EXPERIMENTAL MEDICINE
]

e | = AN
T 10)

Bl Rl

Q¥+t
T101-0052

RAEHBTABXHENIE2-5-1 HEHEZFEL
TEL : 03-5282-1211 (X&) FAX:03-5282-1212
E-mail : eigyo@yodosha.co.jp

URL : http://www.yodosha.co.jp/

. — 199 —



15 N R .

NK fiid/EER L &5 & —
NKG2D DOEFANICEH T HikfE

B5, BoRRkE, BHBiE
ALY, /)RR

NK (natural killer) #f2i%, EEMIECBLMIEL S, SR E - THRE L - -ACHMBE RSB LR TS 2
ERS, EHFHORIHETEREL TVWA#MEE L THSh T3, NK#RZITEEEmEIE, S BB INTSHY .
KEADBESIIODVWTIEZLOREYH2H00D, BRICHRER+*TETAL LS4 —PRRBENTES S, 3
HZW, BFBAZ2ONKLtT2—p70—-=>7&h, NKMROZBHMEE & SRR TOEREFBES HICE -
T&7H. NKEMELET2—D1DTHZNKG2D ', BERE, BCRAMERRE, SHEBHEIERORER

BICENT, POMEREERAZLTWBZ EHHBAL .

F—D— K@ NKG2D, BERE, BCREMERK, /\ 17Uy RULIZAIVR

.................................................................

NK (natural killer) #821%, £ AN IC BV CREGRIE
RPHEERE, BHBHIEELZSIChrboTwaIE
PHION TS, NKMgo#eex, AN, EF
Al RELEALMRERIL, BEHAEEIER
THILIZHB. LiL, NKfIEEL LTS —
RHELTED, LrbLeTy—0RB /5 — K
— T3z, FIEA S = XA IERBERED S,

NKMifgx, &aiokTEBY, HEICE BEES
L EHEMMRICHT L CHIBBEEEEZRTI &N
T&5. NKAilgiz#sL 75 —LidibL &7
F—%2HWT, EFMREEEHBREZSNTS. IEH
Bl €75 — 12T MHC (major histocompatibility
complex) 7S AT ZFHBLIAF LV FVERIER 5.
ZTOLHDNKMAIE, THEO X ICBIREZI1T%L
EOHCEEMBICH LTREERELS. T/, &
HALL T — 3SR P L ARSI EHESR

HEANYF L FE@EBL, NKHRZiERLT 5.
NK fifa oMl EEF I, AEISDT FF DN
FUVATHIBEENTVWBEEZSNTWAD,

NKG2D 2, NK#ifgomeEIzh 00 R%kE %R
FTELTEHSATWBERILLETY—THB. b
b NKMilsOAKNTORE %, NKG2D 2+
DI LT &7, Z0#R, BOCRERERKECE
BERREIEMIC B VT, NKG2DASEC 5L TWwa
EBHL P LR o AT, EESE, BCHRE
RE, BHMBHEBICBIANKMBROKRS %,
NKG2D % H.M 2T 5.

NKEE(EL 75— NKG2D

.................................................................

© NKG2D

NKG2D id, NKHIlROFE-s4rExHS & LTF
HE3hTwasiERELVET S —Thb. §XTOHNK
Mifa, —&8o> CD8* THifE, y 6 T#Mifd, NKT Mg’ &

Roles of NK activating receptor, NKG2D in vivo : tumor immunity, autoimmune disease, and bone
marrow transplantation

Kazusa Ishizaki/Kouetsu Ogasawara : Department of Intractable Diseases, Division of Clinical Immunology, The
Research Institute, International Medical Center of Japan (B3 FEIFRER - >~ ¥ —RF i i1 5 BT IRER IR BT 72%)
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RBE NK@BoHEEsREsrs

TRIL TS, EBEMIZE, CELIF UV *VIEBT
5. NKG2D 8k, 7P MEEF—T7%b7%
WS, 77 —GFFREaeLERL S
z#¥5. ¥vUA, bt FNKG2D L&&35DAP10
X, YxsME®F—-7%3b%, PBXF+—E¥ExHVTY
TrNEEETSH, £/, ITAM (immunoreceptor
tyrosine-based activation motife) % %2 DAPI123,
<y AERIENK il AR L TWw5. CD8*THM
BIZ8B1F 5 NKG2D i, TCR (T cell receptor) #i
Br¥Ed s8R LTH TS, —4,
NK#fgicbw»Tid, EHfbve7y —L LTHEEL
TwaY,
ONKG2D ) H K

NKG2D V) # >~ Vi, MHCZ 7 X 1 L &R
LTWwaHES V7 ETHAH. B FTIEMIC (MHC
class I related chain) A, MICB, ULBP (UL-16 binding
protein) 7%, =7 A TIZRAE-1 (retinoic acid early
inducible-1) 77 3 —, H60, MULT1 (murine
ULBP-like transcript 1) ##&EEh T35, £ D
NKG2D J # ¥ FiZBAOEFEMBICIIER LTV
WA, REBRRIREBIC2S LBBAMNFESINS. OF
D, NKG2D U A~ FiZ, MM o»DA LR %
ZITRERE LI L2 RERNLIEET S “danger
signal” & LTHWTWAEEZEZ LN,

..................................................................

QO EHRE & NKG2D

NK i, EEMoREERBREIIBVTE—
WTEH{MRTHL. NKHMRBOTESERICBNT,
NKG2D PEELRE LR LTwH I L5, HED
METHL M ICERTWS, EFMBETRERL TV
ZWNKG2D ) v F93%  OBMRRKR L ELEIZB W
TREALTVALILHL, BEDOERIZHE - TNKG2D

%1 CEULIFY
Ca®*REBMizEDS, ZNKELTRBERBATIVIFI K
XA Y EARRMERE DY VI EDRH.

x2 FPITI—-9F
VS IEENE S DEEERICHER RXA Y EETBNTF.
FNESREREMEDIL.

YH Y ENFESN, NKMROGEEEENFHE S
NLZZENFHINLDY, EB, YT RAIIREBEYWE
PHRETLENKG2D Y F Y FAEFEINSLS 2k
%, PINKG2D #HIHhOE5I2 L ), (bERBICH
THRZUNSLEAT DI EMS, NKG2D idAMERIC
B EEOREESARBBIIBVT, EETHEI L
VAV X (WA
ONKG2D U H» FREBRBIMX A= X LA

FhTiE, EBEELICEI NKG2D Y ¥ FoRHI,
EDXHCHBENTVEDES ) 2. ZFOHIEEE
D 12&LT, ATM (ataxia telangiectasia, mutated),
ATR (ATM- and rad3 -related) OiEHLAHIFSH
TwWa"., BT, BEFIIRELZE/ZLTWS
TENBNI LD, BICDNAFA—JIZHET %
BEICHHATM, ATRASEM LS, NKG2D V) &
YEOREAFERAL TR EEZLNS.
© NKG2D %4t U /- BEE#AR 0 St B 6815

—%, bR ADE  DEHIZHWTNKG2D
VAV EBRRBELTCWwWAEEWH Z EE, ThoDfE
MR ERE LR L TVWA W) L2 EKRLT

S WwWh, EFEMALIE, NKG2D—NKG2D Y ¥ FiZ &

HHEERESETEFICL - T, IPICREERY
ENTWE, e MEREFOMEDIZ, BBEOTENY
MIC % Y7 BMREEITEY, CD8*THIRIZBIT
% NKG2D 4% down modulation STV 5 &) iy
28, RAE-1ZBEBHLALIS VA VzzZvrw
TATIED &b & NKMRARE LD NKG2D OREH L
UMK, REVEICH T HBEXEIE RoTw
B9 ZehEINTNS. ©2F Y, NKGZD Y A~
FOEENZFERIINK Mz CD8* THIRIZHBIT A
NKG2D @ down modulation %51 &#&Z L, ThbHD
HMoMBEEEEE L2 T5 L E2 6505, NKG2D
® down modulation it DAP10 ¥ 7+ VO TFTHTH %
CEMNTRBERTVELONY, FLWAHI=Z XA
CDWTH, FAEBE LML TV, NKG2D O
down modulation ¥l § 5 2 & T, EERIEZEDEA
PHFENEIEND, SORIBINVRFELNS.
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NK $1;EHRIL £ T 59— NKG2D OEFRICHIT HHEE

RAE-1/HPRT
0.15
T
0.1
0.05 -
o+L— 1

BALB/c NOD

1 BALB/c ¥ X, NOD~VJ XDIERIZH TS
RAE-1 &3] _
12 ~ 16 @D NOD Y UATIZ, ENREERTHHIE
RICHBIFD RAE-1 ORIRED, [BUBED BALB/c Y
HRAEHBUTERLTVD

..................................................................

