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Expression of Toll-like Receptors on the Macrophages Activated by

Bacterial Superantigens
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Department of Internal I\/Iedicine‘, Department of I\/Iicrobiologf, Wonju College of Medicine, Yonsei University, Wonju, Korea

Background : Staphylococcal enterotoxin B (SEB) as a prototype superantigen is known to play a
pivotal role in toxic shock syndrome and severe sepsis. However, the precise mechanism initiating
the activation of innate effector cells by SEB is unclear. Recently, Toll—like receptors (TLRs), the

sensor of pathogen associated molecular pattern

(PAMP), have been reported to be expressed

abundantly in monocytic lineage—cells. The purpose of this study is to investigate whether TLRs are
involved in the SEB—induced immune cell activation and to prove the differential TLRs expression in

response to SEB and/or lipopolysaccharide (LPS).

Materials and Methods : SEB was purified by dye ligand affinity chromatography. The mRNA
expression of TLR1—9 in human peripheral blood mononuclear cells (PBMC) and human monocyte—
like THP—1 cell line stimulated by SEB and/or LPS was detected by RT—PCR.

Results : The treatment of PBMC with SEB elicited significant changes in the expression of several
TLRs. Interestingly, the mRNAs of TLR1 and TLR5 were clearly up-regulated in PBMC, whereas
mRBNA of TLR4 was down-regulated in the very early period of stimulation within 1-2 hours, and
subsequently up—regulated 3 hours later after the stimulation. The up—regulation of mRNA of TLR4
was detected in PBMC stimulated by LPS. The up—regulation was more prominent in the cells ex-
posed concomitantly to SEB and LPS. The mRNA expression pattern of TLR4 in THP—1 cell line
stimulated by SEB or LPS was comparable to those of PBMC.

Conclusion : This study indicates that SEB triggers inflammatory signals on macrophages and PBMC
by engaging TLRs, particularly TLR4. The combination of LPS and SEB synergistically modulates

TLR4 signaling.
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FAste] dobfle AMlEsg SASHAH *ﬂii 10% -
glob FHo] FHE RPMI 1640 izl HH313

SEBS} LPSE AHs}7)
HjF7] o) A st

Aol AREE Aber i AAIEZFQ] THP-1-2 American
Type Culture and Collection (ATCC)of| Al EeFirol Al
joFatel Algabsich AlE wjokS RPMI 1640 o]
10% S-effob EH% Hiyd 100 [U/ml, AEHEnto]4l
100 pg/mle 71sko] ARg-SFAT

FA7A 5% CO7F a2 37L
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20 ng/mlE FAlel ARSI AP Fpe] wE TLR
mRNAS] W& S Eelsh= © o853t
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E =N

4. RNA #7 2 cDNA 34
Trizol & (Life technologies Grand Island, NY,
USA)& ©l&3te] RNAE sholch 1 ez
FHAE PBSE /\ﬂzi'GPL Trizol %Qﬂ% gol Nxz& 7
T AR A 5RZF F0ot AlR 3 0.1 miB 9] chloro-
forme FH7FF $ 15%7F EPO}Oj‘jr HiEe ¥4
RNA7}F Z&E AEdS tubeR 4 &
panol 0.3 ml H7}313L tubeE SHH FHH O 42 T AL
o 1087t 1*;,;\‘;]'7} 4T A 12000 g2 102 =
Shatr f4EE 3 RNA FAES A vz &
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Table 1. Primer Sequences for PCR of Toll-like Receptor
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& F ATAA 7,000 g2 Er
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3 diethylpyrocarbonate® A 2|5t 55

A RNA A=Ft O—?;ﬂ*}“&%oﬂ AHg-

04 RNAZS lr_o]
g miAA] 70Tl HEEsih. RNA A#e SRl
=0k Q= RNA &9 5 plo] 74 400 ulg H7hsko

A oy BYFEAS ol gstel 260 nmolH FBE
S 2gste] ST DNAS F4e7] 915 12 pg

o] RNA®} &89 500 ng9 oligo-dT primer, 15 U2
avian myeloblastosis virus HAARE A 20 U] RNase
inhibitor (Rnasin), 1 mM$] dNTP, 5 mM<] MgCl-& 4
= flolA 23k 20 pgd] BRSNS WESItHReverse
transcription system A3500: Promega, Madison, WI,
USA). o] #5982 PCR thermal cycler (Hybaid, Fran-
klin, MA, USA)E o]&8ke] 42TolA 3081t vH-g-A171
5 Q°C°ﬂ}\1 5EZr -?*01 aaE ERASIAT|Z 5TA]

