya, MD, PhD,° and

Shigeru Kinoshita, MD, PhD® Kyoto, Japan

Background: We previously demonstrated that the
prostaglandin E, (PGE,)-EP3 pathway negatively regulates
allergic reactions in a murine allergic asthma model.
Objectives: We investigated whether the PGE,-EP3 pathway
also regulates the development of murine experimental allergic
conjunctivitis (EAC).

Methods: The expression of EP3 was examined by means of RT-
PCR and immunohistochemistry in wild-type mice, as well as by
means of 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoeside
staining in mice deficient in EP3 (Ptger3™'~ mice) carrying the
B-galactosidase gene at the EP3 gene locus. EAC was induced by
immunization of mice with short ragweed pollen (RW), followed
by challenge with eye drops of RW, and eosinophil infiltration
and eofaxin-1 mRNA expression in the conjunctiva were
examined. Mice were also treated with a topical application of
an EP3-selective agonist during the elicitation phase.
Quantitative RT-PCR was used to detect expression of COXs
and prostaglandin E synthases, and ELISA was used to measure
PGE, production in the eyelid.

Results: EP3 was constitutively expressed in conjunctival
epithelium on the ocular surface. Ptger3 ™'~ mice demonstrated
significantly increased eosinophil infiltration in conjunctiva after
RW challenge compared with wild-type mice. Consistently,
significantly higher expression of eotaxin-1 mRNA was observed
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in Ptger3 ™'~ mice. Conversely, treatment of wild-type mice with
an EP3-selective agonist resulted in a significant decrease in
eosinophil infiltration, which was blunted in Ptger3 =/~ mice.
Expression of COX-2 and prostaglandin E synthases was
upregulated and PGE, content was increased in the eyelids after
RW challenge.

Conclusion: These data suggest that PGE, acts on EP3 in
conjunctival epithelium and downregulates the progression of
EAC. (J Allergy Clin Immunol 2009;123:466-71.)

Key words: Conjunctival epithelium, prostaglandin E receptor sub-
type EP3, allergic conjunctivitis, eosinophilic conjunctival inflam-
mation, EP3 agonist

Allergy, especially type I allergy, such as asthma, allergic
rhinitis, allergic conjunctivitis, allergic dermatitis, food allergy,
and severe anaphylactic response, has increased enormously in
prevalence during the past 2 decades' and has become one of the
major health problems in our society. The course of allergic
diseases can be divided into 2 phases: the early-phase reaction
and the late-phase reaction. The early-phase reaction occurs
within 1 hour after allergen exposure and is driven by the cross-
linking of allergen-specific IgE bound to the high-affinity IgE re-
ceptor FceRI on the surface of resident mast cells, the key effector
cell in the early-phase reaction. The late-phase reaction occurs 12
to 24 hours after allergen challenge and is characterized by eosin-
ophil-dominant inflammatory cell infiltration in which chemo-
kines such as eotaxin play a key role.

Allergic conjunctivitis is ocular-surface inflammation associ-
ated with type I hypersensitivity reactions accompanied by the
characteristic symptoms (itching, tearing, conjunctival edema,
redness, and photophobia) during the early phase, and eosinophil
infiltration occurs in conjunctivas during the late phase. The signs
and symptoms of allergic conjunctivitis have a significant effect
on patients’ comfort, health, and quality of life. Patients with
allergic conjunctivitis have a poor quality of life associated with
their symptoms, and current treatments for allergic conjunctivitis
are inadequate to cure them completely and sometimes lead to
side effects, such as an increased risk for the development of
cataracts and glaucoma caused by corticosteroids.? Therefore
safer and more effective treatments are being sought.

One candidate for such treatment is the manipulation of
prostanoids and their receptor-signaling pathways because they
were reported to regulate allergic reactions in a mouse allergic
asthma model. Although prostaglandin D, acts on its receptor, DP,
and functions as a mediator of allergic asthma,” prostaglandin E,
(PGE,) acts on one of its 4 receptor subtypes, the prostaglandin
E receptor subtype EP3, and negatively regulates allergic
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Abbreviations used
alum: Aluminum hydroxide
cPGES: Cytosolic prostaglandin E synthase
EAC: Experimental allergic conjunctivitis
mPGES: Membrane-bound prostaglandin E synthase
PGE,: Prostaglandin E,
PGES: Prostaglandin E synthase
RT: Room temperature
RW: Short ragweed pollen
TARC: Thymus and activation-regulated chemokine
X-gal: 5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside

