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Retinal pigment epithelium (RPE) constituting the outer blood-retina barrier plays an important role in ocular defense
mechanism. Many studies reported that RPE participates in ongoing immune responses in the retina. However, the exact
mechanism is still uncertain. Toll-like receptors (TLRs) participate in the recognition of pathogen-associated molecular
patterns (PAMP), such as LPS, zymosan, lipoprotein, and dsRNA. The expression and function of TLRs in human RPE
have not been established. In this study, we investigated TLRs expression in human fetal RPE and their recognition of
PAMP to determine how human RPE participates in ocular defense mechanism against microbial component. RT-PCR
and real time PCR revealed that TLR1 through 5 were constitutively expressed in human fetal RPE, and their expressions
were slightly increased by LPS. We determined the TNF-o, IL-6, and IL-8 expression in human fetal RPE after treatment
with LPS, zymosan, petidoglycan, or poly I:C. RT-PCR demonstrated that LPS and poly I:C treatment increased the
production of TNF-o, IL-6, and IL-8 in human fetal RPE. LPS showed more potent effects on TNF-a and IL-8
production. Peptidoglycan and zymosan did not induce the production of TNF-a. CD14, the co-receptor of LPS was
weakly expressed and functioned in recognizing LPS in human fetal RPE. These results suggest that human RPE may
participate in ocular defense mechanism against microbial component through toll-like receptors.
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o= 7 é—ﬂr CD16, HLA-DR, ICAM-
Auke-S vizeh= &45—01 ek (12).
AZnj7) Alo] EFHIE-LS HLA-DRO]
U ICAM-1 59 AxIEA 845 74 8 ol
TNF-0, IL-8, IL-6, IL-15 5-2] Ato] B}l Bu|S Z7px7Ick
(9,12,20). FEt A gTol| A BH|H= A5 2HES
A3 gy Ao & Hod How /\371—5]11] o2 sk whaka
22dv)e] BEAL o] Wy F
(28).

Toll-like receptor (TLR): LA Aol #ojali= &A=
A ool A mE o]l YT Aol mAEEe] FEA L
2 7FA3L = %2 pathogen associated molecular patterns

(PAMP)E Q1213HC} (1,13). AFgboll Al B181% 10714]9] TLR
52 47 afs gtes ez Wonkge] 27
F Eg Ak o]FolA TLRE 1§54
EHl LPSE ¢1418}al TLR29} TLR6E Al Al
Zol| A lipoprotein¥} X7 MEZH AJH-2] zymosan
TLR3:= dsRNA = Hpole 2 4 Qlaje] g8
o} (3,16~18,26). TLR5E AlTES] JdEE SE
Alte] DNAE Q1215 (25). TLRES o8] &
g Elo] glom Aae] FHubrt vhekeh W
53] TLR4:= WuES-S vh7ldh= 44l
SINE FTE BT o= a4
E9} o] o)) el vhd 4= Sl A AR o] F
7] TLREH &4 " =o] T} (1,29).

(U
o 2
_>I:4_>L
& fo
o,

o 1> o
o

H
=

ke S tlo
flo )

1.

@ o

il
¢

T S < A v}

Lo
X

o]

o

‘

JXL f
o =
=

il

= A
7} AA3l= :": 11:]_ (23) U]—U]—}\ﬂ/\/\o]—\ = g—ﬂ‘—v‘f Xo]—

] =
4 a3 A éo}‘ji PAMPE <148 7FsA

o o

AV efole] R A w7 PAMPS]| ©]EiA A 8}E =)

1. AHE EfOF Yot AYIIMZ| 2|2t HYef

A% BHow Qo] Fekel 18Fol A 235 Abole] Elo}

[
x
o
oy
ol

a
3

Jal

a
ron
Hr

u
Of
10

u
4
S

T
3
02

o QHE HEshe] ¥
AR e A
23] 7ol upet Agesic WA M
F99l ANz sJetg A3

ATE Zhu a7 THO| AGD FANA 3605 A7

.
Aok 243} 54 S

=]

