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The Lung Expression of Proinflammatory Cytokines, TNF-a
and Interleukin 6, in Early Periods of Endotoxemia

Seung Hyug Moon, M.D., Yong Hoon Kim, M.D., Choon Sik Park, M.D., Shin Je Lee, M.D."

Department of Internal Medicine, Microbiology™ Soonchunhyang University, Collage of Medicine, Chunan, Korea

Background : The immediate host response to LPS is the production of proinflammatory cytokines that act as
intercellular mediators in inflammatory reactions, including acute lung injury. These “early response” cytokines
transmit signals from recognition cells to target or effector cells. This host response is futher amplified by the
expression of leukocyte chemoattractants, growth factors, and adhesion molecules, resulting in an array of
proinflammatory events. This experiment was performed to define the lung origin of proinflammatory
cytokines, such as TNF-¢, IL 6 in early periods of endotoxin induced acute lung injury (ALI).

Method : The healthy male Sprague-Dawley, weighted 150 - 250g, were divided into saline control (NC) and
endotoxemia-induced ALI (ETX-), and leukopenic endotoxemia-induced ALI (CPA-ETX-Group) which was
induced by cyclophesphamide, 70 mg/kg i.p. injection. Acute lung injury was evoked by LPS, 5 mg/kg, intra-
venously administered. Bronchoalveolar lavage was performed at 0, 3, 6 h after LPS-treated to estimate the in-
flux of phagocytes and concentration of total protein, and cytokines as TNF-a and IL 6 by a bicassy using
MTT method. We also examined the localization of TNF-e and IL 6 protein in endotoxemia-challenged lung
tissue by immunohistochemical stain (IH).

Results : The total cell, macrophage and PMN count in BALF were elavated in ETX group compared to NC
(p<0.05). In CPA-ETX group, total cell and macrophage count in BALF were not changed compared to NC,
but PMN count was markedly reduced and it took part in less than 0.1 % of total BAL cells (p<0.01). The
protein concerttration in BALF were significantly increased in ETX and CPA-ETX group compared to NC {p
<0.05), but there was signifcant difference between ETX- and CPA-ETX group only at 6 h (p<0.05). This
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observation suggested that even if PMNs are involved in the pathogenesis of acute lung injury, their role can-
not be viewed as essential. The concentration of TNF-e and IL 6 in BALF was significantly increased in the
ETX- and CPA-ETX group compared to NC. There was no difference between ETX- and CPA-ETX group.
In IH, anti-TNF-¢- and anti-IL. 6 antibody was strongly localized at interstitial monocytes and alveolar macro-
phages in endotoxemia-challenged lung tissue. From above point of view, activated alveolar macrophage/mon-
ocyte considered as a prominent source of proinflammatory cytokines in endotoxemia-challenged lung injury.

Conclusion : The prominent source of proinflammatory cytokines in early periods of endotoxemia-induced
lung injury will be the activated resident macrophages like an alveolar macrophage and interstitial monocytes.
The pulmonary macrophage/monocyte will impact the initiation and continuance of lung injury without PMNs’
s certain inflammatory role, particularly in endotoxemia-induced acute lung injury.(Tuberculosis and

Respiratory Diseases 1998, 46 : 553-564)
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ARELS AE WM PELE AU F31
FAZ FAHEANA  proinflammatory  cyto-
kines ©24 TNF-¢ 2 IL-6 4y 7|9e] =8
AME(E)E e st 4 AMESA o=
Folz e g 557E AAANZ W%
A dz2-uSAee] 718 2N 3
proinflammatory cytokines ¢ A E3Hd 24 =&
& nx3te proinflammatory cytokine £u]oj] )
Ak 33T 9T WristdEn dz-Uisas
#HZA oA proinflammatory cytokines @] tj
¢ AgzZsEtgdAS AlgEy  Hd olE
cytokine 7|9 MEE9 rldx g v oz Hrls)
of Htth.