reactions.* In the latest analysis significantly more pronounced al-
lergic inflammation developed in EP3-deficient (Prger3 '~ ) mice
than in wild-type mice, and the EP3-selective agonist suppressed
the inflammation. Intriguingly, EP3 is expressed in airway epithe-
lial cells but not infiltrating cells.* On the other hand, nonsteroidal
anti-inflammatory drugs, which reduce the increase in both pros-
taglandin D, and PGE; levels, are used not only for prevention of
posterior capsular opaciﬁcation5 but also at times for the treat-
ment of allergic conjunctivitis.®

In this study we tested a hypothesis that ocular-surface epithelial
cells express EP3 and regulate the inflammation of allergic
conjunctivitis through the PGE,—EP3 pathway, and we addressed
this issue by examining ocular-surface EP3 expression and analyz-
ing its role in murine experimental allergic conjunctivitis (EAC) by
using Prger3™'™ mice and a selective EP3 agonist, ONO-AE-248.

METHODS

Mice, compounds, and reagents

BALB/c mice were purchased from CLEA (Tokyo, Japan) and used at 6 to
12 weeks of age for sensitization. Ptger_?_/ ~ mice were generated as previ-
ously described,” back-crossed more than 10 generations to BALB/c mice,
and subjected to EAC at 9 to 15 weeks of age with age-matched, wild-type
BALB/c mice as control animals. Mice were maintained on a 12-hour/12-
hour light/dark cycle under specific pathogen-free conditions. All experimen-
tal procedures were approved by the Committee on Animal Research of Kyoto
Prefectural University of Medicine, Kyoto, Japan. All studies were performed
in accordance with the Association for Research in Vision and Ophthalmology
“Statement for the use of animals in ophthalmic and vision research.”

ONO-AE-248, a selective EP3 agonist, was supplied by ONO Pharmaceu-
tical Co. Ltd (Osaka, Japan); the ligand-binding specificities of the compounds
for each prostaglandin E receptor subtype have previously been described.®
Short ragweed pollen (RW), RW extract, and aluminum hydroxide (alum)
were purchased from Polysciences, Inc (Warrington, Pa); LSL Co, Ltd (Tokyo,
Japan); and Sigma (St Louis, Mo), respectively.

RT-PCR analysis

By using TRIzol (Invitrogen, Carlsbad, Calif), total RNA was isolated from
mouse kidney, corneal, and conjunctival tissues, according to the manufac-
turer’s instructions. For the RT-PCR, we used the SuperScript preamplification
system (Invitrogen). Amplification was performed with DNA polymerase
(Takara, Shiga, Japan) for 40 cycles at 94°C for I minute, 66°C for 1 minute,
and 72°C for 1 minute for mouse EP3 (GeneAmp; PE Applied Biosystems,
Foster City, Calif). The primers for mouse £P3 were as follows: forward 5'-
ATCCTCGTGTACCTGTCACAGCGACGCTGG-3" and reverse 5'-TGCT
CAACCTACATCTGATTGAAGATCATT-3'. For mouse hypoxanthine-
guanine phosphoribosyltransferase (HPRT), they were as follows: forward
5'-GTTGGATACAGGCCAGACTTTGTT-3" and reverse 5'-GAGGGTAG
GCTGGCCTATAGGCT-3'. A kidney, conjunctiva, or cornea was isolated
from wild-type mice.
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Histochemistry and histologic analysis

For staining for 3-galactosidase activity, freshly isolated eye tissue with the
eyelids and conjunctiva was embedded in OCT compound (Sakura Finetek,
Tokyo, Japan) and then flash-frozen in liquid nitrogen and cut into 8-pm-thick
sections with a cryostat. The sections were fixed for 10 minutes at room
temperature with 4% paraformaldehyde in PBS; washed with PBS with
I mmol/L. MgCl,; incubated for 24 hours at 37°C with a solution containing
5-bromo-4-chloro-3-indolyl-3-D-galactopyranoside (X-gal; I mg/mL), 5
mmol/L K3Fe(CN)g, 5 mmol/L K4Fe(CN)g, and 1 mmol/L. MgCly; and then
counterstained with hematoxylin and eosin.

