RE A& RIBTHEE L, FEECIBRIT & AR
LR AT, WRbNZ X Z Y RIRE
AL WD, AREELOETHRIZ N
PN 2 EMBICY Y v AR VEREEM
L7, L2LIkE 1 » ABLY, BHELE
lenticule 23FLAE L, AMREE OIEELSRD O
Nz, v =y urrNREZEMLE, L
ML, D% HIEE(L & lenticule DFEAZE D ETT
Lcled, itk 2 » ARICBREREZ 72 A
ZHRERE (LR 1 B 3 [E) 28 Lz, Dk,
WEEMSIZ biL, AT 724 RNROEERE
THREREE -7, LrL, #71VU ARRER
EHEARICIROBEEBROFADRHY, £
B ChHTOFERABRNELS, KEIZaTF
AT VARRERY &7 v Y LZREKE DR
BEDEE L VRIL & 2o T2, T D= DNIEE T
D ERENET ORI HE, BEN 4750
SEEMZAREL 2T, FIT, AIRETH
DIEHECPELL, BALEHEENAELZER
TOREE R oTolod, BERMEUIRIN & AR
LR & AT LT, IRRIZEIBREARAT 1
A FEOLIR - AR, 7 v AR v EIRET
W, EBCHRER STz, Lol /NEEO HE
ZRD, MEOBWZIH TE RN, 47
2V ARASIR (ZR1A2E) 28MLE, ¥
7a Y LAARRS RIREOHBEDOF AN &
Sled, Fr7m ) ARREKE XY EAKS XL
RoleZeTarrIA4T AbWELE, &
NTEIRLEREL, L =Yy Ak -
AR VEIROWI - TR REE 2o
72

D. BE

Z 7w ) AZAOERERE, T MRFRESE
E0 b ORI ERBTOAINY =2—)
OBLY v BLEZETHZ LT, A bA
FEAE D], MIAEEME T MiaOFHEDORE,
JERGHE ORI ORER EE2 e 6F, %
PHIEDOY 7o AR e Zr7a ) hAA%E
BT D&, 2 ODEMEFIZRE U T, Sl
ZHRIT, 7BV LAR T ARY D 10
PH10EHDESNTWD, 7 HAARR
HECRBIIERESI XAV TCORENEIRE S
NTEY, BIZAT oA RLARZ— 2B
T, A7 uA REENFETHY, BEDOT
BERBLNTZEHRESNTND, 7T AR
RTBRGEIEAEDRITREAT v A NIz X
B IEH 5 VTSN BB E N BB S 1 B EG
WZBITARBIFEEERVEDL EEZ DR,

Zrnl) AARFERGORIER L LT, &5
BMAE%OBHBERH T oD, L L ZOE
WIT—FECH B Z L3 <, B LRIEN K
BT 2o, BT OERICH D, BELH
NOIRIRIZY 70 ) AAERKE L LCHEAH
L7zfFITh, 1-2 BELNIZZ DERITHEEL
Tl OHELH D, AEMTH ZORIER D
ZEHY ., MATEDHERERDESPHEL T
AT IAT UANE LI, Fr ) ARR
RICOWTITERED X NVOIREE L L TR
S, RHERIZB OBBESEYERRD b
BN, ZLiF b —@BETHE, Fr/r Y A
AERPEBFE LTEMRATL2ED &, ERAAEN
fEEIZ72 0 XD HIREREEAZOFZERI K
BEINDHIEICKY, REEDOa L TITAT
RAEdLBREYES N, FTROBERE LI,

..‘16._



SEIOEFNZ L > T, a7 I T RO
WTIEERDZWENLERN L, #78 U AR
RGN EREROTAEEBECOED R
TEBEFESNT, SBRITEITEMREAHESL
THEFLZU,

E. f&

RO ABRRERERRICB T2 %71
U LA ZARETIRGOEENRRE ST, IRECE
FVbar 7oA T AL VEROEN X
DELTNDEBEZ LT,

F. RFRERER
7L
G. THEREK
RXFER
1. BETTHF N OEET, SR, HEER,
BAREF., ExRKE—, BEEZ . F7nu)

DANE LT EHEET— VBB O 1 4.

R RERFL,67(7):in press,2013

FRRR

1 ETTHF. JIDEEF, ERA, HFEER,
BAREF, x RE—, BEEZ . #7n0
U LRAPREHLUIEIREE— LV ABED 1
Bl. % 66 [E A AREKIRHF&, WHE,
2012.10.25-10/28

H. FEIETAHE DO BARIRT
BTG
7L
ERFRBRE
7L
Z DAt
2L

_17__



BTGB e MBI (BHAMER BRI E )

SRR IR S E

Rrg& Mk R DA A BRI 2 38 U D A BT IR AT J6 L OMELBE RE O FF A

woeotEE WHH =

REERZRFE #iR

MRES

logMAR HRIJIZEDHEEZFE O T,

Fr VRO ER A IR DT R YE (5) ITE-SW TRl L 2R R ML B A
FRIBEBNC DWW T, BTIRERL ST E R 2 AV THA BRI 2170,
TORHEGHEE OBELFHME L, CFRMNR IR (60%), H=/NEH 4 §R(26.7%).
SYEAEERDS 2R (132%) THY, CFRHEE L, & =V TIIREDFH 180°%
25 HDNHEBEIZE D> 72 (p=0.025, Chi-square test), RN AT L,
23 180°LLE LAV DA, 1 =L Axial power map Z K 3HENIZH Y . WL EHEE L

T3 2 i

A. BFFEERY

R EIDEAERS (LT Mooren 84)
X, mEORM, FEEEIZMAZ T, Wil
> TRIEAMMBIRE 2 £ 5 HIROIREEZ 27
DENRRRIEMRETH D, MEE, Fox 1 IATIR
T ER (ASOCT) # AV CRIAHE %
1T o7z, FrFEMEEDER A IR O EES] 1 i
DWTHE LTz, ZivE TIZ Mooren {5 DA
TR FRAT & TRBEEE OFEMM 2 1T - 7o A 13 72
<A Bl Mooren 185 & x5 & LT ASOCT
Z AW TARBIREIT 21T, Z ORI L Sk
RE L DB A FHE L 7= D THET 2,

