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ABSTRACT

Background: Mycobacterial antigens released as PIM, LM, LAM, lipoproteins and othet
cellular factors may contribute to macrophage and dendritic cell activation through
pattetn recognition teceptors such as TLRs. In this study, we assessed cytokine pto-
duction and ERK activation with stimulation of several major mycobacterial antigens.
Methods: Purified mycobacterial antigens (10, 22, 30, 38kDa) and recombinant antigens
(6, 16, 19, 38kDa, Ag85A antigen) were studied. The production of cytokines (INF-a,
IL-12, IL-6) was measured by ELISA. The ERK activation was detected by western
blotting. The expression of TLR2 or TLR4 was measured by flow cytometry. Results:
Among purified antigens only 30kDa antigen induced production of IL-6 or TNF- @
in THP-1 macrophage cells. When THP-1 macrophage cells were treated with 30kDa
antigen, phosphorylation of ERK was detected. ERK activation also occurred in TLR2
transfectant HEK293 cells with 30kDa antigen stimulation. Conclusion: 30kDa antigen
is one of the major mycobacterial antigens inducing cytokine production and MAP
kinases phosphorylation in macrophages. (Immune Network 2007;7(1):26-30)
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A ES | AR o)) A 391 THP-1-2 American Type
Culture Collectionol| 4] F-okukolu}l A|¥E = 10% Selo}
A (fetal bovine serum: FBS, Jeil Biotechservices Inc.,
Daegu, Korea)o] Z3tE] RPMI 1640uH2](0.1 M sodium
pyruvate, 2 mM penicillin, 50 ;g/ml streptomycin; Life tech-
nologies £3}) 8l 5% CO,, 37°C incubatorol] 4] uljeks}4
o dAAEE BE847]17] $el 100 ng/mle] PMA
(Sigma-Aldrich, St. Louis, MO)E 24417} X zls}sdc}.
TLR2 transfectant cell<- human embryonic kidney (HEK)
293 cellol] A&+ TLR2 (HEK/TLR2/CD14) -§-# A} trans-
fectiondt A E(Invivogen, San Diego, CA)E FQste] A
23190t} HEK293-TLR2 transfectant cell #A] 2% Dul-
becco’s modified Eagle’s mediumol] blasticidin (10 z2g/ ml),
normocin (100 xg/ml), 10% F-elotd & H7lsle] A&
sldct

A a3, A Aghuiol 10kDa, 22kDa, 30kDa,
38kDa &3} 3HAJ 5l 6kDa, 16kDa, 19kDa, 38kDa, Ag85A
A3 A8tk Salmonella minnesotadl| A 2] 3k 50
ng/ml€] LPS (lipopolysaccharide; Z|v}d5, Sigma, St.
Louis, MO, USA)$} Bacillus subtillisol} 4] E-213} 10 ug/
ml®] LTA (lipoteichoic acid, Sigma, St. Louis, MO, USA)
+ ZH7} TLR4$} TLR2E AF23}7] 93} positive control
2 Agasic

SAE 24 ALE QuaTAez 23 AN ¥ 4)
X%™ol| FITC-TLR4 (clone HTAI125; Santa Cruz) B
PE-TLR2 (clone TL2.1; Santa Cruz) $+-Z238}4|(20 ul/1 X
10° cel) & d-goll4] 30371 Hh2AA A A e oG
319 e} 74 3= FacsCalibur (BD Bioscience) S AF-&-sfo] B
Ao E 20,0002 AZE =43 3 WinMDI 2.8
(Yoseph Trotter, Scripps Research Institute, San Diego, CA,
USA)IE ol §elo] A3HE oheigie