For staining of eosinophils, the whole eyeball, together with the eyelids and
conjunctiva, were dissected and fixed in 10% neutral buffered formalin and
then embedded in paraffin blocks. Vertical 6-pm-thick sections were affixed to
microscope slides and deparaffinized. The slides were then stained with the
Luna method (stain in a working 1% Biebrich scarlet solution, dip in lithium
carbonate solution, wash in running water, counterstain in a working
hematoxylin solution, wash in running water, and dehydrate), and eosinophils
were examined with a light microscope. The number of infiltrating eosinophils
in the lamina propria mucosae of the tarsal of the conjunctivas in the entire
section was counted. The sections used were those from the central portion of
the eye, which included the pupil and optic nerve head. Because the cell
numbers vary depending on the counting area, the cell-count data are
expressed as infiltrating eosinophil numbers divided by the area (in square
millimeters), as measured with Scion Image (Scion Corp, Frederick, Md). The
data are presented as means * SEMs of all the mice examined.

Immunohistochemistry

The whole eyeball, together with the eyelids and conjunctiva, was
embedded in OCT compound (Sakura Finetek) and then flash-frozen in liquid
nitrogen. Sections 6 pum in thickness were cut and fixed with 100% acetone at
4°C for 10 minutes and blocked for 30 minutes with 10% normal donkey
serum in PBS. Rabbit polyclonal antibody was to EP3 or to membrane-bound
prostaglandin E synthase (mPGES) 1 (Cayman Chemical Co, Ann Arbor,
Mich). Nonspecific rabbit IgG (Santa Cruz Biotechnology, Inc, Santa Cruz,
Calif) was used as the negative control. For EP3 staining, Prger3 ~/~ mice also
were used as the negative control. The secondary antibody (Biotin-SP-conju-
gated AffiniPure Flab’]2 Fragment Donkey Anti-Rabbit IgG[H+L], 1:500
dilution; Jackson Immuno Research, Baltimore, Ms) was applied for 30 min-
utes. VECTASTAIN ABC Reagents (Vector Laboratories, Inc, Burlingame,
Calif) were used for increased sensitivity with peroxidase substrate solution
(DAB substrate kit; Vector Laboratories, Inc) as a chromogenic substrate.

Sensitization and challenge

Mice were immunized by means of subcutaneous injection into their left
hind footpads of RW adsorbed on alum (200 pg of RWand 2.6 mgof alumina
total volume of 200 p.L) on day 0, followed by intraperitoneal injection of RW
adsorbed on alum on day 7. On day 18, the eyes of the immunized mice were
challenged with RW in PBS (500 g in 5 pL per eye) or with PBS alone (5 uL.
per eye). For histologic analysis, the eyes were collected 24 hours after
challenge.® For RT-PCR analysis of eotaxin-I-specific mRNA, the upper and
lower eyelids were isolated 6 hours after challenge. For measurement of COX
values, prostaglandin E synthase (PGES )-specific mRNA, and PGE, content,
the upper and lower eyelids were harvested with a time course of 0, 1, 3, 6, and
12 hours after challenge.

Quantitative RT-PCR of eotaxin-1, COXs, and PGES-
specific mRNA in eyelids

Quantitative RT-PCRs of eotaxin-1, COXs, and PGES-specific mRNA in the
eyelids were performed as previously reported.® Briefly, the upper and lower
lids were collected with the previously specified time course after RW chal-
lenge and homogenized in liquid nitrogen. Total RNA was extracted with the
RNeasy mini kit (Qiagen, Tokyo, Japan). ReverTra Ace (TOYOBO, Otsu,
Japan) was used for reverse transcription. The primers and probes for mouse
eoraxin-1, COX-1, COX-2, mPGES-1, mPGES-2, cytosolic PGES (¢PGES),
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FIG 1. Expression and localization of EP3 in the conjunctiva and cornea. A, RT-PCR analyses of the expres-
sion of EP3-specific mRNA in the cornea and conjunctiva of wild-type mice. B, Histochemical staining for
EP3 (X-gal): wild-type mice (a) and Ptger3™'~ mice (b-d). Data are representative of 3 experiments. C, Immu-
nohistologic analysis for EP3. Each barrepresents a length of 500 (B, a, b), 50 (B, ¢, d), or 100 (C) um. Data are
representative of 3 experiments. *Conjunctival epithelium, #corneal epithelium, >Corneal endothelium.

and glyceraldehyde-3-phosphate dehydrogenase (GADPH) were from Applied
Biosystems. The results were analyzed with sequence-detection software (Ap-
plied Biosystems); the expression level of eotaxin-1, COXs, and PGES-specific
mRNA was normalized to the expression of the mouse housekeeping gene
GADPH. The time after RW challenge, 6 hours, was optimal for maximum
induction of eotaxin-I mRNA expression.