O BCR&KSB & NKG2D

NK#ifa & CDS* THifa o &I E LT, APLRA%ER
J-ECHBEOBRENRHITFONE. ThE TICRRT
X755z, EEHBERA ML A RO
IZNKG2D W # ¥ FBHwHRTWA, LA L, NKG2D
YA FOREYREN, BCREREREDTZ
&%), FROBEIIES L TVWAE I LHIRK X
nTwa, £, b oOMEY 7~ FEEOREMR
R, )T v rRBEOR LEMT, MICYF > F
DEBRVBLERELTVAIESRESN TS,
O I BHERH & NKG2D

bhbhiz, TEERKEFLVLITIA (NOD<Y
A) ZHWT, HOREEER®BIZEITSNKG2D D
BEEHLAHLMI L. TRBERKBIE, A VXY VE
AR MR E RS THBICHEESNAZ L TH
EXER IS, NOD<7 A Tid, HERGHECDS
THIFEASA 2 VEEMBEABTLILEVAON
TV, BEAHNZALIZOWTREAHLZ2EDLS
V. NKG2DiZ, ZOHCBRIGMCDS* T HifaniEss,
EHLICES LTBY, REBERICEERKRE LR

EERES Vol 25

(%)
100

X2 #H NKG2D fffiFlc & 3 B REMLFERRE
BAEDHNH
7B8D NOD Y9 RIC, #iNKG2D chilfis (@) &
fzZ@ PBS (O) #R5L, SBERICHITBERRDR
FEEEHE UL, HiINKG2D hifiER5HTE, BR
RORELE L <IFIENnre

LTWhDTH52,

F¥bhbhiz, ENEETHLIEBICBIT 2
NKG2D ) #'v FOREBABRE L7z, NOD <7 ADK
JETIEINKG2D ) # ¥ FT&» 5 RAE-1 DRI
BALB/c v AL HBELTELLEAELTE) (K
1), 12~ 168822 5 LOfFss & LB L TEWR
BAamRLA. 85610, EREICEETACD8 Y THMAIC
BUWINKG2DHBEBHLTWAZ XD, HEHEHE
CDS8*THIBBICE A4 VA VEAMBOKEIC
NKG2D 2S5 LT 5 & L AR E 7.

RICHINKG2D H#f1yifk % NOD =7 XI5 L 7-
L%, BERN~OBECKIGHCDS T HMigDiEEH
W SNERICERBOREV IR sz (K2).
HNKG2D k512 L ) CD8* T MifatésE -
EHALAEH S hizZ &6, NKG2D*CD8" T #ifz
A1 BB R OFRBETE IR CBE LTV A T LA
Lhkikol.

..................................................................

EREEMORZICL ) IRBBHEITEEIC ko722
T, B DEBEEDIHEETESL L) ITE-72. L
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¥R NKEROBHTIHSECES

BBEM (AXB) F1NK
A
(AXB) F1
B
A
horg 4
c
B

B3 NTUyRLIXZ L ZDEER

a3 MHC EHDYIRAE, bEWLS MHC &S
DYIADTFE, (AXB) F1 Y9I, a, b®MHC
EHTD. a ERRITREIELETI—F S, bER
HOBIEIMLETY—%D £TB. A) (AXB) FI
TOADBEHSIE, 8’ b AL SHEHTITFIL
(—1) BABrs, EELIEL. B) C) BYIUR
HSiFa FeED SOV IFILUIASHWS,
HIEIN'SEE D, 1B1ET D

ML, BHEICIEICHEBEVIBENDETL). B
ML, MHCORZLZZ FF—HEOMlax L > ¥
IV MOTHRHFBECLERL THEBT LI L2E
ZERTERI S, 20729, BEOKINIZIE, Fr—
LV MPOMHECE2EbEEZE, LVELY
b O RIEE LI % B REREHC & o TR L TBY
ZENEETH .
QO BHBIEENITUY KLY RE VR
BHEHEOEEIZIE, FINATYY FLIYRAY Y
AEVIHIRBELBSMONTWA, ak ) MHC

B
CB6F1 — CB6F1

>

BALB/c — CB6F1
] 320 115 26

CD43

4 BHEBBEMBRZIC ST 3 RAE-1 ORE
BALB/c Y URECBE7BL/B YO RERITIEOER
CBBF1 ICEBHELIZBALB/c DBHMEICHWLT,
RAE-1 B'BRBEL TV (A). —F. BHRDET SIF
L), CBBF1 {CCBBFT DEEMREZBELICETIE,
RAE-1 DBRRIZRH SNEL (B)

ERETHLDOVYIAAL, bEvw) MHC #FKETH
DI ABR#ITAbYE (AXxB) Flvv R, a,
b HFDMHC #3345, 0=, (AxB) F1v
TATIE, aBLUbIHLTRIET S THIREAHL
DBETHRESR, BOMHCIIH LTREERIC
oTwh, 2Fh, (AxB) F1IZA F7/213BOKE
BABHMLCHIERIIEZ OS2, L2 L THEYIE
OMHCIIH LTHRBERF IR TVHIZH bbb
3, BoGhMRIEHEIRTLES. ChETO
EhH, N TYy FLIYRSY ¥ 2 HEHRES
ONKMBEAFECEELTWAEIEFHOhE R oT
l/‘ém.

A7z & 912, NK#Mf:, B MHC % 32:#%
THMEMHRL TS —DoDY 7 F LT, BOMAEIC
HLUTREBERIIR>TVAEEELLRTVA, (A X
B) F1®ONK#Mifgix, &%, a, blHH»SHHIES 7
FUBAoTWS., LIL, BHROBEMR? LI,
a¥ B3 bDY T F NV LIAALRWID, NKHROH
HIAEET 0, SEBEISEZLESNTWS (H3)Y9. L
ML, MEBLL Sy - TRIEATELRVEDLS
{, NATYy FLIYAT Y AIERIELE T ¥ —id
BELTwa0rEd, RERKENLLR TV
@ONKG2D N1 7y KLY 22U 2R

bhbhiz, "M 7))y FLI RS RIZ, EHE

Lt 7% —ThANKGZDAEELTWEI L ZHS
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NK #EEE 43I 79— NKG2D OEFAIC ST Dikss

MIZ L7, BALB/c v o Rk

30 1(10° c.p.m.) . FNP
C57BL/6 %% A% #iT & b4 KF— LEI-b
(BALB/c X C57BL/6) F1< ™ AIZ [ ] cBeF1 —cBeFt
BALB/cOEBZ BT 5L, - [ ] BALBIc ~CB6F1
BALB/c B 561812313 5 RAE-1 l l J:
ORBFALAVBRE SN (K4). F ]
20 4
72, BHHICHNKG2D FRfHE 5
#5535, BALB/c Bl AE =
] < BALB/c YYD BHE
AL (H5). LA LC57BL/6D T CBF1 X2 ICBEL 7
BHZBML TH RAE-1 DEBRIZ 7 BHROBRECHITDEMmE
h 125
ERET, HNKG2D RO (5 1's o0 b
ByAhonholl bhd, =7 107 deoxyurideine) (MEIDIA
ADRFIZL > THEHD AN =X A HFTREEIUIE (['251]UdR I,
) ) B E TR B 12 B
PREHCE VRO L LT . BIICHS). 1 NKG2D i
2512, RAE-1 h5 v 2V =y PERSE (Anti-NKG2D)
] . F. NK @Bk =2
7oA (RAE-1 Tg) EfERL, ’l (ANti-NK1.1) ERHEICS
FEEBHIERANKG2D ¥ 7D 0 o ra—n 'A Ka2 ' . BEBOES L SmEE
HTRIY D BIEHRE L. I T oBmmsaoL

C57BL/6 RAE-1 TgRBHAEB D  mp 5 NKG2D hFAESEIC LB N1 Ty KLYZ 2R

C57BL/6 LRILMHC 2% LTw5 - DO
7, BEMFLIC B\ T RAE-1 2585

RHLT5%. C57BL/6 RAE-1 Tg DE#i% C57BL/6
BT 5 L BEERIZIER S, HNKG2D S

HoO¥EIZEDEZF L. 2F), FF—MHCH -

Bl—T, VYELY FONKMABIZIE S 7 F i
Aol LThH, NKG2D ¥ 7/ F L DiEHILOALTE
PRI AT ESHO N E o7,

..................................................................

