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In this study, we examined the expression of Toll-like receptor3 (TLR3) by human retinal pigment epithelial cells
(RPE) and determined whether exposure to the TLR3 agonist polyinosinic-polycytidylic acid (poly I:C) would induced
the expression of cytokines in these cells. RT-PCR revealed that TLR3 was constitutively expressed in human RPE, and
its expression was increased by treatment with poly I:C. After treatment with poly I:C, we determined the expression
levels of pro-inflammatory cytokines in human RPE using RT-PCR and ELISA. We demonstrated that poly I:C treatment
increased the production of TNF-o, IL-6, and IL-8 in human RPE. Upon exposure to poly I:C, human RPE initiated
antiviral response resulting in the induction of IFN- mRNA expression and 2',5'-oligoadenylate synthetase mRNA
expression. These results suggest that human RPE may participate in ocular defense mechanism against viral infection

through TLR3.
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(blood retina barrier)S g3kl UTH (28).
/\-]]E_L_: x]g]x% o= z‘s}QJjﬂr ;H.%O],‘—
BEl
E-3] herpes simplex virus type 10]1} cytomegalovirus
]j]_o] ;H)xl: 71—U1—3]_ u]—l:ﬂ—_o/] }\I—j,]/(ﬂﬁé 7]-0:]}\]7]1:1:]
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Toll-like receptor (TLR)E-> W] A&
E !

2]— H
21 pathogen associated molecular pattern (PAMP)
¢12)ste] A gEhgo] ofgitl (1,11,20,26,27). &
%l PAMPZ+= LPS, lipoprotein, peptidoglycan, flagellin,
zymosan, double stranded RNA (dsRNA), single stranded RNA
(ssRNA), bacterial DNA 5-°] Ut} AlgollA 11714 7
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o] TLRE°] 8] glom, o] FolA TLRI, 2, 4, 5, 6
= lipoprotein, peptidoglycan, LPS, flagellin®} #-2 Al
A& 12)3kal, TLR9-> unmethylated DNAS Q12
o} (1,11,12,18,27). TLR3:= dsRNAS} #-AF3E polyinosine-
polycytidylic acid (poly C)E {128t = vlo]g| 2~ 7+
of gk goj7]dell Fa3itt (19). TLR39H Akl A=
A AL MyD-88 H]9]EZ4 O & NF-«kB9} interferon
regulatory factor (IRF)7} €/ slx]o] ot} (24).

upo] 2] 2 Zhedell gk Wi 7] el interferon (IFN)©] <
glto] F Q3| nlo]e2= IFN-o/-f9} interferon-inducible
genes EAslsit). vlole 2 e oA FE% IFN
2 25 oligoadynylate synthetase (2',5-OAS)E H|=3F 3}
olg]~ &3 XS FE3}L IFN- B TLR3E =7[A71
o} (15). =l Al TLR39 Jﬂrt& ?*;%L~ A ghE]o] lom,
o] FollA guo] ¥k oy ATe sEOIU AR
Abgh 2207 o]Foix] %E} (14). ko] A= AFgs
Solvk Algo] 7hsslr] wizell <l U()]'E}&ll—jl\—}\o]—“ﬂ/ﬂ]
o] 79 AlFAe] dA#o] ¥ A97F Bk webs A
A E2Q1 At oJaiA ol tigk
Pdol WgtetA, wstm Qg A WSyt e
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2 Ao Al elole] RS T] A ol A
TLR3Z} A#E vfole]~ 2E& dolr izt TLR3
ligand7} A5 U7l Ale|EF1IY} Eufo]e] 2 Ale]EF}RI

1. AHE EfOF YSMMAYTIMZY] F=e|2F Hi ek

A8 HHow qile] FEkE 18504 235 Aol
Blote] kS HEdte] A 1
o] HAE AMHSta o] Fste] ¢
BB Tl whet Al ekt g
2F

2}

3}

Z2 5 AE

5| 7|&sld, AEE A T 799 Az

QIehtE ZMFro] Mgk 5 MM 223 FAHAE Al
Askark wekst dolgls faAE AR F e
A ES e ERAIS ol ool ey
M EE B3 15% S-Blo} 37} glutamine (Life

