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In this study, we investigated the role of toll-like receptor (TLR) and mitogen-activated protein kinase (MAPK)
pathways involved in the tumor necrosis factor (TNF)-a and interleukin (IL)-6 expression after stimulation with purified
protein derivatives (PPD) or native 38-kDa protein antigen (Ag) of Mycobacterium tuberculosis H37Rv in human
primary monocytes. Both PPD and 38-kDa Ag significantly induced TNF-o and IL-6 in human primary monocytes.
MAPK [extracellular signal-regulated kinase (ERK) 1/2 and p38] are rapidly phosphorylated in human monocytes
stimulated with the PPD or 38-kDa Ag. Both p38 and ERK 1/2 activation are essential for PPD- or 38-kDa-induced
TNF-a and IL-6 production. The inhibition of TLR2 and TLR4 by specific antibodies significantly abrogated the
38-kDa-induced secretion of TNF-o and IL-6, whereas blockade of TLR2, but not TLR4, was responsible for the
PPD-induced TNF-a and IL-6 production in human monocytes. Collectively, these data suggest that the PPD and
38-kDa Ag differentially interact with TLR2 and TLR4, which in turn mediate an essential role for the early inflammatory

immune responses during human tuberculosis.
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EfsEe FEA25EAA Toll-like receptor (TLR)OI
Z7t= (ligand)7} AE3HA 34917 2ol 4 myeloid differentia-
tion factor 88 (MyD88), tumor necrosis factor receptor-associated
factor (TRAF)-67} &A138}5 11, =2 S 2 nuclear factor-
kappaB (NF-kB)¢] & ] o]go] o]Folxit}. 7]et a9 =
25 gEdQl o Q1akslE 4l mitogen-activated protein
kinases (MAPK) 2 phosphatidylinositol-3-kinase (PI3K)7} TLR
A5G A BAstEE Ao HaEQ) o= A
Ao Aol gt A uk-gol wlg- Fa3 24F o
WAE 53] AGFA Alo|EFRRI, AR, costimulatory
molecules & inducible nitric oxide synthase 52| L&S =
aHA €t (28).

ol Ao olahH MAPK 4L ZAdlto] oe fie
%= TNF-0, IL-1p % monocyte chemoattractant protein-1
(MCP-1) 5-2] Aol B5A2] Aoz HusQr) T3 A
o GHAE Ff tHAAIEAA MAPK 270l s M.
aviume] Az U] AEo] 7HaE o] MAPK =71 343
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SE3L 0124, Z3sS, HE A, WeHs, T2
off gk Alo] =711 vkg-0] Holid Bl Alx o] ArAE7]H
of Wigh AUF B4 Aol w5 o] 9 Wl 71 A

B AN AES AU WP o ZHE 33-kDa A
Aged F9S nae o Besigon Bl 3

& 2 Denmark®] Statens Serum institut® 5
B 7948 PPD FUS o] &3t AEAAAEE AF3t 2
ol 93k MAPK Aadddze] g4 9 AASA Alo]
E7Re]l Bl th3k MAPKS] 7]5S A5t 2 At
PPD % 38-kDa &9 ERK 12 & p38 MAPK] ¢l4t3l=
frEslslom HAASA AIETRRIQ TNF-a8} TL-62] #-H]
& =itk 7 el o]gk Aol E7R]] #H]o= ERK
©} p38 MAPK7} 57 3] $8% 8-S sigivh 12y
38-kDa @l g MAFA Aol EFFQIS] S TLR2
2 4 FEA7F 25 Polsk= vha, ppD ol 93 A$-
of &= TLR2 F~&Avte] #olst= AL & 4= ATk

1. 23T Y W 38-kDa SR 22| A

1) 27 Hj ek

M. tuberculosis H37Rv (ATCC 27294)Z Sauton 37 Hl =<l
A 677 2 viFake] R E vkl oS 15,000 x goll Al
1A17F 941828}l 0.22 um membrane filter (Millipore, Bed-
ford, MA, USA)Z o} H#S AAISH § 38-kDa 3 A
o AHg-3F3Tt.