B. BFEHH
ABFSRIAHFFEAC BT B ERIREHC eV, K%
WEEEEBROAREE TR T,

RFER 1 2010 45 9 A ~2012 4E 11 AICKIRKZIR
B & 552 L. Mooren {B%5 & ZWra iz 10 f 15
IR (B 5 &t 5 Bl FHEER 62.343.9 %)
5 DFER A & 3 LTV B ERIR X U¥E
BITRIE DM S LT 15 DIEBITRRAN LT,

JF¥E ¢ ATERER LT ¥ E 3 (CASIA, TOMEY #1)
EROWTHENBGZREK Iomm B TRE L
(16 2% % ),

__18__



£ IR

BoNT=T —# 025 Axial power map 38 L
Pachymetry map #{Epk L. AEF LN OHRER 2—1:CFHELI=NEDLE
FEEIE CORBARARM L ERZLAEL

. 5% BB (mm) 4747+0.117 3.648+0358 0.007
BESHARE(m) 454.2+23.63 338.3+53.23 0.076

ial Por eratometric yenetry EBEHHEC ) 186.7+44.66 277.5+48.02 0.197
' '(-gggﬁimﬁ%wm) 0.007+0.084 04960451 0.115

RE®RS(D) 43.40£0.484 46.50+1.856 0.143

FEXFRSD) 0.478+0.095 2.163+0.746 0.017

ERBRSD) 0.449+0.150 2.473=0.600 0.011

HOI (D) 0.232+0.032 0.5450.147 0.020

CREREREII A =NV CFRL LV b AEREICE

JRAFPHIZ A Y v RETR THIB L7, L TH T,
F 72, CASIA #EH DT Y 7 M & W THES - AFEFL 3mm SIS IS T A IEX AR ST, 1B
> 3mm FEIK T Fourier fi#AT 21T - 72, LA Sy, HOL 13 =VARLAS C FRIZ B EIZ |k

B> TV e,
C. HrFEmER
1 : Axial power map pattern 5335 2—2:CFE LI =B TOREEHD B
C TN 9 R (60%) . 71 =J\EL7DS 4 BR(26.7%). ﬁ%ﬁ(" )
SEARERIN 2 R (13.2%) Thoiz, C FH 360 - oo
L ﬁ:m@@{tiﬁ{ﬂ%%ﬂ—o N4 300 -

240
(of==2i] F = \AE : ®

180 ¢

120

: o o o o
60

. CFE HoRE

CCFRIL B L, H = TR TR A O#iF 2
180° % 2 % b DA EIZEL M- 12 (p=0.025,
Chi-square test),

- C FRIOFEFBAIL 60°0>5 360°ICESHET

_19_



LSBTV,

3—1 : JREERE L BT S

R AL (D) TS (D)
52 REERES)
o LB.002
<2
kS
s
sz
TE
B
o 2 3 1 B E 1 3
o ) St Fitimm)
EREEHO) ) HOHD)
R-DT73S g3 * izt
ey PE X

P T
ob wbhobebh b

SRS BEREE & A BP0 3mm FEIER O FEHRRAR 5 .
EERAS. HOLIIW TN b EBRADHEE %
RLT,

3 — 2 JREHERE L logMAR(A LIS DR ZEH
BR<)

|agMAR R=-0.729
£=0.007
16
14 -
12
1
0.8 .
06 ; -
na ! N
o * LR IS 2
02 , et
.4
0 1 2 3 4 5 &
HERRBMmmM)

RELIANTIRE R S0 12 IRICENT,
TR BEEE & logMAR fANICE DB ZFR DT,

D. Z&
=\ % 3 7= THEF I DOV TLATIZR T,

Mooren 185 & Pellucid A M RIER, FEHELS
ABIREICE VAT~ EHE L TR 5
BN, TOFETHRENEHEET L L ThH=
THRZET5EEZ N, SEORKE, WE
DA NZIE S | AAFF DY 180°LL &KW
HOR, =B D Axial power map % H3H
mZH o7,

Axial power map pattern IZ DWW TE L DB &L
TOXH12722,

180° Lk

[hHE]

B JERERICAFET D & BIEHHBE AN DR 1D
HEPREEL LY, BLEVDREFRD
pattern @ map Z7~7,

ASOCT % i\ TR BEAYIZ Mooren TE 5D #
B - RIARERER 25V 52 2 Lok 0, Hiikae
FHET 2 Z EAETH Tz, S, IBRIED
HIEEBBEEDL SEXTIT) ZLEAARETH
%o

_20_



E. %%

Mooren {BEITELEITREZ KT Z &0
%<, HHIRBERERIF R b DRZ VD, JRE
DARFLIZIENEEGIE A =ME D Axial
power map Z ;R T HDONH Y | ELRAR S HIEEN
L. BERRITE T3 2,

