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Mechanisms of Lipopolysaccharide-induced Lipopolysaccharide Tolerance
in the Expression of TNF-¢ and IL-8 in Peripheral Blood Monocytes

Gye Young Park, M.D., Jae Yeol Kim, M.D., Chul-Gyu Yoo, M.D.,
Young Whan Kim, M.D., Sung Koo Han, M.D., and Young-Soo Shim, M.D.

Department of Internal Medicine and Lung Research Institute,
Seoul National University College of Medicine, Seoul, Korea

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 observed. 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 | 2z 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 preculturé solution respectively. Cytokine
concentrations in culture supernatants were measured using ELISA for TNF-g2 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-a, 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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349 AAE Z& AEE g4I WELE
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Aol ARSRE Al T3} Ztt.
Media ; RPMI-1640(Sigma®)
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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. w2y oEpol Ea

AN 9] B2 EHE heparing LA Z 0]4351d]
83l Ficoll-Hypaque density gradient ¥PHo
2 9 AESe P F, PAEL0 A &
& RPMI-1640 ¥j¥<& o]84-3le plastic FAjel
37°C, 5% COoA 1417t Bt 3N F 33
& AAss. RPMIZ Al 33l §-23t52] g AEE
AAs= 4 (Adhesion purification) 08 T32¥
o gge Besdn). dEss 2x10/mlz2 =
Aol B E APz T AEg7L H=§ 23
st

- 3. 48 =o

YEAE AAXE 10ng/ml2 247 vjgstgdond
23 AlF F US4 ARSE 1ug/mle] FE2 A
galdct. WEL RS A2 7 cytokineo] Hi
sxd 2gdke Alztes 34 e TNF-eo] of
A 6A17E IL-82 24A7te 2 3193, RNAE
gl 25 4AJ7b] AlgEla] Northern analysis&
A3t

4. Cytokine &7

TNF-a, IL-8 @9} 2 wjke FEdoAa A&
& )83} uj= R & D Systeme] ELISA kit&
o] g3t sttt HEL 33 uwkEste HHEE
T3t

5. Northern blot analysis
1) RNA 23

Z+ Ahze) we} ol plasticPAlol M T2 EY
Gejte] RNAE guanidine thiocyanate phenol
chloroform extraction B0 2 2%+ ¥ spectro-
photometer2 HA RNA¢ %g ZXsdch 1%
agarose/2.2M formaldehyde gel& ©]&3} z 4
Hz=AY EFo] RNAY} loading HEE 3t gel
electrophoresis& A|3% ¥ Hybond nylon mem-
brane( Amer sham®)¢j| transfers}ict.

2) c-DNA probe

TNF-a, IL-8 c¢-DNA+ multiprime DNA kit
(Amersnam®) ¢} a*P-dCTPE& o]&3}« random
priming & AJ3)3ts{ e scintillation counterd]] 2
&) specific activityZ Z43}c}.

3) Hybridization

TNF-2$} IL-82] hybridizatione Ze zdow
o|Folx e hybridzationZ7A& 6x SSC, 0.5%
SDS, 5x Denhardt’t solution, 100ug/ml salmon
sperm DNA 22 65°Col|A] overnightdl= 7o
2 NEEh Al3e 1x SSC, 0.1% SDS& 50°C
o4 oF 3087t A|8% ¥ membraneg intensify-
ing screen¢] @3 Kodak XAR 9E3 4 —70
“Col & & ¥4 Ao \

<

1. g oA LS Hxiol st LidE
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LPS Tolerance
| { I : 1
2. RPMI 3. LPS 4, LPS

1. RPMI
Serum . Serum 10ng/ml 10ng/ml
Serum
[ I
24hr 24hr
RPMI LPS 1z g/ml
Serum Serum

[ J
I
[ 4hr | — [Northern analysis for TNF-o & IL-8]|

| 6hr|— |ELISA for TNF-¢ |

[ 24br | - [ELISA for IL-8]

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)

of &L WS /58 dotEith 13 Ag=

& control 24 YE4 §lo] 5% AP Aol 38
RPMIgto 2 24 A7k Bt AAAF ¥ 23] AH3n
oA 22 2hoz wgst Zlojx, 2 Agxie