2) 38—kDa &2l =2 FH|

38-kDa ] & AAE o] T HiE P
T} (2). 38-kDa Y-S vjFoi o 2 HE] Akt A4
(ammonium sulfate precipitation), low pressure chromatography
(LP)<} fast protein liquid chromatography (FPLC) A]2~%! (Bio-
Rad, Hercules, CA, USA)S ©]-8-3} anion-exchange chromato-
graphy$} hydrophobic interaction chromatography (HIC)Z 7
Asol o, a4l 1S SDS-PAGES} 38-kDa E7] 33
S o] &% WS skl AAleith

o]yt wjke] NS 20 mM Tris-HCI, pH 8.3/0.02%
NaNy1 mM EDTAZ 2.59] 3]4]3F & Macro-Prep High Q
(Bio-Rad)”} 4% A™ (2.5 cm X 20 cm)°l| 5 mi/ming] £
L2 7kste] aldS SRR 2 G 100 mM
NaCle] 3 20 mM Tris-HCI, pH 8.3/0.02% NaNy/1 mM
EDTAZ &ZA|71 $9] Amicon Ultra-15 [molecular weight
cutoff (MWCO) 5,000; Millipore]S ©]-&3F Zm| Ao 3Py
(ultrafiltration) ©. & 5338+ 5 40~70% AR E GIA
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1.8 M AR Fo] ¥38H5E 100 mM sodium phosphate, pH
6.8/0.02% NaN;/1 mM EDTA°l £3A|7] & LP A|~Hl-S-
=3
235 ThE-2 Macro-Prep Methyl HIC (Bio-Rad)”7} 574
ZAe (1.5 cm X 10 cm)©l| 3 m/min®] £E2 715ke] hala
FAAAT F2E dEe 12 M g R Ee] 23
100 mM sodium phosphate, pH 6.8/0.02% NaN;/1 mM EDTA =
A e Foll 14 M AR F] Z3HE 100 mM sodium
phosphate, pH 6.8/0.02% NaNy/1 mM EDTA® w2 S &%
&to] 38-kDa 9 YALES FSIAth 38-kDa & 4
32 BF $35}l9] Amicon Ultra-15% EFA|Z1 Fof| 20
mM Tris-HCl, pH 8.3/0.02% NaN;/1 mM EDTAZ 4TCol|A] 3
A37F T3kl T4 % 38-kDa &Y FAEE2 022 um
membrane filter (Millipore) = ]33+ & FPLCE ©]-83} anion-
exchange chromatography = &% AA|& AA8t}h & UNO
Q6 A9 (Bio-Rad) (1.2 cm X 5.3 cm)ol| 38-kDa 391 %A
g2 1 m/min®] HE2 7lste] @ijds FHAR ol 20
mM NaClo] ¥3}t%l 20 mM Tris-HCI, pH 8.3/0.02% NaNy/1
mM EDTAE 7}3te] 38-kDa F9S Ao BZA7]10
=24 AT

HTHoR AL 38kDa FUL A4kekE 9 (phosphate
buffered saline) . % 4 CollA 3d7F F451513L, W54 A|A
Z 9 (Endotoxin Removing Gel; Pierce, Rockford, Ill, USA)S
E3}A1A 0.22 um membrane filter (Millipore)= o] I E - 5
ARE-SEATE.

3) 38—kDa E7| &&H (rabbit 38—kDa antiserum)2)
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ol

Freund's complete adjuvant (Sigma-Aldrich, St. Louis, Mo,
USA)9t T o = 539 38kDa &< (0.5 mg/rabbit)S A
T 25 kg ¢ WHAE Fo|E B (hEALo|dx, i)
NAl =5 AFsAAL, F7F AT 45 A CE 33 4
A&ttt 71 A3 Aoll= 38-kDa 34 (0.5 mg/rabbit)S
Freund's incomplete adjuvant (Sigma-Aldrich)$} &H o2 &3¢
sto] 5 FAFSEGIh w371 A 25 Fof] FE
& AAlste] Wb o FA7HE ERlgh $ol Hd
= AAlste] @3S Eelsilth
SDS—polyacrylamide gel electrophoresis (PAGE) 2!
CHIE SEo| =0l

1S Novex mini cell (Invitrogen, Carlsbad, CA, USA)< ©]
&-3}] precast gradient Bis-Tris gel (Novex 4~ 12%; Invitrogen)
oA} SDS-PAGE®! ]3] 41513131, #7195 F Coomassie
blue FAS AAEke] 38-kDa LS AEslTh wuld

.
7
=+ bicinchoninic acid assay (Pierce) = =74 8}A T
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!

@ PPD

0%
o

ZAd++ PPD IS Statens Serum institut (Copenhagen,
Denmark)ll 4] F§13te] A-&-313lct.

