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Gene expressions of lipopolysaccharide receptors, toll-like receptors 2 and 4,

are differently regulated in mouse T lymphocytes

Tetsuya Matsuguchi, Kensuke Takagi, Tipayaratn Musikacharoen, and Yasunobu Yoshikai

Toll-like receptors (TLRs) are a family of

mammalian proteins homologous to  Dro-

sophila Toll. Human TLR2 was shown to
mediate the responsiveness to lipopoly-
saccharide (LPS). On the other hand,
gene mutations of mouse TLR4 (mTLR4)
in LPS-hyporesponsive strains have sug-
gested that mTLR4 is essential for LPS-
signaling in mice, but the role of mTLR2
has not been explored. This report de-
scribes molecular cloning of the mTLR2
cDNA. Overexpression of mTLR2 and
mouse CD14 conferred LPS-inducibility

of ¢c-Jun N-terminal kinase phosphoryla-
tion and nuclear factor- B activation to
COS?7 cells, suggesting that mTLR2 is a

signaling receptor for LPS. Both  mTLRZ2

and mTLR4 genes were expressed in T
cells. Treatment with anti-CD3 €, PMA plus
ionomycin, or interleukin-2 (IL-2)/IL-15
increased mTLR2 but not mTLR4 messen-
ger RNA (mRNA) in some T cell lines.
Specific inhibitors of mitogen-activated
extracellular signal-regulated kinase and
fusion protein 38 (p38) kinase inhibited
MTLR2 mRNA up-regulation by PMA plus

ionomycin. This suggests that extracellu-
lar signal-regulated kinase and p38 ki-
nase pathways were involved. Addition-
ally, LPS treatment of EL-4 cell line
decreased [IL-4 gene expression. Our
results indicate that both mTLR2 and
mTLR4 are involved in LPS signaling, but
their expressions are regulated differ-
ently in T cells, and that LPS may directly
affect T-cell functions by binding to TLRs.
(Blood. 2000;95:1378-1385)
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Introduction

Gram-negative bacteria represent a major group of pathogeshown to participate in antimicrobial immune respori$dxll has
causing serious infection, especially among the elderly and immbeen shown to be conserved in various species, and it encodes a
nocompromised humans. A glycolipid known as endotoxin dransmembrane protein with an intracellular portion that is homolo-
lipopolysaccharide (LPS) is the principal bacterial constituemgous to that of the interleukin-1 (IL-1) receptor family protelfs.
recognized by the innate immune system. LPS is a compl®ecently, several mammalian Toll homologues have been identi-
glycolipid composed of a hydrophilic polysaccharide portion andféed 2° In addition to their cytoplasmic portion, they share repeating
hydrophobic domain known as lipid AThe conserved lipid A has leucine-rich motifs (LRRs) in their extracellular region. One of the
been identified as responsible for LPS-induced biological effectuman Toll homologues, Toll-like receptor 2 (TLR2), has been
LPS stimulates host cells such as monocytes, macrophages, arshBwn to be involved in LPS signaling by 2 group$? Cells
cells through the activation of transcription factors and proteitnansfected with the human TLR2 (hTLR2) complementary DNA
kinases including NRB,22 AP-12 extracellular signal-regulated (cDNA) acquired the capability for LPS-mediated signaling. There
kinases (ERKs}? c-Jun N-terminal kinases (JNK%J,and fusion are 2 strains in mice (C3H/HeJ and C57BL10/ScCr) that exhibit an
protein 38 (p38) kinas€® Although there are some lines ofimpaired ability to respond to LPS. Two recent studies found that
evidence that a significant fraction of T cells respond to EPSits  the TLR4gene in the chromosomal region was responsible for this
direct effects on T cells have not been fully elucidated. defect (ps).2324 These studies also found a missense mutation in

CD14 is involved in mediating LPS responses by binding LP®ie cytoplasmic domain of TLR4 in C3H/HeJ, which strongly
with high affinity.!? This binding requires a serum factor, LPSsuggests that TLR4 is the dominant receptor for at least some types
binding protein (LBP)3*which is a plasma lipid transfer protein of LPS. On the other hand, the role of mouse TLR2 (mTLR2) in
that transfers LPS from the bacterial membrane to a binding site bRS signaling has not been explored.
CD14151n cells lacking CD14, the soluble form of CD14 (sCD14) In this paper we report the molecular cloning of mTLR2 cDNA.
in serum functionally replaces membrane-bound CBZ4How- Exogenous expression of mTLR2 in cells mediates LPS-induced
ever, since CD14 is a glycosylphosphatidylinositol-anchored (GRitracellular signals, which suggests that mTLR2 is also involved
anchored) protein, the existence of a signaling component wiasLPS responsiveness in mice. Although botfiLR2andmTLR4
presumed in the LPS receptor complex. genes are expressed in T cells, the gene expressimThR2but

Toll, first identified as a protein-controlling dorsoventrad patrot that ofmTLR4is significantly increased by stimuli such as TCR
tern formation in the early development &frosophilg!® was stimulation and cytokine treatment. This suggests that the
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expressions of LPS receptors, mTLR2 and mTLR4, are differentypression plasmid pEFBOS-FI&f,which encodes a C-terminal
regulated in T cells. Flag epitope.

The coding region of a constitutively active MEK3,a dominant
negative INK2? and a dominant negative H-Résvere cloned into the
pEGFP-C1 vector (Clontech, Palo Alto, CA). The structure of the constructs
was confirmed by restriction enzyme mapping and DNA sequence analysis.

Materials and methods
Reagents and antibodies Transient transfection

We used the following for the study: recombinant mouse IL-2 and humgios7 cells were plated onto 60-mm plates ¢ 10f cells/plate on the day
IL-15 (Peprotech, Seattle, WA); PD98 059, a specific inhibitor of mitogensefore transfection. Combinations of expression plasmid DNAs (6 g
activated ERK kinase (MEK), and SB208 530, a specific inhibitor of p3&,\/piate) were transfected (Lipofectamine, Gibco BRL) according to the

kinase (Calbiochem, San Diego, CA); LPS fréacherichia coliserotype  manufacturer’s instructions. Cells were harvested 48 hours later with PBS
B6: 026 and PMA (Sigma, St. Louis, MO); RPMI 1640 medium (Gibcoynq ysed for further analyses.

BRL, Rockville, MD); and fetal calf serum (FCS) (Sigma).