F. WFEHRK

mMXFER L

FRRR

1. FR EC HEE ME P B OBRAR A

& KE #HL&® 8 DIl T— ATH

_21_

B2z PFHE . Mooren IHEIZBIT A A
FRFCARARNT I K OMERERE DFTAE. Al o
777 A 2013, Hik, 2013.2.15

EE R AL

G. FHIFTEH O BASRIL
KRG
L
ERF R
L
% DA
2L



EAG BRI E MBS (ERMER BRI IEEE)
SRRt

536 R T 48 LT M O Js R AT
R R AR ER LN A0S

wrseyEE bR BEmZE

MREE  FFRUERUHAREBEL. SFEEEND 2 &R AERIRICERE
BT AEIRMER TH D, TORERTFZOCICREBIIALNEZR>THRY, AT 1
A R, SEMHFNC L2 RIFEER D IBREFRTH L, 2 b DRIFIIGENED
L 72 WEER T, FEIROIBRITO A IR LR RN 72 & DARHRRE Z LE L 35, AU
TIE, FHTRRZOIBR &0 D ARG A RR 2 AT LATE DR REAE 21T o 72, £ 7. ¥R
TEEFERRIC IR S 2 RIEMBIZE B U, Stk 2 i o MaT U, S0k I o 12
T AEEMIAL helper TARfZ 2 L NNZ~w 7/ 2 7 7y —UREERTHDLHZ EEHLZL
oo BT, TFE, RIEWCES T ERHALNE R T EEMIEICER LAaEE
FERNIRNT 21T o 7o LRMBIZRE LRELZRICHIET 2/ F e X2 75000
E2 ZR/EY T2 A4 7 EP3 A, MEMHRREARERE TIIRANPEZ LB LTI
hbbT, REEBTIHELoDYERLTHWA I EEHLNE Lz, &biZ, 7
ABT TP BLEFEY T XA T EPAICBWTCIE, £EFI TRV, RERBDO—
HOEFI TIZRERPBDO L TWBEZ ELHLMNE RS T,

IHNODORRIY RN AREREOREICHREMIEE TR E T 5 HOREED
RG50S LTV B S ATHEME DS RIR STz,

A. BIFEER MR 2T o7, £9. MEMKREISRES

R B DA RS (Mooren BB 13, 28
RREMND 2 &< AEBLEHIZBIE % B
TOEIEMEREETH D, AREE~DBCR
ZEDOBE(0VS, 1995), CEIF4 & D RIE (Eye,
2004) ., FHA RGOS (BJO, 1983) % &R
BT AMENDH DN, TOREMTF L O IR
RBIZHA LT, AT A N, SEmflHic
RARTFREERHHBREFTHATH DL, RTFH
IGENFT) L2 WEER Cit, MR 2 &
DHNFHRENLEL 25, ABFFTIL, Fiifks
(2 B0 Bk & 2 2 B A IEAELAR & AR AT L ARE

D HRIEMAAITE B UIRAT 2470, RIS, T4,
RIECEEGTDHZEPHLNER->TERLL
FAIaIZAE B LIEIT 21T > 7O THET 5,

B. #FEFE

KEGAT TR T 3L E B R 2 IR FL TR FE M A 3 EB
A B G OZ W CTHAREIERE LT o 72 4 4
4IRTC, FIREHIER S R AR 2 AT,
BRSO %L L2/ E 2 VTR D%
Yt AT o7, T CEREL S AL 7o R IR hAR fE D
FERHEE 2 D NI ZOMOIBREEERETH D

_22_



Stevens-Johnson JEEEE-CIREE KIEIE . AL
SME. FIR T OFEIEALRE & RESRAT LTz,

O REE R IRE T 5 RIEMR O AT

L CD3, CD4, CD8, CD20cy, CD45RO, Mast
cell tryptase, Neutrophil erastase, CD68 Hifk%
WTRERGEZITV., HEREBRIZEET K
JEARAGZS, THERE, BAIAD. AERHAIAE, 4F Kk,
v /nT7 =YD TNTH DR LT,

@ FREHFEBAERICIIT B7 )" 57V E %

AT 547" EP3 DRELDIENT
Fex 13, BREEXIEIE S Stevens-Johnson JEREEE7R
& O BEERRME AR L ROE T, EE ORI
ERETIEER LTS EPINEFLIEH LT
HTEERELTWD, RUFETIE, A
IR IR O A FEIEARAR 2 31T 5 EP3 D38
B2 R L7,

@ 7" wry)T IV ERFARYT 847" EP4 DIREE
FEBRARRRIC 31T B RBLD T
Fexld, BREIH L TCWD LHEOH DT 1a
807509V EZBED S 5 —D>D¥77 f47 EP4 I
DWNTh, RERMEE R A IR IE 00 A fE A
I DR A BT L7,
(R ERE ~DELRE)
AHFFRITEA 5 BE I K DERRITSEICEET 5
fREEfEdt R L OEFIAICBE T 2 mEREEHC
PV, REmMEEEZESOKR LB/ TITo 72,
FEBEHKORNIT ST, A7+ —AF
ary b EGE D ZTERERL, ABFFRICHN
77

C. WrEsR

O FREMREEIZRE 5 RIEME OMET
FEBETICIET U Bk A R L T 5 MR EE
BT, —FH. CDS BED~rn7 7 —U%
Z < BESNIz, BRSSP ER IO HB £
SNFZDOHTH>T-,

© FREMEEARRICBT BT w2y 57V V E R
AT 447" EP3 DR DOMENT

R M A AR R O, R AR

BITHEPIOFEBENE L FHTH L TWAHD &I

KRAYIZ, E— L ARE OIR BRI Tl

IEFE AR & FIERIZ EP3 OB HER S 17,

@ 7" wryy” 57V ER YT 547" EP4 DIREER

FEBARRRIC BT 2 RB OB
R Z PTEPAPUE CRE LT & 2 A,
BREFI TR VDB —EOREFIZIB VN THERD
S HERR S T,

D.

AR¥E K IE<° Stevens-Johnson JEERE/2 K D E
JE BT ML A AR B b ROE I, R R AR R
F BT wrp)T IV EREARYT JTEP3 72 B TNT
EP4 DHBELOHD AR E OFERE <L LT
2D & IR, FRRMEELE A BIEE O
RBICIE, FEE ERCHRAE, RFIC7 erd) 50y VE X
FEFEE LT RNWZ ERRBEINTE, 2,
BN O KEMES THifAS~ 7 27 7 —
UMERTH-TZ XY, SFETHREINT
WA XD, REMEEERE T E RS
DIENZEDFREICRBEE LTS EE X
bavT,

_23_



E. Rk B & L RRIRPT AL ﬁﬁ%ﬁ Y77 T A 2013
s g (3T EEARARESRS - FE29FBEAR
) ABEBEFS) FEkil, 2013.2.15.

1. Shinomiya K, Ueta M, Sotozono C, Inatomi T, 2. HETE. ExRKEW., HEER, KBS
Yokoi N, Koizumi N, Kinoshita S. —  TEME . E—B. FRERE SR
Immunohistochemical analysis of PE B R A T D BRI SR JaE L
inflammatory limbal conjunctiva adjacent to F1%.