[0}
N
fo o
i)
=
Lo
el
ox
>
i)
o>
>~
>,
Ho

=

.
= AT Fob e )
wop 13 Al g sl o) B @Al AR ol
FANE A% F ANFEHAFE 9 AZDHA (eri

dish)oll A vpw=] 2248 3} fi =,
AAG & eSS FEEglth EEgh gehaa
A M EE 025%2] trypsin (Life Technologies, Grand Island,
NY, USA)©] ¥3+¥l Dulbecco's modified Eagle's medium
(DMEM, Life Technologies)oll €3l 5% CO,7} &% 37C
7ol ALt 1217 & 15% $-Elol &% (Hyclone, Logan,
UT, USA)°] ¥£3td DMEMS H718F & 1200 g2 1083
ARG AT S AAS T AZHAHES 15% ¢
Hlol @33} glutamine (Life Technologies), HEPES (Life
Technologies), YA #37} ~E#Eunfo]Al (Life Technologies)
o] I-f9 DMEMel 52171 ?oﬂ 24 well plate (Corning,
Cambridge, MA, USA)2] 3t welloll €L 5% CO,7} %
37C wi7IelA st 15 Fell aypsingS A 2]}
75 cm?® culture flaskoll ] ZITh wjFsldch vjokel& 1520

oA ol 1~250 g A Al sttt

MES] 4L anti-pancytokeratin antibody (Sigma, St.
Louis, MO, USA)E ©|-8-3+ 7 ggd Aoz 3els)
Atk ARES AEES A wEAID 201FE 6t 7] ]
AzEEA 247 oA mAizte] xtol= §idd
th BE AP AR U2 JIAE o]8ste] 39 o) vy
33t U937 10%2] ¢-Eiot dAo] ¥ RPMI 1640
(Life Technologies)S ©]-8-3o] vl eFa3ict.

2. LPS, peptidoglycan, zymosan, poly I:CE 0|25t At
2 EjO} LM AMTIM EO| XI=

Wl SE AR Elo} Wb A G A EE trypan blue®E 34

3kl 90% ©]de] AlE7E Aol RS ERIsta 4 ?ﬂoﬂ
ARSI, AlEZo) trypsing A 2|8t AEE wojd $-
A3k 429 AXEE 6 well platecl] EolFaL 15% F-Elfjo} ﬁ“ﬁ,

o] E-f-5 DMEMOIA 24~48A]7F &<t vjtsloict BiA =
AAG 5 10% Fefot FAo] FrEAY =2 o] })
= DMEMS.2 %8k %] LPS (Sigma), peptidoglycan (Sigma,
St. Louis, MO, USA), zymosan (Aldrich, St. Louis, MO, USA),
poly I:C (Amersham, Little Chalfont, UK)E Z7}5lo] 24d3%k
ARE B9F W F A8l AHgeh
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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 CTATACACCAAGTTGTCAGC

TLRI 219 bp
Reverse GTCTCCAACTCAGTAAGGTG
Forward GCCAAAGTCTTGATTGATTGG

TLR2 346 bp
Reverse TTGAAGTTCTCCAGCTCCTG
Forward GATCTGTCTCATAATGGCTTG

TLR3 304 bp
Reverse GACAGATTCCGAATGCTTGTG
Forward TGGATACGTTTCCTTATAAG

TLR4 506 bp
Reverse GAAATGGAGGCACCCCTTC
Forward CTAGCTCCTAATCCTGATG

TLR5 437 bp
Reverse CCATGTGAAGTCTTTGCTGC
Forward GGTGCCGCTGTGTAGGAAAGA

CDl14 450 bp
Reverse GGTCCTCGAGCGTCAGTTCCT

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase, TNF-o.: tumor necrosis factor-o, IL-6: interleukin-6, IL-8: interleukin-8, TLR:

toll-like receptor
3. RNA =2| & cDNA &4

ZA] RNAT Trizol §9 (Life Technologies)S ©]-8-3}¢]
wefskeit. 7here] 7)&shd, i AlE PBS®E Al staL
Trizol €48 ¥o] AEXE 78 ¥ chloroform FZ} isopro-
panol HAZAS AXHA RNAE E2|sI3t) 2% RNA
£ diethylpyrocarbonate = Mg+ FF5ol = & HFFE
AE o]gsle] A3t cDNAE /48] flsted 1~2 g
2] RNAS} &89, 500 ng2] oligo-dT primer, 15 U2] avian
myeloblastosis virus & AAFE A~ (Promega, Madison, WI, USA),
20 U€] RNase inhibitor (Promega), 1 mM<2] dNTP, 5 mM<2]
MgChE E3tste] 20 pie] Whg-oE whEgich o] whgois
42°CollA 3083 REGAIZD F- 95Coll A 5E3E 7ol aAE
BEgds}t Al7]aL 5TelA 1027 FATE Al AR
W7kA] -70TCell B3kl

4, ZEEAHMEELZ (polymerase chain reaction, PCR)