10237 Fiebt A%e] A% g7 T0Te] Best
e,
5. FAEAAANE

Q7L 0] A WHEelZ cDNAE 27he] 4

ZA&o @A TLR1~TLRY, glyceraldehyde-3-phosphate
dehydrogenase (GAPDID®| th3t primerE AMg-ste 2
Z39rt. FHEAAYNSES sty skl ¢cDNA

A 1-2 ul, &89 02 mM dANTP, 125 U Ta
polymerase (Takara, Otsu, Shiga, Japan), primer 1 ,ul

2 mM MgCLE

thermal cycler®] il

Yojal 50 pl9 WhSAE wE &
A 2A0R FRELAMYN
Z3EAGAEL) A2E primer A
Table 13} Table 20] Ajx&tich

H2-9] AHEL- ethidium bromide”} 3H3-

Forward Reverse Base Pairs
TLRA CTATACACCAAGTTGTCAGC GTCTCCAACTCAGTAAGGTG 219
TLR2 GCCAAAGTCTTGATTGATT TTGAAGTTCTCCAGCTCCTG 346
TLR3 GATCTGTCTCATAATGGCTTG GACAGATTCCGAATGCTTGTG 304
TLR4 TGGATACGTTTCCTTATAAG GAAATGGAGGCACCCCTTC 506
TLR5 CTAGCTCCTAATCCTGATG CCATGTGAAGTCTTTGCTGC 437
TLR6 TAGGTCTCATGACGAAGGAT GGCCACTGCAAATAAGTCCG 1108
TLR7 AGTGTCTAAAGAACCTGG CTTGGCCTTACAGAAATG 545
TLR8 CAGAATAGCAGGCGTAACACATCA AATGTCACAGGTGCATTCAAAGGG 637
TLR9 GTGCCCCACTTCTCCATG GGCACAGTCATGATGTTGTTG 260
GAPDH ACCACAGTCCATGCATCAC TCCACCACCCTGTTGCTGTA 452

All sequences are presented in the 5—3' direction. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Table 2. PCR Conditions for the Detection of Toll-like
Receptors

Primer  ¢DNA ()  Annealing temperature  Cycle number

TLR1 2 52°C 32
TLR2 2 54°C 32
TLR3 2 52°C 32
TLR4 2 54°C 32
TLR5 2 52°C 32
TLR6 2 55°C 32
TLR7 2 55°C 32
TLR8 2 55°C 32
TLR9 2 55°C 32
GAPDH 1 55°C 25

Ohr 1hr 2hr 3hr 4hr 6hr 8hr

Figure 1. mRNA expression of human Toll-like receptors in
peripheral blood mononuclear cells in response to 50 ng/ml
SEB was detected by RT-PCR.
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Figure 12 74778k AQlolA Eejsh TxdEd ohal
o] SEB 50 ng/mlE A#sti AlzPE8= TLR1~TLR9
mRNA S#E& #Fs Aolh. 1 A% TLRI, TLR4,
TLR5IA] 9Ju] 9l W3lr} 4#54 Ak TLRM TLR5
= SEBE A8 4skS
v} SEB A= & AHH oz wrdo] S8kt TLRA=
SEBE Azst7] Hol= =A H
Al T AR s ddo] FAETTL o]F F7ste
3N T w2 A
A AR EEAe RPN dFpola  TLR,
TLR3, TLR6, TLR7, TLRS, TLR9S] mRNA ‘#3de
SEB Az|dat vjus] SEB e § #Hs; glo] A9 o
Aok E S Rt

3. At @xdd gs)oA SEBS LPS Aol o
TLR4 mRNA®] &9 u|s
Figure 2% Al WxEH odiilo] SEB 50 ng/mlo]
U LPS 50 ng/ml, £+ SEB 20 ng/ml<} LPS 20 ng/ml

