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Mechanisms of Lipopolysaccharide-induced Lipopolysaccharide Tolerance
in the Expression of TNF-« and IL-8 in Peripheral Blood Monocytes
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Background : Monocytes/macrophages play a central role in determining the host response during Gram-neg-
ative infection through secretion of a variety of mediators after stimulation of LPS. Even though cytokine pro-
duction has been shown to play an important role in host defense during sepsis, cytokine release may also lead
to tissue injury. Thus, regulation of macrophage response to LPS is critical for host survival during Gram-neg-
ative sepsis. In animals exposed to nonlethal doses of endotoxin, a characteristic hyporesponsiveness to subse-
quent administration of endotoxin has been ohserved. This phenomenon was knowm as ‘LPS tolerance’. How-
ever, little information is availavble regarding the underlying mechanism of LPS tolerance.

Method : Peripheral blood monocyte(PBMC) was isolated from peripheral blood of normal volunteers by
adhesion purification method. To evaluate the conditions to obtain LPS tolerance. preculture was carried out
with LPS at 10ng/ml for 24 hours. For stimulation, culture plates were washed two times and were stimulated
with LPS at 1 4 g/ml for 4, 6 and 26 hours. To assess the underlying mechanisms of LPS tolerance, autologous
serum, PMA, anti-CD14 Ab, Indomethacin or PGF, were added to preculture solution respectively. Cytokine
concentrations in culture supernatants were measured using ELISA for TNF-a and IL-8 and mRNA of TNF-
a and IL-8 were determined by Northern blot analysis.

Results : The exposure of PBMC to low dose of LPS suppressed the cytokine production and mRNA expres-
sion of TNF-¢, but not IL-8.
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Anti-CD14 Ab partially recovered production of TNF-¢ which was suppressed by preculture with low dose

LPS.

The preculture with PMA induces LPS tolerance, as preculture with low dose LPS.
Conclusion : LPS tolerance to TNF-¢ is regulated pretranslationally and is influenced by protein kinase C

pathway and CD14.
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LPS ; E.coli 0111 : B4(Sigma®)

Protein kinase C activator ; PMA(16nM)
(Sigma®)

Indomethacin(100uM) (Sigma®)

PGE2(30uM) (Sigma®)

antiCD14 Ab ; anti-Leu-M3(10ug/ml) (Becton

Dickinson®)
2, UE¥HH cifpo| Ba|

A3 DxHAE heparing §-L-1A 2 o] 85l
83t Ficoll-Hypaque density gradient Wi o
2 9 qE3s R &, @R XA &
< RPMI-1640 #¢4E& o]§3td plastic HAjol
37°C, 5% CO.0A 1417 59t &A1 & A5
< AASL RPMIZ A3l F2E%] = AXE
AAsl= H91Y (Adhesion purification)o. g Uzd
A gelgs Bt A¥EsE 2x109/mle =
A5 BE A¥x0] $R AT} HES 2
stk

- 3. dH =A

WELE AAAE 10ng/mlE 24 A7) vl st on
23] AH & U5A: AASE 1pg/mlo) 528 A
gtk =L AzS Al 4 cytokineo] 3
FEo =Edke ARtez oA & TNF-eo o
e 6417t IL-8L 24A17to.2 3141, RNAE
gl 25 4A|17te] A3t Northern analysis&
A8ty

4. Cytokine §%

TNF-a, IL-8 Wle] ke vjofal Aaaldl AR
2 %3 W= R & D Systeme] ELISA kitS
olgsle] EHai. Ay 33 wEsd FFe
T3k

5. Northern blot analysis
1) RNA ¥

7} Adz7d] wet 7oiR plasticHAJA T2
Gate] RNAE guanidine thiocyanate phenol
chloroform extraction ¥ 0.2 %%3% & spectro-
photometer2 AF RNA<¢| 4& =As 4Tt 1%
agarose/2.2M formaldehyde gel& o]&3}e 2} A
HzAYF 9] RNAY} loading H=& 3] gel
electrophoresis& A]3§3t & Hybond nylon mem-
brane( Amer sham®)9| transferd}$c}.