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), TLRI,

TLR2, TLR3, TLR4, TLRS, TNF-o, IL-6, IL-8, CD14¢l| tfjgt
primerE A8-3l] cDNAE F3%3}3T} (Table 1). PCRE 5
&3l7] $15+e] cDNA 2 pl, &89, 02 mM dNTP, 1.25 U
Taq polymerase (Takara, Otsu, Shiga, Japan), primer, 2 mM MgCl,
£ YolA 50 wel vREAS T $ 94TelA 30%, 55~
60C Alol9] annealing temperature®l] A 30%, 72°Coll A 183
HEEAI AT

5. Quantitative Real—time PCR

Real time PCRS 4~3J38}7] $]3F¢] RG-3000 (Corbett rese-
arch, Sydney, Australia)< AH8-3F{TE 100 ng®] ¢DNA, 2.5 pM
9] primer, 29 &%=2] QuantiTect SYBR, Green PCR master mix
(Qiagen, Mainz, Germany)E @] &39S RHEUTE PCRS
&t7] 918l 95CollA 158 &2t = F 95CellA 15%, 60Col
A 6027} 35 cycles WHSAIZATE ST O 2= cDNA
WA &S mixtureE ARESIIOH ZF AlRe] tigk PCR
triplicate = =332t} PCR Z¥}E Rotor-Gene6 software
(Corbett research)S ©]-8-3t4] A1kt

o
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6. Enzyme—Ilinked immunosorbent assay (ELISA)

o

e mAel Wi
vl A e
BHokouLHoﬂ 6].0

S FA3ste] ELISAS A8
3kglvt. 7hefs] 7]<3sbA ELISA plateoﬂ IL-8° gt capture
antibody (R & D systems, Mineapolis, MN, USA)Z- coating3}t 5~
Aol A 3R Fet WA EITE -84 4R (bovine
serum albumin)2 ©]-&3}¢] blockingS A|&3stL A Z
welloll =H31E uﬁoko_ﬂg Qa1 A4 247 EQk Hx]
331t PlateS M2 gk 5 biotinylated anti-IL-8 antibody (R &
D systems)S YL 220l 2A17F SoF WESAIZ & AR S
t}. Streptavidin-HRPE 23l 2037F RESAIZ] § Al staL
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Figure 1. Culture of human fetal RPE. (A) Phase contrast
microscope X100 (B) Indirect immunostaining of pan-cytokeratin
in primarily cultured human fetal RPE.
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Figure 2. The expression of TLR1, TLR2, TLR3, TLR4, TLRS,
and CD14 in human fetal RPE and U937. (A) The human fetal
RPE were cultured in DMEM containing 10% serum. Total RNA
was isolated and RT-PCR was performed. (B) The U937 cells
were cultured in RPMI 1640 containing 10% serum. Total RNA
was isolated and RT-PCR was performed.
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Figure 3. The effect of LPS on TLR2, TLR3, and TLR4
expression in human fetal RPE. (A) After LPS treatment for 7h at
variable dosages, total RNA was isolated and RT-PCR was per-
formed. (B) After treatment with 10 ng/ml of LPS, total RNA was
isolated and RT-PCR was performed. (C) After LPS treatment for
7h at variable dosages, real time PCR was performed using pri-
mers of GAPDH, TLR2, TLR3, and TLR4. Comparative expression
levels were calculated.

HjtE AEZZRE RNAE E2/3le] RT-PCRE TLREZ}
CD149] &S
TLR2, TLR3, TLR4, TLR57} &l a1 113l U937e] v
a4 TLR37F wol s ar ik b a/dslo) A CD-
14 A2 FEm 9o} Uugzzol vlshA mjg- e =
o]3drt

AT (Fig. 2). Be289]914 TLRI,
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2. LPS7} TLR2, TLR4 Zr&dof O|X|= ¥st

WP ATl o 4] ARt Al3EE AJEQl LPS7F TLR2 =
2 TLR4 &S W3IA7]5A] RT-PCRE A HSIT]E 2=
H 2ol 4] TLR29} TLR4E UA4sHA) vt
FEE 1 ngmlF-H 1 pgml7H] 57}
AAA TARE Bt Asiels w o] wistEA] gkokrt
(Fig. 3A). %3} 10 ng/ml®] LPSZ H713F 3 3A171LE 244
WA gelskdS W= TLR29F TLR4 &S Walw]#] oF
9k} (Fig. 3B). LPS7} TLRE W&o x| J&kS A ghs]
3218}7] 9184 realtime RT-PCRS A3t} LPSE |
ng/ml5-El 1 pugmle) 557k 22sk3dS vl TLR4S 23
ool A3 WM3l= Holx| @kom TLR29} TLR3+= <H
S7FekE 4eS BT (Fig 30).