Antibodies included antimouse CD14 monoclonal antibody (mAbiflow cytometry
(PharMingen, San Diego, CA); anti-Flag M2 mAb (Sigma Science):
anti-phospho-JNK mAb (New England Biolabs, Beverly, MA); an
anti-JNK1 polyclonal antibody (pAb) (Santa Cruz Biotechnology, San
Cruz, CA), which recognizes JNK1, 2, and 3 isoforms.

OS7 cells were incubated with anti-mCD14 mAb. After washes with
taining buffer, goat antirat immunoglobulin G fluorescein isothiocyanate
t?’Ilg]G-FITC) (PharMingen) was added. Cells were analyzed by a fluorescence-

activated cell sorter (FACSCalibur; Becton Dickinson, San Jose, CA).

Celllines Northern blot analysis

) A o i o

A.” c_eII Ilneos were grown In tissue culture flasks at 37 C n 5% ca_rboﬁ'_'otal cellular RNAwas extracted (TRIZOL reagent; Gibco BRL, Rockuville,
dioxide/95% air and passaged every 2 or 3 days to maintain logarithry ) according to the manufacturer’s instructions. Messenger RNA (mRNA)

growth. Mouse T cell lines, EL-4 and 549.1 (American Type Cu“urﬁ/as extracted (QuickPrep Micro mRNA Purification Kit; Amersham

ﬁotlfc:;on .t(:‘-ll-g;)":CRSOCXVr!Ie’ M?). \ﬁ;e ng;?m_a;]eg”I(nE[\TEN:: B:L64|?Pharmacia Biotech, Piscataway, NJ) according to the manufacturer’s
edium wi o FCS. Amouse T cell line, 2( el5ank, ipstructions. We fractionated 10-ug aliquots of the total RNA or 5-ug

o . . . o
Tsukuba, Japan), was maintained in RPMI 1640 medium with 10% F%ﬁquots of the total mMRNA on a 1% agarose gel containing 20 mmol/L

ahd 10 ng/m_L mouse IL-2. A Simian V|rus_(S\_/)-40—_transforrr’1ed mo_n_ke orpholinopropane sulfonic acid (MOPS), 5 mmol/L sodium acetate, 1
kidney ce,II Ilne,_ COS7 (ATCC), was malnt_alned in_Iscove’s Modifie mol/L EDTA (ethylenediaminetetraacetic acid, pH 7.0), and 6% (vol/vol)
Dulbecco's Medium (IMDM) supplemented with 10% FCS. formaldehyde. The aliquots were then transferred to a nylon membrane.
After ultraviolet-crosslinking (UV-crosslinking), membranes were soaked
in prehybridization solution (& SSC [standard saline citrate],>6Den-
T-cell enrichment was performed using nylon wool columns as previoushardt's reagent, 0.5% SDS [sodium dodecyl sulfate], 100 mg/mL denatured
described? Briefly, packed sterile nylon wool in a 10 mL syringe wassalmon sperm DNA, and 50% formamide) for 3 hours at 42°C followed by
equilibrated with complete medium. Then splenocytes suspended imcubation with a3?P-labeled probe in hybridization solution ¥6SSC,
complete medium were applied to the column. The cells were incubated fb6% SDS, 100 mg/mL denatured salmon sperm DNA, and 50% for-
1 hour at 37°C, and the nonadherent cells were obtained as a T-cettamide) for 14 hours at 42°C. The membranes were washed twice in
enriched population by washing the column with 10 mL of complet@ X SSC and 0.1% SDS for 10 minutes at room temperature, washed twice
medium. The obtained enriched cells that were more than 95% positive for0.1 X SSC and 0.1% SDS for 10 minutes at 50°C, and then exposed to
CD3 by flow cytometry were used for the further study. film (Fuji RX-U films; Fuji Film, Tokyo, Japan).

Enrichment of splenic T cells

Isolation of the full-length cDNA clone encoding mTLR2 Reverse transcriptase—polymerase chain reaction

In an effort to clone mTLR2 cDNA, 2 primers (TGCTGGAGCCCATT- Total cellular RNA was prepared (TRIZOL reagent, Gibco BRL). cDNA
GAGAGGA and GGACTTTATTGCAGTTCTCAG) were prepared basedvas synthesized from 2 pg of the total RNA by extension of random primers
on the sequence information of the 2 mouse expressed sequence tag (étt) 200 units (Superscript I, Gibco BRL). PCR of the cDNA was
clones (accession numbers AlI020 960 and AA863 729) homologous pterformed in a final volume of 50 pL containing 2.5 mmol/L magnesium
hTLR2 cDNA. A partial cDNA was prepared by reverse transcriptasedichloride (MgCl2), 2.5 units (AmpliTaq; Perkin-Elmer, Norwalk, CT), and
polymerase chain reaction (RT-PCR) using these primers and the total RAmMol/L specific primers (geneAmp 2400 PCR system, Perkin-Elmer). The
prepared from a mouse macrophage cell line, J774.1. The synthesisgdthesized PCR products were separated by electrophoresis on a 2%
0.9-kilobase (kb) cDNA fragment wé&sP-labeled by random priming and agarose gel and visualized by ethidium bromide staining. The primers were:
used for screening a J774.1 cDNA library that was constructed in a cloningpuse (m)3-actin sense, TGGAATCCTGTGGCATCCATGAAA(-ac-
vector (Uni-Zap; Stratagene, La Jolla, CA) (gift of Dr H. Yagita, Juntendtin antisense, TAAAACGCAGCTCAGTAACAGTCCG; mTLR2 sense,
University, Tokyo, Japan). Plaque hybridization was conducted as predAGCTTAAAGGGCGGGTCAGAG; mTLR2 antisense, TGGAGACGC-
ously described® The inserts of the positive phage clones were excissdAGCTCTGGCTCA; mTLR4 sense, AGTGGGTCAAGGAACAGA-
(Rapid Excision Kit, Stratagene) according to the manufacturer’s instrudGCA; mTLR4 antisense, CTTTACCAGCTCATTTCTCACC; mlL-4 sense,
tions to generate subclones in the plasmid (pBlueScript, Stratagene). DRRAAGCCTGAGTTCTCTTG; mlL-4 antisense, GAGTCAACATCT-
sequence analysis was performed on these plasmid clones using a DBIBCTTCAC; mouse interferop(mIFNy) sense, CTTCAAGATACAAGT-
sequencer and a cycle sequencing kit (model 373A sequencer, Thel@®CCG; and mIFN antisense, TTCGGTAATGGACTTGCACA.