1. MY 52

Az 250+50g9 273A 24 Sparague-
DawleyE A4 tiZ3 (Normal Control Saline
Group) 3} UHa/d FAdENTLE B3I
W FAdEdTe HErEE WsLT (CPA-
ETX Group)¥} & —Ui547 (ETX Group) o g
g9ct. A¥ WS phenthotal sodium o2 w33t
* e H4 0.4ml (control) & Foo] Aely
ol 48471 LPS (055 : B5 E. coli, Sigma
Chemical Co., St. Louis, MO), 5mg/kgZE WA n]
FAWo g AN F 242 0 2 3, 62X A
Zck. Y7 Ey YEATES  cyclophophamide,
Tmg/kg & B F<lste] 5UA Y LPSE 22
o2 98ty 3, 6A1Z e Ztz} AT
Zhto| A 7| BAH A H g Aedh ulel o] A
gt AgPom'” 7|AAHZANH Axe] FHY
F4 AF2& coulter count Ho g g BINET
4 A& e DIFF-QUICK (modified Giemsa)— <
A cytosping AMS-StA ZkA dojgtt. JIRAHE
A2 Fawze oyl =4 kit(SIGMA DIAGNOS-

TICS®) 2 o]4-5}e] brilliant blue G. £ 224 A1H £3
HlAA 2 595nmel A FFEE FAse] A&

2. 7|1EXHIZHA cytokine?| £H

cytokinee] ZHe 4 WEZT BELAE T4
ERF 3, 649 Thet B BB oz
247t 24egiet. 7] AR g AxpEol ol
o ARSI WSAUE 4 FYAEY LR
S ReiF 64 71 @AAEAH TNF-a &
IL 67} Heixo] S2¢ Ane nefsel Pasich

(1) TNF-a &3
actinomycin D2 #zjd TNF-a¢ 7244 AEQ
murine L929 AREMEE o|gstd ZA3lgch
100 uf o) A4 RAME A=Y (suspension)o] 7}
H L929 MEE 4x10°2 =2 96 well {lat-bot-
tomed microplated] ¥F3r 37°C, 6% CO, &
wjek7]oll A overnight BioFst & medium S E<18}
o z} wello] 500 supplemented Eagles Mini-
mum Essential Medium (EMEM)& #7131¢ich.
medium controldiE 506 EMEME& F718la 1
E /1BAHEAANE Yo HEH 115624
77 5uld slMEte] 50 ud B 7 wello] Frlsa,
5048 actinomycin D& A8 & 377, 6% CO,
geujokrlol A 184175t Egul st 2 well
A Aede FU% & 20044 0.9% saline o2
gkxtel] A3, &9 F 500 0.05% Crystal Violet
in 20% ethanol& A7lsled A2 1087 94
3t & cold tap water2 A| 33} overnight dry 3t
% A= 72t wellol] 100uf 100% methanolE 4
AL AAT T BHEA/)E 0|83t 595nmof|A
Zt welle] FB=E 2439, maximal control
HqEAel 50% Hz ZFPHE ALISE L1929
cells 50% 9} a2 7138tgion sampled) U/ml
20| A2 50% £3E 2 A Yo g2
Fated A= AT
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(2) Interleukin 6 5%

IL-6 2|&4 A ¥<¢ B9A| ¥ (murine hybridoma
cell line) & o| &3l Attt BY Al¥= 10%
FCS¢} 2.0 U/ml9) IL-6 (Genzyme, Cambridge,
MA)7} ¥3€l RPMI ghdufz|o| A wjgste] o] &
3kt B9 MI¥XE 5% FCS7} &4-9 RPMI ¢4
iAol 5.,10'2] FEZ 96 well flat-bottomed
microplatec]A] 3 welldll 1008 B B3F3lo] 7]
AHEZAHAE Yoz FE 1: 15624717 564
3| AEte] 100 uf ¥ Euidsldnt. 37¢C, 5% CO,
graufgF7IolA 9217 v F 2 wellell 10 uf <
tetrazolium salt MTT [3-(4,5-dimethylthiazole-
2-ys)-2,5-diphenyl tetrazolium bromide]& ZJ}
st 4AIF o] wjdetgdch. 2540 9] acid
sodiumdodecyl sulphate& 2z} wello] H7}sF & of
1AIZFEQE A2 #HA§ & BFEZR7|E o] &3ty
FAEE A8 BI AXY FAAHEE FHFY
ot FEAGo A AEY e IL-6& o8 5=
2 9hEo] B9 Al¥e F4& fx3 IL-6 1Ue
BOAIZE U= Z2A7 F3 =9 gl g
g Pt de2 Adskot.