2 8EE0| TNF—q, IL—-6, IL—8 |XX} L&
5t
o

Mxt AE21 LPS, peptidoglycand} F4t AJE-<1
Hlo]# 22 A2l poly LCE ©]-&ste] HetA s
gk & RT-PCRS ©]-83}l TNF-0, IL-6, IL-89] &&d
3T 6 well plateol] vk Z+ bl 4 gslof 50 ng/mle)
LPS, 100 pg/mle] poly I:C, 10 pg/mle] peptidoglycan, 100 pg/
ml®] zymosans 71 & 3A)7ko] At Fo] RNAE &2
3ISITE TNF-a 232 LPSE A st MEoA A3
LC HEM= fgF S8k (Fig. 4A).
Peptidoglycan©| L} zymosans * 2|3t 7-9-oi= TNF-a &*&
o] FrE=ER] STt IL-69F IL-8 ¥ = LPSS} poly I.C #
ol oJsiA] oRE Frtshe S BTt (Fig 4A). 7 v
AE s TS o= 3ARF 53 AEe F TNF-o
W3S RTPCRE Z431%h LPSE A& 49l 10 ng/
mlF-E 10 pgml7HA] &3S S7HIS ol TNF-o 30|
AA A S7FsF oL 10 ng/mld} 100 ng/mle] &7} 218

ol njsA o Z Aoz el (Fig 4B). Poly LCE %]
F/] & 799 10 pg/mlF-E] TNF-o H&o] fFEEomn o]

= 2% oEX o)A} (Fig. 4B). Peptidoglycans 1|3+ 7-9-
o= 100 ng/mlFE 10 pg/ml7hA] thdgt 8o A %= TNF-o
o] FEEX] Ut} ZymosanOZE 2|3 Aol 1
pg/mliF-E 100 pg/mle] &FelA TNF-a Ldo] frE=A] &
ST} (Fig. 4B). LPSE A 3A poly LCE A 2]et3&
TNF-02] T7h= AF=8k 5 24kl A] 4AI7E Afolel] 74
2o S712 B (Fig 5A). IL-6= AF=8HA] & Aol
A B E AL 9J%lal LPSS} poly L.C A 2]ol ofsiA 23l
o] T7FI T o] "= 4] AEH AT (Fig. SB).
IL-8 LPS, poly L.C Aol ¢JaljA wdo] F713l3laL o

mosan,
x}l

m1o il ﬂl
r—{u:

3} 3L poly
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Figure 4. The effect of microbial components on cytokine expression in human fetal RPE. (A) The human fetal RPE was cultured in
the presence or absence of LPS (10 ng/ml), poly I:C (50 pg/ml), peptidoglycan (100 ng/ml), or zymosan (100 pg/ml) for 3h. Total RNA
was isolated and mRNA levels of TNF-o, IL-6, and IL-8 were analyzed by RT-PCR. (B) The human fetal RPE was treated with variable

dosages of LPS, poly I:C, peptidoglycan, or zymosan for 3h. The levels of TNF-a mRNA were analyzed by RT-PCR. PTG; peptidoglycan,
Zymo; zymosan.

e 2h 4h 8h 12h @ 2h 4h

8h 12h 24h
C LPSPIC C LPSPIC C LPSPIC C LPSPIC C LPSPIC C LPSPIC C LPSPIC C LPSPIC C LPSPIC
[y - GAPDH — - -—— emee - e
S———————
e IL-8

8
_— 7
£
5 6 —
£
§ > |
—
5§ 2 ]
[&) 1 -

o I , . . [

0 100 py 1ng 10ng 100 ng 1ug
LPS {/ml)

Figure 5. The effect of LPS and poly I:C on TNF-q, IL-6, IL-8 expression. The human fetal RPE was incubated in the presence or
absence of LPS (10 ng/ml) or poly I:C (50 ng/ml). At different time interval, total RNAs were isolated. Then, mRNA levels of TNF-a (A),
IL-6 and IL-8 (B) were analyzed using RT-PCR. (C) The cultures were incubated with LPS for 24h and culture supernatants were then
harvested. The levels of IL-8 in the culture supernatants were measured using ELISA. PIC; poly I:C