Sequence; PE Biosystems, Forest City, CA).
Isolation of S49.1 stable transfectants

Expression plasmids ) ) .
S49.1 cells were transfected with an electroporator using 20 pg plasmid

The coding region of mouse CD14 was amplified by RT-PCR from tot@NA and a setting of 800 millifarad (mF) and 300 V. Transfectants were
RNA isolated from J774.1 and inserted into a mammalian expressiegelected with G418 (1 mg/mL). Resistant clones were screened for green
vector, pcDNA3.1¢) (Invitrogen, Carlsbad, CA). For the Flag-taggedfluorescent protein (GFP) fusion protein expression by flow cytometry.
mTLR2 expression plasmid, the coding region of mTLR2 was amplified bjhe expression of the right-sized protein was confirmed by Western
PCR from the isolated mTLR2 cDNA and cloned into the Ascl site of thelot analysis.
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Extract preparation and immunoblotting 1 GAATTCGGCACGAGAGATEGCTAGTGG6CACGGGCAGCGECOECTGOAGGACTCCTAGGCTCCGRECAGRLGETCACTGGCAGRAGATET 90
91 GTCCGCAATCATAGTTTCTGATGGTGAAGGTTGGACGGCAGTCTCTGCGACCTAGAAGTGGAAAAGATGT CGTTCAAGGAGGTGCGGACT 180

. . . . 181 GTTTCCTTCTGACCAGGATCTTGTTTCTGAGTGTAGGGCCTTCACTTCTCTGCTTTTCGTTCATCTCTGGAGCATCCGAATTGCATCACC 278
Ce”S were Iysed n the fOIIOWIng phosphO“pase C (PLC) IySIS bUﬁer ét lo 271 GGTCAGAAAACAACTTACCGAAACCTCAGACAAAGCGTCAAATCTCAGAGGATGCTACGAGCTCTTTGGCTCTTCTGGATCTTGGTGGCC 360

cells/mL: 50 mmol/L HEPES (4-(2-Hydroxyethyl)-1-piperazineethanesul- woLR AL WLEN L LY A B
361 ATAACAGTCCTCTTCAGCAAACGCTGTTCTGLTCAGGAGTCTCTGTCATGTGATGCTTCTGGGGTGTGTGATGGCCGCTCCAGGTCTTTC 450

fonic acid, pH 7.0), 150 mmol/L sodium chloride (NaCl), 10% glycerol, 1% 14+ 1.7.v &.F S K R ¢ S A Q&S LS CDASGYVCDGRSRSEF 43
451 ACCTCTATTCCCTCCGGACTCACAGCAGCCATGAAAAGCCTTGACCTGTCTT TCAACAAGATCACCTACATTGGCCATGGTGACCTCCGA 548

Triton X-100, 1.5 mmol/L MgCJ, 1 mmol/L EGTA, 100 mmol/L sodium 4T ST1PsSGLTAAMKSLDLSENKITYTGHGDLR 73

H H _ 541 GCOTGTGCOAACCTCCAGGTTCTGATTTTGAAGTCCAGCAGAAT CAATACAATAGAGGGAGACGCCTTTTATTCTCTGGGCAGTCTTGAA 630
fluorine (NaF), 10 mmol/L NaPPi, 1 mmol/L MO, 1 mmol/L phenyl ea e am oy s R I Y e

methanesulfonyl fluoride, 10 mg/mL aprotinin, and 10 mg/mL leupeptin. 631 cATTTGATITGICTGATATCACCTATCTAGTTTATCTTCCTCCTGGTTCEGCCCCTTTCCTCTTTGAMATACTTAMCTTAATGGGA 720
’ . 04 HLDLSDNHLSSLSSSHFGPLSSLEKYLNLMG 133
The lysates were separated on SDS-polyacrylamide gels, then eleCtrOtrar 721 arccrraccacacacTossssTAMATCo TTITTCCCAATCTCACAATTTACAMACCCTCAGGATAGGAMTGTAGAGACTTTCAGT 810

H H H H H . HIH 34 N PY QT LGVTSLFPNLTNILQTLRTIGNYVETEFS 163
ferred to pOIyVInylldene dIﬂUOI’Ide membranes (ImmObllon’ Mllllpore 811 GAGATAAGGAGAATAGATTTTGCTGGGCTGACTTCTCTCAATGAACTTGAAATTAAGGCATTAAGTCTCCGGAATTATCAGTCCCAAAGT 900

Corporation, Bedford, MA). The membranes were blocked for 2 hoursin 14 £ 1 8 R T 0D F A 6L TSLNELETKALSLRNYQS QS 193
. . . 901 (TAAAGTCGATCCGCGACATCCATCACCTGACTCTTCACTTAAGCGAGTCTGCTTTCCTGCTGGAGATTTTTGCAGATATTCTGAGTTCT 99@
2% bovine serum albumin (BSA) TBST and 20 mmol/L tris(hydroxymethyl 1ss L k s 1t R 0 1 v H L T LKL SESAFLLETIFADILSS 223

. . . . 991 GTGAGATATTTAGAACTAAGAGATACTAACTTGGCCAGGTTCCAGTTTTCACCACTGCCCGTAGATGAAGTCAGC TCACCGATGAAGAAG 1082
aminomethane hydrochloride (Tris-HCI [pH 7.6], 0.15 mol/L sodium L, "y & v { £ L r b T N L ARF QFSPLPVDEYSSPMKEK 253

chloride, 0.1% Tween 20) incubated with primary antibodies in TBST for 1 1981 (TCGCATTCCGAGGCTCGGTTCTCACTCATGAAMGCTTTAACGAGCTCCTGAAGCTGTTGCGTTACATCTTGGAACTGTCGGAGGTAGAG 1170
T ’ 54 L AFRGSVYLTDESTFNELLEKLLRYTILETLSEVE 283

hour, washed 3 times with TBST, and incubated for 1 hour with horseradisliiz treoaceacTeTacccTeanTao6CTCOOCaATTTCALCCCCTCOGAGTCAGACGTAGTGAGCGAGCTGGETAMGTAGARACAGTCACT 1268

. . . . . 84 FDDCTLNGLGDEFNPSESDVVSELGKYETVYT 313
peroxidase-conjugated antimouse or antirabbit Ig (Amersham Pharmac 1z arcceonssmmecaareccceaammemaTTraITTAToACCTGAGTACTETCTATTCCCTCCTGGAGAGTTGAAGCGARTCACAGTA 1350

