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At AEES 3)5ste] A3l o] &3ttt
2218 28 A9A X (primary human corneal
epithelial cells: PHCEp)9} 7HEA|E(primary
human corneal fibroblalsts: PHCF)2] HjFe
0.06 M CaCly®} human corneal growth
supplements (HCGS: Cascade Biologics Inc.,
USA)7} 284 Epilife (Cascade Biologics Inc.,
USA) 2 10% FBS (Wel GENE Biopharmaceuticals,
Korea)2F 1%2] 33AI(Wel GENE  Biopharmaceuticals,
Korea)7} 38 DMEM (Wel GENE Biopharmaceuticals,
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Korea) oAl 22} vl eFatdet. 2he WA (primary
human corneal endothelial cells;: PHCEn)<
Hjkelli= 5 ng/ml EGF (Sigma Chemicals, USA),
20 ng/ml NGF (R&D Systems, USA), 20 ug/ml
ascorbic acid (Sigma Chemicals, USA),
0.005% insect lipid (Sigma Chemicals, USA),
0.2 pg/ml CaCls, 0.02% chondroitin sulfate
(Sigma Chemicals, USA), 1% RPMI 1640
vitamin mixture (Sigma Chemicals, USA),
8% FBS, 1% dAA7F 3= Opti-MEM (Gibco
BRL, USA)< o]&3tdtt & AEEL 5% COq
Mgk 37T Alzujdr]olA s st o, 3~4

U 2oz A s A ¥A gk AE
we Aol o) gatelet

AT *ﬂEZO Jurkat cell®} @A EZF20 THP-1
< FAEFLSPoRRY Pt AT F
AEZF 25 10% FBSS 1% A7 xshd
RPMI1640 wijkHol A wjckatdom 3~49 H4o
2 Adus AAs

3. RT-PCR

Messenger RNAS] &S 221517] 93l Trizol
reagent (Sigma Chemicals, USA)E ©]&3}]
total RNAE FZ3I3th ¢cDNA #4S 250 mM
Tris-HCl (pH 8.3), 375 mM KCl, 15 mM
MgClz, 50 mM DTT, 1 mM dNTP, RNase 20
U7} 285 e F 39 20 ple AccuPowerTM
RT premix (Bioneer, Korea)E AHEsdth. RT
premix®l| total RNA 2 pg® 0.3 ug® random
primerg 7} § 33 F/HTE AFESI HEH
20 12 ZAsAE. 57CoA 10837 RNA WA
AAEFRoH, 42CoAA 607 AL vESS
3}9?\_’ RTased E843l5 98t 94CellA 5
Fa-SAIA cDNAE AT cDNA 34 +
RNA £8 9 ¢cDNAS] -?IL%_‘%L HgS Polr 7] fst
o GAPDHE ©¢]&€3te PCRS A48ttt PCR&
10 mM Tris-HC1 (pH 9.0), 40 mM KCI, 1.5
mM MgClz, 1U DNA polymerase, 1 mM dNTP
7 285o] = AccuPowerTM PCR  premix
(Bioneer, Korea)el 10 pM< primer9} 5 ul
cDNAZS €& % 33 =57 —’FE ojgst F FIE
20 pl7t HEE st AAA2H, GeneAmp
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PCR System 2400 (Perkin Elmer, USA)E AH:-
sl FZ3HY. IDO §3Ae] FZo] AleH
primerd #7]4¥& sense 5-GGC AAA GGT
CAT GGA GAT GT-3', antisense 5-CAG GAC
GTC AAA GCA CTG AA-3 (GeneBank accession
No. BC027882)0|M SZx72 ¥4 94TollA 17,
annealing 60 ColA 1%, 343 T2TCA 187 X3
st F 40 cycles ¥HESIH RT-PCR AAHE2
2% agarose gelolA &1}t