Measurement of PGE,

PGE, measurement in eyelids were assessed by means of ELISA with the
Prostaglandin E2 Biotrak Enzyme-immunoassay System (Amersham Biosci-
ences, Buckinghamshire, United Kingdom), according to the manufacturer’s
recommendation.

Data analysis
Data were expressed as the mean * SEM, and statistical analyses were
performed by means of ANOVA and the Student ¢ test.

RESULTS
Expression and localization of EP3 in the ocular
surface

To examine the expression of EP3 in the ocular surface, we per-
formed RT-PCR analyses. As a positive control, we used mRNA
isolated from the kidney. The expected length of PCR products
(608 bp) was obtained from kidney, corneal, and conjunctival sam-
ples, suggesting that the ocular-surface tissues, both cornea and
conjunctiva, express EP3 mRNA (Fig 1, A). PCR products were
isolated and sequenced to confirm the specificity of EP3 mRNA
detection. The sequences obtained from these PCR products
were identical to the mouse EP3 cDNA sequence. We next exam-
ined EP3 localization using Prger3 ~/~ mice in which the B-galac-
tosidase gene was “knocked in” at the EP3 gene locus and with
immunohistochemistry of wild-type mice. In Ptger3™'~ mice X-
gal staining of ocular-surface tissue revealed dense positive signals
in conjunctival epithelia and scattered positive signals in corneal
epithelia (Fig 1, B, b-d), suggesting a strong EP3 expression in
conjunctival epithelial cells and a slight expression in corneal ep-
ithelial cells. Interestingly, a few positive signals were seen in cor-
neal endothelia (Fig 1, B, d). In other eye compartments, such as
the lens, retina, uvea, and sclera, of the Ptger3—/ " mice, there
were no positive signals (Fig 1, B, b). X-gal staining of ocular-sur-
face tissue did not reveal positive signals in wild-type mice (Fig 1,
B, ). Immunohistochemistry of conjunctival and corneal tissue re-
vealed that conjunctival epithelial cells expressed EP3 protein (Fig

1, C, a), although we could not find the positive signal in corneal
epithelial and endothelial cells, presumably because of decreased
expression of EP3 protein (Fig 1, C, ¢).

Antibody responses to RW sensitization

We next examined whether immunization of RW induced
immune responses specific to RW equally in wild-type and
Ptger3™'~ mice (see the Methods section of the Online Reposi-
tory at www.jacionline.org). RW sensitization significantly
increased the serum levels of total IgE, anti-RW IgE, and anti-
RW IgG1 in both wild-type and Prger3 ™'~ mice compared with
levels seen in the unsensitized control mice. There were no signif-
icant differences in serum levels of total IgE, anti-RW IgE, and
anti-RW IgG1 between the sensitized wild-type and Prger3 ™'~
mice (see Fig El in this article’s Online Repository at www.
jacionline.org). These results suggest that wild-type and Ptger3 ™"~
mice had been equally sensitized to RW.

Eosinophil accumulation in the lamina propria
mucosae of the conjunctivas

To investigate whether EP3 plays a role in the late-phase reaction
of EAC, we examined conjunctival tissue from wild-type and
Ptger3™'~ mice. Histologic analyses of conjunctivas revealed that
the RW challenge on RW-sensitized mice led to inflammatory cell
infiltrations in the lamina propria mucosae of the conjunctivas at 24
hours after challenge in our EAC model (Fig 2). The infiltrated
cells consisted predominantly of eosinophils; only a few lympho-
cytes and neutrophils were detected. Both wild-type and
Ptger3 ~/~ mice had eosinophil-dominant inflammatory cell infil-
trations in the lamina propria mucosae at 24 hours after challenge;
however, the numbers of eosinophils in Prger3™~ mice were
significantly greater than in wild-type mice (Table I). Either RW
sensitization or RW challenge alone did not significantly increase
the numbers of eosinophils in wild-type and Ptger3 '~ mice
(data not shown). These results suggest that the PGE,—EP3 path-
way negatively regulates EAC development in the late-phase reac-
tion, which cause the pronounced allergic inflammation in
Piger3™'" mice.