H H . H H 3 I RRLHIPQFYLFYDLSTVYSLLETEKVYVEKE RTITV 343
BIOtECh) dIIUtEd 110 000 n TBST Aﬂer 3 WaSheS In TBST’ the bIOt was 1351 GAGAACAGCAAGGTCTTCCTGGTTCCCTGCTCGTTCTCCCAGCATTTAAAATCATTAGAATTCTTAGACCTCAGCGAAAATCTCATEGTT 1448
developed with the enhanced chemiluminescence system (Amersha s e n s k v FL VP CSFSQHLKSLEFLDLSENLHNY 373

. . . ot . 1441 GAAGAATATTTGAAGAACTCAGCCTGTAAGGGAGCCTGGCCTTCTCTACAAACCTTAGT TTTGAGCCAGAATCATTTGAGATCAATGCAA 1530
Pharmacia Biotech) according to the manufacturer’s instructions. 374 F EY L KNSACKGAWPSLQTLYLSQNHLRSHMQ 403
1531 AAAACAGGAGAGATTTTGCTGACTCTGAAARACCTGACCTCCCTTGACATCAGCAGGAACACTTTTCATCCGATGCCCGACAGLTGTCAG 1626

494 K T ¢ E I L LT LKNLTSLDISRNTFHPMPDSTCOQ 433

1621 TGGCCAGAAAAGATGCGCTTCCTGAATTTGTCCAGTACAGGGATCCOOGTGGTAAAAACGTGCATTCCTCAGACGCTGCAGGTGTTGGAT 171e

E|ectroph0reticmobi“tyshiftassay 43 W P EKMRFLNLESSTGTIRVYVKTCTITPQTLEVLTED 463
1711 GTTAGTAACAACAATCTTGACTCATTTTCTTTGTTCTTGLCTCGGCTGCAAGAGCTCTATATTTCCAGAAATAAGCTGAAAACACTCCCA 1800

S NNNLDSTFSLFLPRLQELYTISRNIKLTEKTLTEP 493

i . . 464V
A kB ollgonucleotlde probe (Promega, Madison, W|) was phOSphOfylateCmm GATGCTTCGTTGTTCCCTGTGTTGCTGGTCATGARAATCAGAGAGAATGCAGTAAGTACTTTCTCTAAAGACCAACTTGGTTCTTTTCCC 1890

. 3] . . : f : 494 D ASLFPVLLVMKIRENAVSTFSKDOQLGSTFFP 523
with [ PJATP using T4 polynucleotide kinase (Takara Biochemicals, 1891 AAACTGGAGACTCTGGAAGCAGGCGACAACCACTTTGTTTGCTCCTGCGAACTCCTATCCTTTACTATGGAGACGCCAGCTCTGECTCAA 1980

Tokyo, Japan). Nuclear extracts were prepared as previously desgyibed. s « L E T L e A GDNHFVCSCELLSFETMHMETPALRAQ 55
1981 ATCCTGGTTGACTGGCCAGACAGCTACCTGTGTGACTCTCCGCCTCOCCTGCACGGCCACAGGCTTCAGGATGCCCGGCLCTCCGTCTTG 2070

Specific binding of extract proteins to theB probe was assessed by s« 1 t vowro sy L cosppPRLNHGHRLQDARPSY L 58

A . A H H A 2071 GAATGTCACCAGGCTGCACTGGTGTCTGGAGTCTGCTGTGCCCTTCTCCTGTTGATCTTGCTCGTAGGTGCCCTGTGCCACCATTTCCAC 2160
incubation for 30 minutes at room temperature in a solution containing 10, “ s s L v < 6 v 6 A L L4 LT L Ve AL cHar e

mmol/L HEPES (pH 7_9)‘ 50 mmol/L potassium chloride (KC|)‘ 0.2 MMOI/L 2161 GGACTGTGATACCTGAGAATGATGTGAGCGTGGCTCCAGGCCAAGAGGAAGCCCAAGAARGCTCCCTGCAGGGACGTTTGLTATGATGEC 2250
614 G L W Y L RMMWAWLOQAKREKPEKEKAPCRDOYCYDA 643

EDTA, 0.25 mmol/L DTT, 10% glycerol, 0.05% NP-40, and 0.5 pg poly (dI-dC) 2251 -TreTTrccTacacTeAccAGATTCCCATTGGETGGACAACCTCATGCTCCAGEAGCTGRAGAACTCTGACCCGCCCTTTARGCTGTGT 2340
i : 644 F VS Y S EQDSHWYENLMYQQLENSDPPFKLC 673

and then separated by electrophoresis in a 6% polyacrylamide gel. 2341 (TCCACAAGCGGGACTTCGTTCCGGGCARATGGATCATTGACAACATCATCGATTCCATCGAAMAGAGCCACAAMACTGTGTTCGTGCTT 2430
674 L H K R D FVPGKWIIDNTITIDSTIEKSHEKTVEFEVL 703

2431 ~CTGAGAACTTCGTACGGAGCGAGTGGTGCAAGTACGAACTGGACTTCTCCCACTTCAGGCTCTTTGACGAGAACAACGACGCGGCCATC 2520

704 S ENFVRSEWCKYELDFSHFRLFDENNDAATL 733

2521 (TTGTTTTGCTGGAGCCCATTGAGAGGARAGCCATTCCCCAGCGCTTCTGCAAACTGCGCAAGATAATGAACACCAAGACCTACCTGGAG 2618

Results 73 L VLLEPIERKAIPQRFCKLRKTIMNTKTYLE 76
2611 “GGLCCTTGGATGAAGGCCAGCAGGAAGTGTTTTGGGTAAATC TGAGAACTGCAATAAAGTCCTAGGTTCTCCACCCAGTTCCTGACTTC 2700

764 WP LDEGQQEVFW®YNLRTATKS=*VLHPVPDF 79

Isolatlon Of the fu“_length CDNA Clone encodlng the mTLR2 2701 (TTAACTAAGGTCTTTGTGACACAAACTGTAACAAAGTTTATAAGTAACATAGAATTGTATTATTGAGGATATTAACTATGGGTTTTGTC 2790
794 LN * G L CDTNUCNKVYK?™*
2791 "TGAATACTGTTATATAAATATGTGACATCAGGAAAAAAAAAAAAAAAAAAAAA 2844

To clone mTLR2 cDNA, 2 primers were prepared based on the ) _ _

sequence information of the 2 mouse est clones (accession numl&?ure 1. Cloning of mTLR2 cDNA. _The amino acid sequences of mTLR2
q Jr?Bank accession number AF216289) and its human homologue, hTLR2. The

Al020 960 and AA863 729) homologous to hTLR2 cDNA. Asignal peptide is indicated by a dotted underline, and the putative transmembrane

partial cDNA was prepared by RT-PCR using these primers, afeinain is underlined. Amino acid identity is shown between the 2 sequences. A “+”

the total RNA was prepared from a mouse macrophage cell li'{gpresents similarity between the corresponding pair of amino acid residues.