4, Western Blot Analysis

Zha 225 E PRO-PREP™ Protein Extraction
Solution (Intron Biotechnology USA)E o]&
0}04 G AS FEetdth & 9 (10 pug/AR)
2 95TelA 5&7t 7}%0}%{2”% 12.5% sodium
dodecyl sulfate (SDS) polyacrylamide gelS ©]-&
3t 77195 ARSI, At et 2eE v
E-& nitrocellulose membrane®® electrotransfer
39t Membraned 1x TBST (50 mM NacCl,
20 mM Tris, 0.05% Tween 20)°l =91 5% skim
milkZ 1A1ZF ¢ %4294 blocking 3ttt %
1:2002.2 3]4% goat anti-human IDO @Y Z&
&4 (Santa Cruz Biotechnology, Inc., USA)9
A 4ToA 16417 53t ¥ =3192™ horse
radish peroxidase (HRP)-conjugated rabbit
anti-goat IgG (Santa Cruz Biotechnology,
Inc., USA)dA ol 2A17F 59 W88 F =315
t}. Peroxidase®] #4¢ ECL™ Western Blotting
Detection Reagent (Amersham Bioscience
USA)< °]-&3td X-lay &l 73 & #&35tH

5. IFN-v 2| & ZISMZ Z=FHX| Z=H]

17+ ZubA| 7} ¥2H 3 1 ng/ml IFN-v (R&D
Systems, USA)E AHgstF o o] 24A7F &<t
wjgFate] IDOY TS frEstaitt 5 IDO9] 2
&A1 1-methyl tryptophan (1-MT: Sigma
Chemicals, USA)<S F7H22 A3t 1DO9
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6. MTT assay

AES 34 wsE ZYa)
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1128

ot
ﬁ

A IDOC

EL 2ol —
dimethylthiazol-2-y1)-2,5,-diphenyl tetrazolium
bromide (MTT: Sigma Chemicals, USA)S A}
£3l9¢. THP-1 %+ Jurkat Al®Z 96-well
plated] 0.4x10%ells/100 ul ¥kl /well (Falcon
Co., USA) 9 ¥E=Z HES T 2417 &3 v st
of 25 FEattt. #3E Axe FHlE A2
AR v gFA S 22t wgkstlon E3k [DOY
AgA1Q1 1-MTE F7H82e.2 A2ste] ID0Y 7%
% a9t mYdEd AEes MTT working
solution (2 mg/ml)& 2417+ &<t &3 AT}. o] F
Hj okl S W% A A 150 ul dimethyl sulfoxide

(DMSO:; Sigma Chemicals, USA)E 7}3}o]
formazang £AZo2M wAS STy vt

Auke-o FILISA plate readerE o]&3t] 595 nm
o N ZH3tATt.

1. ELISA

Cell Death Detection ELISA™Y (Roche,
Germany)E o|&3st] HAAZ AbE =&
AT 1-MT7F 2 AY v E3hE o] A
A ZAU R A 24AX7F FoF HjokE WAME
£ 3431 lysis buffers 7FIAt. 22004 30823t
AT - 200xgoll A 1027t A4 E2E A8kt
12 pl9] AEAL streptavidine] IEH multi-well
plateel }i % 80 ul immuno-reagentE 7}
stth REE2 *}%Oﬂfﬂ 2A17F B kR o
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Figure 1. Expression of IDO in human corneal cells. RT-PCR was performed to identify the expression of IDO in primary

cultured human corneal cells. Among three different types of human corneal cells, PHCEn did not express IDO. IDO expression

was observed in PHCEp and PHCF. PHCF showed significantly higher expression.

PHCEp PHCTF

PHCEn

| e U o — —

s A etin

«— DO (42 kDa)

Figure 2. Expression of IDO in human corneal cells. Western blotting performed to identify the expression of IDO in primary

cultured human corneal cells. Among three different types of human corneal cells, PHCEn did not express IDO. PHCF showed

significantly higher IDO expression, and PHCEp also showed IDO expression.

mRNA 2 gl Ao g e gtola 4 ¢9th(Fig. 1,
2). 184 PHCEp$t PHCFeIA IDO«] “L‘?ﬂ% Ly

o1& = Yo E3] PHCFY ALoEe fo3ew
FE et (Fig. 1, 2)-

& MTT assays

= €] %"r_]r 01'93
o 274 A wiA] 244 wE AFH e BA
st7] skl Ak Al wjgF wjA|(defined

medium) & WETOE 247} ARS8 e H IDO <
g 715 o455 A8 Lotry] flat IDOS 2%
A} 1I-MTE F7H ez A3 24uAE £4
AHgsATh A9 23 Gl 2] THP-12 thx-]
vl ZrehAlE 24 wiA|ol] o3 S49] WEl e
UERRA] 2th(Fig. 3A). 28y, T AESQ Jurkat
A ] Agolle ZAE wfF A E A g A9 oF
te] S4 FaE Yeiglen, o8 7IEo R 7494