10FIFERM F CTIENK MRS NK EHILL &7
F—DHFEETSHONT W h o728, NKG2D &%
DYFTYFOERIZEY) NK#REOZ < DRERELC
NKG2D #B5- L T B Z L 3B Sk 2572 NKG2D
1%, NKHMifa2°CD8* THIKOMEEIIK & 2 %E %R
72LTBY, ZLORBOEEDY =7y e LTH
FEhas, SHEOZRIZE D, NKG2D @ down mod-
ulation®, NKG2D Y # > FORBEAH = AL &S
BIEE N, BERERLHCREREORERRF L L0
B ShAZ EFHFLV.
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ABSTRACT

Since human gingival fibroblasts are the major
cells in periodontal tissues, we hypothesized that
gingival fibroblasts are endowed with receptors
for bacterial components, which induce innate
immune responses against invading bacteria. We
found clear mRNA expression of Toll-like
receptors (TLR)1, TLR2, TLR3, TLR4, TLRS,
TLR6, TLR7, TLRS, TLR9, MD-2, MyD38,
NODI1, and NOD2 in gingival fibroblasts.
Gingival fibroblasts constitutively expressed these
molecules. Upon stimulation with chemically
synthesized ligands mimicking microbial products
for these receptors, the production of pro-
inflammatory cytokines, such as interleukin (IL)-
6, 1L-8, and monocyte chemoattractant protein-1,
was markedly up-regulated. Furthermore, the
production of pro-inflammatory cytokines induced
by TLR and NOD ligands was significantly
inhibited by an RNA interference assay targeted to
NF-kB. These findings indicate that these innate
immunity-related molecules in gingival fibroblasts
are functional receptors involved in inflammatory
reactions in periodontal tissues, which might be
responsible for periodontal pathogenesis.

KEY WORDS: TLR, NOD1, NOD2, fibroblasts,
innate immunity.

Received July 11, 2006; Last revision September 28, 2006;
Accepted November 5, 2006

Functional TLRs and NODs
in Human Gingival Fibroblasts

INTRODUCTION

In the innate immune system, pattern recognition of micro-organisms
should initiate host defense against invasive pathogens, where pathogen-
associated molecular patterns are recognized by the pattern recognition
molecules of hosts. Representative pathogen-associated molecular patterns
are distributed on bacterial cell surfaces, such as peptidoglycans,
lipoproteins, and lipopolysaccharides (LPS), and intracellularly, such as
specific motifs of RNA and DNA derived from viruses and bacteria. Recent
studies have demonstrated that, in mammals, these pathogen-associated
molecular patterns are recognized specifically by respective Toll-like
receptors (TLRs). Peptidoglycans and lipoproteins are mainly recognized by
TLR2, double-stranded RNA is recognized by TLR3, LPS is recognized by
TLR4, single-stranded RNA is recognized by TLR7/8, and bacterial CpG
DNA is recognized by TLRY (Akira et al., 2006). More recently, it was
reported that intracellular receptors for two active entities of peptidoglycans,
desmuramylpeptides containing diaminopimelic acid and muramyldipeptide,
were recognized by NOD1 and NOD2, respectively (Chamaillard er al.,
2003; Girardin et al., 2003ab; Inohara et al., 2003).

Fibroblasts and their extracellular matrix products play pivotal roles in
maintaining the structural integrity of connective tissues, in healing
processes, and in pathological alterations (Buckley et al., 2001). Fibroblasts
are not a homogenous population among different anatomical regions, or
even within a single tissue, and are considered actively to define the
structure of microenvironments and modulate immune cell behavior by
conditioning the local and cellular microenvironment (Buckley et al., 2001).
Human gingival fibroblasts are the major constituent of gingival connective
tissue. In the initial studies on the innate immune responses of gingival
fibroblasts, the cells were found to produce various inflammatory cytokines,
such as interleukin (IL)-1, IL-6, and IL-8, upon stimulation with
lipopolysaccharide (LPS) from periodontopathic bacteria (Takada et al.,
1991; Tamura et al., 1992). Subsequently, the heterogeneous expression of
CD14 by gingival fibroblasts was reported (Sugawara et al., 1998).
Concerning TLR expression, gingival fibroblasts constitutively expressed
TLR2 (Hatakeyama et al., 2003; Wang et al., 2003; Okusawa et al., 2004),
TLR4 (Tamai et al., 2002; Hatakeyama et al., 2003; Wang et al., 2003,
Okusawa et al., 2004), TLR6 (Okusawa et al., 2004), and MD-2
(Hatakeyama et al., 2003), and produced various cytokines by interaction
with their ligands (Sugawara et al., 1998; Tamai et al., 2002), indicating that
gingival fibroblasts actively participate in inflammatory processes and
immune responses. However, NOD molecules in gingival fibroblasts have
not been reported so far.

To elucidate the possible expressions of TLR1, TLR3, MD-2, TLRS,
TLR6, TLR7, TLR8, TLRY, MyD88, NODI, and NOD2, as well as TLR2
and TLR4, in gingival fibroblasts, we examined the mRNA and protein
expressions of these molecules using RT-PCR, flow cytometry, and
immunostaining in vitro. Additionally, we examined whether gingival
fibroblasts secreted pro-inflammatory cytokines upon stimulation with
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a 4 d diaminopimelic acid (DAP), FK156 (p-

orwar reverse lactoyl-L-Ala-y-D-Glu-meso-DAP-

TLR1 CTTTGGACTTCTGACATCTTATC GATATTAGATAGTTCCAGATTTG Gly), was supplied by Astellas

TLR? GCCAAAGTCTTGATTGATTGG TTGAAGTTCTCCAGCTCCTG Pharmaceutical Co. (Tokyo, Japan).

ceT Anti-TLR2 (TL2.1) (mouse IgG1), anti-

TLR3 CAGGAATCCCATGTATTTATTTGT AACCATGCACTCTGCTTGCGAAGAG TLR3 (mouse 1gG1), anti-TLR4

TLR4 GCACATTTTCTACATTCC CCTTACATCTTTTACACG (HTA125) (mouse IgG1), anti-MD-2

MD.o TGGATACGTTTCCTTATAAG GAAATGGAGGCACCCCTTC (rabbit IgG), anti-TLRS (mouse IgGl),

AGGCCAGCAAATGTGTTCTGGTC TGCTCCTTTGATGGCCGAATAG anti-TLR6 (mouse IgG1), anti-TLR7

TLRS (rabbit 1gG), anti-TLR8 (mouse IgG1),

TLRE TTGGACTCATATCAAGATGCTCTG TCAGAATTTGTAGACTTTCTGTCTC anti-TLR (mouse 1gG1), and anti-

LA GCTCCCCTGAAATATGGGCAATCTC  CTGCTAAAATTAGAGGAATTAGACATC  MyD88 (rabbit IgG) antibodies were

7 AAAACTGTGGGCCAGCAAATGTGTTG GAAGCACATCCCAAATGAAGCATTCC purchased from eBioscience (San

TLR8  1cCAGGGCCCGCAGCGACGTA CAACTTCACCTTGGATCTGTCACG ?‘gg)“ Cg" Uf'AIZi (;\I;‘;_"?OD: gg‘g;
TLR9 g and anti- goat Ig

TAAGAAGGACCAGCAGAGCC CATGTAGTCCAGCAACAGCC antibodies were obtained from Cayman

MyD88 TAGTGCTGTTTCTGCCTCTC AATTTGACCCCTGCGTCTAG Chemical (Ann Arbor, MI, USA). The

NOD1 AGCCATTGTCAGGAGGCTC CGTCTCTGCTCCATCATAGG isotype control mouse IgG1, rabbit IgG,

NOD2 TGAAGGTCGGAGTCAACGGATTTGGT CATGTGGGCCATGAGGTCCACCAC and goat IgG were purchased from

Sigma-Aldrich. Non-enzymatic cell

dissociation solution (CDS) was

obtained from Sigma-Aldrich. All other

b reagents were obtained from Sigma-

Figure 1. Expressions of TLR1, TLR2, TLR3, TLR4, MD-2, TLR5, TLRS, TLR7, TLR8, TLRS, MyD88, NOD1,
and NOD2 mRNA in human gingival fibroblasts. Fibroblasts were cultured until conF(

After incubation, the total RNA was extracted, and the mRNA expressions of TLR1, TLR2, TLR3, TIR4,
MD-2, TIRS5, TLRS, TLR7, TIR8, TLR?, MyD88, NOD1, and NOD2 were analyzed with PCR, with the
primers shown in {a). The clear expressions of these mRNAs were defected (b). The results presented

are representative of 3 different experiments demonstrating similar results.

respective TLR and NOD ligands, to determine whether these
pattern recognition molecules are functional. We used only
chemically synthesized components, because natural microbial
preparations are inevitably contaminated with minor bioactive
components that might confuse the results.