3. LW CHHIL (monocyte) 2| =H|

27320 FEAEEE AU S AF¢o} Histopaque-1077
(Sigma-Aldrich) S ©]-88 W71 AiEe|e gt
A3 (peripheral blood mononuclear cells)E H3lAt) =
A3t B2 NG A E= RPMI 1640 HIAZ 2 X 109ml<]
TEE FHAA 37C, 5% CO, ZHNA 17 Fet 24
well culture plateol] F-ZrAIFTE F-2HE| %] ke AS-AL |
A3 plateel] F-2=o] & THFRE Hste] A3l A
siolom EEld @8] FEF ¥ CDI4 FAE )&
FAIZE S0l 93l 95% ol /s glskgith Al 3
ol o]t A}o]E7}Q1 H-g-o] lipopolysaccharide (LPS) 2%
of ogk 3lo] opdS RISt S8 e AF A
LPSE A3l polymyxin B (10 pg/ml)°] S+ wixA]&
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4. Mitogen—activated protein kinase (MAPK) XA 2l
toll like receptor (TLR) &2 ®A{2|

MEK 24 ¢] Eo] o721 PDI8059S} U0126, p38 MAPK
2o Bo] JAAQ] SB203580-> Calbiochem (San Diego,
CA, USAAFIIIA “E3te] AF2-3F3At). Dimethyl sulfoxide
(DMSO; Sigma-Aldrich)= 23A1#1¢] &aA4] 2O = 0.1%
(volivol) ] == e H71slich Hxgd a5
PBS=E A& g th3, A3 7H4 30 WA 457 H, MAPK
A A7} F3HE 2 RPMI 1640 HiA| 2 wkalqit). w3l
T2 AEFo] AAA L "ol odl] FTFS WA A
o] 5= Trypan blue G40l o3l 153t vh-9-2~ 3 A}
2 TLR2 @Y Z234 (clone TL2.1; IgGa, k) % vh$-2
3+ AFE TLR4 @A FE23A] (clone HTAI2S; 1gGa, k)&
eBioscience (San Diego, CA, USAAFZF-E -9)5}e] ARE-35}
Atk o5 FEAlE g A= W A2elA] 307 AA
glste] TLR AlzdGd 2 B4 A ARgsIsich =3
5% isotype 1A 2L FITC7F 284 3 Al CD14 3
A AA] eBioscienceAtEF-E 98] AFE3EFSITE MAPK
AR A BAS 93 3 p38-, 3 phospho-p38-, 3 ERKI/
2- & 3} phospho-ERK1/2 &= X5 New England Biolabs
(Beverly, MA, USA)AS] AE-S F91381e] A-8-313 )
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14 Hae, OINI%, YES, SHE, 0124, L3S, BF7, We, T2

o] (33) western analysis S |83l BA81AH. o=
a9, ZF oA wikE AE (well B 4X100)E 33}
o], protease inhibitor”} X% 0] 1= sample buffer (62.5 mM
Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 50 mM DTT, 0.1%
bromophenol blue)ll 7}3t & %-2-3}7] (Branson Ultrasonics
Corporation, Danbury, CA, USA)E ©]-&3}4] 40%7} sonication
S AAEATE ©]F 13,000 pmol A 2083 A E sl
A2 FE2XE FHsta 9l g gZe 5 SpDSvt 2%
% 10% polyacrylamide gel’dollAl A719 530t A 7|95
A% nitrocellulose membrane ©. = blotting3t ¥ 5% skim milk
7} 591 Tris-buffered saline Tween (TBST)ZE 147} 5ot
2| Al blockingdFAtt. 12} A BES-S 98] & p3s-, 3
phospho-p38-, & ERK1/2- & 3} phospho-ERK1/2 &3] (New
England Biolabs)E& T-Y3te] AMS3Iith 12F A Hhg-2
Z}zre] FAE 4°CollA 18A17F F3F whgAIF o 2% A
HE-S-2- peroxidase”} FA% anti-rabbit IgG 3] (Amersham-
Pharmacia, Freiburg, Germany)Z 37ColA 143k W83}
o gd e w=o] HE2 detection reagent?] ECL