J774.1, as a template. To isolate the complete mTLR2 cDNA, this

0.9-kb cDNA fragment was used as a probe for screening a J77Mduse TLR2 mediates LPS signals in the presence of CD14

CDNA library. Altogether, we obtained 23 independent cDNAy, getermine if mTLR2 mediates LPS signals the same as hTLR2,
clones from 8< 10> plaques, and DNA sequence analysis Wage inserted the coding region of mTLR2 cDNA into a mammalian
performed on several of them. The longest cDNA clone was 3.0 'é'?(pression plasmid, pEFBOS, with a C-terminal Flag tag. The
and had an open reading frame of 784 codons (Figure 1). Thifyy tagged mTLR2 was transiently expressed in a monkey kidney
sequence contains an in-frame stop codon at 108 bp upstregll) jine, COS7, by itself or in combination with mouse CD14
of the first methionine codon. It coded for a signal peptide of 1§nCD14). The expression of the Flag-tagged mTLR2 and mCD14
amino acid residues and a single transmembrane domain (amys confirmed by Western blot analysis and flow cytometry,
acids 588-608). respectively (Figure 2A and B). Because LPS is known to induce

The isolated cDNA clone was 70% identical and 83% homolgmNK  phosphorylatiofs,? we monitored LPS signals using an
gous with hTLR2?at the amino acid level, which suggests that wgntibody specific to phosphorylated forms of JNK. Phosphoryla-
had isolated mTLR2. Interestingly, the amino acid identity betwegyn of p46JNK could not be analyzed due to the comigrating
hTLR2 and mTLR2 was higher in the cytoplasmic domain (86%jonspecific band recognized by this antibody; therefore we exam-
than in the extracellular domain (65%), although most of thiged the LPS-induced phosphorylation of p54JNK. Transfection of
leucines in the extracellular domain were conserved. The remasither the control vector or the CD14 expression plasmid did not
able similarity of the cytoplasmic domain strongly indicated thahediate LPS-induced p54JNK phosphorylation (Figure 2C, lanes
the intracellular signaling mechanism of TLR2 should be cort, 2, 5, and 6), which indicates that the parental COS7 cells were
served well between the 2 species. hyporesponsive to LPS.

In a recent publication, Heine et®ateported on their study to  Overexpression of mTLR2 constitutively mediated slight
clone mTLR2 cDNA. Their reported nucleotide sequence of the phosphorylation of JNK, which was not strengthened further
untranslated region was different from ours, which may suggest thg LPS stimulation (Figure 2C, lanes 3 and 4). When mTLR2
existence of an alternative splicing. was coexpressed with CD14, LPS significantly increased JNK
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A < B We therefore investigated the regulatiomof LR2gene expression
L N T oz inT cells.
§ 2 5ed
® & E EFf 23 21 Mouse TLRZ gene expressionin T cells
£ £ 3 To elucidate the regulatory mechanisms foTLR2gene expres-
T UDZ ® 3 sion in T cells, purified mouse T cells from the thymus and the
- FLAG ¥ g e i int oGl ol 1oe o spleen were stimulated with immobilized anti-GD&1Ab for 2
vector mTLR2 hours, and total RNA was isolated. Although th&LR2gene was
Blot: oFLAG +mCD14 constantly expressed in unstimulated T cells, as assessed by
semiquantitative RT-PCR, triggering by anti-CO8Ab resulted in
C vector mTLR2 mCD14 mTLR2 a substantial increase of theTLR2gene expression (Figure 4A).
+mCD14 In contrastmTLR4gene expression, which was also detected in
LPS: - + - + - + - + unstimulated T cells, remained constant after anti-ED&8atment
aP-JNK - . ¢ ‘ & < pSaP-INK (Figure 4A).
L T L L & = To exclude the possibility that the positive RT-PCR products
o-JNK1 — : wer <= p54 JNK were due to a small number of contaminating macrophages or B
bzzma-' <= p46 JNK cells, using Northern blot analysis, we testddRk gene expressions
in several mouse T cell lines (EL4, S49.1, and CTLL-2). Gene
expression ofmTLR4was easily detected in these 3 cell lines
D mTLR2 (Figure 4B and C). When compared withTLR4 mTLR2gene
+mCD14 mCD14 mTLR2 vector . . . .
LPS: = & = 4 =4 = 4 NC expression was relatively lower in S49.1 cells (Figure 4B). When

this T cell line was stimulated with the combination of PMA and
- fe— < NF«B ionomycin, which mimics TCR stimulatioomnTLR2gene expres-

sion increased. On the other hamdTLR4expression remained
Figure 2. Effects of mTLR2 and mCD14 on LPS-induced JNK and NF- kB constant after PMA plgs lonomycin treatment'n S49._1ce||s_(F|gure
activation. (A) Expression of the Flag-tagged mTLR2 in COS7 cells. COS7 cells ~ 4B). Next, we examined the effect of cytokine stimulation on
were transiently transfected with the following: the vector alone, an expression mTLR29ene expression in CTLL-2 cells that are responsive to IL-2
plasmid of the Flag-tagged mTLR2, an expression plasmid of mCD14, or a _ . _ P
combination of mTLR2/Flag and mCD14 expression plasmids. Flag-tagged mTLR2 and IL 15.' TI;e 2 CytOklneS share IL BRand ye fO.I’ thellr Slgm.il
expression was detected by immunoblotting with anti-Flag mAb. (B) Surface transductiorf® Both IL-2 and IL-15 treatment significantly in-
expression of mCD14 on COS7 cells. COS7 cells transiently transfected with  creasednTLR2gene expression, whereas no remarkable change

expression plasmids as in (A) were stained with a control mAb (dotted line) or an was detected in the mTLR4 mRNA level (Figure 4C)
anti-mCD14 mAb (solid line) followed by FITC-conjugated antirat IgG mAb. Flow ’

cytometric analyses of COS7 cells transiently transfected with only vector and with . . .
Flag-tagged mTLR2 plus mCD14 are shown. A similar amount of mCD14 surface ERK and p38 kinase pathways are involved in mTLRZ mRNA

expression seen in double transfection was also observed in mCD14-transfected induction in mouse T cells