AMA2 5% A7FE3el ¥¢E RPMIT & ¥ 23]
A gL USELE 15T HELQY lug/mlz 2}
& Fgolx, 3 APRAL 2¥ 247 oy
thit AR X2 AHEA glo] WEAE A= 10
ng/ml2 5% 79, opA% 49 Adg2AS 39
233} 2oy WEA 10ng/mlz AAAE of 5%
ANEHE Bo] F A$-2A USAE AANAT AS
oA WEA AR Ao cytokine Ru|so] 7has)
Ao} YAESo| o|FAAE7t Lolrdt. HEA
AT F 6AIRE] FFAe] TNF-a @& 33}
HL 24412 F IL-89] @& A3 cH(Fig. 1).

TNF-a2] 7% 2x107] AEgd 5z Eq
control¢l 1 A¥z7Ae 39 37.8pg/mlo|lew
WEA AARNE AlBSHA] 2 28 ddz2de He-
1253.0pg/mlo]gen] Aes YEi2 AHXTF 3
W Agzde] Z9 dilEsrr) 23 =4 ujs 7
28l 515.8pg/mlo|T HHEA AANK Aol 7}
FHE 2ol FUY 44 H¥=79] 7 94.9pg/ml
2 % o Z2asgd. 28y IL-82) 3¢ control
ol 1M A@zel A$ S4ng/mlojn 2¥ AY
Z79] 2% 414ng/mlelglon YEi2 FAXAF
39 JPzAe] A¢ 2d =73 APl gl 42.
4ng/mlo|a 4 A2 A9E 34.0ng/mlo.
2 & syt gt (Fig. 2).

2. WE4 WSS X7 45

o dAg3 e 27 F, 471A] AERACE U]
Al AEE Al F UsA ART F 4276
Northern blot analysis& A|8)3}e] TNF-a9} IL-8
mRNA 248 F=& #23}(Fig. 3).

Controlql 1¥ HA¥=79] 79 TNF-o<} IL-8
mRNAW&Eo] Ao #FAHA ggtor 54 AA
g AlFsA gn B 5% A|e 2 AF
z7e9] A% TNF-¢ ¥ IL-8 mRNA7} 2% Z7}8t
Aot 2t 2447 Bt A YELAE HAXE

— 604 —



285 -

18S -

100% BnE-a

O1L-8

60% B

MRl '
o 0|
1 2 3 4
Fig. 3. Expression of TNF-2 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 0D

Al 39 dExe] 39 TNF-« mRNA 2o
- A3 Zastglor) IL-8 mRNA 2de &
Wshzh gtk W54 AXR) Ao RLEHE ol
F 49 APz A9 TNF-¢ mRNA 2ge =
o ZAsigiont IL-8 mRNA #Hde #alr) gl
(Fig. 4).

Mechanism of LPS Tolerance
TNFa
1
H I 1 I 1 |
LRPMI | | 2.1LPS 3.Lps 4.1PS S.LPS 6.
Serum 10ng/ml 10ng/md 10ng/mi 10ng/ml PMA
AntiCD14 || Indometh. PGE2
| I i i
* 24hr
LPS lug/ml
Serum
6hr

ELISA for TNF-a

Fig. 4. Experimental design( I ). Mechanism of
LPS tolerance to TNF-a expression

3. iS4 WdeSe| 7|

1, 2 A% ZelM WEL AHA] Ao Lzdy
7 WEA AT A TNF-eo] g Bujso)
ot dsied digk o] 5EHULE Hox
Ark. A ol2igt B4 WAdESo] olRA o]F
AR 2 7|AE Golrnal the APL AAY
o WSAE T3] doll M9 21L& 6714
2 o] dEe Fgsidct. 1 A8z A4S
control24] RPMIZxt AXNX& 3 A9ola, 2W
ddxze] A4 10ng/mle] AsE W9 A7t
o2 AXNAE st YAHESS FEF Lo,
39 P2 WS4 #8449 CD1471 #ojsh=
2] Gotiuzt AFE WEA AAA Al antiCD14
monoclonal Ab& o] £ H9oli1, 4 H¥zA
o] ¢ AF= WS4 AHX| Al o2} prostaglan-
din®] #o oRE UYolE 12} indomethacino g
cyclooxygenase® A 3¢, 5 A3zAe A
F AAMA A9 PGF,& #Zo| Fol @ojsi=a] Lo}
Bt shAEto g2 63 WEid] diE WAES)
o]FolA=A] golugit). RE A@zoA A
T 2447 ¢ AlAFon WEL: AT 1ug/
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Fig. 5. Expression of TNF-¢ in various condi-
tions(ELISA)