Expression of eotaxin-1-specific mRNA in eyelids
Given the critical roles of eotaxin-1 in eosinophil recruit-

-12 . . . N
ment,'>'? we examined the eotaxin-I-specific mRNA expression
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FIG 2. Histologic analyses of eosinophil inflammation in conjunctiva.
Infiltration of eosinophils into the conjunctiva of wild-type and Ptger3™'~
mice were detected by using the Luna method, which stained eosinophil
granules with a distinctive red. Scale bars = 50 um.

TABLE I. Number of eosinophils in the lamina propria mucosae
of the tarsal conjunctiva

Wild-type mice Ptger3~'~ mice

Sensitization + +
Challenge - + - +
No. of mice 19 19 19 19

No. of eosinophils, 46 £ 1.1 424 = 3.1 42 = 0.8 865 = 54%

mean = SEM/0.1 mm>

#P < .0005 (42.4 * 3.1 vs 86.5 % 5.4).

in the eyelids from RW-sensitized wild-type and Pzger3 ™'~ mice
at 6 hours after RW challenge.

Quantitative real-time RT-PCR analyses demonstrated that the
RW challenge significantly increased the eotaxin-I mRNA ex-
pression in both genotypes compared with that in vehicle-treated
control animals. The eotaxin-1 mRNA expression increase in
RW-challenged Prger3 ™'~ mice is significantly larger than that
seen in wild-type mice (Fig 3), which is consistent with pro-
nounced eosinophil inflammation in Pzger3™'™ mice.

Upregulation of COX-2, PGES-specific mRNA
expression, and PGE, contents in eyelids during
EAC

Because COX and PGES action is necessary for PGE, synthe-
sis,'> we examined the expression of mRNA for COX isoforms
and PGES isoforms in eyelids during EAC. After RW challenge,
the relative expression levels of COX-2 mRNA increased and
peaked at 1 hour (about 9 times higher than the basal level at 0
hour) and then gradually decreased (Fig 4, A), whereas the expres-
sion of COX-1 mRNA stayed at an almost basal level (data not
shown). After RW challenge, the relative expression levels of
mPGES-I mRNA also increased and peaked at 3 hours and then
gradually decreased (Fig 4, A), and similar gene expression pat-
terns of mPGES-2 and ¢PGES were also observed (data not
shown). We also examined the PGE, contents in eyelids during
EAC. After RW challenge, the PGE, contents in eyelids increased
time dependently until 12 hours (Fig 4, B). These results suggest
that RW challenge increased PGE, synthesis in eyelids through
upregulation of inducible enzymes, such as COX-2 and
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FIG 3. Real-time PCR analyses of the expression of eotaxin-1 mRNA in the
eyelids 6 hours after RW challenge. Relative mRNA expression levels for
eotaxin-1 normalized by GAPDH are shown. Data are shown as the mean
= SEM of 7 samples per group. *P < .05.

mPGES-1, during the elicitation phase of EAC. Furthermore,
we examined the localization of PGE, synthesis by using immu-
nohistochemistry of mPGES-1. Immunohistologic analysis of
ocular-surface tissue, which was obtained from RW-sensitized
wild-type mice at 6 hours after RW challenge, revealed that con-
junctival epithelial cells expressed mPGES-1 protein (Fig 4, C),
suggesting that PGE, synthesis through mPGES-1 might occur
in conjunctival epithelium during the elicitation phase of EAC.