(Amersham-Pharmacia)& 9 0. 2 -2l A] 13£3F W27 &

o FTH &o] Ao EFRIS SA3IT

7. SAEHE A

AY A= Ho EF oA YeRllon A1 foA
£ SPSS EA] =213 (version 11.5, Chicago, IL, USA)S. &

student's T-testoll &J3 AZslRoH p gho] 0.05 ©]atE B
ol A¢ BAHR Folsitta BAEit

2 1
1. AP YN ZHE 38-kDa ANTYEHE Selo)
22| 3

oI #35F B kNS 20 mM Tris-HCI, pH 8.3/0.02% NaNy/
1 mM EDTA= 2.58] 3]443}e] low pressure chromatography
(LP) A]2:8lS- ©]-8-3} anion-exchange chromatography® 1%}
B A4S 2AA g A3 38-kDa LS 0~100 mM NaClo]
235 20 mM Tris-HCI, pH 8.3/0.02% NaNy/1 mM EDTA®I| 4]
£Z52tk 100 mM NaCl X0l §58 £35S Fo}
ZH AP o7 FHete] ety Ao 23 #E

Xeray D20l 7HA7 Yah= bandS BHelaki). AAE NS, 1 A} 38-kDa TS 60~70% FAHF
Byl F2 2FH] AAUTE 60~70% A EE 94 &
32 1.8 M kR Eo] 3 100 mM sodium phosphate
buffer, pH 6.8/0.02% NaNy/1 mM EDTA®] F--3}o] LP Al
El-S- ©]-8-3} hydrophobic interaction chromatography (HIC)Z
3aF w2l AAE Al=skglan, 11 A 38-kDa e 12 M

6. ELISAE 0|25t AO|EFIOIo &
2 AT 5 18AIRE Tk Wi Al
s NE alielst] & vy TNF-o % IL-6 ELISA set

(BD Biosciences Pharmingen, San Diego, CA, USA)E ©]-&-3}

(A ©

oe]

kDa kDa
92 —
62
Pl 27 a——n <« 38kDa
38 — S 4= 38-kDa 29 —
28 —
18 — .
18] 21
8 pH 47 €—————— pH59

Figure 1. SDS-PAGE analysis of purified 38-kDa antigen (Ag) of M. tuberculosis culture filtrate. (A) The 38-kDa Ag was purified
from unheated culture filtrate of M. tuberculosis H37Rv by ammonium sulfate precipitation and hydrophobic interaction chromatography,
and anion exchange chromatography. The antigen was separated by SDS-PAGE and then analyzed by Coomassie blue staining. (B)
Purified 38-kDa Ag separated by IEF on pH 4.7~5.9 IPG strip in the first dimension and 12% SDS-PAGE in the second dimension. The
second dimension gel was blotted onto nitrocellulose and immunoblot with rabbit anti-38 kDa polyclonal antibody.
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~14 M 3kt m o] X35 100 mM sodium phosphate
buffer, pH 6.8/0.02% NaNy1 mM EDTA®IA &=H At} A=
20 &2 FPLC Al2=®l-S ©]-8-3F anion-exchange chromatography
(UNO Q6)Z 4z} 8] AAIE A=sI3lS o 38-kDa 392
10~40 mM NaClo] 3% 20 mM Tris-HCL, pH 8.3/0.02%

NaNyl mM EDTACIA Heizoz @&t} 9o} 71
8 A S Ste] A 5 LY s o T o =2 HE
1.8 mg2| 38-kDa IS 3]st 4= AT} (Fig. 1A). A
38-kDa &91& anti-38-kDa IS Al-8-3}]
blot A o2 #2133t} (Fig. 1B).

o]zl western

2. Z#3 PPD % 38—kDa Bt xH30| o3t Lz
Eksl 10| TNF—q 3! IL-6 EH|5 &3
PPD ¥ 38kDa &%l A& & Zxdd ohallgte] A7t 74

Fof] W TNF-a 2 IL-69] WS
ol tzre] wxyo ddlFE Fe|sk & PPD ¥ 38-kDa

A

1500

—@—PPD
- ¥ - 38-kDa

*kk

TNF-o (pg/ml)

Time (h)