A LPSQ] 9ol 241 YERA 24A1774A] A BAY (Fig. 5B). LPsell 2|3 IL-829] #u]E A3 $st
53 poly LCE 2AIHFE LERGA] 8AZH H A& o] ELISAS AFE313At). AlEZS 24 well plateol] 24~48*1]7F
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Q LPS
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Figure 6. The effect of serum and soluble CD14 on LPS
induced TNF-o expression in human fetal RPE. (A) After LPS
treatment for 7h at variable dosages, total RNA was isolated and
RT-PCR was performed. (B) The human fetal RPE was cultured
in serum-free DMEM. After LPS treatment alone or with soluble
CD14 (0.1 ng/ml) for 3h, total RNA was isolated. Then, mRNA
levels of TNF-o were analyzed by RT-PCR.

o

b ulet - LPSS A7FShal WA 24417F0] A o
FNE FASATE vFNE o]-8-ato] IL-8o] gk ELISA
= 383 A3} LPS 100 pg/ml*tE IL-8 17} 7459l
£ 100 ng/mloll A Z x|l D3t} (Fig. 50).

1 = o

4. @31 soluble CD14 EXt7t LPSO| 2|8t TNF—a &

TLR49} 3] LPSE Q14)3k= 84?0 CD14 &4}¢] &
o] LPsell ¢J3l4 4 ==%] RI-PCRE E1}3it}. ot
A 24T o] LPSE | ngmlFH | pgml7hA] &S ¥t
o] A23I3S W CD14 HEL 1 pgmlS A2 AlZA
Tk oF7F S8 (Fig. 6A). €33 soluble CD147} LPSO|
o3t TNF-o W&ol A& F&S B7] fate] Py
ylo Pio] Q= wiXE Y& F 343 FoF LPSE A
3t WA TNF-a 23S RT-PCRE 43It €4 Qe
ul o] wfjekE WEtAAAts]e] LPSE A2l sk 9o TNF-a
7} B wmEkeltt (Fig 6B). &
d = HiX ol CD14E 0.1 ngml F=2 F7Fskal vhA
LPSE A3l¢lth CD14 H7fell 2f3)A] TNF-o H&do] S7F
31T} (Fig. 6B).
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Q12jake] W ARk-go gt (1,25,26). ¢zl PAMPE
+ LPS, lipoprotein, peptidoglycan, flagellin, zymosan, dsRNA,
ssSRNA, bacterial DNA 5©] 1Tk Aol A 107H4] &4<]
TLRE©°] 8134 lom o] FoA TLR2: lipoprotein,
peptidoglycan, zymosan= $12]8}31, TLR4E LPSE {1435
TLR3E dsRNAZ <123k} (1,25,26). TLR &2 A Ewnjc}
th2H TLR4E thAAE, DX s v]Re ol AXs
oA WAE= WIH TLR3E FIAE 5 FAIAE <
ASHAl AT (1929). & AAAR wiES Abs o}
wkAl b3 Al ol A= TLR1, TLR2, TLR3, TLR4, TLR57}
#=aL IAaL U937# W wj TLR29} TLR4 ¥
%O TLR3 e @A w2 A Al A &
A9 E dide = & Aok AR 233t (15). TLR3
7b A BEEE AL A A A T vho] e
ol g o7l del Fedd TS AlAlsh, o=
P T M 3E7L cytomegalovirusE H]ESE vlole 2~ 7F
Aol FAAES A Avte] AL A= Az (6).
LPS+= LPS binding protein®} 233t $ 2 A2 3
21= TLR4-CD14°) ZAgtela o]5 MD2Z %3} signal path-
wayE AXA AAEZE SASIAZITE (24,25). TLRAE= LPS
9 78 991 mAYE AR o} heat shock proteine

A
HIEEE Ui IAFER= IS 5= SlofA] afd ool

A e o

2
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A Sl ek 15 Fate dgEd Q. &
o ek el TLRAZE WAL (5). ek
9]

Aol A ICAM-1, IL-6 IL-1, TNF-aol] 23]
A F7HE L ‘/]’ LPSell oJsliA] FgFA] okrh= A7} (9,
20)7} 9l WA, CD149} TLR47} @2lslo] LPSE <14
T AR L8 wHlRithe Ak gtk (7.8) W
ol A TLR47} E& =] LPSE Q1Asto = Halel= il
Chang 5 (4 421 Abgre] SbollA] 22 QAS Aledal] X
ke w Zhak Eul ko] Au| A E= TLR4-MD2 protein
complex”} FAEA] grolA] w2 WAL HE FAE A
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