Effect of an EP3-selective agonist

To investigate whether allergic inflammation can be suppressed
by stimulating the PGE,—EP3 pathway in EAC, we next examined
the effects of an EP3-selective agonist, ONO-AE-248. We
topically administered ONO-AE-248 to the eyes of RW-sensi-
tized mice 3 times at 1 hour before and at 3 and 7 hours after
RW challenge. First, to determine the optimal dose, ONO-AE-
248 was administered at various doses (0.01, 0.1, 1, 10, and 100
ng)in 5 uL of PBS per eye to wild-type mice. ONO-AE-248 sup-
presses eosinophil infiltration dose dependently until 1 ng, and
then at the higher doses of 10 ng and 100 ng, its suppression be-
comes weak (see Fig E2 in this article’s Online Repository at
www.jacionline.org). We therefore determined that the optimal
dose of AE248 was 1 ng in 5 pL of PBS (0.02%). In wild-type
mice topical administration of 1 ng of ONO-AE-248 significantly
inhibited the antigen-induced infiltration of eosinophils compared
with that seen in the vehicle-treated groups (Fig 5 and see Fig E3
in this article’s Online Repository at www.jacionline.org). Fur-
thermore, this inhibitory effect of ONO-AE-248 was absent in
Ptger3™'~ mice, confirming that it was mediated by EP3 (Fig 5
and see Fig E3). Although vehicle treatment mildly decreased eo-
sinophil infiltration, it is very likely that a 3-time vehicle admin-
istration washed out the challenged RW antigen and resulted in
reduced allergic responses. These results suggest that allergic in-
flammation can be suppressed by stimulating EP3 with a selective
agonist.

DISCUSSION

In this study we investigated the roles of the PGE,—EP3 path-
way in allergic conjunctivitis by using RW-induced EAC as a
model in mice. First, we examined EP3 expression in ocular tis-
sues and found that EP3 is expressed in the conjunctival epithe-
lium on the ocular surface in mice. Because Prger3 '™ mice
have allergic inflammation that was much more pronounced
than that seen in wild-type mice, negative regulation of the
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FIG 4. RW challenge increased PGE, synthesis in eyelids. A, Time course of COX-2 and mPGES-T mRNA
expression in eyelids during EAC. The y-axis shows the increase of specific mRNA over that seen in
0-hour samples. The x-axis shows the time after the RW challenge. Data are shown as the mean £ SEM
of 3 samples. B, Time course of PGE; content in eyelids during EAC. The x-axis shows the time after the
RW challenge. Data are shown as the mean = SEM of 4 samples. C, Localization of mPGES-1 on the ocular
surface. Each bar represents a length of 100 um.
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FIG 5. The effects of an EP3-selective agonist on eosinophil infiltration in conjunctiva. Data are shown as the
mean * SEM of samples from all the mice examined. Negative control (RW sensitization without
challenge), positive control (RW sensitization with challenge) only vehicle, and AE248 are shown. (Wild-
type mice: negative control, n = 20; positive control, n = 20; vehicle only, n = 25; AE248, n = 30; Ptger3™'~
mice: negative control, n = 11; positive control, n = 11; vehicle only, n = 14; AE248, n = 16). *****P < 0005.
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development of EAC through the PGE,-EP3 pathway was sug-
gested. Consistently, significantly greater eotaxin-1 mRNA ex-
pression was observed in Piger3”’” mice. Conversely,
treatment with an EP3-selective agonist resulted in significantly
decreased eosinophil infiltration in wild-type mice, which was
blunted in Prger3™'~ mice. We examined the expression of
mRNA of COX isoforms, PGES isoforms, and PGE, content in
eyelids during EAC and found that COX-2, PGES mRNA, and
PGE, content in eyelids increased after RW challenge. Interest-
ingly, the expression of mPGES-1 was localized in conjunctival
epithelium, suggesting that PGE, synthesis through mPGES-
1 might occur in conjunctival epithelium. These results suggest
not only the critical roles of the PGE,—EP3 pathway in allergic
conjunctivitis but also a new strategy for treating allergic conjunc-
tivitis by modifying the epithelial cell functions in a similar way
to the PGE,—EP3 pathway.

The allergic response in conjunctivitis is typically elicited by
ocular exposure to an allergen, such as grass or tree pollen, that
causes cross-linkage of membrane-bound IgE, which triggers
mast cell degranulation, releasing a cascade of allergic and
inflammatory mediators. Thus mast cells play an important role in
the early-phase reactions. Given the predominant role of mast
cells in the early-phase reaction, most patients presenting with
allergic conjunctivitis are treated with eye drops containing mast
cell stabilizers or antihistamines. It is also suggested that medi-
ators released by mast cells during the early-phase reactions
contribute to the development of the late-phase reaction.'* How-
ever, we previously demonstrated that mast cells do not play an
essential role in the development of a late-phase reaction of
eosinophilic conjunctival inflammation by showing that mast
cell-deficient mice similarly had eosinophilic conjunctival

inflammation compared with congenic littermates with EAC.’
In this study we showed that conjunctival epithelial cells might
be also implicated in the eosinophilic conjunctival inflammation
seen in allergic conjunctivitis.