Technologies, Carlsbad, CA, USA), HEPES (Life Technologles),
YAz ~EANEnflo]Al (Life Technologles)O] SH-A-=

4%

ES

= == A
/S—l—, :cislo:?, t%k—ré' t_l'k

el

=, 0135, YD), HEY

o

foi

DMEMol| H-FA121 Fof 5% CO,7} /-4 37C wlL7]
ol A wFatAAtt. AlAZe] =442 anti-pancytokeratin anti-
body (Sigma, St. Louis, MO, USA)Z ©]-&3} 7w &%
G o7 golalgitt RE AP AR tE A
o]-&3sto] 31 o] WHESGITE U937 A (ATCC No.
CRL-1593.2, Manassas, VA, USA)T 10%2] $-Ello} &3 o]
-5 RPMI 1640 (Life Technologies)S ©]-8-5}o] ks
Ak

El

2. LPS &2 poly I'CE 0|&
Mzo| xt=

B AtE EHOF et Ay

HiFE Abgr Bjo} WA AT AEE trypan blue®
GAsEe] 90% oldel AETE Aoksls 1S &<lstar
Aol AHESIITE Ml trypsinS A ste] AEE
oL 1}10°70¢] AEZ 6 well plated] Eo]Fa A
15% $-Elo} FHo] f¥l DMEMOIA 24~48417F 53k
HjeFstolth. WAl S AlASkAL o] gl DMEM HijA|
ol poly I:C (Amersham, Little Chalfont, UK, 50 pg/ml)E %
J¥ate] AAE A|7F Zof wjokel & RNAS Helahelt)
LPS (Sigma)Z A3t 45-o& 10% F-Hlof d3o]
¥l DMEM A& AR&-3F3IT

3. RNA =2 % cDNA &d

Z A RNAT Trizol €9 (Life Techn010g1es)—‘ 0]-8-3}¢
ekl 3efs] 71 atH, WA E PBSE Al 3}
3L Trizol §9& Yol MEE 70 3 chloroform FE}
isopropanol F 7 #8-& 7154 RNAE Est3ith &
2]¥ RNAE diethylpyrocarbonate @ 12|38t FH=ol =
I F WFFE=AE o8] ATt cDNAE H
7] Y8k 1~2 pgel RNASE 58 500 ng2] oligo-
dT primer, 15 U2] avian myeloblastosis virus & AAF& A~
(Promega, Madison, WI, USA), 20 U°] RNase inhibitor
(Promega), 1 mM¢] dNTP, 5 mM¢] MgCLE Z3Hate] 20
ple] Whg-ohs RHEQITE o] WS 42°CollA 301t
HE2A]17] 3 95Co|A] 587F Fo] A5 E8A3A)7]

AL 5ClAM 1023t FA7E Aol AHed w7k«] 70T
o] Bysiinh

4, S AHMNEHE (polymerase chain reaction; PCR)

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), TLR-
3, TNF-q, IL-6, IL-8, IFN-B, 2'5“OAS®l| th3}t primers A&
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Table 1. Primer Sequences for RT-PCR

Target Sequence Size

Forward ACCACAGTCCATGCATCAC

GAPDH 452 bp
Reverse TCCACCACCCTGTTGCTGTA
Forward GAGTGACAAGCCTGTAGCCCATGTTGTAGCA

TNF-a 443 bp
Reverse GCAATGATCCCAAAGTAGACCTGCCCAGAC
Forward ATGAACTCCTTCTCCACAAGCGC

IL-6 628 bp
Reverse GAAGAGCCCTCAGGCTGGACTG
Forward ATGACTTCCAAGCTGGCCGTGGCT

IL-8 292 bp
Reverse TCTCAGCCCTCTTCAAAAACTTCTC
Forward GATCTGTCTCATAATGGCTTG

TLR3 304 bp
Reverse GACAGATTCCGAATGCTTGTG
Forward GTGTCAGAAGCTCCTGTGGC

IFN-B 456 bp
Reverse CTTCAGTTTCGGAGGTAACC
Forward CAATCAGCGAGGCCAGTAATC

2'5-0AS 447 bp
Reverse CTTGACGATTTTGTGCCGCTC

GAPDH: glyceraldehyde-3-phosphate dehydrogenase, TNF-o: tumor necrosis factor-a, IL-6: interleukin-6, IL-8: interleukin-8, TLR:
toll-like receptor, IFN: interferon, 2',5'-OAS: 2',5'-oligoadenylate synthetase