ml2 A3l 6AJ7t Fo| TNF-¢ @9 F=&
ELISA & o]gsld 243} (Fig. 5).

A9E B9 2x 1057 HED S22 HE 9 |
¥ A¥zAel 32 controlE2A] TNF-¢ @¥is%7}
1351.0pg/mlZ vj$ o} WEAZ AAXT 2
Az A9 TNF-o @957}t 92.9pg/ml2
AR pastel YIYSo] olRoineE ¢ 5 U
t}. 228U AntiCD14E Fo] YE40} 2 5449
CD14s} A3k A& W3 3 da=29 3+
405.0pg/ml2 TNF-o9] iz xr) 3832 Hy
Z}. 443 5 APzA B 44 192.4pg/
ml, 111.7pg/ml2 UAd3)Sedl= a3t gisick. |t
et 6W APRA] 73S 29.4pg/mlE WEA]
PMARto 2 AXXslajE TNF-¢ $ul7} A3 o
A =o] YEA WAol 5 HAFUT

o &

IFLAT TGN AT AT AR UEaE
4 2 GAHE S& 843AA TNF-q, IL-6, IL-
8%9] cytokines& Aagtt. ZgFol A APe
o we} cytokine Aito] A F7kata oldl wiet

14, DIC, & T o8] H¥FY 34 FENA &
o 7t &g JEA 0. 2ejee &
F& ol#lgt cytokined] A4HE AR & U= 24
71de] da3H = A7 d¥dnEE v
HA ‘UEA YA’ o2 287" 3R o3
H3 ek, olu] o A E7E /HX 1 & 4¥
A WEAE Wy FARBHE Aol 19 T 2% ¢
ka2 Hojrzl, AR wkE FARAY] G0
Aashe dAdo] BEEHY ol EFE ‘UsA U
A(LPS tolerance)' gt 3l¥tl®. E§ o|Fd]
Hass 3ol 251 ol2j@ 84S AX &4 Bt
2 o YAAIE FolA TNF-a AAdo] 2Haste
gukgo] Faske AMdolel Aol WP ot olF
o] 213 FEA o r|Fdoz olafd dide] U
o= o disiA=obd 2 LdelA dA Rt

WEAZ AMX et YAgo] Y5He =1 48
of AMEF AT ot =FH TEA Jehied
Mathison <l W29 Y54E 3pg/mle] F4Fo
2 AXA A= WSL: ARFA ¥ dA3] 7T
2FE Ro] FFHAE 53], Ush HAX] Al
Eoile 5L $27t 58 75 AT A
cytokine #u]9] oA A=} o Z3HA WAlel =
HAH.

Martin %ol ©}23H LBP(LPS binding protein),
= ¥4 W o2 US4 lipid AdES 28 A
g oz Agste LPS-LBP complexE A% ¥
oA E FA 582 CD149} g3l TNF-
9] mRANIGE:} @9 §ulg F7M7e e
deiA k. F3] WsA A Ald o Qe 5,
LBP7} gl vl oz A% A vigle] LBPE
2olFE 7% TNF-o @27} & o 274 F71
3L o= B B o] #H|5™ mRNAE Z2 ¥
Are RYc}e?, & Mathison T w28 WA A
A Ao d3AJEQA LBPE Zo] & 7% U5k
U So] o] We HEe WSA A2 7Fedt
o F ¢ ZA3A WS FEstdny. olejgt #&
& LBP7} WA SAME 93 Fa8lee & 4
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Ko BxPEN GHYLE x| AJRE B Ao
A= YS4 HAAA Al AlEYe & A0 G 2
735 vlsl WEA AT A] TNF-go o g
mRNARE 258 & ¢ 843 A1 ALS ¢ +
Act.