2) c-DNA probe

TNF-a, IL-8 c¢c-DNA+ multiprime DNA kit
(Amersnam®) 2} @ P-dCTPE& o]&3} random
priming & Al313l99.2.1 scintillation counterd]] 2]
& specific activityE 2434t}

3) Hybridization

TNF-a2} IL-89) 'hybridization{— L. ZAo"
o|FojZ=d] hybridzation®Z7AL 6x SSC, 0.5%
SDS, 5x Denhardt’t solution, 100ug/ml salmon
sperm DNAo 2 65°Col|A overnightsl= Z7o
2 A=k A3 1x SSC, 0.1% SDS=E 50°C
o4} oF 3087t A3t & membrane intensify-
ing screen¢] @3 Kodak XAR 3&3} 34 —70
"Coll & ¥ &4 Aok \

2 o
1. YN SETM WS BXXlof 2fF LidE
s 7%

Fejd 228 9P TE 47HA APEAoE YF
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LPS Tolerance
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Fig. 1. Experimental design : LPS tolerance to
cytokine expression(ELISA & Northern

analysis).
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Fig. 2. Expression of cytokines on PBMC after
preculture with low dose LPS(ELISA)

o] YEx UdgS 455 dotusith 19 43z
712 control 24 W54 glo] 5% zp7Hd Aol ¥
RPMIRto 2 24A17F B¢t AMAE F 23] A)3s)
ThA] e 7o g wigd Aojw, 2 AR

i,

o ki

AXR2 5% A7VEH o] £3¢ RPMIT & F 23]
A g YWELE 1% E WELRY lug/mliz 2
=gk AQolm, 3 APzAL 2W 2 gon}
ol AMH 2 ZAHEA glo] sAE A=Y 10
ng/ml2 A= A4, viAE 49 APzALe 33
z277 2ov YEL 10ng/mla AANAYE Wi 5%
AZVERE Zo] F ALEA YSAE AAAE FE
A WEL ARF Ald) cytokine #H59] A4t
Yo} WA g 5] olfoixerl Yolrgith Wsa
AT F 647 AEYe TNF-o @ £33
¥ 2447t ¥ IL-8¢) dal-& &3} (Fig. 1).

TNF-22) #% 2x109] M¥P 52 #n)
control¢l 1 Agze] 79 37.8pg/mlojglen
WEA AAAE A4 o2 2 d¥xde AS-
1253.0pg/mlo|Qled AEE YEAZ AANAE 3
W AEzAel A9 thillleTrl 2W A v 7+
28] 515.8pg/mlollx WE2 AAHA Al =7t
d4-e o] T 49 AP 32 94.9pg/ml
2 t& o gasqnt. e} IL-82 49 control
91 19 d¥ZAe] A 54ng/mlolgln 2 A3
2712 79 41.4ng/mlojglen UHis ANAE
39 A¥zre] A9 23 243 9 ¥t gl 42
dng/mloRaL 4 APzl A= 34.0ng/mle
2 & 937} gislvh(Fig. 2).

¥

2. US4 WeESe =3 5

o AEE 28 24 &, A AERP R o]
A AEE AT F OUsA AT F 4R
Northern blot analysis& AJ3}3le] TNF-¢9} IL-8
mRNA &8 FA=E #2ack(Fig. 3).

Controlq] 19 d¥zA9 A$ TNF-e¢ IL-8
mRNAZdo] Ae] #FFA goron Uga AH
A5 AlgetA] 3 UE4 2= Alge 29 4
%719 7% TNF-a 2 IL-8 mRNAVl 2% %7}3)
ok e} 247 B¢ AR E WEL2 AN S
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Fig. 3. Expression of TNF-¢ and IL.-8 mRNA on
PBMC after preculture with low dose
LPS. The lower part is laser densitometry
and expressed as the percentage of con-
trol level

Relative OD

Alegg 33 dgxzie] 4% TNF-e mRNA 232
o9 @AB) Zastgor) IL-8 mRNA dae &
Wb ek WlEa "AXA Al ArtdAg e 2ol
Z 49 A8z A$ TNF-¢ mRNA #3e &
o] Zassen} IL-8 mRNA 288 #Was) gixde}
(Fig. 4).

Mechanism of LPS Tolerance
TNF-a
T
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Fig. 4. Experimental design{ I ). Mechanism of
LPS tolerance to TNF-g expression

3. US4 vislsel 7™

L2 A" daoa] WSk FAR] Al gxdd
gl WEA AR A TNF-eof gk #3450
Zasle] WELe dig Aol g5HASE HoF
ok, A oleE ulsa WARAESe] ofF 7
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2 Yol Age Agslael. 19 dgxde] A
control 4] RPMlggt AAMAE & Z9oli, 2%
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How AAXNE st WHESES A= A

3 AL YsA 84 CD147F Boshk=
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din¢] #o] B E go}lH izt indomethacin®
cyclooxygenase® AIg A5, 5 AP 3
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Btk vixgte g 6 WEio] tigh WAES]
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Fig. 5. Expression of TNF-g in various condi-
tions(ELISA)

ml2 At 6A17F Fof] TNF-¢ ¢ o E
ELISA & o]g4-38l9 389k (Fig. 5).