3. HATX|S AN

71BAHA ZAHEE AlElA] e AR 2 o
Z—UEaTdAM 32 2 6AR ] 47 WYz
Asegag Adasln. ZANET 2 hE2 39

FAF 42} 3A1F (n=5) % 6AJZF (n=5)]
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Asle F9oAM 4um FAZ vPEst] Smm HFHo
2 747+ 3709] HHE do] WA gt 448 A
Pach. ¢4 v BE 58T Feslol 147
Ae§F xylineo 2 vl ¥ F{raAE AXx
dojRl zAE FHO 1083L FAS £ UgA
peroxidase?] #4& =7|98] 3% hydrogen per-
oxide®} methyl alcoholo]] 3087} wkg-A|7ic}. v|E

o] A& WAty Yt goat 5% BAEHY (Sig-
net Kit Blocking Reagent Normal Serum)o2
3087t A =3 AL "ojula 23E YA
A2 FR3 =X F AN 408 TEAIR
t}. gx}gAl= 247} polyclonal rabbit anti~mouse
TNF-a (SEROTEC Co.), ¥ monoclonal mouse
anti-human IL-6 (GENZYME Co.) 8X& 1:
1009 === 3XMsle AMg3lgT. PBS (pH 6.0)
2 384 33 A% 747 o2k (Signet Kit) 2l
biotinylated goat anti-rabbit IgG3} biotinylated
rabbit anti-mouse IgG2 30&7F WHSAIZ] & TA
PBS=Z 384 33 A% Streptavidino] %
peroxidase (Signet Kit)& ¥g-A]7]3L t}A] PBS
2 384 33 A F Ardo=E 3-3-
Diaminobezidin tetrachloride & AM&-3fod o]5-2- &
gA 1087 wax ). Hematoxylineo = thz
H43- grade alcohol& AA &3l B F 3
gAvF oz AAAY. ARA 24 AR e
Eo] gle] SAE ou|aidtt. ZE HEL A9
A A=At

4. woid A%
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Table 1. Brochoalveolar lavage characteristics in each group

Characteristics NC ETX-3h ETX-6h  CPA-ETX-3h CPA-ETX-6h
n 5 5 6 5 5

Total WBC(X10%) 5.2£0.6 13.0£1.0* 23.0+4.5* 3.0£0.3 45+0.6
Macrophage 4.9+0.5 123£1.1* 17.9 £4.0* 3.0+0.1 45+0.1

% 94.1£0.4 94.3+1.5 80.0x+6.1 99.7+£0.2 99.7+£0.2
PMN 0.1+£0.0 0.5+0.0* 44+1.9* 0.03 £0.0% 0.04 £0.0%
% 2.3£0.1 3.7+£0.5* 16.6 £5.4* 0.09 £0.0% 0.09+0.0%
Protein(mg/dl) 10.8+0.8 33.0£11.8%*  73.7+8.7** 28.1+4.3 30.6 £5.2*

*p<0.05 vs NC ; $<0.05 vs ETX & NC ; **p<0.05 vs ETX-3h & CPA-6h

dx 2NREFPE 6,830+612004 395 +88/mm?
22 (p<0.005), 57+ 2,4054275 oA 88+
20/mm*e.2 247} oF 95% 4 ZAdArt (p<0.
005).

2. 71X ZAE ME 3 TS HEdn

elne B I e Bt e S PR R R e b B
H FMEFFE 3, 6AH A4 {93 FE
Baou (p<0.01), HEFZY UEaTe 2o
7 Aok, &2 - UFate Azl Bl o)
BAHEAF D D 2F57) 3, 6A7R &
Z} frofaiA F7eten (p<0.05) 53 33+ ¥
889 fog F7H8 sl (p<0.05). WP
Z2F WHATS FddizTl vid 3, 62124 &
Zt 7N BAAEN Y 357 2 SFTEEE §9
T A4S Bgent (p<0.05) JBAHEAE o
T+ 2 BT EHSAAE Gt Aozt §id
o wrebd HETEY WELTNAN vdehke 718
HAEAE ST o] ZRA FAxdaAE
(resident alveolar macrophage) 2 Alg25Qc). 7)
A H EAF FHAEFL Y5404 3, 6217
Zzy Aoz ulg] feld Z7HE 2ew (p
<0.05) YE2F7kollw 6 A7 o 2 - Eiito)
A BETAY S27d vl el B9t p<
0.05)(Table 1.). ©|#3 ZAzp= z3gdx3s