MATERIALS & METHODS

Reagents

Synthetic muramyldipeptide (MurNAc-L-Ala-c-isoGln) and an
Escherichia coli-type lipid A (LA-15-PP) were purchased from the
Protein Research Foundation Peptide Institute (Osaka, Japan).
Polyinosinic-poly(C) {poly(I:C)] was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Single-stranded (ss) PolyU was purchased
from Invitrogen (San Diego, CA, USA). A conventional CpG DNA,
CpG DNA 1826 (TCCATGACGTTCCTGACGTT [CpG motif is
underlined]), was purchased from SIGMA Genosys (Tokyo, Japan).
A synthetic Mycoplasma-type diacyl lipopeptide FSL-1 (S-[2,3-
bis(palmitoyloxy)-(2RS)-propyl}-[R]-cysteinyl-GDPKHPKSF) was
purchased from EMC Microcollections (Tiibingen, Germany). The
synthetic desmuramylpeptides, a PGN fragment containing

Aldrich, unless otherwise indicated.

Cells and Cell Culture

Human gingival fibroblasts- were
prepared from the explants of normal
gingival tissues of six-year-old
children, as described previously
(Uehara et al., 2005a), under informed
consent given by the parents because of
the age of the donors. The experimental
procedure was approved by the ethical
review board (Tohoku University
Graduate School of Dentistry).

vent at 37°C.

Flow Cytometry

Flow cytometric analyses were
performed with the use of a
. FACSCalibur cytometer. (BD
Biosciences, Mountain View, CA, USA). The cells were collected
and washed in PBS. The cells were stained with anti-TLR2, anti-
TLR4, and anti-MD-2 antibodies or control 1gG at 4°C for 30 min,
followed by fluorescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgG (BioSource International, Camarillo, CA, USA) at 4°C
for an additional 30 min. For TLR3, TLRS, TLR6, TLR7, TLRS,
TLRY, MyD88, NODI, and NOD2 stainings, intracellular staining
was performed. Briefly, the cells were washed with staining buffer,
fixed, and permeabilized with BD Cytofix/Cytoperm solution (BD
Biosciences) for 15 min at 4°C, and then the cells were incubated
with primary antibodies or control I1gG for 30 min, followed by
FITC-conjugated secondary antibody at 4°C for anther 30 min.

RNA Extraction, Reverse Transcription,
and Quantitative Polymerase Chain-reaction (PCR)

Gingival fibroblasts were cultured in 10-cm-diameter dishes to
subconfluence. Total RNA and cDNA were prepared according to a
method described previously (Uehara ez a/., 2005a). Using a
programmed thermal cycler, we amplified cDNA in a solution
containing 10 mM Tris-HCI (pH 8.0), 1.5 mM MgCl,, 50 mM KCl,
0.025 U/uwL Taq DNA polymerase, and 0.2 pM of sense and
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antisense primers specific for each TLR1 (cell-surface)
mRNA (Fig. la) under optimal
conditions for each primer set.
Amplified samples were visualized on
2.0% agarose gels stained with
ethidium bromide and photographed
under UV light.

Immunostaining

The cells were cultured on eight-
chamber glass slides until confluent with
or without test materials and washed
with PBS. After fixation with 4%
paraformaldehyde for 15 min, the cells

were further treated with 0.5% Triton X- f
100 for 15 min for intracellular staining

in the case of TLR3, TLR7, TLRS,

TLRY, MyD88, NODI, and NOD2. The 10!
cells were then incubated with anti- FL1H

TLR1, TLR2, TLR3, TLR4, MD-2, TLRS (cell-surface)
TLRS5, TLR6, TLR7, TLRS, TLRY,
MyD88, NOD1, and NOD2 antibodies
for 3 hrs at room temperature. The
samples were then washed and
incubated with Alexa Fluor 488 goat
anti-mouse IgG1, Alexa Fluor 488 rabbit
anti-goat IgG, and Alexa 488 goat anti-
rabbit IgG (Molecular Probes, Eugene,
OR, USA), respectively. The nuclei FLIH

were visualized by being stained with TLR8 (intracellular)
4’ 6-diamino-2-phenylindole (Molecular
Probes). Samples were photographed
with an AxioCamMR monochrome
digital camera mounted on a Zeiss
Axiolmager Z1 microscope, equipped
with Zeiss AxioVision 4 software
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Cytokine Measurement 3= 32
To investigate the production of L4 w g,
inflammatory cytokines by gingival = o
fibroblasts, we collected the T L Y T 1 LT T A AT

FLIH FLi-H

supernatant from each culture. The

production of cytokines (IL-6, IL-8, o6 9 Expressions of TLR1, TLR2, TIR3, TLR4, MD-2, TLR5, TIR6, TLR7, TLRS, TLR9, MyD88, NODI,

and MCP-1) was measured with the  gnd NOD2 in human gingival
use of an OptEIA ELISA kits  confluent at 37°C. The cell-s

fibroblasts, detected by flow cytometry. Fibroblasts were cultured until
urface expressions of TLR1, TLR2, TLR4, MD-2, TLRS, TLRé, and

(PharMingen, San Diego, CA, USA). intracellular TLR3, TLR7Z, TLR8, TLRY, MyD88, NOD1, and NOD?2 were assessed by flow cytometry.

The concentrations of the cytokines in
the supernatants were determined by
means of the LS-PLATEmanager 2000
data analysis program (Wako Pure
Chemical Industries, Osaka, Japan).

RNA Interference

Transfections for targeting endogenous NF-kB p65 were carried out
with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) and
short-interfering (si) RNA (final concentration, 200 nM) for 24 hrs

experiments demonstrating simil
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Thin lines represent the isotype Ab control. The results presented are representative of 4 different

ar results.

at 37°C, according to the manufacturer's instructions. The viability
of the cells after transfection was more than 95%, as assessed by a
0.2% trypan blue exclusion test, and the morphological character
was not changed after transfection. siRNA for NF-kB p65 was
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
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TLR1 (cell-surface) TLR2 (cell-surface) TLR3 (intracellular)

TLR4 (cell-surface). MD-2 (cell-surface) TLRS (cell-surface)

TLR6 (cell-surface)

TLRY (intracellular) TLRS (intracellular)

TLRS (intracellular)

NOD1 (intracellular)

Figure 3. Expressions of TLR1, TLR2, TIR3, TLR4, MD-2, TLR5, TLRé, TLR7, TLRS, TIRY, MyD88, NOD1,
and NOD2 in human gingival fibroblasts, detected by immunostaining. Fibroblasts were cultured until
confluent at 37°C. Affer fixation, the cells were treated with anti-TLR2, anti-TLR3, anti-TLR4, anti-TLRS,
anfi-TLR6, anti-TLR7, anti-TLR8, anti-TLRY, anti-MyD88, anfi-NOD1, and anti-NOD2 antibodies and then
visualized with Alexa Fluor 488 {green). The nuclei were visudlized by being stained with 4',6-diamino-
2-phenylindole (blue}. Scale bars: 20 wm. The results are representative of 3 different experiments
demonstrating similar resuls.