Mooren's ulcer.  Br J Ophthalmol. 2013; ffES 7 7 A 2013 (56 37 Bl H AA
: JRFESHE - 5 29 B HAARBIEES)
P7(3):362-6. %’fkmszms. -
2. Ueta M, Sotozono C, Yamada K, Yokoi N, W .
Inatomi T, Kinoshita S: Expression of 2oL
prostaglandin E receptor subtype EP4 in
conjunctival epithelium of patients with ocular F. SEFAHE O BRI
surface disorders: case-control study. BMJ B RS
Open. 2012 Oct 11; 2(5). 2L
o5 A
2R R
GRS L

1. e AREY, SAETE, FLER, KESB oM
—, FFE—-%, EExE", LHEMRX &

FVEE DA BRIRE O E FRE  RBE L

_24_



L. WHFERREDOHTTICEE S 5 —&FH



e

Eﬂl‘

R R DO FATICE T % —

e

RRERAL BRXEA VA KA BE | X—v | HEE
Ueta,M, Sotozono C, Yokoi N, Kinoshita | Downregulation of monocyte Arch Ophthalmol
S chemoattractant protein 1 expression by
130(2) | 249-251 2012
prostaglandin e2 in human ocular surface
epithelium.
Ueta,M, Matsuoka T, Sotozono C, Prostaglandin E2 Suppresses Poly I: Cornea
Kinoshita S C-Stimulated Cytokine Production Via
31(11) | 1294-1298 | 2012
EP2 and EP3 in Immortalized Human
Corneal Epithelial Cells.
Hata M, Nakamura T, Sotozono C, Atypical Continuous Keratitis in a Case Cornea
Kumagai K, Kinoshita S, Kurimoto Y of Rheumatoid Arthritis Accompanying 31(12) | 1493-1496 | 2012
Severe Scleritis.
Ueta M, Sotozono C, Yamada K, Yokoi Expression of prostaglandin E receptor BMJ Open
N, Inatomi T, Kinoshita S subtype EP4 in conjunctival epithelium of
2(5) €001330 2012
patients with ocular surface disorders:
case-control study.
Shinomiya K, Ueta M, Sotozono C, Immunohistochemical analysis of Br J Ophthalmol
Inatomi T, Yokoi N, Koizumi N, inflammatory limbal conjunctiva adjacent 97(3) 362-366 2013
Kinoshita S to Mooren's ulcer.
ETFHE. NIDHEET, BEFR, FL | 7o) AAPEDHLEREE— | BRER
Z|R, BARET, xkE— BERE | LUEBED 1LH 67(7) | In press | 2013

=

_25._




IV. BIFERROTTY - Bkl



RESEARCH LETTERS

Downregulation of Monocyte
Chemoatiractant Protein 1 Expression
by Prostaglandin E, in Human Ocular

Surface Epithelivm

Isewhere, we reported that in the tears and se-
E rum of patients with acute-stage Stevens-

Johnson syndrome or toxic epidermal necroly-
sis, the levels of interleukin 6 (IL-6), IL-8, and monocyte
chemoattractant protein 1 (MCP-1) were dramatically in-
creased.! We also reported that Stevens-Johnson syn-
drome or toxic epidermal necrolysis with severe ocular
complications was associated with polymorphism of the
prostaglandin E receptor 3 (EP;) gene (PTGER3).?

Prostanoids are a group of lipid mediators that form
in response to various stimuli. They include prostaglan-
din D, (PGD,), PGE,, PGF,,, PGI,, and thromboxane A,.
There are 4 subtypes of the PGE receptor: EP,, EP,, EP;,
and EP,. We previously reported that PGE, suppresses
polyinosine—polycytidylic acid (polyl: C)-stimulated cyto-
kine production via EP, and/or EP; in human ocular sur-
face epithelial cells.>* Polyl:C is a ligand of Toll-like re-
ceptor 3, which is strongly expressed in ocular surface
epithelium.’ We found that PGE, suppresses the pro-
duction of IL-6, chemokine (C-X-C motif) ligand 10,
chemokine (C-X-C motif) ligand 11, and chemokine (C-C
motif) ligand 5 but not IL-8 by epithelial cells on the hu-
man ocular surface?; it remains to be determined whether
it also suppresses MCP-1 production. Monocyte che-
moattractant protein 1 plays a significant role in the re-
cruitment of monocytes and lymphocytes to the site of
cellular immune reactions. In this study, we investi-
gated whether PGE, downregulates polyl:C-induced
MCP-1 production.

All experiments were conducted in accordance with the
principles set forth in the Declaration of Helsinki. Enzyme-
linked immunosorbent assay and quantitative real-time poly-
merase chain reaction were performed with primary human
conjunctival epithelial cellsand immortalized human corneal-
limbal epithelial cells using previously described methods
(eAppendix, http://www.archophthalmol.com).?

First, we examined whether PGE, downregulated the
production and messenger RNA (mRNA) expression of
MCP-1 induced by polyl:C stimulation in human con-
junctival and corneal epithelial cells. We found that it
significantly attenuated the production of MCP-1 (Figure,
A). Quantitative real-time polymerase chain reaction con-
firmed that the mRNA expression of MCP-1 was signifi-
cantly downregulated by PGE, (Figure, A).

LETTERS

Next, we examined which PGE, receptor(s) contrib-
uted to the downregulation of polyl:C-induced MCP-1.
We used the EP, agonist ONO-AE-259, the EP; agonist
ONO-AE-248, and the EP, agonist ONO-AE-329. En-
zyme-linked immunosorbent assay showed that the EP,
and EP; agonists significantly suppressed the polyl:C-
induced production of MCP-1, while the EP, agonist did
not exert suppression (Figure, B). Quantitative real-
time polymerase chain reaction confirmed that the EP,
and EP; agonists significantly downregulated the mRNA
expression of MCP-1 (Figure, C). Thus, our results docu-
ment that PGE, attenuated the mRNA expression and pro-
duction of MCP-1 via both EP, and EP;.