ELISA. 414 wjpolo] E314] cytokine S 7 o}7]
91814 BLISAZ 43§el9i}. -cytokine %432](BD
Sciences)E- coating buffer (0.1M carbonate, pH 9.5)o1] 250
vl 3] A slo] microtiter plate (Costar, Acton, MA, USA)e]|
kA 4°CollA sl FeF BARA7 F, 0.05%
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tween 200] 385 olAkglolo 2 33 X3l 10%
283 okHulo ol Akl o g ReiA A
10% Z8HLR QAAREN0 2 2 NHAT A
Eofopel e EHGA7F 22D Hehel 7 wello] $3%
= 37°Col| A 2417} HFE A7) & 0.05% Tween 200] 3H9-
o QA o 2 53] Aslgit. A Z A ol biotino]
B 3 A L6 g4, -TNF- ¢ 34| T 3hIL-12
&}x) 2} horseradish peroxidase (HRP)-conjugated streptavidin
(1:19] Hl&)& 10% £EHdHR-QFHo 7 250
) 3] A sto] ZF wellel] 2718 3 37°Coll A 1A 7 HES-A]
Atk 7L & 0.05% Tween 200] ¢85 ¢lA}gEalo w2
73] A|H & Foll tetramethyl benzidine®} hydrogen pe-
roxide®] EgFH-& 7} wellof] 3713k Frof] of 7§ 2ol
A 207 HH-3A17] 3L 2N HoSOs g 0 & b b33 7
A A1 Zdt}. Optical density+= microplate reader (Molecular
Devices, Sunnyvale, CA, USA)ZE- o] -£&}o] 450 nm I}#} o)
A Z3skgie 2u)E cytokine] oS- Agke] Az
IL-6, TNF- 9] EF54og2RE FF3le] Atslsirt.
Western blotting. A&+ thA A 291 THP-13} HEK293-
TLR2 transfactant cellol] 15, 30, 40571 A &+ A=
4§ & & ERK (extracellular signal-regulated kinase) @14k
512 ZRee). AAAENA0 2 AH LS NP40
lysis buffer (protease inhibitor7} Z.&+E 25 mM Tris-HCI,
137 mM NaCl, 3 mM KCl, 1%NP-40)Z 74 13,000 rpm
oAlA 1587 A4 Eelsle] Fg Ao hull & oot o
wl o] =% 1= Bradford protein assay (Bio-Rad, Hercules, CA,
USA)E A eFsl ol i Fakulol) 4 40~50 ngd F3ke] 12%
SDS-PAGES %-3lo] A7|edE slgdct 21 3 nitrocel-
lulose membrane (Amersham Pharmacia Biotech, Piscataway,
NJ, USA)oll A A 5% EAFF2 Aol A 217t 53t
AEAIZ] & 005% tween-200] 551 QlAtEho 2
23] A|F s} ek, §F-phospho-ERK thE-238}4|(Cell Signa-
ling Technology, Beverly, MA, USA)E A}-&38lo 5% &3
ol 1:1,0009] HlE2 AlE EoiA 4°CollA] sk
Hh &<t 2ESAIF . 2 3 0.05% tween-200] 3 <
AgFNo g sEA 33 AHE Foll 5% PR Efoll
1:50002] v]&=E 3]43t o]X} 3}l HRP-conjugated
goat anti- rabbit IgG (Jackson Immuno Research, Baltimore,
MD, USA)¢} 4°Col| 4] 14]7F 24k u-2A]7] 51 PBSTE 10
E7} 33] A8 & west save (Lab Frontier, Seoul, Kotea)
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SAE Aele]l THP-1 AE oiAZZ B3A71
THP-1 A|E %7 ¢] TLR2 9 TLR4 Ex} u+al-g v s}
ot 2 A PMAE H3}A7] THP-1 A|Zol|4 TLR2
3l TLR4 £27} v] Ho| wr3sdvh(Fig. 1).

A% A A E3 THP-100| A A 3l g o)) 23 cyto-
kine 4. A&l 3 0 2 2% OlA) A Eoll A cytokine
AAE 7] Hslod THP-1 A5 A3 F A Ak
814 (10, 22, 30, 38kDa)d} A|=aaFA (6, 16, 19, 38kDa
&, Ag85A) 2.3 ATkl ch 1 Aat Al A Ak
G Foll A= 30kDagtduto] TNF-o A& 5319
Ch(Fig. 2A). A 23eHA 9] 749 19kDad Al 2|3 4550
glo] TNF-o AL § X319 rHFig. 2A). IL-12& A
Akl A AHzged E5olA fFESA kst
(Fig. 2B).

A A A £33 THP-10| A A3 30kDadt ] A=
ol] u}-& cytokine A A). THP-1 A Z 9] cytokine A4 A&
of A} A28t 4572 AT AAG Y FollA F2
}A] THP-1 A ZE 23 30kDag} S Aoz 3l
5ol E TNF- o9} IL-6 HA-S 2319w} ELISA
£ &30 THP-1 A Z ok A4 B cytokine A& &
4% A3k, 30kDagtd oko] Z7}stol] whel TNF- 9}t
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Z 83t 30kDad}H o] ERK 41 3}ol] w]X| = 3. 30kDa
&H9) A}=o] ¢]slo] THP-14] ol A ERKS] Q14Hsh7t o
oJUEA& &3] 93l 3-phosphor-ERK A & ©]-&
3}od western blottingg- A A8} 9t}. Positive controlQ]
LPS, LTA 3 30kDadtd-S X eldt & 15, 30, 405 & &
thull-S odgjrh. ERK QAF3LE &3t A} 30kDagt<d
& A58t & ulf 40% ¥ THP-1 A E9] ERK 14317}
Z7}% 9 thFig. 4). HEK293-TLR2 transfactant Al F3Fol]
A% LPS, LTA 1l 30kDast-S X &)8 ¥ ERKS Q14
35 F4 ¢ el 30kDaghd & A 23k 158 3ol ERK
9] QlAkstyt A= Qs 3080l ZhAE 9 ch(Fig. 5).
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AL 19kDa A A b2 TLR2 ligand 2 4 4] 9o &
F A E2] apoptosisE §E8}3L nitric oxideE A4 s}od
i dul-e-8 Z7}A)7) = v MHC class 11 E-#}2] down-
regulationA] 7] 7] wfFell FAAZTE LA ZITHI2).