MyD88 (intraceliular)

NOD2 (intracellutar)

RESULTS

Gingival Fibroblasts Consfitutively Expressed TLR1,
TLR2, TIR3, TLR4, MD-2, TLRS, TLR6, TLR7, TLRS, TLRY,
MyD88, NOD1, and NOD2

First, we demonstrated, using RT-PCR, that gingival fibro-
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blasts constitutively expressed the
mRNAs for TLR1, TLR2, TLR3,
TLR4, MD-2, TLRS, TLR6, TLR7,
TLRS8, TLR9, MyD88, NODI1, and
NOD2 molecules (Fig. 1). Then,
using flow cytometry, we demon-
strated the cell-surface expressions of
TLRI!, TLR2, TLR4, MD-2, TLRS,
and TLR6, and the intracellular
expressions of TLR3, TLR7, TLRS,
TLRY, MyD88, NOD1, and NOD?2 in
gingival fibroblasts (Fig. 2),
consistent with the results of RT-
PCR. With immunostaining, TLR1,
TLR2, TLR4, MD-2, TLRS5, and
TLR6 were clearly expressed on the
cell surface, and TLR3, TLR7,
TLRS8, TLR9, MyD&8§, NODI, and
NOD2 were constitutively expressed
intracellularly (Fig. 3). In contrast,
gingival fibroblasts were not stained
with the negative controls mouse
IgG, goat serum, or rabbit serum,
followed by Alexa Fluor 488 (green)
(data not shown).

Induction of Pro-inflammatory
Cytokines in Human Gingival
Fibroblasts upon Stimulation with
Chemically Synthesized TLR2/6,
TIR3, TLR4, TLR7/8, TLR9, NOD1,
and NOD?2 Ligands

In this study, we examined whether
TLRs and NODs expressed on
human gingival fibroblasts actually
functioned as receptors in terms of
pro-inflammatory cytokine produc-
tion upon stimulation with the
respective ligands. It was found that
FSL-1 (TLR2/6 agonist), Poly I:C
(TLR3 agonist), lipid A (TLR4
agonist), ssPolyU (TLR7/8 agonist),
CpG DNA (TLR9 agonist), FK156
(NODI1 agonist), and muramyl-
dipeptide (NOD2 agonist) signif-
icantly induced the production of IL-
6, IL-8, and MCP-1 (Fig. 4a).

Suppression of IL-8 Production
In(fuced by Synthetic TLR and

NOD Ligands with siRNA
Targeting NF-«B p65

To clarify the signaling pathway of
cellular activation by these TLR and
NOD ligands, we utilized RNA

argeting NF-kB p65 mRNA. Many
studies have showed that NOD1 and NOD?2 signaling, as well
as TLR signaling, activated NF-«kB (Ogura et al., 2001; Akira
et al., 2006). Consistent with these reports, the up-regulated
secretion of IL-8 induced by TLR and NOD ligands was
significantly inhibited in NF-kB p65-silenced cells (Fig. 4b).
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These results demonstrate that TLRs and NODs on human
gingival fibroblasts function as pattern recognition receptors
and signaling molecules.

DISCUSSION

Since fibroblasts are the major constituent of gingival
connective tissue and are capable of producing various
inflammatory cytokines (Takada et al., 1991; Tamura ef al.,
1992), it has been speculated that gingival fibroblasts actively
participate in the inflammatory processes associated with
periodontal diseases. As described above, however, only a
limited repertoire of TLRs in gingival fibroblasts has been
reported so far (Sugawara et al., 1998; Tamai et al., 2002;
Hatakeyama et al., 2003; Wang et al., 2003; Okusawa et al.,
2004). In the present study, we examined, in depth, the innate
immune receptors in gingival fibroblasts, and demonstrated the
clear expression of all TLRs (TLR1 to TLR9), MD-2, and
MyD88 in gingival fibroblasts, although there were
divergences in their expression (Figs. 1-3). This is the first
report on the expression of TLR1, TLR3, TLRS, TLR6, TLR7,
TLRS, and TLRY in gingival fibroblasts. Furthermore, we also
showed the expression of NOD1 and NOD?2 in the cells. In
addition, stimulation with respective specific ligands,
chemically synthesized to mimic microbial components,
markedly up-regulated the production of pro-inflammatory
cytokines, 1L-6, IL-8, and MCP-1, indicating that these
molecules in gingival fibroblasts are functional innate immune
receptors.

In the case of most of the TLRs, the signaling pathways are
mainly mediated by the activation of NF-«B, although cell-
surface TLR4 and intracellular TLRs (TLR3, TLR7, TLRS, and
TLRY9) also activate the cells via IRF-3 and/or IRF-7 (Akira et
al., 2006). NOD1 and NOD?2 signaling also activates NF-kB
(Inohara et al., 1999; Ogura et al., 2001). In the present study,
we clearly demonstrated that various synthetic TLR and NOD
- ligands induce IL-6, IL-8, and MCP-1 production by gingival
fibroblasts (Fig. 4). Since 1L-6, IL-8, and MCP-1 possess an
NF-«kB binding site in their promoter regions (Mizushima and
Nagata, 1990; Yasumoto et al., 1992), our findings led us to
expect that the induction of IL-6, IL-8, and MCP-1 through
respective TLR or NOD molecules in gingival fibroblasts may

involve NF-«B activation. As we expected, the results with NF-

kB p65-silenced cells demonstrated that various TLR and NOD
ligands exerted cytokine-inducing activity, mainly via NF-kB
(Fig. 4b).

It has been controversial whether oral epithelial cells
express TLRs, especially TLR4 (Asai et al., 2001; Kusumoto et
al., 2004), in relation to their apparent unresponsiveness to
various microbial products in terms of pro-inflammatory
cytokine products. Recently, we have demonstrated, by
immunohistochemical analysis, the clear expression of TLR4
as well as TLR2, and the strong expression of NODI and
NOD2, in normal oral epithelial tissues, and also showed, using
PCR, flow cytometry, and immunostaining, that primary oral
epithelial cells in culture expressed these molecules (Sugawara
et al., 2006). Furthermore, we found that oral epithelial cells
expressed all TLRs (TLR1 to 9) (unpublished observations). It
should be emphasized that the epithelial cells did not produce
inflammatory cytokines upon stimulation with respective TLR
or NOD ligands (Uehara et al., 2001, 2005b). In contrast, the
cells produced antimicrobial factors, such as peptidoglycan
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Figure 4. IL-4, IL-8, and MCP-1 production induced by TIR and NOD
ligands in human gingival fibroblasts was mediated by NF-«B. ()
Fibroblasts were incubated for 24 hrs in the presence or absence of
FSL-1 (1 nM), Poly I:.C (10 pg/ml), lipid A {10 ng/mL), ssPolyU {10
pg/ml), CpG DNA (1 M), FK156 (10 pg/ml), or MDP (10 pg/ml).
IL-6, IL-8, and MCP-1 levels in the culture supematants were determin
with ELISA, and expressed as means + SD. *Values marked differed
significantly from those with medium alone {none). The results presented
are representative of 3 different experiments demonstrating similar
results. (b} Gingival fibroblosts transfected with siRNA targeting NF-kB

65 for 24 hrs were stimulated with FSL-1 (1 nM), Poly I:C (10 wg/mlL},
ﬁpid A {10 ng/mL), ssPolyU {10 pg/ml), CoG DNA (1 M), FK156
(10 pg/ml), or MDP (10 pg/mL). After 24 hrs of stimulation, the IL-8
levels in the culture supernatants were determined with ELISA, and
expressed as means + SD. *,#Values marked differed significantly from
those with medium alone or respective cultures stimulated with the
indicated ligands, respectively. The results presented are representative
of 4 different experiments demonstrating similar results.
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recognition proteins (PGRPs), especially PGRP-lx and -1B, and
B-defensin 2. It is reasonable for epithelial cells to produce
antimicrobial factors without the accompanying inflammatory
cytokines upon stimulation with microbial components,
because oral epithelial cells interact constitutively with the
normal flora, and inflammatory responses might result in tissue
destruction. In contrast, gingival fibroblasts are physiologically
isolated from the normal flora, and only in tissue injury
situations do they interact with microbes, which should induce
inflammatory reactions, such as the pro-inflammatory cytokine
production shown in this study. In other words, the excessive
inflammatory reaction might be involved in the tissue
destruction typically observed in periodontal diseases.
Although the cytokines should properly be host-defense
factors, those produced by fibroblasts might be harmful.
However, further studies, especially in vivo studies, are
required to demonstrate the above putative periodontal
pathogenesis.
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Abstract