3o cDNAE TE35FQIT} (Table 1). PCRS 58Y317] £
3}o] ¢DNA 2 pl, 10 X PCR buffer 5 pl, 0.2 mM dNTP, 1.25 U
Taq polymerase (Takara, Otsu, Shiga, Japan), 25 pmole primer,
2 mM MgCLE ¥oiA 50 we] BEgHS T §- 94°Cof
A 30%, 55~60CAF]2] annealing temperature®l] A 30%,
72°Coll A 133} 25~30 cycle &<F WAl Z T

5. Quantitative real—time PCR

Real-time PCR& 33}7] 138} RG-3000 (Corbett
Research, Sydney, Australia)S A8}t 100 ng2] ¢DNA,
2.5 pM2] primer, 24l 52| QuantiTect SYBR, Green PCR
master mix (Qiagen, Mainz, Germany)E ¥o] &34S 7t
AU PCRE 8H7] Slell 95ColA 158 5t & F
95CallA 15%, 60CollA 60Z37F 35 cycles WHS-A|ATH
SAUNET O E= (DNAS WA &E 7S ARES)
Fom, Z+ Alge] thdk PCRE triplicate® =33}t
PCR A= Rotor-Gene6 software (Corbett Research)S ©]
g3to] EAselch

6. Enzyme—linked immunosorbent assay (ELISA)

SEE poly LC7F ¥l wj#]el
WS At Al Y

Aol &A gtk A dARE AR s WY
Nfel FHrE Alxss JAAZ F dSds A%
= = 2~ =)

o] ELISAE Aldsloltt. 1123 714314, ELISA plate
o] IL-6°l th&} capture antibody (R & D systems, Mineapolis,
MN, USA)Z Aol A L=EF Eof Hhx| &}
Aot 8334 LdHET (bovine serum albumin)S ©]-8-5}]
blockingS Al&taL WAl 2t wellell =A3BIRE vl FoS
Pa Ao A 2A17F <t WAISHGI T Plates AlF gt
< biotinylated anti-IL-6 antibody (R & D systems)& YL
Aol 2A17F B2t HESAIZL & A|ZSISIT) Streptavidin-
HRPE il 2023t BkgA1ZL & AlHskar U4 o-

phenyldiamine (OPD) &5 Wil o7& o] Fith
1=

coating$t &

d
%l

ol

103°] At % 1 N H,S0,5 ¥il % 4lojs= § ELISA
reader® ©]-8-3} 490 nmol A FFE=E SH43ITE &
TA kS o] 83t SAE IL-65 H=3ATt

74 jl_l.

1. Ap2b QpOrAA

Xelof| 2lgt L %ﬂ
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Figure 1. The effect of poly I:C on TLR3 expression in human
fetal RPE. (A) After treatment with 50 pg/ml of poly L:C, total
RNA was isolated and RT-PCR was performed. (B) After poly I:C
treatment for 7h with various concentrations, real time PCR was
performed using primer sets of GAPDH, and TLR3. Comparative
expression levels were calculated.

sl 11=d| B3, histiocytic lymphomaol| A 7] %
U937 A3l A= TLR37} RS #] ¢St} (Fig. 1A). &
b A AFS] A E ol A 2] TLR32] &3-S poly LC A 2]l
s A T8I, o] 50 pgmlS A g 9o A

2 T 6AI7HE F7late] 24474 A LH AT (Fig.

1A). Poly I.C7} TLR3 &l w|x]= Jgke &3] &9l
sl7] 9184 real-time RT-PCR< AH&-3F3ith Poly LCE
5 pg/mlF-E 100 pgmle] F%=74] #2]5k9lS wl TLR3

o] X440 F71619T (Fig 1B)