2F4E HE 2X107] HEY 52 Boke o |
W APzAe A9 control24] TNF-¢ gy}
1351.0pg/mlZ w9 o YE42 FAA3 23
Agzxe) 39 TNF-¢ g99%57} 92.9pg/mlE
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A},
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A<l ¥hg-& Hof cytokineFAgo] Y FEUE B
AFATE, o]2d AL MERRS-] &3l 71de] 2
A7} G858 BAFE FAl s54h W4 E AREH
o2 HHs] o]g3to cytokineFE JAE <+
o #7tEe we-g FolHA FAl A Al df
g o] ¥h3-& RAANE F Ue 7FeAE ARG
et = §71A] 7Mool TNF-g9 43S oAel=
feedback Z4d7)d9] &Alglolc}. Kunkelse B11
of el WAje] Bek AT E WELZ AT A
o exogenous PGF, & #o|] FH TNF-¢ AAd¢]
A, vkh® cyclooxygenase®]A|A|Ql indo-
methacin®¢] endogenous PGF,A44¢ A&4A
238 TNF-a AAo| F7Hte AME 8,
E4d 93 TNF-a AAlo] PGF,E& 53 feed-
back M= Y& HIH. T2yt & A7
Indomethacino|} &2 PGF,E UjE4¢) 3 1A
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PGF,= WAdES HojsiA] oz Azrg. =t
A2t M2 WELY o8 AFEE XY Az A
2AAE WAES Bodste]aks 7Hdold.

Wightmango] mad 549 lipid AJER
WA EE 2=3ld Protein kinase Co] gA4%7}
ZlEcke AME Bl om'™'®  Shapira%ol
w29 Protein kinase C 9449l H7S22 Pro-
tein kinase CE& oA3}8 TNF-o$ IL-18 9] &4y
7} 445 AdAHe B33l Protein kinase C A2
7} WEAad o3 TNF-o Huizdd godse ¢
G TP B Ao AAA Al WS tiile
PMAZ AANsIIS W42 ARF Ao TNF-a
Aol JAslo] WAgSe] olFojRe & 5 glof
o] 7Md& Fwpel: HiE R, a4y
PMA7L oJd 717o 2 JAE5E FEsk Al o
e & ATEME F ¢ 7 gloy Qo o)
g At Yo Aoz Az

FF dradAEAE U4 & 497 gz &

4 o] MEQ) protein kinase C Z27} W44 .

5o sty o) Uisart 44¢1 CD14¢} 2
B8 5 Aol YojipE post receptor signal
transduction systemol] g d7¢ 3 1 gAY
ol o] UEA WAHES BHo] gEA 71
a7t desith. T WAgSel 2ESFE
pretranslational &4 dojv}ng mRNA 3
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€ enhancer$} silencer%-¢] transcriptional fac:
tor7} Boidhe Ao g A= desiElel Az
C}Zl).
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A GE AT WELd o8 Aol o £F
9] cytokineg Eu|go2A ARE Welskerl] A
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He e USA WA ol b cytokine &
HZ=Ad] 3% 48 e AgEvt 2 7R T
o daie I HE53 Aol

= g

AA ol A ERel i g5 238 Y5
A AAlel B GalTE 10ng/mle] Ak
WEAE 24A7F AXAT F 23] AlHsta oA |
ng/mle] WEAE ZHz} 4A17), 6A17F, 247 A=
3le] TNF-¢ ¢} IL-89) 238 Z33l1 £ RNA
£ 2ujsiddct. g4 WA 85 71de delax |
E4 AXH Al 27}, PMA, antiCD14 Ab,

. Indomethacin, PGF,& 242t #rlste] A5l

Qe FEA] goprgity. TNF-a 9} IL-89 o9

g2 ELISAE o|gsly FAsgn #ed &

RNAZ o]8sle] TNF-a¢} IL-89} 3 North-

ern blot analysis& Al8)a}4ict.

A =z )

B2 GATE Aex UHFLE FAAWE

TNF-¢ @ 34 2 mRNAZES gAsigou

IL-8¢)l thafAli= olejdt €& #AE & Ut
AAA Aol antiCD14 AbE WEA 2ol £ 7

£ 2AlE TNF-o Ao REH o 5=
PMATlo g AAA o= HEE W54 HAA

s AR W54 WEE FEE T AT

3 E:
WEL o3k WAES = CDI47} #edslil Pro-
tein kinase C A2 & %3} pretranslational $:F

dx xAsE Aoz .
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