7 AHelsie). 27k 6, 18, 48
2 96AI7t X}%Z& T ZF v A5 o HE Alo|ETII

%/\l %?%11

7J°ﬂAH *M,% 1213.3196.1 pg/mli u]$- =7 Z71E 9ok
15 48 2 96 7toll = 242} 445.0+£141.9 pgml 2 237.6%
50.2 pgml= 233 A1A]3] FHaete S UERT 38-
kDa @l diste] 18A17be|A12] TNF-0 % B 9 &
716.7£60.0 pgmle] 7H =& A4S e

o

ik
ol TUg Aztdle] PPD Y A AlHT}E vk ool
ATk
727919 wExd ddFE Kl 5 ugml HF &
o] PPD Aoz A= 6, 184179 IL-6 F= Ao 2
EFEAARE 27 1353.4£56.1 pg/ml, 12915.8£1430.3 pg/mlo
(B) —e—PPD
15000 A e — ¥ - 38-kDa
*kk **
= 10000 -
£
2
©Q
= 5000+
0 A A A
06 18 48 %

Time (h)

Figure 2. The PPD or 38-kDa Ag-induced TNF-o and IL-6 secretion in human monocytes. Human monocytes were stimulated with the
PPD or 38-kDa Ag (5.0 pg/ml, for each) for 0, 6, 18, 48, and 96 h. The TNF-a (A) and IL-6 (B) production were measured by ELISA. The
cytokine synthesis by cells stimulated with the 38-kDa Ag was statistically compared with those by unstimulated control. *, p<0.05; **, p<

0.01; *** p<0.001. The error bars indicate SD.

A PPD

156 30 60 120

Time(min): 0 5

— —— — - — P
p38
. W W — Total
4 S——
ERK 1/2
gj‘z‘ O e e o |Tota

@ 38-kDa

15 30 60 120

Time (min): 0 5

— — — D C— — P

Total
ERK 1/2
g ] —— — s — Total

Figure 3. The PPD or 38-kDa Ag-induced MAPK activation from human monocytes. Human monocytes were stimulated with the PPD
(A) or 38-kDa (B) Ag for the times indicated. The cells were lysed, and aliquots of the total cell lysates were separated by SDS-PAGE and
immunoblotted as described. The blots were incubated overnight with specific anti-phospho-ERK 1/2, anti-phospho-p38, or control Ab each
for the unphosphorylated form, followed by appropriate peroxidase-coupled secondary reagents, and were visualized using ECL. Similar
data were obtained in six independent experiments. P, phosphorylated form of Ab; total, total form of Ab.
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2 A A RS JERNITE o] 3 96AIZkel A 887.9 MAPKQ] A3l BEElon & A Fo15E X
+39.7 ngml®] 7FF & S Selelic) 38kDa 39S 3080l p38 MAPK <1Akste] Awrt 71 gk} Wyl
A7 Aol w2 S7F A7 PPD ¥ 22 Fgom whEg MR oRzko] Aol 21912\4 ERK 1/29] <l4ts}
A & 18A17M0A] 8610.5£953.5 pgmle] 7Fd =2 S #H3X & PPD ¥ 38-kDa ¥ XP % 30 WA 60+

Uehflo, 1 Age ppD 3 A Al A4 T2 BRHA ETe R GETE | pg/ml FE2] LPS

Sa=N 2 253819l PPD % 38kDa &y} FASEAY Aot
signal WH-g-o] AT (A= AAGHA ).

A2 B MAPK 24 =AM 4. MAPK 2440 PPD % 38—kDa 3@ X=0f o3

. ) _ TNF—a 2 IL—6 Maof 0jx|= Gt
Txdd d3GZ PPD % 38-kDa TYUOE 5.0 pg/ml

=
FLoA SEEE 48AIZHA] thEsE AR A=3E & ERK 1/2 & p38 MAPK 7 &% M. tuberculosis H37Rvell
MAPK A EZE <13k3lE ERK 12 2 p38 MAPKel o3k o3k Alo]EFFel A wj$- FQ3 IS Hdsly] wE
Eo] A S o]-&35}o] western analysisell 28] 213}T) o (34) ol Az HG7 R sido] A3y PPD E 38-kDa

(Fig. 3). 38-kDa FL 22 2=5H4] SEHE dalfelA] p3g 3 ATl 9% TNF-a B IL-6 Aol ofw J3s sh=

A

120 120
— TNF-o. IL-6
48 — S
2 901 1 - - 90
s
S
G 60+ - - 60
o
© 2 ——
E *k hkk *
5 ﬁﬂ_”l”j_“l”l‘ | ﬂﬂﬁﬁﬁ B
==
° L0 B ]
0 0
DMSO 10 5 10 20 DMSO 10 5 10 20
SB u SB U
+PPD +PPD
@ 120 120
_ TNF-o. IL-6
= _ _
[&]
R 90 1 - - 90
c
S
5 60 - - - 60
o1
w
_g ke FRE gy
X 30- - - 30
° L@ M
0 0
DMSO 10 5 10 20 DMSO 10 5 10 20
SB U SB U
+38kDa + 38-kDa