Late-phase reaction is characterized by eosinophil-dominant
infiltrations in the local tissue.”'* The increase of eosinophil
infiltration correlates well with both the severity and condition
of this disease.'®'? For eosinophil recruitment, eotaxin-1 is
now accepted as the central mediator, and it was reported that
its deficiency ablates eosinophilic responses in allergic conjuncti-
vitis.'? Hence we examined the eotaxin- I-specific nRNA expres-
sion in the eyelids from RW-sensitized wild-type and Prger3™'~
mice at 6 hours after RW challenge. Because we observed a large
number of eosinophils in our EAC at 24 hours after RW challenge,
this condition is thought to mimic the late-phase reaction in hu-
man allergic conjunctivitis. Recently, T cells'® and fibroblasts'®
were also reported to contribute to the development of the late-
phase reaction. Although various cell types can contribute to
orchestrate the allergic response and various mechanisms are
thought to develop the late-phase reaction, our findings in this
study strongly suggest that conjunctival epithelium, which pre-
dominantly expresses EP3 among ocular tissues, substantially
contributes to the late-phase reaction in our EAC.

In an allergic asthma model PGE, was reported to act at EP3 on
airway epithelial cells and regulate the extent of the late-phase re-
action by attenuating the expression of chemokine genes, such as
eotaxin-1 and thymus and activation-regulated chemokine
(TARC).* Given that RW challenge—induced eotaxin-1 mRNA in-
crease in eyelids was much more pronounced in Prger3 ™'~ mice,
it was suggested that the PGE,—EP3 pathway negatively regulates
allergic reactions by suppressing chemokine gene expression in
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EAC. With regard to the clinical relevance of eotaxin-1 in allergic
conjunctivitis, it was reported that eotaxin-1 was expressed in the
conjunctival epithelium of patients with vernal keratoconjunctivi-
tis,'” although we failed to show the eotaxin-1 or TARC produc-
tion by cultured conjunctival epithelial cells stimulated with
combinations of TNF-« and IL-4 (data not shown). The differ-
ence between in vivo and in vitro conditions might contribute to
the different cell responses. On the other hand, cultured conjunc-
tival fibroblasts could release eotaxin-1 or TARC in response to
stimulation with combinations of TNF-a and IL-4 (data not
shown). The mechanisms of eosinophilic conjunctival inflamma-
tion at the late-phase reaction are still elusive. Further investiga-
tions are required to identify the precise molecular mechanisms of
allergic conjunctivitis.

It is well known that prostaglandins are produced in substantial
amounts during allergen exposure and disease development'®'?
and that COX enzymes are involved in the synthesis of prosta-
glandins.”® COX-1 is an ubiquitous housekeeping enzyme and
thought to produce a basal level of prostaglandins, whereas
COX-2 is an inducible enzyme and thought to be involved in
pathologic conditions. Consistently, we detected unchanged
COX-1 and markedly increased COX-2 mRNA expression in con-
junctiva after RW challenge. Furthermore, we also detected in-
creased PGES mRNA values and PGE, contents in eyelids and
mPGES-1 expression in conjunctival epithelium. Of 3 PGESs,
cPGES and mPGES-2 are constitutive enzymes, whereas
mPGES-1 is an induced enzyme and upregulated by proinflam-
matory stimuli.>’ Because the functional coupling of COX-2 to
mPGES-1 for PGE, biosynthesis has been suggested,”” the coor-
dinate increased expression of COX-2 and mPGES-1 might con-
tribute to an increase in PGE, production in the conjunctival
epithelium during the elicitation phase of our EAC. Thus we
propose the endogenous negative-feedback regulation of allergic
inflammation; the PGE,~EP3 pathway is activated on challenge
and functions to suppress development of EAC. Notably, this
endogenous feedback system can be augmented by stimulating
EP3 with a selective agonist.

It is possible that the PGE,~EP3 pathway might function to
suppress the development of human allergic conjunctivitis
because we have confirmed the expression of EP3 in human con-
junctival epithelium at both the mRNA and protein levels (see Fig
E4 in this article’s Online Repository at www.jacionline.org).