Epithelial cells may form the first barrier of defense against bacteria in human tissues. We recently revealed that oral epithelial cells generated
anti-bacterial factors, such as peptidoglycan recognition proteins (PGRPs) and 8-defensin 2, but not proinflammatory cytokines, such as interleukin-
8 (IL-8), upon stimulation with bacterial cell-surface components. In this study, we found clear expressions of Toll-like receptor (TLR)2, TLR3,
TLR4, TLR7, NODI and NOD?2 in oral, tongue, salivary gland, pharyngeal, esophageal, intestinal, cervical, breast, lung, and kidney epithelial
cells. However, tongue, salivary gland, pharyngeal, esophageal, intestinal, cervical, breast, lung, and kidney epithelial cells, as well as oral epithelial
cells, did not secrete IL-6, IL-8 or monocyte chemoattractant protein-1 in response to chemically synthesized TLR and NOD agonists mimicking
microbial components: TLR2 agonistic lipopeptide (Pam3CSSNA), TLR3 agonistic Poly I:C, TLR4 agonistic lipid A (LA-15-PP), TLR7 agonistic
single stranded RNA (ssPoly U), NOD1 agonistic iE-DAP (y-p-glumtamyl-meso-diaminopimelic acid), and NOD2 agonistic muramyldipeptide
(MDP). Although PGRPs on oral epithelial cells were significantly up-regulated upon stimulation with these synthetic components, PGRPs on
pharyngeal epithelial cells were only slightly up-regulated, and PGRPs on esophageal, intestinal and cervical epithelial cells were not up-regulated
upon stimulation with the components. In contrast, stimulation with synthetic TLRs and NODs ligands induced B-defensin 2 generation in all
epithelial cells examined. These findings indicate that TLR and NOD in various epithelial cells are functional receptors that induce anti-bacterial

responses in general without being accompanied by inflammatory responses.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: TLRs; NODs; Epithelial cells; B-Defensin 2

1. Introduction

The immune system provides protection against a wide vari-
ety of pathogens. The immune system can be divided into
two major categories: innate immunity and adaptive immu-

Abbreviations: PRMs, pattern recognition molecules; PAMPs, pathogen-
associated molecular patterns; TLRs, Toll-like receptors; LPS, lipopolysaccha-
ride; PGNs, peptidoglycans; DAP, diaminopimelic acid; IL, interleukin; PGRPs,
peptidoglycan recognition proteins; MDP, muramyldipeptide; meso-DAP, meso-
diaminopimelic acid: iE-DAP, v-D-glutamyl-meso-DAP; TNF, tumor necrosis
factor; CDS, cell dissociation solution; FCS, fetal calf serum; MCP-1, mono-
cyte chemoattractant protein-1; RT-PCR, reverse transcriptional PCR; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; FITC, fluorescein isothiocyanate
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nity. The innate immunity is phylogenetically ancient and is
found in plants as well as animals. Unlike adaptive immunity,
innate immunity confers broad protection against pathogens
without previous exposure, and most multicellular organisms
depend on it to combat against microbial infections. The cel-
lular components of the innate immunity include phagocytic
cells, such as neutrophils, monocytes and macrophages, in tis-
sues and circulating blood, microglia cells in the brain and
Kupffer cells in the liver. These cells utilize pattern recognition
molecules (PRMs) that recognize pathogen-associated molec- -
ular patterns (PAMPs). The well-known cell-surface receptors
are Toll-like receptors (TLRs), which recognize a variety of bac-
terial and viral PAMPs; for example, bacterial lipopeptide, Poly
I:C, lipopolysaccharide (LPS) and single-stranded RNA are rec-
ognized by TLR2, TLR3, TLR4 and TLR7, respectively (Akira
et al., 2006). In addition, recent study demonstrated that NOD1
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and NOD2 were intracellular PRMs that recognize the partial
structure of bacterial peptidoglycan (PGN); NOD1 and NOD2
recognize diaminopimelic acid (DAP)-containing peptide moi-
ety and muramyl-peptide moiety, respectively (Chamaillard et
al., 2003; Girardin et al., 2003a,b; Inohara et al., 2003).

In various mucosal tissues, epithelial cells interact with bac-
teria in normal flora and have been thought to produce various
proinflammatory cytokines in response to bacterial stimuli.
We revealed, however, that oral epithelial cells did not show
the enhanced production of proinflammatory cytokines, such
as interleukin (IL)-8, in response to various bacterial PAMPs
(Uehara et al., 2001). In this context, some investigators have
shown that oral and colonic epithelial cells express low levels of
TLR4 and are poorly responsive to bacterial LPS (Abreu et al,,
2001; Asai et al., 2001; Naik et al., 2001; Suzuki et al., 2003).
On the other hand, some colonic epitheliai cell lines produced
inflammatory cytokines upon stimulation with bacterial PAMPs
(Pugin et al., 1993; Schuerer-Maly et al., 1994). The response to
TLR2 ligands on intestinal epithelial cells is also muted (Melmed
et al., 2003). Recently, we found the clear expression of TLR4
as well as TLR2, and the strong expression of NOD1 and NOD2
in normal oral epithelial tissues using immunohistochemical
analysis, and also showed that primary oral epithelial cells in
culture expressed these molecules, using PCR, flow cytome-
try and immunostaining (Sugawara et al., 2006), although the
expression and function of these PRMs in various epithelial cells
remains controversial.

On the other hand, we demonstrated that chemically synthe-
sized bacterial PAMPs increase the expression of peptidoglycan
recognition proteins (PGRPs) via TLR2, TLR4, NODI1 and
NOD?2 in human oral epithelial cells (Uehara et al., 2005).
PGRPs are a novel family of PAMPs in innate immunity
that have been conserved from insects to mammals (Dziarski
and Gupta, 2006). Mammals have a family of four PGRPs,
which were initially named as PGRP-S, PGRP-L, PGRP-la
and PGRP-IB, but recently, the Human Genome Organization
Gene Nomenclature Committee proposed that their names be
peptidoglycan recognition proteins 1, 2, 3 and 4 (PGLYRPI,
PGLYRP2, PGLYRP3 and PGLYRP4), respectively (Dziarski
and Gupta, 2006). These findings suggest that epithelial cells
interacting constitutionally with normal flora might respond to
bacterial cell surface components with the enhanced produc-
tion of anti-bacterial molecules, such as PGRPs, to prevent the
bacterial invasion of host cells without producing proinflam-
matory cytokines to prevent possible tissue destruction through
by excessive inflammatory responses. The secretory molecules,
such as defensins and cathelicidins, directly destroy microorgan-
isms (Froy and Gurevitz, 2003, 2004; Ganz, 2003). In mammals,
defensins are the predominant anti-microbial polypeptides, as
evidenced by the large number of expressed genes, the various
forms, and the ubiquitous occurrence in inflamed or infected tis-
sues (Ganz, 2003). B-Defensins are expressed in several organs,
such as skeletal muscles, airways, esophagus, tongue, intestine
and skin. To date, six B-defensins (hBD-1 to hBD-6) have been
identified in humans (Bensch et al., 1995; Garcia et al., 2001;
Harder et al., 2000; Yamaguchi et al., 2002). hBD-1 is consti-
tutively expressed, whereas hBD-2 and hBD-3 are inducible by

bacterial and viral products and cytokines, such as IL-1f and
tumor necrosis factor (TNF)-a. All defensins identified to date
have the capability to kill and/or inactivate a large spectrum
of bacteria, fungi, or some enveloped viruses in vitro (Yang et
al., 2002). Thus, B-defensins play a crucial role in host defense
against bacterial infection as constitutive or inducible compo-
nents in the epithelial barrier. .

In this study, we thoroughly examined the mRNA and
protein expression of these PRMs on various human epithe-
lial cells using RT-PCR, flow cytometry and immunostaining.
Additionally, we examined whether various human epithelial
cells secreted B-defensin 2 and PGRPs upon stimulation with
TLR and NOD ligands to determine whether these PRMs are
functional. We used solely chemically synthesized microbial
PAMPs, because natural bacterial preparations are inevitably
contaminated with minor bioactive components that might have
confused the results. Namely, synthetic Escherichia coli-type
triacyl lipopeptide Pam3CSSNA is an agonist for TLR2, Poly
I:C is an agonist for TLR3, synthetic E. coli-type lipid A (LA-
15-PP) is an agonist for TLR4, single-stranded RNA (ssPoly
U) is an agonist for TLR7, DAP containing desmuramyl peptide
iE-DAP (y-D-glutamyl-meso-DAP) is an agonist for NOD1, and
synthetic muramyldipeptide (MDP, N-acetylmuramyl-L-alanyl-
D-isoglutamine) is an agonist for NOD2.