Figure 4. Effects of MEK or p38 MAPK inhibitors on the PPD or 38-kDa -mediated TNF-a- and IL-6 production. The MEK inhibitor
(U0126) or p38 MAPK (SB203580) was added to monocytes at concentrations ranging from 5 to 20 uM at 45 min before stimulation with
the PPD (A) or 38-kDa Ag (B) of M. thc (5.0 pg/ml). The supernatants were harvested after 18 h for cytokine assessment using ELISA.
Similar data were obtained in five independent experiments. The mean levels (plus standard errors of the mean) of TNF-o or IL-6 following
stimulation with the PPD or 38-kDa Ag were set to 100, and the relative loss of cytokine production in the presence of inhibitor is shown.
The solvent control was 0.1% DMSO. SB, SB203580; U, U0126.
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2

ZAPstaLAl sl g gl tE p3g MAPKO] U]
5k So] A (SB203580) =2 MEK £°| <A#] (PD-
98059 =& U0126)C. 2 45%-7F A3 €]3 3 PPD 2 38-kDa
Fdoz =3tk U0126 L PDI8059E DMSO &1 A
el HE 57 0.1%7F HES &3lEo] AR7] wol
o] 52 DMSOE UlZw o2 ARE-slelch

Fig. 494 R nle} o] dxgd dalltol] tjgh U0126
Azlglel ¢&] PPD & 38-kDa & A= ¥ TNF-o A4
o] -9~ {23k Al FHAE AT (p<0.001, for both antigens). &=
31 p38 MAPK #7121 SB203580 A=l £J3) PPD &
38-kDa I A= F TNF-a 4o ¢ F2J&tA 74238k
t}. o]9} fAlEHA PPD 2 38-kDa & A=l 213 IL-69]
A7 %= ERK 172 % p38 MAPK SJA|A|e] HA]g]ol] eJsf vl

G sl AasE S & 5 AT (Fig. 4).
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Figure 5. Effects of anti-TLR2 or anti-TLR4 mAbs on the PPD or 38-kDa -mediated TNF-o and IL-6 production. Human monocytes
were preincubated with the indicated amounts of anti-TLR2, anti-TLR4, or isotype control Abs (1 pg/ml) and challenged with the PPD
(A) or 38-kDa (B) Ag subsequently for 30 minutes. The supernatants were harvested after 18 h for cytokine assessment using ELISA.
Similar data were obtained in five independent experiments. The mean values (plus standard errors of the mean) of TNF-a or IL-6 following
stimulation with the 38-kDa Ag were set to 100, and the relative loss of cytokine production in the presence of neutralizing Abs was shown.
The solvent control was 0.1% DMSO.



18 SME, OlR=, 28, &

M= Bt ofshA 43T (33.0%). TNF-o 23432 7-9-9}
7R 2 38-kDa 3ol olg IL-6 A% 3 TLR4 A
o] A=A (36.1%)°] HI&)] 3 TLR2 A9 A=) (65.1%)
of s wig- AASH AT o5 AlelETIRIS] W
2 gzgAe] dAge] oaiME % gAY SUHE Y
ERA] K38

SkH PPD ol 93] FE%E TNF-a 2 IL-6 A2
3 TLR2 3Ae] AA el ola)A] v frelahAl 7HAaE S
o1} (p<0.01) & TLR4 ] Ao oJsir F2l3t
Wl EE A kol o]l A= 38-kDa el ©]3
FrsE AA954 AtelE7IRIS] Whde] & TLR2 4A=2E
sl dF TLR4E 74 r3he Whd, PPD 9ol gt
AAFA Ao E7H1S] A2 TLR2 2o oFEsh= Ao
2 AlgEo

o] TLR 27h=s o] MAH AT 21s 4

2 7745 0] it} (18). TLR2 EjRk=s= Al
o] AFdd (7), ME|=FE7E (33), vIZHE ol A
goad ARE (22) 2 Leptospira interroganse} Prophyro-
monas gingivalis®] LPS A& (17)2.2 A F o] Urt A|=E
wog BuEAY & Axezn g vzde e}l A4
L5 94 54 TLR @ede] ez Ut ddto] o
(29). FlZutE]o}e] MaEH XAkl A | lipoarabinomannan
2! mannosylated phosphatidylinositol (PIM) 5= TLR2E 7
frate] AlEE SsAIXITE (14,21). B3k A3qte] 27 ul
ol (short term culture filtrates; STF)= % PIM= §Hr
g 522 TLR2 EAAE RAFEAT (21).