In human macrophages, PGE, attenuated the
lipopolysaccharide-induced mRNA and protein
expression of chemokines including MCP-1 through
EP,.° On the other hand, we demonstrated that in
human ocular surface epithelial cells, PGE, attenuated
the polyl:C-induced mRNA and protein expression of
MCP-1 through EP; and EP; but not EP,. Our findings
suggest that EP, and EP; play important roles in the
regulation of inflammation in epithelial cells, while
EP, and EP, have important roles in immune cells
such as macrophages.

In the tears and serum of patients with acute-stage Ste-
vens-Johnson syndrome or toxic epidermal necrolysis,
the levels of IL-6, IL-8, and MCP-1 were dramatically in-
creased.! Although I1-8 was not regulated by PGE,, IL-6
was regulated by PGE, via EP; in human ocular surface
epithelial cells.> Herein, we demonstrated that MCP-1
could be regulated by PGE, via EP, and EP;. The regu-
lation of cytokine production by PGE, may be associ-
ated with the pathogenesis of Stevens-Johnson syn-
drome or toxic epidermal necrolysis with severe ocular
complications because it was associated with polymor-
phism of the EP; gene (PTGER3), one of the PGE recep-
tors (EP, EP,, EP;, EP,).2

In summary, our results show that MCP-1 produced
by human ocular surface epithelial cells could be down-
regulated by PGE, via EP, and EPs.
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Figure. Prostaglandin E, (PGE,) attenuated the messenger RNA (mRNA) expression and production of monocyte chemoattractant protein 1 via both prostaglandin
E receptor 2 (EP,) and EPs. A, Primary human conjunctival epithelial cells (PHCJE) and human corneal-limbal epithelial cefls (HCLE) were exposed to 10 pg/mL of
polyinosine—polycytiadylic acid (polyl:C) and 100 pg/mL of PGE, for 24 hours (enzyme-linked immunosorbent assay) or 6 hours (quantitative reai-time polymerase
chain reaction). GAPDH indicates glyceraldehyde-3-phosphate dehydrogenase. B and C, The PHCJE and HCLE were exposed to 10 pg/mL of polyl:C and 10 pg/mL
of the EP,, EP3, or EP, agonist for 24 hours (enzyme-linked immunosorbent assay) (B) or 6 hours (quantitative real-time polymerase chain reaction) (C). Data are
representative of 3 separate experiments and are given as the mean (SEM) from 1 experiment carried out in 6 to 8 wells (enzyme-linked immunosorbent assay)
(B) or 4 to 6 welis (quantitative real-time polymerase chain reaction) (C) per group. *P<.05; tP<.005; $P<.001.
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Depth Profile Study of Abnormal Collagen
Orientation in Keratoconus Corneas

n a previous study,' we used femtosecond laser tech-

nology to cut ex vivo human corneas into anterior,

mid, and posterior sections, after which x-ray scatter
patterns were obtained at fine intervals over each speci-
men. Data analysis revealed the predominant orientation
of collagen at each sampling site, which was assembled to
show the variation in collagen orientation between cen-
tral and peripheral regions of the cornea and as a function
of tissue depth. We hypothesized that the predominantly
orthogonal arrangement of collagen (directed toward op-
posing sets of rectus muscles) in the mid and posterior
stroma may help to distribute strain in the cornea by al-
lowing it to withstand the pull of the extraocular muscles.
1t was also suggested that the more isotropic arrangement
in the anterior stroma may play a role in tissue biomechan-
ics by resisting intraocular pressure while at the same time
maintaining corneal curvature. This article, in conjunc-
tion with our findings of abnormal collagen orientation in
full-thickness keratoconus corneas,*? received a great deal
of interest from the scientific community and prompted
the following question: how does collagen orientation
change as a function of tissue depth when the anterior cur-
vature of the corneais abnormal, as in keratoconus? Herein,
we report findings from our investigation aimed at answer-
ing this question.

Methods. The Baron chamber used in our previous study*
was adapted to enable corneal buttons to be clamped in
place and inflated (by pumping physiological saline into
the posterior compartment) to restore their natural cur-
vature. A button diameter of 8 mm or larger was deemed
necessary to ensure tissue stability during this process.

The next step, obtaining fresh, full-thickness, kera-
toconus buttons of sufficient diameter, proved to be prob-
lematic owing to the increasing popularity of deep an-
terior lamellar keratoplasty. Recently, however, the

opportunity arose to examine an 8-mm full-thickness
(300-340 pm minus epithelium) keratoconus corneal but-
ton with some central scarring and a mean power greater
than 51.8 diopters (Figure 1). The tissue was obtained
in accordance with the tenets of the Declaration of Hel-
sinki and with full informed consent from a 31-year-old
patientat the time of penetrating keratoplasty. Using tech-
niques detailed previously,' the corneal button was
clamped in the chamber and inflated. The central 6.3-mm
region of the button was then flattened by the applana-
tion cone and a single cut was made at a depth of 150
pm from the surface using an Intralase 60-kHz femto-
second laser (Abbott Medical Optics Inc),! thus split-
ting the cornea into anterior and posterior sections of
roughly equal thickness. Wide-angle x-ray scattering pat-
terns were collected at 0.25-mm intervals over each cor-

sisydolqg

Figure 1. Corneal topography of the keratoconus cornea (recorded 12 years
previously).® The broken lines show the 6.3-mm region of the cornea cut
with the femtosecond laser (circle) and the region of greatest corneal
steepening depicted in Figure 2 (rectangle).