COS?7 cells (data not shown). (C) LPS-induced JNK phosphorylation by mTLR2 and . . . .
mCD14. Cytoplasmic cell extracts were prepared from COS7 cells transiently Both CytOkme stimulation and anti-C3nAb treatment of T cells

transfected as in (A), which were either left untreated or stimulated with 10 pg/mLLPS  are known to activate MAP kinase pathways including ERK, JNK,

for 20 minutes. JNK phosphorylation was detected by Western blot analysis using an and p38 kinasé To investigate whether ERK and p38 kinase

mAb specific for the phosphorylated form of INK. Nonspecific 46-kd bands recog- . . .
pathways are involved in mTLR2 mRNA up-regulation, we

nized by this mAb are indicated by a dotted arrow. The same filter was reblotted with . oo
an anti-JNK1 pAb. (D) LPS-mediated NF-xB DNA-binding activation is dependenton  pretreated S49.1 cells with specific inhibitors of ERK (PD98 059)

both mTLR2 and mCD14. Nuclear cell extracts were prepared from COS7 cells
transiently transfected as in (A), which were either left untreated or stimulated with 10

Using electrophoretic mobility shift assay (EMSA), we also
examined NF«B activation, which is a well-known downstream
event of the LPS signal (Figure 2D). COS7 cells expressinc
MTLR2 constitutively showed slightly increased MB- DNA-
binding activity. Coexpression of mCD14 with mTLR4 conferred
LPS inducibility of NF«B activation.

pg/mL LPS for 20 minutes. EMSA was performed with a radio-labeled double- ()}
stranded probe containing a NF-«B binding site. NC represents negative control o
without nuclear extract. 2]
S o
. . . > C E é 'c %
phosphorylation (Figure 2C, lanes 7 and 8). Thus, mTLR2medi- & o € ® = g 0 o =
. . . C P 8 2g29 28
ates LPS responsiveness in a CD14-dependent fashion. e o o & o = o >
s 2 =2 c 3 £
X = € 0w O 7p = =0 =
-
[72]

& -—mTLR2

Tissue distribution of mTLRZ2 gene expression

Northern blot analysis was performed on total RNA isolated from
various mouse tissues (Figure 3). The gene expressiomTaiR2
was detected in every tissue examined, and the highest expressic
were observed in the spleen and the lung. MolTER2 mRNA _ _ _ o
expression was also enriched in the brain and the thmeS. We W@pére 3 Expression of mTLR2 in mouse tissues. Total RNlAs from indicated
. . . . . mouse tissues were resolved by formaldehyde gel electrophoresis, transferred to a
partICUIarly interested |mTLR2expreSS|on in the thmeS becausq‘uitrocellulose membrane, and hybridized with an mTLR2 cDNA probe. A picture of the

the role of LPS signaling in T cells has not been fully establisheetnidium bromide-stained gel is also shown.
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Figure 4. Mouse TLR2and TLR4 gene expressionsinmouse T cells.  (A) Mouse T

cells purified from thymuses and spleens were either unstimulated or stimulated with
immobilized anti-CD3e mADb for 2 hours. Total RNAs were extracted, and mTLR2 and
mTLR4 expressions were analyzed by semiquantitative RT-PCR. (B) S49.1 and EL4
cells were either unstimulated or stimulated with 100 ng/mL PMA plus 1 pg/mL
ionomycin for 2 hours. We isolated 5 pg mRNA from the cells and analyzed them by
Northern blot analysis using mTLR2 and mTLR4 cDNA probes. (C) CTLL-2 cells were
starved overnight without factors and either left unstimulated or stimulated with 10
ng/mL miL-2 or 10 ng/mL hIL-15 for the indicated time.

BLOOD, 15 FEBRUARY 2000 * VOLUME 95, NUMBER 4

A S49.1 Ras JNK
parental ﬂ %
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Figure 5. Involvement of MAP kinase pathways in mTLR2 induction in S49.1

cells. (A) S49.1 cells were either untreated or treated with PMA plus ionomycin for 2
hours with or without the pretreatment of 10 pmol/L PD98 059 or SB208 530 for 30
minutes. S49.1 cells were also treated with UV irradiation (40 J/m?2) and left for 1 hour
at 37°C. In some experiments, S49.1 cells constitutively expressing a dominant
negative form of JNK1 or H-Ras were treated with PMA plus ionomycin for 2 hours.
Total RNAs were extracted, and the expression of mTLR2, mTLR4, and B-actin was
examined by semiquantitative RT-PCR. (B) S49.1 cells were pretreated with a series
of concentrations of PD98 059 or SB208 530 for 30 minutes followed by treatment
with PMA plus ionomycin for 2 hours. Total RNAs were extracted, and the
expressions of mTLR2, mTLR4, and B-actin were examined by semiquantitative

RT-PCR. (C) Total RNAs were extracted from S49.1 cells transfected with pEGFP-C1
or pEGFP-MEK1A. Expression of mTLR2 and B-actin was examined by semiquanti-
and p38 kinase (SB208 530) pathways followed by stimulatio#tive RT-PCR.

with PMA plus ionomycin. Pretreatment with each of these MAP

kinase inhibitors abrogated the increase of mTLR2 mRNA at I&ttivation, whereas continuous activation of the ERK pathway

Mmol/L, as assessed by semiquantitative RT-PCR (Figure 5A). \Wgems sufficient to indugaTLR2gene expression in $49.1 cells.
next examined S49.1 cells that constitutively expressed a dominant

negative form of JNK1 (JNKDN), which has 2 amino acid-PS treatment directly affects the cytokine expression
substitutions of the phosphorylation sites of JNK1. Although JNRf the EL4 cell line
activation by PMA plus ionomycin was markedly inhibited by th§t has recently been reported that LPS and lipid A directly inhibit
expression of JNKDN in this transfectant (data not shown), mRN@_4 production by mouse T helper cell 2 (Th2) clori@3he EL4
up-regulation of mTLR2 by PMA plus ionomycin treatment wagej| line, which constitutively expresses botiTLR2andmTLR4
comparable to that of parental S49.1 cells (Figure SA). Additionrigyre 4B), is known to have a Th2-like phenotype and to produce
ally, UV treatment, which is a potent activator of JNK, did noj| .4 35 To investigate the direct effects of LPS on the cytokine
induce significant increase ofTLR2gene expression (Figure SA). production of EL4 cells, we treated EL4 cells with serial dilutions
Therefore, JNK activation may not be necessary for mTLRgs | ps and analyzed IL-4 and IFNmMRNA expression by
mRNA up-regulation by PMA plus ionomycinin S49.1 cells.  semjquantitative RT-PCR (Figure 6). The gene expressidfiNf

On the other hand, a dominant negative form of H-Ras (N1{)as weakly induced at 0.1 ug/mL LPS, but it was undetectable at
only partially blocked mTLR2 mRNA increase (Figure S5A), whichhigher concentrations of LPS. In contrast, IL-4 mRNA was
suggests that either the stimulation by PMA plus ionomycin workgynstitutively detectable and decreased in the presence of 10 pg/mL

on downstream molecules of Ras or there is an alternatiyg| ps. Thus, LPS directly affects the cytokine expression profile
Ras-independent pathway for the induction of mMTLR2 MRNAsf the EL4 cell line.