T e g 4EA9 TLR4S =2 924
ARl ek te] LPS (31) of9lolle el #it=el
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so] BalElTh 24). A7 Aol TLR4 2jRh= A
o] 791914 Waela waslo] A Eah} A Al o
sl A3N3+9] heat shock protein 657} =2 TLR4ES 753
| B HT} (8). 3 -3 AAQ] BCGH Al TLR2
TLR4E E5F 731 sheiledgdZd 2404 MyD8s=}
o HE EAE Gate] ARIIRI CXCL8] HAF &

FrE=ghth (15). & ArellA] Ayt 38-kDa &2

1 TollA] F2 TLR2E 718t MAPK &4<
o} FEAHoZ TLR4 GA| MAPK &4l 7]osh
AT g PPD el ofgh Alo]EFQIS] g
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AZA 71 weol Bael A 9 TLR2 2=t
19-kDa A ZetiZ o]t} (27). A3t 19-kDa Ao}
lipomannans (LM)< T2l TLR2 2]7F=2A] 24| E9
A theksl QS = Ao HuEr) 19-kDa X Agha
AE SFAEL AEXUALE FE2351H (27), MHC class 1T &
2] S oAEtaL, w20 AbskEA S FTHA
Ade] tjgh Wojo] 7]ofgho] HILE T} (7). thFet n=
e glol feie] LM RS 2 dFol wal vk iy
Az JAFTAE Al ETRIS] AAE A5t AY A
e ZoZ Yl LM A2 TLR2 2 o HE £x¢l
MyD88S 7Z38lo] TNF-a. 2 Absldae] A4S F3l g4
Mo A8 F535lH o] TLR4 =2 TLR6 A==
3T} (32). kA 2 ATelA PPD I AR 5 LM
%2 7]} TLR2E A=3te A daadgdio] Qlex],
23l 38-kDa A AFeA o] o F327 HE|ZV} 5
2 TLR2 =2 TLR49} ¥HS-8H=7}o] djgk B} ¥
APE 28 o= AlnETh

2, vpeket AR vkt 24 o)F] fEEE
A5 At BRI el AXE ] Alsdgd 2o
771 s = a9tk 53] MAPK Al dg
AREgel o3l wiZlEE dFAd W] 2o
Zloln] o]zjdt ATHS 2 las
dol E710 W2 A7 HEE L Qlvh At AA
TS XS W TNF-a} IL-60] Zo] Enjx:= &
ojn] & w=ito] AAFEe] WA ATl o8| Harw wl
(37). =3k PPD =& AA® Ag85 complex, MTBI12 -]
o3 M Al ETFRI #H7F Vo] BTt (25,
26). 12ju} 2 AFAES] dH] Aol ofshd At 2HA|
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4t} 1E]a 38-kDa el 28 TNF-a 2 IL-69] A3
Zdo] Y‘%}TLR2 =2 3LTLR4 Ao 98] =5 8235
AATE AR HFo] B o, & JNeAYHE 25 A
54 40137}01 o] Wtof 71ofghs & 4= itk

ME U MAPK AEASHZE Hdshs didre o

[}

FgF ARG A wl-¢- A42Q] A5 F8shH (12) ERK,
p38 MAPK % stress-activated protein kinase/c-Jun N-terminal
kinase (SAPK/INK) 5¢] Q1tslasdh dhild ez FHAd 5 of
Atk A AN MAPK 2442 TNFRI ¥ IL-IR, €14
84, 53] TLR family 53 22 theFeh =842 A=

oJ& o]FofZit} (35). MAPK Ala g 2o A8 IL-12
p40, TNF-q, IL-6 2 inducible nitric oxide synthase &3} #°]
AL 7+ Al SElEE F83) Wo]EZe] A 7o o
ol vk (11). 53] p38 MAPK®| 2 FH2 Apol &7}
Qo] Wy} Wejurge] FAol vl S FoH AL Bt
(20). & A= GAlE ARl 38-kDa ol <
S5 MAPK 24 2 A9 AolEskelel Aol
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