(priming) £ W] Wiy F4o] ¢l
ol WEAE TASE A7 AT EN 2siA
&gl EE F U ARtk FA Arks
o] o] Alaald Z1BA UEAFo s f
H FAFENNAP B Ay JYE42¥8F 72 A
A wmsted P suje] ZBAAZAY SFF
Z7le AF 2ARS JBAHEAE SO Z
Ve wastayl 298 nyjsid d&3ld dFez
98 3379 B4} 2F drdiE/ a7
o] gAstE fU8 A&l do £ Fldor
71oehe Aeg ALRHI}. ohge] ¢#EFT9
) 59 WE428S 4 A D
=X 8 7FHE BERAE old Ao AN

N

of

3. ZI2RIHZMA cytokine2] SEY

ANB/AAENH TNF-0 2 IL-6 9} == Addx
oA 2+t 0.06 +£0.06 U/ml (n=5) 2 0.45+0.
23 U/ml (n=5)°]3t}. t& - WEAFHNA TNF
-9} IL-6% 3A]7be] 242k 3.53+£1.39 (n=6)
2 146.40+34.01 (n=6)02 A53Y (p<o.
05) 6AIZHRIo= 247} 4.22+1.38 (n=6) 2 77.
75+27.98 U/ml (n=6)02 Aadc (p<0.
05), WEFAY WEAZAE 3AH N 42 3.
06+1.38 (n=6) ¥ 102.02+72.95 (n=6)0&
A58l (p<0.05) 6 A1z o= 42 1.53 +£0.57
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Table 2. Bronchoalveolar lavage concentration of cytokines in each group

Characteristics NC ETX-3h ETX-6h CPA-ETX-3h CPA-ETX-6h
n 5 6 6 6 6
TNF{(u/ml) 0.06 +0.06 3.53+1.39* 4.22 +1.38* 3.06 £1.38* 1.53+0.57*
L6 0.45+0.23 146.30+34.01* 77.75+27.98* 102.02+72.95* 32.26 +20.98*%
*n<0.05 vs NC
100
B £TX Group

2 D CPA-ETX Group

‘g 10 A

-

e

£

s
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|
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1
TNF«a IL-6 TNFa iL-6
3h 6 h

Fig. 1. Comparision of TNF-a and IL-6 in BAL fluid bewteen ETX- and CPA-ETX-group.

(n=6) ¥ 32.26+20.98 U/ml (n=6)o& A%
A cH(p<0.05)(Table 2.). MAFAR Yxisd}
dE—Uls2atd WEL Fo4F 3, 6449 7]
FAHAEA Y TNF-¢ R IL-6 FHZ] FAH o
A& QA=A Ydct(Table 2)(Fig. 1). ojake] 2
= 528502 48 S48 2719 7
BAHA XA o)X A&=E proinflammatory cyto-
kines 9 7|9l& HFo FUE &8 IFFH=
gA3E AR AIXdRAE/IE) S Ay
THPAEEANA F2 BUHASE MRle Ze
2 4=k