WsL: A5 disk] diaAdEs o 7R
cytokineE-& Eu|gth WAQYS olMe oE
cytokineEo] & ¥4e Holxs Y= Hog &
23 QItH?. Takasuka§e Mo 2Jshd WAe]
52 A EE /A3 & AHolA TNF-adf tha)
A WA ESo] olFoizy IL-1444 disjae o
50| o] Adtin s, T2E
Y FHTE JHA 2 AP 2 A= TNF-eol
W& A UEL: AARF A4 TNF-a9]
@ 2l mRNA7E 2% @45 gastd Wyes
& BEA #FE 5 Ao, IL-89) disAe
@ gl mRNASGE 2FolA WAESe] #aE=x
ogskch. a8y AAE TNF-o9 2g IL-8¢l] dia)
Mg WA gSo] o]Fox]x] gk AA &L TNF-
ast IL-89] A5 a2 == QoA &
Az gsise IL-84] i3 WAHYSS Bag
7F Yde Al dsises 714 a7t awE
3, £ Ao mRNAEE okto] ol ol
e oz Holn glo] WAEES zES5Fo
pretranalational &4 o]Fo] X1 Q&L & &
ATH,

Skl FAFT UFa Aol oH 714 oJ8f
ojAE7t gl oz A7 et oy =
deAA R otk WAYSS rdez WA
A71E 7HAE W4 AA Ao s hyHAE FH|
A= WsA 8419 down regulationo] 7}do|c}s
1219 J8uh Mathisongoll wtawd E7]9] But o
A EE 7R & HEoA flow cytometrys &
FaPe | WEa: AHAZ WEL Aol ¥59
A 29} Fg-S-& RolE AX Alo]d] =i F
A% CD14 Hdo] A9 xpo)7} QUAUTh EF W=
& FEAe Aoz EAsh 1 A o) Wty

WEL dhgAo] ZAasiau Yoty 98 JFEd
o] X¥E WF4 FAME ol g3l W49 CD14
ote] Ze YolE%E " F AE Aol zloj}
At olE A= WEL: WS 7-dA
CD14¢] down regulation& 83 7]do] obde
& £ AP a8y £ dPdMe US4 AAR
Alell antiCD14 Monoclonal Ab& o] o] LPS
7b 2 F8Ad Ak AL WEig A9 2 vhey
o] oj:= A% 3|E=o] CDI147} down regulationo]
obd Ohg Hiog WEL A5 ujzgela
o= Fx Fa¥ 9d¥S I e ¢+ AU
Iy geAde 38 Axs AN AT $EARE
n) 27 Z3tn H2AQ 3E-E HelF3 gle] CD14
olgle] AL A BFln YRS HAFH Ut
WAEESS] & shite] 7Hd s AlEykge] g3 (cell
exhaustion) & zta] & 4= Qlr}. o] 7} ojstd
WEL AAAZ Astd ME7} gRso] A== 6k
S Y  glckes 7Mdelt)h a8y uis4a WA
o 5=0] AZ vhgo] AAlY hAMEE heat-
killed S. aureust} Zymogen%-& AA=Z3}H AAF
A ¥h3-& Ho cytokinedo] FA £EUL B
QY. oljgt 274 Al ¥nkg-o] & sMde] 2
A7t & BAFE A UE4L WAL (aEy
o2 HA3| o]l&3ld cytokineA A& AAsH 53
o i7bEls W& FolAA FAl o2 AlFd o
& o] ¥hg-g FAAIE § e FsAe AXNEn
At E ¥71A] 7Hdo]l TNF-eo] AL Alsh=
feedback ZA7]Ae] #A3lo|ct. Kunkel%2e Bu
of olatd W] B} gAHEE EAE AT A
o exogenous PGF,& #o] 38 TNF-a A4l
oJAE e, WHlE cyclooxygenaseAA¢l indo-
methacinF¢] endogenous PGF. A& <lA|s}d
23]8 TNF-a AAo] Z71che AHlE ¥H, U
Fad <& TNF-a AAlo]l PGF,& E& feed
back ZEET Y& HHH®. 23} B d7A
Indomethacino|t} & PGF,& w549 87 A
Astx WS @ W5} glol endogenous
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PGF.&= W85 #43A geelzt 4. q
A2 7M. WS4 o8 AFEHE Ay As A
A7 WA S Boslelzhs 7Hdoloh.