Normal Keratoconus

Posterior
150-300 pm

Posterior
400-600 pym

S R
- p e P
& b

Anterior

Figure 2. Collagen orientation in the normal (A) and keratoconus (B)
posterior stroma (central 6.3 mm). The highlighted regions of the posterior
(C and D) and anterior (E and F) stroma are expanded. Large vector plots
showing high collagen alignment are downsized (key).
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Basic INVESTIGATION

Prostaglandin E2 Suppresses Poly I:C-Stimulated Cytokine
Production Via EP2 and EP3 in Immortalized Human
Corneal Epithelial Cells

Mayumi Ueta, MD, PhD,*1 Toshiyuki Matsuoka, MD, PhD,} Chie Sotozono, MD, PhD,*
and Shigeru Kinoshita, MD, PhD*

Purpose: We previously reported that prostaglandin (PG) E, acts
as a ligand for prostaglandin E receptor 3 (EP3) in conjunctival
epithelial cells, that it downregulates the progression of experimen-
tal murine allergic conjunctivitis, and that in human conjunctival
epithelial cells it modulates the expression of polyl:C-induced
proinflammatory genes via prostaglandin E receptor 2 (EP2) and
EP3, suggesting that PGE, might have important roles in ocular
surface inflammation such as allergic conjunctivitis. Here, we
investigated whether PGE, also downregulates polyl:C-induced
cytokine production in human comeal epithelial cells.

Methods: We used enzyme-linked immunosorbent assay and
quantitative reverse transcription-polymerase chain reaction to exam-
ine the effects of PGE, on polyl:C-induced cytokine expression by
immortalized human corneal-limbal epithelial cells (HCLE). Using
reverse transcription—polymerase chain reaction, we examined the
messenger RNA (mRNA) expression of the PGE, receptor, EP1-4.

Results: PGE, significantly attenuated the expression of CC
chemokine ligand (CCL)5 (P < 0.0005), CCL20 (P < 0.0005),
C-X-C chemokine (CXCL)10 (P < 0.0005), CXCL11 (P < 0.05),
and interleukin (IL)-6 (P < 0.005) in human corneal-limbal epi-
thelial cells. Human corneal epithelial cells manifested the mRNA
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expression of EP2, EP3, and EP4, but not EP1. The EP2 agonist
significantly suppressed the polyl:C-induced expression of CCL5
(P < 0.005), CXCL10 (P < 0.0005), and CXCL11 (P < 0.05) but
not of CCL20 and IL-6. The EP3 agonist significantly suppressed
the expression of CCLS5S (P < 0.05), CCL20 (P < 0.005),
CXCL10 (P < 0.0005), CXCL11 (P < 0.0005), and IL-6 (P <
0.005). The EP4 agonist failed to suppress cytokine production
induced by polyl:C stimulation.

Conclusions: Our results show that in human corneal epithelial
cells, PGE; attenuated the mRNA expression and production of
CCL5, CXCL10, and CXCL11 via both EP2 and EP3, and that
the mRNA expression and production of CCL20 and IL-6 was
attenuated only by EP3.

Key Words: prostaglandin E, (PGE;), human cormeal epithelial
cells, prostaglandin E receptor 3, prostaglandin E receptor 2

(Cornea 2012;31:1294-1298)

Prostanoids are a group of lipid mediators that form in
response to various stimuli. They include prostaglandin
(PG)D,, PGE,, PGF,,, PGI,, and thromboxane (TX)A,. They
are released extracellularly immediately after their synthesis,
and they act by binding to a G protein—coupled rhodopsin-type
receptor on the surface of target cells. There are 8§ types of
prostanoid receptors: the PGD receptor (DP), 4 subtypes of the
PGE receptor (EP1, EP2, EP3, and EP4), the PGF receptor
(EP), the PGI receptor (IP), and the TXA receptor (TP).!

PolyL:C, a synthetic double-stranded (ds)RNA, which
mimics viral dsRNA, is the well-known ligand of Toll-like
receptor 3.> We have reported that polyl:C stimulation indu-~
ces the secretion of inflammatory cytokines such as interleu-
kin (IL)-6, IL-8, type I interferon (IFN) such as IFN-@, IFN-
inducible proteins such as C-X-C chemokine (CXCL)10 and
CXCL11, and allergy-related proteins such as CC chemokine
ligand (CCL)5 and thymic stromal lymphopoietin in human
ocular surface epithelium, both corneal and conjunctival.*
Moreover, we also reported that not only Toll-like receptor 3,
but also cytoplasmic helicase proteins, RIG-I (retinoic acid—
inducible protein I) and MDAS (melanoma differentiation—
associated gene 5) contribute to polyl:C-inducible responses
in conjunctival epithelium.®

We previously reported that PGE, acts as a ligand for
EP3 in conjunctival epithelial cells, that it downregulates the
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progression of experimental murine allergic conjunctivitis,’
and that in human conjunctival epithelial cells it modulates
the expression of polyl:C-induced proinflammatory genes via
not only EP3 but also EP2,® suggesting that PGE, might have
important roles in the ocular surface inflammation such as
allergic conjunctivitis.

PGE, was reported to be produced during inflammatory
responses and to suppress the production of cytokines and
chemokines induced by lipopolysaccharide (LPS) stimulation
in macrophages®'® and dendritic cells.!! Elsewhere, we docu-
mented that human corneal and conjunctival epithelial cells
produce cytokines such as IL-6, IL-8, and IFN-$ in response
to stimulation with polyl:C but not LPS.>'*"* In this study,
we examined the expression of the PGE,; receptors, EP1, EP2,
EP3, and EP4, in human corneal epithelial cells and investi-
gated whether polyl:C-induced cytokine production is down-
regulated by PGE; in these cells.

MATERIALS AND METHODS

Human Corneal Epithelial Cells

This study was approved by the Institutional Review
Board of Kyoto Prefectural University of Medicine, Kyoto,
Japan. All experimental procedures were conducted in
accordance with the tenets set forth in the Declaration of
‘Helsinki.

For reverse transcription—polymerase chain reaction
(RT-PCR) assay, we obtained human corneal epithelial cells
from corneal grafts of patients who had undergone corneal trans-
plantation for bullous keratopathy. Immortalized human comeal-
limbal epithelial cells (HCLE), a gift from Dr Irene K. Gipson,
were cultured in low calcium—defined keratinocyte serum-free
medium (Invitrogen, Carlsbad, CA) with defined growth-
promoting additives that included insulin, epidermal and fibro-
blast growth factors, and 1% antibiotic—antimycotic solution.
The cells were used after reaching 80% confluence.’