2. TLR3 ligandZt Abgt OHAHAMTIA
I

inflammatory cytokine=2

TLR39} A¥He HANLES =
¢l poly LCE o] &3t gubais
TNF-0, IL-6, IL-8 '2&S RT-PCR T+ ELISAZ 743}
At GRS AEE 6 well plateol] WSt LA
5 pg/mlFH 100 pgml7kA] 22| gk & 7A|17ko] Xk $o
RNAE E23I31H, Poly LCE A3t Tl & 2=
o HI3|A TNF-0, IL-6, IL-8°] T7}ah= 2l <lakitt
(Fig. 2, Fig. 3A). 1214} TNF-0 ¥&-2 LPS A 2]-oll

3}alx} TLR3 ligand

e
PR NEE ASE F

RPE uo37
poly (I:C) 50 ug/ml LPS 100 ng/ml

M Oh 3h 6h Sh 12h 18h 24h COh 4h

IL-8

GAPDH

Figure 2. The effect of poly I:C on TNF-a and IL-8 expression.
The human fetal RPE was treated with 50 pg/ml of poly I:C. At
different time intervals, total RNAs were isolated. Then, mRNA
levels of TNF-a (A), and IL-8 (B) were analyzed using RT-PCR.
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e 1500 -
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2
S 1000 A -
5 T T
§ 1
©
£ 500+
3
g —
Q
0

0 5 10 20 50 100
Concentration of poly I:C (ng/ml)

Figure 3. The effect of poly I:C on IL-6 production. (A) The
human fetal RPE was treated with various doses of poly I:C for
7h. Total RNAs were isolated and mRNA levels of IL-6 was
analyzed using RT-PCR. (B) The human fetal RPE was incubated
with poly I:C for 24h and culture supernatants were then harvested.
The levels of IL-6 in the culture supernatants were measured using
ELISA.

HaiM e A FEELh 16 #HE S35 918
o ELISA W2 o|-&st3leh AT AEE 24 well
platel] A 24A17F Fob vlFgh & viX|E wkslal LhA]
24X 7F 5ot poly I.CE 22|}tk vjFelS =73}
IL-69 the ELISAS =383t A3}, poly I:.C 5 pg/mlF-E
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Q Poly (I:C)
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Figure 4. The effect of poly I:C on IFN-§ expression in human
fetal RPE. (A) After poly I:C treatment for 7h at variable dosages,
total RNA was isolated and RT-PCR was performed. (B) After
treatment with 50 pg/ml of poly L:C, total RNA was isolated and
RT-PCR was performed.

IL-6 FH]7F S71E QAL 0] 100 pg/mlol A Hax)o] &
o} (Fig. 3B).

3. TLR3 ligand7} 22t A
LHO| O|X|= I

SIMZOA IFN, 2',5'-0AS

YA A S poly LCE AP’ # IFN-p 2&
W3S RIPCRE FA3IATE Poly I.C A2 F 3AI7HE
B o] F7FE A, o] A= 50 pg/mlz 100
Al gk el A @A A VERRLTE (Fig.
uwlioﬂ poly LCE A3t $o] RNAE
g3te] 2.5-0AS LAS 5433t Poly 1.C # &
8A17F o] FEE 2'5-0AS wa o] F718tT) (Fig 5A,
5B). 2',5-0AS =& LPSol 934 F=5X &gt
(Fig. 5C).

B

NI

i &t

2 AT A Abgh b g Al 2o A TLR3 ligand

¢l poly LC¥ TLR3 LS Z7HAAS g<1E 4 9l

AT} TS poly I.C= TNF-0, IL-6, IL-85 H|E3F 5w

A AelEAel Was BuE S7HIAS W ohe
IFN-pS} 2'5-0AS HdS F7HA A

WA Q) ol Zust gure] P9 9

==

e Poly (1:C) 10 pg/ml
M Oh 2h 4h 6h 8h 12h 24h

2'5-0AS

GAPDH

Poly (I1:C)
M 0 5 10 20 50

100 (ug/mi)