Ohr 1hr 2hr 3hr 4hr 6hr 8hr

(A) TLR4, treated
with SEB

(B) TLR4, treated
with LPS

(C) TLR4, treated
with SEB + LPS
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Figure 2. mRNA expression of human TLR4 in peripheral
blood mononuclear cells in response to (A) 50 ng/ml SEB, (B)
50 ng/ml LPS, and (C) combination of 20 ng/ml SEB and 20
ng/ml LPS was detected by RT-PCR.
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mRNAS] I&& A7hd=E 338k Zojtk TLR2 mRNA
o] ¥rd2 SEBY LPS A= Fol| @x|sh wHalrt s
Al ¢kokth. TLR4 mRNA &2 SEB A= 3 6A17HA)
AASIA S718FAE, LPS A= FolE 2478 wdo)
HASEGTHL o] % FTste] AR R FIhshgich
SEBSF LPS EF THP-1 M2F04 TLR4 mRNA @&
of FAKE Wste =S, LPS ®Euh SEB A= ¥
TLRA mRNA Hdo] o] wEA xR F7ehgTt.
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Figure 3. mRNA expression of human TLR2 and TLR4 in
monocyte-like THP-1 cells in response to 50 ng/ml SEB or
50 ng/ml LPS was detected by RT-PCR. mBNA expression
of TLR2 was constant regardless of the treatment with SEB
(A) or LPS (C). mBNA expression of TLR4 was increased
with SEB (B) or LPS (D) treatment. M indicates molecular
marker.
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T2 g/ oA frEE AR 25T 5 Q)
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A RE] AE 2N Hojm sht o]
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Aol F7= Folg 4= glow, SEBS TLR4Y dAdtde
#Het A4t e AHu}l &L Calkins 5(16)2 TLR47}
E9Ho|Ql C3H/He] wh$-22F TLR4A7F AArel C3H/

HeN th$-20] SEB EE LPSE 7]#AU2 Fojsho]
o] vpys Wy HAA Z]HA] #aL AFHAY] AL

%=, macrophage inflammatory protein (MIP-2)9] <&

EA5to] 2 A% TLRA7E HEE uheso|d LPSe)
SEB Z4z} &= A= Ao o] trys wEle] 243
MIP-2 A4kl 2717F w& =St vide] TLR4 =99
o] mle-Aof A= LPSQF SEB 2ol A #Ho] thald wis
o HA1 MIP-2 4] $7F 59 d4E & 4
2tk ol TLR4 AlZAgo] LPS o] SEBY @2
£ ZF% PAMPY] Wigolm Fofditts A A
T ATk

F2EE ool THP-1 NXE SEBY LPSE A=
at9e o 22 E TLR4 mRNA Wdlo] S7hEx] v
271 1-2A7F Bk ASekA] g2 AEEt TLR4
mRNA I&o] Hste= zlo] At o]d #Ak2-
e EdoAx HEEEd, rkese]l ffiAzed
RAW 2647 MEZE LPSE A=39S o TLR4 mRNA
Walo] GAlHoR FFatA A== A fARSEHLT,
18). o] E3oJAE= o]yl TLR4 mRNA T3] Zar)
U E4o] st @83 A (tolerance)l] 7]ojsh= Aoz A
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PS  WES-A3Hhyporesponsiveness) 23 gHeH(19).
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2 1} :SEBE AFE Z2do %éﬁuﬂ‘“
< o TLRIZ TLR5 mRNA X
TLR4 mRNAS] &3 e SEB 1?4 =
o] A E|TE7} 3AIZE o] %o AFGEE
& TLR4 mRNA W89 tﬂﬁ}%
2 AF5t9S W= FASHA BEE AT, SEBF LPSE
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A ELFol THP-1& SEB 2 LPSE A=3192 o
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oJE) g}, E3F SEBQ} LPSE SAl0] HEske] whal A
ZE 5198 1 AFeFHo R TLR4 HES &A% A
o7 FFPHct FF SEB Aol &gt tAE ZA4 o
TLRO & ARE o AAls] Wsli= zlo] 23] ¢
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