Furthermore, when a series of concentrations of PD98 059 and
SB208 530 was tested, both of them effectively inhibited mTLR2
mRNA up-regulation at concentrations as low as 0.1 pmol/L, which
suggests that the inhibition by these chemicals was specific
(Figure 5B).

Next, to test if constitutive activation of the ERK pathway is
sufficient to induce mTLR2, S49.1 cells were transfected with an
expression plasmid encoding a constitutively activated form of
MEK1 (MEK1A), an upstream activator of ERK. The mRNA

levels of mTLR2 in 3 independently isolated S49.1 cell lines = B-actin
overexpressing the active mutant of MEK1 were constitutively

higher than that of the parental S49.1 cells. (A typical result Fégure 6. LPS inhibits  /L-4 gene expression in EL4 cells. EL-4 cells were either

. . . . untreated or treated with 0.1, 1, or 10 pg/mL of LPS for 6 hours. Total RNAs were
shown in Figure 5C.) Thus, mTLR2 induction by PMA p|Usextracted, and IL-4 and IFNy gene expressions were examined by semiquantita-

ionomycin treatment is dependent on both ERK and p38 kinage RT-PCR.

LPS: - 0.1 1 10 (ug/mi)
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have been generated, and these mice show LPS-hyporesponsive-
Discussion ness very similar to that in the Bs? mouse strain& These
findings are consistent with the idea that theTLR4 gene is

In this study, we describe the isolation and cloning of mTLRZssential in LPS signaling.
which mediates LPS-induced cellular signals similar to its human Then what is the role of MTLR2 in LPS responsiveness? There
counterpart:22 We also show that mTLR2, as well as anotheare four possible explanations. First, it is possible that mTLR2
putative LPS receptor, mTLR4, is expressed in mouse T cells, awdrks as an alternative to mTLR&ps! mice are hyporesponsive
that the gene expressionmfT LR2s differently regulated from that but not unresponsive to LPS. They shdwPS-inducedgene
of mTLR4 In addition, LPS directly inhibited IL-4 expression in aexpressions in the presence of a larger dose of R&hich
Th2-type cell line, EL-4, which expresses both mTLR2 anduggests that there is some redundancy in LPS signaling. Our
MTLR4. LPS may thus directly affect T-cell functions througlpresent data, which confirm that mTLR2 mediates LPS signals,
TLR-mediated signal pathways. may indicate that mTLR2 works to back up mTLR4. Another

The extracellular segments of TLR proteins are distinctivelgxplanation is that mTLR2 and mTLR4 may respond to different
composed of 24-28 amino acid leucine-rich repeats (LRRs)types of LPS. Cells from C3H/HeJ mice are as sensitive as their
LRRs are also found in thBrosophilahomologues, Toll and 18 normal counterparts to certain types of LPS (eg, Porphyromonas
Wheeler (18w}$837 Although amino acid sequence homologyingivalis LPS)* There is divergence in LPS structure among
between hTLR2 and mTLR2 is higher in the cytoplasmic domaiGram-negative bacteria, and it is presumable that mTLR4 responds
the LRR structure is conserved well, suggesting that it playstacertain types of LPS better than mTLR2, while mTLR2 responds
critical role in their biological functions. CD14, which binds LPSbetter to others. The third possibility is that mTLR2 and mTLR4
with high affinity, also contains 10 copies of the LRR motif. may cooperate to respond to LPS. It has not been shown how TLRs
However, LRRs of CD14 are not necessary for LPS binding, ase involved in the formation of the LPS receptor complex, and it is
shown by mapping studi€g&3°Human TLR2 has been reported topossible that mTLR2 associates with mTLR4 to form a dimer or
bind LPS by itself, but the Kd is low and may not be physiologieligomer. Further studies, including a study of mice lacking the
cally importanf! We have not tested the binding affinity of mMTLR2mTLR2gene, need to be done to fully understand the involvement
for LPS. However, itis unlikely that mTLR2 reacts to physiologicabf mTLR2 in the LPS receptor complex.
concentrations of LPS by itself because COS7 cells expressingThe fourth possibility is based on the inducibility ofTLR2
mTLR2 alone did not show a detectable response to 10 pg/mL LSpression (Figures 4 and 5). In our current study we have shown
in either INK or NFkB activation (Figure 2). thatin some T cell lines, the expression levehofLR2is very low,

It is noteworthy that the cytoplasmic domain is conserved welliut it significantly increases after stimulation with anti-GDBADb,
at the amino acid level between hTLR2 and mTLR2. TLRs 1-BMA plus ionomycin, and IL-2/IL-15. However, no change is
share a highly significant homology called the Toll-homology (THjletected inmTLR4 expression after such treatments (Figure 4).
domain?® The TH domain was first discovered as a resemblance Afso, mTLR2 is significantly up-regulated in macrophages by
a cytoplasmic domain between Toll and IL-1 receptor type dtimulation with LPS and IFN (T. Matsuguchi, unpublished data,
(IL-1R1).1840 |t was later shown that the TH domain was alsdune 1999). Interestingly, the sensitivitylp§! mice is restored by
shared by numerous proteins including plant disease-resistatreatment with IFN or BCG?%-%2 and the expression level of
proteins?t an intracellular myeloid differentiation markermTLR2in immune cells is likely to be higher after these treatments
(MyD88),#243 ST223 |L-1Racp? and IL-1RrP/IL-18R*® The TH in Ips® mice. All these findings may suggest that immune-
domain contains 10 conserved blocks consisting of 5 alternatingmponent cells react to LPS mainly with TLR4 at first, and TLR2
B-strands andx-helices?® and all the blocks are conserved inis the second LPS receptor boosting the immune response by the
mTLR2 as well as in hTLR2 (Figure 1). Since both Toll and IL-1Rhost. This hypothesis explains well why mTLR4 is essential in LPS
mediate signaling by similar Rel-type transcription fact§¥the responsiveness.
TH domain presumably plays an important role in the activation of It is of note that the coexpression wiCD14with mTLR2was
the NF«B pathway. In assays using carboxy-terminal truncatiomgecessary for the proper activation of INK and RBby LPS in
of hTLR2, deletions of carboxy-terminal 13 or 15 amino aci€€COS7 cells. In contrast, in 2 earlier reports using hTLR2, 293 cells
markedly impaired the LPS-mediated MB- activation by transfected with only hTLR2 increased the transcriptioNBfkB—
hTLR22122These deletions remove only the last blockeshieli- dependenteporter genes in response to LP&2The exact reason
ces, which suggests that the complete conformation of the Tbk this discrepancy is unknown. It is possible that mTLR2 and
domain is necessary for proper signaling. This finding is consistamiLR2 respond differently to LPS in the absence of CD14. ltis also
with the fact that all 10 blocks of TH are conserved betweepossible that the discrepancy is due to the difference of the cell lines
mTLR2 and hTLR2 (Figure 1). used for the transfection. The parental COS7 cells that we used in