In summary, we demonstrated that EP3 is expressed in the
ocular surface and that the PGE,—EP3 pathway in conjunctival
epithelium works as a negative regulator for allergic conjunctivi-
tis. Although species differences between human subjects and
mice should be considered cautiously and extrapolation from
the mouse models to human pathologies must be performed
with some reservation, stimulating the PGE,—EP3 pathway with
a selective agonist might be useful for treating allergic conjuncti-
vitis in human subjects. Furthermore, we propose a new strategy
for treating allergic conjunctivitis by modifying the epithelial cell
functions in a similar way to the PGE,—EP3 pathway.
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METHODS

Measurement of immunoglobulins in serum
Twenty-four hours after RW challenge, blood was collected, and serum was
prepared. Serum total IgE levels were assessed by means of ELISA with the
OptEIA mouse IgE ELISA set (BD Biosciences PharMingen, San Diego,
Calif), according to the manufacturer’s recommendation. RW-specific immu-
noglobulin levels in the serum were assessed as previously reported (Kweon,
2000). Briefly, EIA plates (Costar, Corning, NY) were coated with RW extract
(5 pg/mL) at 4°C overnight. After blocking with 1% BSA in PBS, serum sam-
ples were added and incubated for 4 hours at room temperature. The plates
were washed with PBS plus 0.05% Tween 20 (Wako, Osaka, Japan) and incu-
bated for 2 hours at room temperature with goat anti-mouse IgG1-horseradish
peroxidase-conjugated antibody (Southern Biotechnology Associates, Inc,
Birmingham, Ala) for RW-specific IgG1. In the case of IgE, biotin-conjugated
rat anti-mouse IgE mAb (BD Bioscience PharMingen) was added to each well
for 1 hour at room temperature, and then after washing, avidin—horseradish
peroxidase conjugate (BD Bioscience PharMingen) was added to each well
for 30 minutes at room temperature. After washing, the color reaction was
developed with 3, 3', 5, 5'-tetramethyl-benzidine (Moss, Inc, Pasadena, Calif).
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End point titers of RW-specific immunoglobulins were expressed as the recip-
rocal log2 of the last dilution that showed a level of OD units 2-fold higher than
the background.

Human conjunctival epithelial cells

This study was approved by the institutional review board of Kyoto
Prefectural University of Medicine, Kyoto, Japan. All experimental proce-
dures were conducted in accordance with the principles set forth in the Helsinki
Declaration. The purpose of the research and the experimental protocol were
explained to all patients, and their informed consent was obtained.

For RT-PCR, we obtained human conjunctival epithelial cells from healthy
volunteers by means of impression cytology. For immunohistochemistry,
serial sections of human conjunctivas were prepared from samples obtained at
conjunctivochalasis surgery.

For the RT-PCR, the primers for human EP3 and human GADPH were as
follows: forward 5’- GCG CGC TGG TGC TGC GTC TGT ACA CTG CGG
-3" andreverse 5'- AGT GGC CGC TGC AGG GAG GTA GAG CTC CAG -3/
and forward 5'- CCATCA CCATCT TCC AGG AG-3' and reverse 5'- CCT
GCT TCA CCA CCT TCT TG-3', respectively.
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FIG E1. Antibody responses to RW sensitization and challenge. The serum
concentration of total IgE (left) and the log titer of RW-specific IgE (middle)
and RW-specific IgG1 (right) assessed by means of ELISA are shown. Sera
were prepared from sensitized wild-type and Ptger3™"™ mice at 24 hours
after RW challenge. Sera from unsensitized wild-type mice were used as
controls. Data are shown as the means = SEMs of 8 samples.
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FIG E2. The optimal dose of ONO-AE-248. ONO-AE-248 was administered
at various doses (0.01 ng, 0.1, 1, 10, 100 ng) in 5 pL of PBS per eye to wild-
type mice at 1, 3, and 7 hours after RW challenge. The quantified eosinophil
numbers in conjunctivas of wild-type mice were shown. The data from the
mice without both RW challenge and topical treatment and the mice
without topical treatment were used as negative and positive controls,
respectively. Data are shown as the means *= SEMs of samples from all
mice examined. Positive control (RW sensitization with challenge), n = 19;
negative contro! (RW sensitization without challenge), n = 19. AE248: 0.01
ng,n=18;01ng,n=6;1ng, n=27;10ng, n=6;100ng, n = 17.
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FIG E3. Infiltration of eosinophils into the conjunctiva treated with an EP3-
selective agonist. Infiltrations of eosinophils were detected by using the

Luna method, which stained eosinophil granules with a distinctive red.
Scale bars = 50 um.
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