Reverse Transcription-Polymerase
Chain Reaction

RT-PCR assay was as previously described.” Briefly,
total RNA was isolated from HCLE and human corneal
epithelium using the Qiagen RNeasy kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions. For the
RT reaction, we used the SuperScript Preamplification kit
(Invitrogen). Amplification was with DNA polymerase
(Takara, Shiga, Japan) for 38 cycles at 94°C for 1 minute,
annealing for 1 minute, and 72°C for 1 minute on a commer-
cial PCR machine (GeneAmp; PE Applied Biosystems). The
primers were as previously reported.” RNA integrity was
assessed by electrophoresis in ethidium bromide—stained
1.5% agarose gels. We performed 2 separate experiments.

Enzyme-Linked Immunosorbent Assay

Protein production was confirmed by enzyme-linked
immunosorbent assay (ELISA). The amount of IL-6, CCL5,
CCL20, CXCL11, and CXCL10 released into the culture

© 2012 Lippincott Williams & Wilkins

supernatant was determined by ELISA using the human
CCL5, CCL20, CXCL11, CXCL10 DuoSet (R&D Systems
Inc, Minneapolis, MN) or the OptEIA IL-6 set (BD Pharmin-
gen, San Diego, CA).*"*

We performed 3 separate experiments, each being
carried out in 6 wells per group.

Quantitative RT-PCR

Total RNA was isolated from HCLE using the RNeasy
Mini kit (Qiagen) according to the manufacturer’s instructions.
The RT reaction was with the SuperScript Preamplification kit
(Invitrogen). Quantitative RT-PCR was on an ABI-prism 7700
instrument (Applied Biosystems, Foster City, CA) using a pre-
viously described protocol.*'* The primers and probes were
from Applied Biosystems [assay ID: CCLS (Hs00174575),
CCL20 (Hs01011368), CXCL10 (Hs00171042), CXCL11
(Hs00171138), IL-6 (Hs00174131), and human GAPDH
(Hs 4326317E)]. For complementary DNA (cDNA) amplifica-
tion, we performed PCR in a 25 pl total volume that contained
a 1-pl cDNA template in 2x TagMan universal PCR master
mix (Applied Biosystems) at 50°C for 2 minutes and 95°C for
10 minutes, followed by 40 cycles at 95°C for 15 seconds and
60°C for 1 minute. The results were analyzed with sequence
detection software (Applied Biosystems). The quantification
data were normalized to the expression of the housekeeping
gene GAPDH. We performed 3 separate experiments, each
being carried out in 6 wells per group.

Data Analysis

Data are expressed as the mean + SEM and were eval-
uated by Student ¢ test using the Microsoft Excel software
program.

RESULTS

PGE2 Downregulated the Production of
Cytokines Induced by Poly I:C Stimulation

Using HCLE and ELISA, we examined whether PGE,
downregulated the production of IL-6, IL-8, CCL5, CCL20,
CXCL10, and CXCL11 induced by polyl:C stimulation
in human corneal epithelial cells. HCLE were exposed to
10 pg/mL polyl:C and 100 pg/mL PGE, for 24 hours
(ELISA) or 6 hours (quantitative RT-PCR). We found that
PGE, significantly attenuated the production of CCLS5,
CCL20, CXCL10, CXCL11, and IL-6 (all, P < 0.0005)
(Fig. 1A). Quantitative RT-PCR assay confirmed that the
messenger RNA (mRNA) expression of CCLS5, CCL20,
CXCL10, CXCL11, and IL-6 (respectively, P < 0.0005,
P < 0.0005, P < 0.0005, P < 0.05 and P < 0.005) was
significantly downregulated by PGE, (Fig. 1B).

Human Corneal Epithelial Cells Expressed
EP2-, EP3-, and EP4-Specific mRNA

We then performed RT-PCR to assay the mRNA
expression of the PGE, receptors, EP1, EP2, EP3, and EP4,
in human corneal epithelial cells. PCR products of expected
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FIGURE 1. A, Suppression of the pro-
duction of CCL5, CCI20, CXCL10Q,
CXCL11, and IL-6 by PGE,. HCLE
were exposed to 10 pg/mL poly I:C
and 100 pg/mL PGE; for 24 hours.
Data are representative of 3 separate
experiments and are given as the
mean + SEM from one experiment
carried out in 6 wells per group. B,
Suppression of mRNA expression of
CCL5, CCL20, CXCL10, CXCL11,
and 1L-6 by PGE;. HCLE were expo-
sed to 10 pg/mL poly I:C and
100 pg/mL PGE, for 6 hours. The
quantification data were normalized
to the expression of the housekeep-
ing gene GAPDH. The y axis shows
the increase in specific mRNA over
unstimulated samples. Data are rep-
resentative of 3 separate experiments
and are given as the mean * SEM
from one experiment carried out in 6
wells per group (*P < 0.05, **P <
0.005, ***P < 0.0005).

lengths were obtained for EP2 (683 bp), EP3 (622 bp), and
EP4 (956 bp) (Fig. 2), but not for EP1 (723 bp) (data not
shown), from HCLE and in vivo human comeal epithelial
cells, suggesting that the human corneal epithelium expresses
EP2, EP3, and EP4 mRNAs. To confirm the specificity for the
detection of EP2-, EP3-, and EP4 mRNA, we isolated and
sequenced the PCR products. The obtained sequences were
identical to the human EP2-, EP3-, and EP4 cDNA sequen-
ces. Moreover, we could detect EP2, EP3 and EP4 proteins
using immunoblotting (see Figure, Supplemental Digital
Content 1, http:/links.lww.com/ICO/A42).