Wightman$l @29 W54 lipid AdEe=
M EE =31 Protein kinase Co] 8457}
Z71Eithe AHdE Baslyew!™!®  ShapiraBoll
w29 Protein kinase C AA¢l H752& Pro-
tein kinase C& A8} TNF-a$} IL-148 9] £u]
7} @438 JAgL B33} Protein kinase C 32
7} WEA o3 TNF-o Eu|2dd] g4 &
g AoHe®, g Ao AAA Ale] WEA thAalel
PMAZ AAAsA T U5AE 2T A9 TNF-a
B30l Ao} WAHF] o]FoiFAE & F U
o] 7Hd& Smpsk= ARE RHAFUY. ey
PMAJ} oJd 7|do s YAYSE fdhs Xo o
M £ dFEAE B 4 5 oy gom o
g d77t 88 Aoz gz

¥ AFFARMe dA B I AFeAx &
% UKol MEWe] protein kinase C 27} WAY
Sl #ojdly] 7ol WEirt 783 CD14s} 2
T 5 AXWlA dolul= post receptor signal
transduction systemol] tigt d7e} T4 1 GAle
o= Fo| YFA: WAAYET B-do] JIeA M
A77E "asit. EF JAYSe] =dgEel
pretranslational 4:&oA] dojulma mRNA 23
£% 8 233 mRNA w77]9] ¥} e, ¥
& enhancer®} silencer%9 transcriptional fac-
tor7} @3 Ao dig d7= dasdl 448
E‘_Zl)'

2 <%

P P- M

aFEA 7He] WS4 23 sepsis syndromed]]
A g AMEE S o3 Aol o Fi7
9] cytokine& Fulgro e JfAE Polgk=dl 1o

o) S 293 oehe gk, a2 B3| E cytokine

E& AAE Folghs &8 ¥ oz TNFE 3¢
AY A4 2FASNE /A es A Qo 19
2 A YolA YEiof whg3led cytokines] £
Hg 2= 7152 ul$ Fasith ojde] dF
A vl WS =28 98 AHEE YEAZ A
A3 Al cytokine 445 el A3y} BAEHAEH ol
3 A4S ‘WSS YA olgk 8l cytokine &
vz F8% 48 el 4=y 2 71d F
o daixe a7t F5 Aot

-

BA oA USie] T WY S ] 21& E]s}
12} AR 22N dMFE 10ng/mle] A=
WEAE 2447 AAAF 3 23] AlFS oA ]
ng/mle] =iz 2t 4A17Y, 6X|7Y, 24417 A=
8le] TNF-a 9} IL-8¢] d¥igkg £33}5 3 RNA
& Y3t EA U4 85 73S welaA J
A FAAA] Al A7HEA, PMA, antiCD14 Ab,

., Indomethacin, PGF,& Z}Z} H7lsle QA& S

G FEA| golugity. TNF-o 9 IL-89] o

& ELISAE ol83ly FAFsixn ¥ F

RNAE o]83td TNF-g¢} IL-84] ¥ North-

ern blot analysis & A|33}9]c}.

d n:

Bxygde WUTE ARE WSLz AAXIW

TNF-a @ 44 2 mRNAZLRE oAlsid ot

IL-8o] hRAE oled Aare BJT + st
AA A Aol antiCD14 AbE US4} o] & 7

¥ JAIE TNF-a ABAo] REH o2 EFH.
PMAgte 2 AAA Sl AFE WEL: HAX

S A WSs WAE REE 4 AT

A 2.

US40 o3t UAEEo= CD147} ©i3tsL Pro-
tein kinase C 2& %3} pretranslational &
dA ZAsE= Aoz AZHh
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