2. Materials and methods
2.1. Materials

The synthetic MDP and synthetic E. coli-type lipid A (LA-
15-PP) were purchased from the Protein Research Foundation
Peptide Institute (Osaka, Japan). E. coli-type triacyl lipopep-
tide Pam3CSSNA and iE-DAP were synthesized as described
previously (Chamaillard et al., 2003; Nakamura et al., 2002).
ssPoly U and Poly I:C were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Human natural gamma interferon
(IFN-vy) was provided by the Hayashibara Bioscience Insti-
tute (Okayama, Japan). Recombinant human IL-1a and TNF-a
were supplied by Dainippon Pharmaceutical Co. (Osaka, Japan).
Anti-TLR2 monoclonal Ab TL2.1 (mouse IgG2a), anti-TLR3
monoclonal Ab (mouse IgG2a), anti-TLR4 monoclonal Ab
HTA125 (mouse IgG2a), anti-TLR7 monoclonal Ab (mouse
IgG2a) were purchased from eBioscience (San Diego, CA,
USA). Goat anti-NOD1 polyclonal Ab L-17 was obtained from
Cayman Chemical (Ann Arbor, MI, USA.). Rabbit anti-NOD2
polyclonal Ab and anti-B-defensin 2 potyclonal Ab C-17 were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). A non-enzymatic cell dissociation solution (CDS) was
obtained from Sigma—Aldrich. All other reagents were obtained
from Sigma-Aldrich, unless otherwise indicated.

2.2. Cells and cell culture

The human oral epithelial cell lines HSC-2, HSC-3, SAS,
and HO-1-u-1, the human pharyngeal epithelial cell line HEp-2,
the human esophageal epithelial cell line TE-1, human breast
epithelial cell line MCF-7, human lung epithelial cell line A549,

— 213 —



3102

and human kidney epithelial cell line Caki-1 were obtained
from the Cancer Cell Repository, Institute of Development,
Aging and Cancer, Tohoku University (Sendai, Japan). The
human colon adenocarcinoma cell lines SW620 (CCL-227)
and HT29 were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Human epitheloid
carcinoma cell line HeLLa (JCRB9904), derived from the cervix,
was purchased from the Cancer Ceil Repository, the Health
Science Research Resources Bank (Osaka, Japan). Human
salivary gland epithelial HSY was kindly provided by Dr. Sato
(Tokushima University, Tokushima, Japan). These cells were
cultured in 100-mm dishes in RPMI 1640 medium (Gibco
BRL) supplemented with 10% heat-inactivated fetal calf serum
(FCS) with a medium change every 3 days. Primary human
oral epithelial cells were prepared from explants of normal
human gingival tissues with informed consent. In brief, the
explants were cut into pieces and cultured in keratinocyte
serum-free medium (Life Technologies, Grand Island, NY,
USA) containing bovine pituitary extract (0.05%) and recom-
binant human epidermal growth factor (820 wM) supplemented
with kanamycin (200 pg/ml) with a medium change every 3-5
days until confluent cell monolayers were formed. To avoid the
possibility that trypsinization affects the amounts of PGRPs and
other surface markers, we used Sigma’s CDS. Because CDS
contains no protein and allows the dislodging of cells without
the use of enzymes, cellular proteins are preserved without
enzymatic modification or the adsorption of foreign proteins.

2.3. Measurement of cytokines

Confluent epithelial cells were collected by CDS and washed
three times with PBS. The cells (10* cells per 200 ) were
seeded in culture medium in 96-well plates (Falcon; Becton
Dickinson Labware, Lincoln Park, NJ, USA). After 1 day at
37°Cin a 5% CO; incubator, the cells were stimulated with test
matertals in 200 pl of the medium for a given period. Each cul-
ture was carried out in triplicate, and the level of IL-6, IL-8 and

Table 1
Expression of TLRs and NODs in various human epithelial cells

A. Uehara et al. / Molecular Immunology 44 (2007) 3100-3111

monocyte chemoattractant protein (MCP)-1 in the supernatants
were measured using OptEIA ELISA kits (Pharmingen, San
Diego, CA, USA). The level of B-defensin 2 was measured using
an ELISA Development Kit (PeproTech EC, London, UK).
The concentrations of the cytokine in the supernatants were
determined using the LS-PLATEmanager 2004 data analysis
program (Wako Pure Chemical Industries, Osaka, Japan).

2.4. Quantitative reverse transcriptional PCR (RT-PCR)
assay

Total cellular RNA was prepared from human epithelial
cells with Isogne (Nippon Gene, Toyama, Japan) according
to the manufacturer’s instructions. Random hexamer-primed
reverse transcription was performed using 2.5 ul of total RNA
in a 50 ul reaction volume. Real-time PCR was performed with
a LightCycler (Roche Diagnostics). The specificity of the PCR
was confirmed by the molecular weight of the products and a
melting curves analysis at each data point. The primers used for
PCR had the following sequences: PGRP-L, 5'-ACTGAGGGC-
TGCTGGGACCA-Y, 5-GGCCTCAGTGAATTCCTTGG-3’;
PGRP-la, 5-GTTCCGTGTGTCCATGTGAA-3', 5-TTGGG-
AAGCCAGAGAGACAC-3'; PGRP-IB, 5-ATGTCTCCACC-
ACGGTCTCT-3, 5-CACCCACTGTTGTTGTGGAC-3'; PG-
RP-S, 5-CCGTGGCTGGAACTTCACG-3', 5-GCACATCC-
CGGTGTCCTTTG-3; TLR2, 5'-GCCAAAGTCTTGATTG-
ATTGG-3, 5-TTGAAGTTCTCCAGCTCCTG-3'; TLR3,
5'-CCTCAGGAATCCCATGTATTAATTTGT-3', 5'-AACCA-
TGCACTCTGCTTGCGAAGAG-3'; TLR4, 5'-TGGATACG-
TTTCCTTATAAG-3, GAAATGGAGGCACCCCTTC-3;
TLR7, 5'-AAAACTGTGGGCCAGCAAATGTGTTG-3/, 5'-
GAAGCACATCCCAAATGAAGCATTCC-3’; NODI, 5'-TA-
GTGCTGTTTCTGCCTCTC-3',5'-AATTTGACCCCTGCGT-
CTAG-3; NOD2, 5-AGCCATTGTCAGGAGGCTC-3, 5'-
CGTCTCTGCTCCATCATAGG-3’; and human glyceraldeh-
yde-3-phosphate dehydrogenase (GAPDH), 5'-CATCACC-
ATCTTCCAGGAGC-3',5-CATGAGTCCTTCCACGATACC-

Human cells Positive cells (%)
TLR2 TLR3 TLR4 TLR7 NOD1 NOD2

Oral epithelial

HSC-2 56.2 32.1 36.4 40.7 90.1 77.4

HO-1-u-1 48.9 383 33.0 41.6 85.4 70.8
Pharyngeal epithelial

HEp-2 34.6 21.4 223 20.5 69.0 63.4
Esophageal epithelial

TE-1 35.0 233 19.2 17.2 59.1 60.5
Intestinal epithelial

SW620 29.0 21.4 19.6 15.7 85.3 70.8

HT29 225 19.3 17.2 18.6 75.3 69.3

T84 11.4 8.9 9.2 12.2 48.2 447

Caco-2 9.6 8.1 7.7 94 39.8 338
Cervical epithelial

Hela 35.6 14.8 247 11.2 40.7 51.1
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3'. Cycling conditions were as follows: with 40 cycles at 95°C
for 155, 56°C for 15s (PGRP-L), 6 s (PGRP-la), 7s (PGRP-
IB), 12s (PGRP-S), 8s (TLR2), 10s (TLR3), 7s (TLR4),
11s (TLR7), 12s (NOD1), 11s (NOD?2), and 11s (GAPDH),
respectively, then 72°C for 11s. Results are expressed as the
relative mRNA accumulation corrected using GAPDH mRNA
as an internal standard.