19kDa A ARHS A SUAEFoA IL-12p40F H

rie

TLR4

PMA(- )/ control I9G

PMA(*+ )Y/control IgG
. PMAC- Yant-TLAE ab Figure 1. TLR expression on
THP-1 cells. THP-1 cells were
o PMALs Yenk-TLR4 ob treated with 100 ng/ml of PMA for
f 24 hrs. The expression of TLR2 or
TLR4 was measured by direct
staining by anti-TLR2 antibody or
anti-TLR4 antibody. Total 20,000
cells were analyzed. The result is
the representative result from three
independent experiments. Control
IgG, isotype control antibody.
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Figure 2. Cytokine production in
THP-1 cells by mycobacterial ant-
gens. THP-1 cells were treated with
10 pg/mi of putified mycobacterial
antigens (10, 22, 30, 38kDa) or re-
combinant mycobacterial antigens
(6, 16, 19, 38, Ag85A) for 48 hrs.
TNF-¢@ and IL-12 in the culture
supernatants were measured by ELI-
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SA. LTA (10 pg/ml) was used as
positive control. (A) TNF-a, (B)
1L-12.
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Figure 4. ERK activation in THP-1 cells by 30kDa antigen.
THP-1 cells were treated with 10 #g/ml of 30kDa antigen for
15, 30, 40 min. Total protein was prepared and western blot was
done with anti-phospho-ERK antibody. LPS (50 ng/ml) and
LTA (10 zg/ml) was used as positive control.
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B AellAl e A gl A A £33 THP-1 A ZE YA
o2 A gl Sol tigl cytokine A A3}
A3} A Foll 4= 30kDa 3Hd o] TNF- o A4
& FrEsen Az ZedlAE 6, 16, 38kDa <
A3 Ag85A7} TNF-o A4S FEskdct A=z3rstyd
9] 735 iAol A AAdsty] wiitoll Kl Eg) 74 o
A 239 5 9= AT G9 LPSe] 7hsA-S wiAls)H
717b GolstAl kel 1elsle] o]F el AdoAE
30kDa 3d& FAo 2 AAst9ic). 30kDa A3 F 34
T IL-12 3= IL-18 59| cytokineS {53l ZAslol
Zrod = ghaboll A = 30kDa 3Fdoll g}k ukS-o] ] 3}x]o]
Arhrt Adl X8 Folle Ao g 3 EHeh(13,14). A
& g E 30kDa g1 0 2 AHFslH TNF- o & A4 s}
ol TNF- ¢ & g4t §o}lZ(granuloma) 2] Aol £
B AGL la AAE SR E 2 gsle] Al
o5 88 AT AR A sl wjiol 30kDa )
(Ag85B)o] WA H S W Asli= 7] 50] e AL A4
H A ek(15).
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Figure 3. Dose-dependent cytokine
production in THP-1 cells by 30kDa
antigen. THP-1 cells were treated
with 20, 40, 80 p#g/ml of 30kDa
antigen for 48 hrs. TNF-g and
IL-6 in the culture supernatants were
measured by ELISA. LPS (50 ng/
ml) and LTA (10 zg/ml) was used
as positive control. The result is the
representative result from three in-
dependent experiments. (A) TNF-
a, (B) IL-6.
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Figure 5. ERK activation in TLR2 transfectant cells by 30kDa
antigen. HEK293 cells expressing TLR2 were treated with 10 pg/
ml of 30kDa antigen for 15, 30, 40 min. Total protein was
prepared and western blot was done with anti-phospho-ERK
antibody. LPS (50 ng/ml) and LTA (10 gg/ml) was used as
positive control.

dhdo g A=4918 v MAP kinase member¢] ERK7}
TLR29] #}$] 7S] LTAVH TLR49] ul9)#kel LPSel tldh
whSRkE sl EA3E = Ao s Hol 30kDadt =
MAP kinase 7 & F3lo] HAMEE sl &A431A)
Aowd 39 WA fEol Bolett Aoz *
A=}l AalF 30kDa 8F0-2 Ag85 complex 2% 4] A
SiEnl AuF ool [AFEE DuloE AgssA,
Ag85B, Ag85Ce] Al| 7}A] & R, A¥E of
Yz} BE AellA] HEEIt(16). Ag8SA, Ag8SB, Ag-
85C7+e] A B Aoldt A A} sequence X}o]+ Ag85 gene
family7} 24 -2 4}2] duplicationel] 2]l 4] mycobacterial
speciesE U-rol 7] Hell AGH Aoz <A 9t
(17). ¥E8F Ag85A M. berculosis\} Mycobacterium leprae
(18), Mycobacterium bovis BCG-vaccinated mice (19)el] 7+
AEF T AL 2AE sl S N 44 S
FEAZIE YR Haslo] 93 1 9lsle] Ag8SA
o} Ag85B7} d1A &9 subunit W] 7hAk e
FHEAE AAF o] Glrt. B adFollA] TLR2E W}
+ HEK293 A} Eol| 4] 30kDa 3}¢1¢] ERK &A3& §%
39 el PMAE A48 THP-1 Al ZEof| 4] TLR2 Wy o]
A AEE 7] Lol THP-1 Al £ Z e} TLR2E
sl HEK293 A E9] A& v Zs]™ 30kDa 89 o]
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