X ZA wR Y a9E FQ13S v PHCF %
o NI Fol ARl FA9 A S FRIE &
(Fig. 3B). 1-MTE A3t Jurkat AIX<]
Zyek M| 3wl oF vl x]ol| Al ket
=4S YR AT

3. IFN-vy & 9|&H2l D02 apoptosis REs

IFN-v *g]d] & D02 &8 H3}7} apoptosis
o] X ko] [FN-vol| & o&F oz Uehus
A ARE ZRI517] Y3l Tt =9 IFNVE A
g3t Zhet HEAME 2 e Ao A] HIAANEE st
% o]&59] apoptosisE sttt THP-1& IFN-
ve] A2 % ®sle] olFd Jaks whA] gigkon)
Jurkat AlEY A$d+ 1.0~5.0 ng/ml IFN-v=
A2t 42t 7HAME ZAu R A apoptosisd =
7 FdE e Ath(Fig. 4). =3 1-MT7} —%—7}7‘4
o7 AYd e ZHEAE 2 Aol A wjdE dY
A EA M= apoptosise] 717} yehtA kot
5.0 ng/ml IFN-v7} Ag¥d ZAGujA| M= 2F7te]
S7F Fgo] HEAESI
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Figure 3. Proliferation of immune cells cultured in human corneal cells conditioned medium. In order to investigate the effects

of IDO expressed by human corneal cells on the proliferation of immune cells, an MTT cell proliferation assay was performed.

Human immune cells, THP-1 and Jurkat cells, were cultured in three different types of human corneal cells conditioned medium.

To remove the effects of the medium, immune cells were cultured in human corneal cell-defined medium. (A) Although the

human monocytes, THP-1, showed decreased proliferation compared with the control (cultured in RPMI1640), there were no

effects of the conditioned medium. (B) Human T-lymphocytes (Jurkat cells) cultured in defined medium for human corneal cells

showed slightly decreased proliferation. PHCEn-conditioned medium did not show any effects on proliferation of the Jurkat cells.

However, PHCF and PHCEp-conditioned medium showed decreased proliferation of Jurkat cells (*P>0.05). Data represent the

mean(SD of three separate experiments.

3.0

—@— THP-1
—O— THP-1+1-MT
2.5 4 | —¥— Jurkat
—v— Jurkat+ 1-MT

2.0 1

Absorbance [405 nm-490 nm]

0.5

0?0 Ojl 1?0 5?0
Concentrations of IFN-r-treated in conditioned medium (ng/ml)
Figure 4. Apoptosis of immune cells cultured in IFN-v
-treated PHCF-conditioned medium. Immune cells were
cultured in IFN-v-treated PHCF-conditioned medium for 24
hrs, and cellular apoptosis was measured by ELISA. The
THP-1 culture was not affected by IFN-v treatment.
However, Jurkat cells showed increased apoptosis in 1.0 and
5.0 ng/ml IFN-v-treated conditioned medium. IDO neutralizer,
1-MT, treatment showed recovered apoptosis.
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=ABSTRACT=

Expression of Local Immunosuppressive Factor, Indoleamine
2,3-dixygenase, in Human Coreal Cells

Yang Hwan Ryu, M.S., Jae Chan Kim, M.D., Ph.D.

Department of Ophthalmology, College of Medicine, Chung-Ang University, Seoul, Korea

Purpose: To identify the localization of indoleamine 2,3-dioxygenase (IDO) in human corneal cells and to
evaluate its ability to act as a local immunosuppressive factor.

Methods: The expression profile of IDO was obtained with RT-PCR and Western blot of in a primary culture
of human corneal cells (fibroblasts, epithelial cells and endothelial cells). In order to investigate the
immunosuppressive function of IDO, immune cells were cultured in a human corneal cell-conditioned
medium, and their prolifleration was identified by the MTT assay. Moreover, apoptotic effects of IDO in
immune cells treated with IFN-v were also investigated with apoptosis ELISA.

Results: Among the three different types of human corneal cells analyzed, mRNA and protein expression of
IDO was observed only in human corneal fibroblasts. Immune cells cultured in a human corneal
fibroblast-conditioned medium showed inhibited proliferation. Moreover, IFN-V-induced expression of IDO
significantly enhanced apoptotic ability in a dose-depandant manner.

Conclusions: Our results suggest that human corneal fibroblasts are relatively immuno-resistant and that
expression of IDO may be one of the factors involved in the immune tolerance observed in corneal grafts.
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