Our results have demonstrated that overexpression of mTLRAr experiments did not show any CD14 surface expression (Figure
in combination with mCD14 confers responsiveness to LP&B). The 293 cells tested in the earlier reports might contain a small
stimulation in COS7 cells. Although hTLR2 was shown to mediat@mount of endogenous CD14, which worked with the exogenous
LPS signaling??? the role of mTLR2 in LPS signaling remainsTLR2. It has recently been reported that hTLR4 needs a small
guestionable. Two recent studies examined a single autosommadlecule called MD-2 for proper transduction of the LPS sighal.
locus (ps), which is responsible for the LPS hyporesponsivene3herefore, it is also possible that COS7 and 293 may in different
(Ips?) of 2 mouse strains (C3H/HeJ and C57BL10/Sc@/.The ways express an unknown coactivator protein, similar to MD-2,
mTLR4 gene was found in théps locus and mutations in the which is necessary for proper TLR2 function.
mTLR4gene in both strains were identified. This strongly suggests We have also shown that both mTLR2 and mTLR4 mRNAs are
that a defectivenTLRA4is responsible for the LPS-hyporesponsiveexpressed in mouse T cells and some T cell lines. Although we
ness of these mice. More recently, mice lacking thiELR4gene could not show the protein expressions due to the lack of
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appropriate mAbs, LPS directly inhibited IL-4 expression in & T cells with the stimulation by immobilized anti-Cle3nAb,
mouse Th2-type cell line, EL4, suggesting the surface expressiBMA plus ionomycin, IL-2, and IL-15. All of these stimulators are
of LPS receptors on this T cell line. In spite of great interest, tHmown to activate both ERK and p38 kina8é# and our data
direct effects of LPS on T cells have not been fully understoothdicate that mTLR2 mRNA up-regulation by PMA plus ionomy-
Because it is now known that both TLR2 and TLR4 are expresseit is dependent on both ERK and p38 kinase pathways (Figure 5).
on T cells, it is reasonable to presume that LPS can directly affdttis becoming evident that the binding of MAP kinases to
some of the T-cell functions. To support our findings, it has recentiyanscription factors is a critical determinant of their specificity.
been reported that both LPS and lipid A decrease IL-4 producti®RK is specifically targeted to the ets domain transcription factors,
from purified mouse CDAT cells and Th2 clones, indicating thatElk-1 and Lin-1, while p38 has recently been shown to be targeted
LPS directly modulates cytokine expressions by T célisddition-  to the MADS-box transcription factors, MEF2A and MEF$C.
ally, an earlier report showed the activation and subsequevibuse TLR2gene may be under the regulation of multiple
apoptosis of T cells in LPS-treated mi¥élthough T cells usually transcription factors that are activated by different MAP kinases,
do not express CD14, a soluble form of CD14 (sCD14) in theRK, and p38 kinase. Collaboration between ERK and p38 kinase
serum has been shown to bind LPS and induce signals in ceilss also been reported for the induction of cytokine and iINOS
lacking CD141%17 It has also recently been shown that CD11céynthesis in macrophag€&” However, the overexpression of a
CD18, which is expressed on some T céfispay work as a constitutively active mutant of MEK1 increased mTLR2 mRNA
component of the LPS receptorz® (Figure 5C), which suggests that the continuous activation of the
In the present study, we have shown that a low concentratigiRK pathway is sufficient to induce tleTLR2gene expression.
(0.1 pg/mL) of LPS induces weak expression of fFMRNA in Lastly, it is interesting that mTLR2 is induced by IL-15 in some
EL4 cells (Figure 6). The same result was repeatedly observedtintells. Since LPS is a potent inducer of IL-15 production from
different sets of experiments (data not shown). Recent reports haygcrophage® these findings may suggest that at least a significant
shown that both JNK1 and JNK2 are involved in the developmefihction of T cells responds to LPS in a 2-step manner: first by using
of Thl cells producing IFN.5"%8 Our results have revealed thatconstitutively expressethTLR4 then by using mTLR2, which is
mTLR2 is a potent inducer of JNK phosphorylation (Figure 2C)nduced later by cytokines like IL-15. It is interesting to speculate
Therefore, it is a reasonable to presume that LPS induces sigitglt mTLR2 and mTLR4 induce different intracellular signals; as a
pathways promoting Thl cell development. Interestingly, th@sult, the same T-cell population might respond differently to LPS
up-regulation of IFy mRNA was not observed at higher concengyring the course of Gram-negative bacterial infection.
trations of LPS (Figure 6). The reason for this phenomenon is not |n conclusion, the present study has shown that both mTLR2
clear. It was not due to the increased cell death because LPS as Rjgh mTLR4 are able to mediate LPS signaling. The expression of
as 100 pg/mL did not affect the viability of EL4 cells (data nofhese proteins in mouse T cells indicates that LPS may have direct

shown). LPS treatment of this cell line might activate differendtfects on T-cell activity during Gram-negative bacterial infection.
downstream signals in a concentration-dependent manner. The

LPS-binding affinities for TLR2 and TLR4 have not been clearly

shown, and it is interesting to presume that either TLR2 or TLRA

works preferably at the low concentration of LPS, thereby mediat-

ing betterlFNvy expression. EL4 cells constitutively express bothVe thank Ms K. Itano, Ms A. Kato, and Ms A. Nishikawa for their

TLR2andTLR4(Figure 4B). technical assistance. We also thank Dr H. Yagita for providing a
The expression level shTLR2but not that oimnTLR4increases mouse cDNA library.
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