2'5-0AS

GAPDH

e LPS

U937 cell
10 (ng/ml)

M 0 1 10 100 1000

2'5-0AS

GAPDH

Figure 5. The effect of poly I:C on 2',5-OAS expression in
human fetal RPE. (A) After poly I:C treatment for 7h with various
concentrations, total RNA was isolated and RT-PCR was per-
formed. (B) After treatment with 10 pg/ml of poly I:C, total RNA
was isolated and RT-PCR was performed. (C) After treatment
with various concentrations of LPS, total RNA was isolated and
RT-PCR was performed.

gkl = gt
Wol71dE 7R AL vk A 2w A Wl
etz HEZEW FEAE Fdshy IATELR At
O APIEFRRIS FHIFITE (6,9). A AT Al o) A
XA = #8325 CR3, CR4, CD68, CD363}F 2
o] Aol Foid= ZET} CDI16, HLA-DR, ICAM-1
7} o] FUFo] AYREE-S wizlish= 3E°] Atk 9).

TLR family™= PAMPE Q12j5le] dxpA]ow= 3w
kS-S FIEtaL oo 5] WSS
fakett} (20). TLR familyS-> 742t 3153 PAMPE <1
215l EH 02 TLR4-S LPSE, TLRI, 2, 6% lipo-
proteinS, TLRSE flagellins: 914 ?}‘jr (26,27). &3+ TLR3

I} TLR7S RNAZS ¢lA8k= 8424 TLR3E dsRNA
£, TLR7Z ssRNAE 2143t} (7,8,12,16). woll A% TLR
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family7} @A = o] 7]5ectal ®HarE ] 2] A
329} b AT o A TLR47E HEE]o] LPSE 148t
Th= Ha19f TLR37F W= o] poly L.C FE]S] dsRNAS
A28 = Bz} AT (2,4,5,14,25). 71&9] ATES
TERA O AFEAIRIS AXEE ARESte] o] FolH=
Eﬂ, RlxAe] A= A& FUAFY w32 3|
& o] S’H*EM Uehd 4 9tk 2 ATl E 9

ﬂ 1850l A 235 Atoleo] %AS AM&a1glar, vk A
oA E AT A ] 521 WEphd Mg v}
gzt el AlEReko] FEE T} 3 anti-pancytokeratin
A2 AMERS w 95% ol o] AESL S-S
“J”‘éh‘i*c}\ AIZ7L =58l BeE Ae d}ls)

T 2T Al o A TLR3O] A= AL Q)
RT-PCRZ #1151 1, o] A ¢dtollA] &
ATH 3). TLRES Aol wz} th2 7

A% =], TLR3Z P& st AEe v9- Adks o] gl

lmm

2 -
oE
ﬁ

o2
>
£
ol
=2
S
rr
4
By
o
4 X
F
=2
—~
9
ol
o,
92
_i
i)

‘,ﬂj}?:fifél A ¢=1} (21,29). TLR3
HE 2Aoz= gk 4 #Y, g A W =
2TF (22). TLR37} dsRNAS- 128 IEN-B7} =2
L, 571 IFN-B= TLR3 LS S7H71E 48
< sto] mfelE 2 yhgo] FEET (19). & ATllA
AREEE o} Al dw] A ol A TLR37F =7 2al =
= A2 4R AR E e R g Aot A}
g AT (14). o] A= Abgh At A 7L
wol7] el o d 7hsAds AlA
3l o= RS M| 3L 7] herpes simplex virus type 1
T} cytomegalovirusg H]ESH vlo|| 2~ 7HA 9] HAAE
1 A Aol & Ao A7bETh

TLR39} AvHe 954 Ae|E71)] B {fieE o}
17] 9138k poly LCE AHE3I3ITE Poly LLCE =
dsRNA #2F=A] TLR3C AgFete) (27). WA A/da] Al
Fof poly I.C 2] TLR3 LS 7 AL, ol &
& oJEA o R YERTE B poly LC *#]+= TNF-o,
IL-6, IL-83} 7+-& AZuj7) Alo]E7}Ql AAS Z7FA)3
ok IL-6+= tA A ESH T Al29] 23t SA3stE s}
= APOlEFIRIO R Al vhole] 2 714 B THE Alo]
EFRIel oA et (9). AV EE IL-1
olt} TNF-a9} #2 Afe]E7RQI o A=Sitow IL-65
g (6). IL-82 CXC familyel] &38= Ale]|E7IQlS