HCLE
RT +
GAPDH
hEP2
hEP3
hEP4

FIGURE 2. mRNA expression of the PGE; receptors EP2, EP3,
and EP4. RT-PCR assay of the expression of PGE, receptor EP2,
EP3, and EP4-specific mRNA in HLCE and human corneal
epithelium. RT identifies data that were obtained without re-

verse transcription (controls).
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EP2 and EP3, but not EP4 Agonists
Downregulated the Production of Cytokines
Induced by Poly I:C Stimulation

Using the EP2, EP3, and EP4 agonists, ONO-AE-259,
ONO-AE-248, and ONO-AE-329, respectively, we also
examined which PGE, receptor(s) contributed to their polyl:C-
induced downregulation. HCLE were exposed to 10 wg/mL
polyl:C and 10 pg/mL of the EP2, EP3, or EP4 agonist for
24 hours (ELISA) or 6 hours (quantitative RT-PCR). ELISA
showed that the EP2 agonist significantly suppressed the polyl:
C-induced production of CCL5, CXCL10, and CXCL11 (all,
P < 0.0005) but not of CCL20 and IL-6, and that the EP3 agonist
significantly suppressed the production of CCL5, CCL20,
CXCL10, CXCL11, and IL-6 (all, P < 0.0005). However, the
EP4 agonist failed to suppress the cytokine production induced
by polyl:C stimulation (Fig. 3). Quantitative RT-PCR confirmed
that the EP2 agonist significantly downregulated the mRNA
expression of CCLS, CXCL10, and CXCL11 (respectively, P
< 0.005, P < 0.0005 and P < 0.05), but not of CCL20 and IL-6,
and that the EP3 agonist significantly downregulated the mRNA
expression of all examined cytokines (CCLS, P < 0.05; CCL20,
P < 0.005; CXCL10, P < 0.0005; CXCL11, P < 0.0005; and
IL-6, P < 0,005) (Fig. 4). Thus, our results show that PGE,
attenuated the mRNA expression and production of CCLS,
CXCL10, and CXCLI11 via both EP2 and EP3, and that the
CCL20 and IL-6 mRNA expression and production were atten-
uated only by EP3 in human corneal epithelial cells.

Human corneal
epithelium
+ -

DISCUSSION
Lipid mediators like PGE, regulate immune and infla-
mmatory responses by modulating the production of cyto-
kines and chemokines.'' In macrophages, PGE, suppressed
the proinflammatory gene expression induced by LPS,
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FIGURE 3. Effect of the PGE, recep-
tors EP2, EP3, and EP4 on poly I
C-induced  cytokine  production.
HCLE were exposed to 10 pg/mL
poly I:C and 10 pg/mL EP2, EP3, or
EP4 agonist for 24 hours. Data are
representative of 3 separate experi-
ments and are given as the mean *
SEM from one experiment carried out
in 6 wells per group (***P < 0.0005).

including macrophage inflammatory protein (MIP)-la,
MIP-18, CCL5, CXCL10, and IL-8.° Here we document
that PGE, modulates the expression and production of
polyl:C-induced proinflammatory genes in not only human
conjunctival epithelial cells but also corneal epithelial cells.
It exerted an inhibitory effect on polyl:C-induced CCLS,

FIGURE 4. Effect of the PGE; recep-
tors EP2 and EP3 on the poly I
C-induced mRNA expression of
cytokines: HCLE were exposed to
10 pg/mL poly I:C and 10 pg/mL EP2
or EP3 agonist for 6 hours. The
quantification data were normalized
to the expression of the housekeep-
ing gene GAPDH. The y axis shows
the increase in specific mMRNA over
unstimulated samples. Data are rep-
resentative of 3 separate experiments
and are given as the mean = SEM
from one experiment carried out in 6
wells per group (*P < 0.05, **P <
0.005, ***P < 0.0005).
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CCL20, CXCL10, CXCL11, and IL-6 mRNAs (respec-
tively, P < 0.0005, P < 0.0005, P < 0.0005, P < 0.05
and P < 0.005) and on protein production in HCLE (all,
P < 0.0005). PGE,; exerts its biological actions by binding
to EP located primarily on the plasma membrane. We con-
firmed the presence of the PGE, receptor subtypes, EP2,
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EP3, and EP4, in human corneal epithelial cells. Stimulation
with either EP2- or EP3-specific agonists had a suppressive
effect on polyl:C-induced CCL5, CXCL10, and CXCL11
production (both EP2- and EP3-specific agonists: all,
P < 0.0005) , but only the EP3-specific agonist had a sup-
pressive effect on the production of CCL20 and IL-6 (both,
P < 0.0005).

Stimulation with PGE, exhibits immunosuppressive
effects in various cell types including macrophages and
dendritic cells via EP2 and/or EP4.°"'! This phenomenon
is explicable by the elevation of intracellular cyclic aden-
osine monophosphate (cAMP) via the activation of
adenylcyclase.”'® Although PGE, acts on EP2 and EP4
and activates adenylcyclase, resulting in the elevation of
intracellular cAMP, its action on EP3 suppresses adenylcyclase,
resulting in a decrease in intracellular cAMP. In human con-
junctival and comeal epithelial cells, both EP2 and EP3 con-
tribute to the immunosuppressive effect against polyl:C
stimulation; therefore, the suppressive effect cannot be
explained by the elevation of intracellular cAMP. The precise
molecular mechanisms underlying the immunosuppressive
effects of PGE, in epithelial cells remain to be elucidated.

Release of PGE, is associated with ocular inflamma-
tion, but the exact role in inflammation has not been
identified, rather PGE, might have been considered as
inflammation-related molecules in the cornea. In this
study, it is evident that PGE, could contribute to suppress-
ing the production of various cytokines and chemokines in
the ocular surface. Elsewhere we reported that PGE, acts
as a ligand for EP3 in conjunctival epithelial cells and that
it downregulates the progression of murine experimental
allergic conjunctivitis,” suggesting the possibility of the
PGE; and EP3 selective agonists as antiinflammatory
drugs.

In summary, our results suggest that PGE, and its
receptors in ocular surface (conjunctival and corneal)
epithelium contribute to the regulation of ocular surface
inflammation.
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