2.5. Flow cytometry

Flow cytometric analyses were performed using FACSCal-
ibur flow cytometer and CELLQuest software (BD Biosciences,
San Diego, CA, USA). Human epithelial cells were collected
by non-enzymatic CDS, and washed in PBS. Cells were stained
with anti-TLR2 Ab, anti-TLR4 Ab, anti-PGRP-la, -IB, -S Ab
(Imgenex, San Diego, CA, USA), or isotype matched control
IgG (Beckman Coulter) at 4 °C for 30 min, followed by fiuo-
rescein isothiocyanate (FITC)-conjugated goat anti-mouse I1gG
or FITC-conjugated rabbit goat IgG (Biosource International,
Camarillo, CA, USA) at 4°C for a further 30 min. For TLR3,
TLR7, NOD1 and NOD? staining, intracellular staining proto-
cols were performed. Briefly, the cells were washed with staining
buffer, fixed, and permeabilized with BD Cytofix/Cytoperm
solution (BD Biosciences) for 15 min at 4°C, and then incu-
bated with anti-TLR3, anti-NOD1 or anti-NOD?2 Ab, or control
IgG for 30 min, followed by FITC-conjugated secondary anti-
body at 4 °C for another 20 min. The use of isotype-matched Ab
excludes the possibility of the nonspecific binding of each Ab.
To calculate the percentage of positive cells, the baseline cur-
sor was set at a channel that yielded less than 2% of the events
positive with a second Ab control. Fluorescence to the right was
counted as specific binding. :

2.6. Immunostaining

Human epithelial cells were cultured on eight-chamber glass
slides (Falcon) until reaching confluence, treated with synthetic
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Fig. 1. Expression of mRNA of TLR2, TLR3, TLR4, TLR7, NOD1 and NOD2
in various human epithelial cells. Human oral HSC-2, HO-1-u-1, pharyngeal
HEp-2, esophageal TE-1, intestinal SW620 and cervical HeLa epithelial cells
were cultured until reaching confluence at 37 °C. After incubation, the total RNA
was extracted, and the mRNA expressions of TLR2, TLR3, TLR4, TLR7,NOD
and NOD?2 were analyzed using PCR. The results presented are representative
of three different experiments demonstrating similar results.

TLR2 TLR3 TLR4 TLR7 NOD1 NOD2

HSC-2

HO-1-u-1

HSC-3
SAS

Primary
oral

HSY .

HEp-2

TE-1
HT29
SW620
T84

Caco2

HelLa

sl b

MCF-7

Fig. 2. Expression of TLR2, TLR3, TLR4, TLR7, NOD1 and NOD2 molecules
on human epithelial cells. Human oral HSC-2, HO-1-u-1, HSC-3, SAS, primary
oral epithelial cells, salivary gland HSY, pharyngeal HEp-2, esophageal TE-
1, intestinal HT29, SW620, T84, Caco-2, cervical HeLa, breast MCF-7, lung
A549 and kidney Caki-1 epithelial cells were cultured until reaching confluence
at 37°C. After the fixation, cells were stained with anti-TLR2 mAb, anti-TLR3
mADb, anti-TLR4 mAb, anti-TLR7 mAb, anti-NOD Ab, anti-NOD2 Ab, mouse
IgG1 or goat IgG, followed by incubation with Alexa Fluor 488 (green). Nuclei
were visualized by staining with 4’,6-diamino-2-phenylindole (blue). The results
presented are represenlélive of four different experiments demonstrated similar
results.

PAMPs for 24 h at 37°C in a 5% CO; incubator, and washed
three times with PBS. After fixation with 4% paraformaldehyde
for 15 min at room temperature, the cells were treated with 0.5%
Triton X-100 for 15 min for intracellular staining. Cells were
then treated with mouse anti-TLR2 mAb, mouse anti-TLR3,
mouse anti-TLR4 mAb, mouse anti-TLR7, goat anti-NOD1 Ab,
goat anti-NOD2 Ab or goat anti-B-defensin 2 (1:100) mAb for
3 h at room temperature. As a negative control, mouse IgG1 or
goat Ig (DakoCytomation, Tokyo, Japan) were used. Samples
were then washed and incubated with Alexa Fluor488 rabbit
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anti-goat IgG1 (1/500) or Alexa Fluor488 goat anti-mouse IgG1 2.7. RNA interference

(1/2000) (Molecular Probes, Eugene, OR, USA). Nuclei were

visualized by staining with 4/,6-diamino-2-phenylindole in blue Transfections for targeting endogenous NF-«kB p65 was car-
(Molecular Probes). Samples were photographed with an Axio- ried out using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
CamMRm digital camera mounted on the Zeiss Axiolmager Z1 USA)and siRNA (final concentration, 200 nM) for 24 hat 37 °C,
microscope using the application Zeiss AxioVision 4 software according to the manufacturer’s instructions. The cellular viabil-

(Carl Zeiss, Jena, Germany). ity of the cells after transfection was more than 95%, as assessed
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Fig. 3. Human oral, pharyngeal. esophageal, cervical, breast, lung and kidney epithelial cells did not secrete IL-6, IL-8 and MCP-1 in response to synthetic PAMPs.
Human orat HSC-2, HO-1-u-1, pharyngeal HEp-2, esophageal TE-1, intestinal HT29, SW620, T84, Caco-2, cervical HeLa, breast MCF-7. lung A549 and kidney.
Caki-1 epithelial cells were incubated with Pam3CSSNA (100 ng/ml), Poly I:C (10 pg/ml), lipid A (10 ng/ml), ssPoly U (1 pg/ml), MDP (100 pg/ml), iE-DAP
(100 pg/ml), IL-1a (10 ng/mi) and TNF-a (10 ng/ml), respectively, for 24 h in triplicate. Human IL- 1 and TNF-a were used as positive controls. The levels of IL-6
(A). IL-8 (B) or MCP-1 (C) in the culture supernatants were determined using ELISA. Data are expressed as mean values & S.D., and significant differences are
shown. “P <0.01 vs. medium alone. The results presented are representative of three different experiments demonstrating similar results.
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Fig. 3. (continued)
by a 0.2% trypan blue exclusion test, and morphological char- ferroni or Dunnett method, and P-values less than 0.05 were

acter was not changed after transfection. NF-kB p65 siRNA and considered significant.
anti-NF-kB p65 Ab (mouse 1gG2a) were purchased from Santa

Cruz Biotechnology.

2.8. Data analysis

3. Results

3.1. Human oral, tongue, salivary gland, pharyngeal,
esophageal, intestinal, cervical, breast, lung, and kidney

All experiments were performed at least three times to con- epithelial cells in culture constitutively expressed TLR2,
firm the reproducibility of the results. For most experiments, TLR3, TLR4, TLR7, NODI and NOD?2
results are shown as the means £ S.D. of triplicate assays. The

statistical significance of differences between two means was

Firstly, we examined whether human epithelial cells in cul-

evaluated with a one-way analysis of variance, using the Bon- ture expressed TLR2, TLR3, TLR4, TLR7, NODI1 and NOD2
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Fig. 3. (continued).

molecules by RT-PCR and immunostaining. It was found that
human oral HSC-2, HO-1-u-1, pharyngeal HEp-2, esophageal
TE-1, intestinal SW620 and cervical HeLa epithelial cells
expressed the mRNA of these molecules (Fig. 1). Consistent
with the results of RT-PCR, tongue, salivary gland, breast, lung,
and kidney epithelial cells and primary oral epithelial cells
in addition to these epithelial cells constitutively expressed
TLR2, TLR3, TLR4, TLR7, NOD1 and NOD2 molecules,
as determined by immunostaining assay (Fig. 2). It must be
noted that these cells were stained with goat IgG or mouse
IgGl, followed by Alexa Fluor 488 (green) but did not show
any positive fluorescence (data not shown). In flow cytometry

analysis, we could clearly detect cell surface expressions of
TLR2 and TLR4 and the intracellular expressions of TLR3,
TLR7, NODI1 and NOD?2, although the percentages of TLR-
positive cells were lower than respective NOD-positive cells
(Table 1).

3.2. Human oral, pharyngeal, esophageal and cervical, but
not intestinal epithelial cells do not secrete proinflammatory
cytokines upon stimulation with bacterial components

We previously reported that the human primary oral epithelial
cells and oral epithelial cell line HSC-2 and HO-1-u-1 did not
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