4%

ES

= == A
/S_I_, :cislo:?, t%k—ré, t_l'k

el

=, 0185, B, HFE

2 neutrophil-& R EA| =t Wb A X
£ LPS, IL- 1[3 TNF-aol] oJ3)A fr¥ch =, A5Hl
A]—O] E7RIE AR R Mo} qAEES HES
AAEE UO% 7 ste] ATNkES slehed W
‘%‘*—Hi*ow] = A7l Ate] E7RQl #Hl7F 7] AW
(basal side) o2 HEFE] A ojLpr] 780 %X]EL‘E

= 3t} (10). FEA G A ] poly LCE A2l
u] IFN-B7} Z7F5FSth IFN-BE type I IFNO.2, type [ IFN

P

IukS-S %Eﬂ% A}°1E7}<HOM (15). Type I IFNS
= P4 7Fe 3l 298 dsRNA©] M, dsRNA 9} TLR3
7} Agshd H]EH% IRF7} &35 o] IFN-BE A4S
A M 32 poly LCE 5 pg/miol A 100

TE2 APEelS ] IFN-o& 23
W37t $1% 21} (data not shown) IFN-B= & o] F715|
A3, o] &¥= 50 pug/ml 100 pg/miolA 7 =41 o
ERsttt. o= ZHedu] Al 3o 4 TLR3 ligand7} 5wl
APl EFRRIZE IFN WdS T/ XIcHE Azhel Aol
ubA) 2 aksg] ol A TLR3 ligand7} IFN &S Z7HA)71t=
Azkel AAEATE (13,14). TLR3 L& Z7H= IFN-pol
oA FEEE Ao deA] JorR kAT
A3 A poly 1:Coll 23k TLR3 & F71% IFN-Bll <]
A Frew Ao® AZFECE IFN-poll o3 fms s
TAE2 2'5-0AS9} myxovirus resistance gene®} o] &
Hlolglz 714& 7HA AL e AEC|th 25-0ASE HlO]
22§z BA 2 S oAlShs EAkEA 25
OAS7} #A4J3}=" RNase LS EAdglsic) FAste
RNase L Hlo]2]29] RNAS #38)5te] dhalghdS o
Agke} (17,23,30). 2'S-OAST herpes virus, picornavirus,
hepadna virusE H]&gH vlol 2~ 3441y HduE &4
o8 apdel= Ao dEA Utk A FoAE
Zpubaku) A S0l 4 TLR3 ligand7} 2'5-0ASE S7HA171ck
AL ®arg wp glon (13), el M= Ay A3t B
vk glok & AFRell A WA 3w o poly LCE 5
pg/mlio Al 100 pg/ml7bA o] thefst = A2t 49
o] 25-0AS7} F7FE A om, o] E¥= 20 pg/mielA 7F
= YebsTh LPSE Ak 5ol 2'5-0AS+=
S7hE] A okrh Abeh WERA A 5] A L A poly 1:Col
oJgiA] fr=H 2'5-0ASE= Hiol#] 2 7hede] gk w7
Aol JEg & o= Azt

AT A Abe A A= TLR3

o
s
N

'rl
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3t 9l%lem, o]= TLR3 ligand$! poly L:Col| 2|3 &
7 ATk Abs R A A el A poly LCE HS
7} AFo]E7}2191 TNF-q, IL-6, [L-8 H&S FEt3S
ollel dutolz) s E3E Zh= IFN-B9F 2/,5-0AS 23
Frieskdth o] At e Aol A nleole] s
o gk Wel7]xel TLR3o] wi7j= o] 288 7

A gH), o] wlolg 2 WHbgrddel ik An
Egol d Ao Ayzpsi ol wgk 7}
77t Fast

s

o

o

DL ox
o 1 go o@
e

i)

é

+ i
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