4. HAzE|sistoiMof] o8t TNF-o S 3 IL-6

.
Ero] S Wi

Aeidgder e 94X dzddre TNF-a
2 IL-6 o] s MEESAA 5Es] HEEHA
ko WA Y F¢ 3A 9 641 A=
2o = TNF-a 2 IL-67} HEhA TS} 718
2 Ay Az GATEA FaAl G4
HE 2744 22T § ddoy nERA e 3t
AxAHTNAN Roje 2FTEME BFdLA
A gdeh(Fig. 2). @ 357 3]
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AFZL. Localization of IL-6 and TNF-a protein in the saline-treated lung tissue by monoclonal mouse anti-human
IL~6 and polyclonal rabbit anti-mouse TNF-¢ in immunchistochemical (IH) stain (A to IL.-6 : B to TNF-a).
IH localization of IL-6 at 3 h (C, D) and 6 h (E, F) ; TNF-e at 3 h (G, H) and 6 h (], J) after iv.
administration of endotoxin, 5Smg/kg. Arrows indicate alveolar macrophages and interstitial macrophages
within the tissue near bronchioles or vessels.
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AEFDA} BLsA A
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IL-8 2dL fxdle] 237 dig 54 e F
27, 2718349458 £8 37 Wbz -
S35 Z7MTI A B9E 25Ty E -
DA ET o)FL ARG, B FAPHo 2 3FF
o ztgsta] Felikar| Bt 3FT o] EHHY
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Zolu gE 529 B 2 S0 FEHY dEE
. TNF-o= AHA02 Woldx® 2 g 4
A E® AE4E FVHAE F don JoAx
2 Ao ge] §EA $E8E fFx8H0. TNF-«
2 A" FEAEEA IL-19] §4d%5°] 718k
ZaHoz #ulg IL-13 A5Fo 2 283l =3
9 9434 AYEE ¥Y F Jdern®, IL-17 g&
o] B8 7oA Bu]5)& —interferon® TNF-a2] 4
FEAE FEZAE Aoz gA U, IL-6=
proinflammatory cytokine .24 TNF-a} IL-1
3} FEEE V)5S 2 glon 1 349 f24
o] e ¥Fsle] FHNE T4 L T-AEE &
A3l A7la B—-AE ARIAEE €Bd U,
WEszzo s A48 TNF-ob IL-18 dgsh=
9= sl Feoz geiA Aol 4FHPAAY IL-
6 A o137 W] FHHA e+,
UEL g F49&ddA TNF-o MIP-2; IL-
1-8 IL-6 -9 proinflammatory cytokines$] 3
AENGLS AEQIAEY Z2 4D 35T 2 @
o Bujg Aoy AW Hu Yot 5§
712 gsaFe s ud Hid 32E9 TNF
-o mRNA7} 57904 o Z22EHH AN Ed
njg) LAES A&EE 298 29 &30 TNF-
a B3R 5FT 98] 28 oz YH:
e, B8 WEART 34 A8 fREAR)
CDi1lav} ICAM-1 &-& CD18 A58 ¢v83%
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FT BYE 309M 70% Z2AAE SR HEA
# TNF-¢ g9} ¥9%2 gigdenz #H30 TNF-¢
o] 719 A XA E A uEE Roleh= oA
o] sldem® AN EY zFez HAYd $dE
ZETA BuEle acyloxyacyl hydrolases W%

£F deaylated AJA US4 BAEE AL F
PI® in vitrodlA G-CSFE A=H 351E U
42 A58 9879 TNF-o #8952 ZaAZ
4 lgo] B v o, EAHA @A X
A3 cytokine ZAFA L= cyclophophamide A
AR 7| BAAZA Y 53771 oF 70904 90% Ha
AL ZN1BAHEANA ST 7004 85% Za

Poll= Bt gz - uHEaEd Aozt Qijich
ol  HAhWoAM  ZH&EE  proinflammatory
cytokineq] TNF-ot} IL-62] 5 7|dAEE Us
22 sk AxgiAME 5o IF diMe
(resident macrophage)d Zog FAx¢jor
Z—UF4AT 3, 6A] AE BYzAsEd
A A3 TNF-a @4 2 IL-6 dulo] slediaqx
JRARNHA AN ZpslA] =] WE48E
FAHAESe] Z7)o= proinflammatory cytokine
o] #7198 AE7} AstE A Ed AT/ AT
e AT 5 A% AXEYAAEE G v
3 TNF-a 24|50] 4% sloz daix glov 743
W EE FEANZe] AFHEY Aoleln A
ZE 3 ot AREo] uidgo s AEd 7%
AW WELFY HENTE 627 Y B2 st
AAzo A+ proinflammatory cytokine Thiabd
ol 71BAFH HdzA 4 nNEHA T IkE
IFTA F2 B ol Xing T H¥Z
et FLe) mebA WS FEdTolM W
Za0 gy muzAzd 93 proinflammatory
cytokine THHHY 7|AM 2| Aol7} & AHom
Aedt. &, WEAE A A28 A2Hes 7
BFE 3FT FYe] F7HEY AZAT) e 54
¥ 3577t TNF-e9) 39 7]go] & Rog A7y

o ol Aatz WAl &R £BEFTE

3 g Bdo] 7HeE o FAH. ool B4
3 FXgAAE 5o FF didH 27} TNF-att
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slo] dAsEeE T W wWelddd 9EE T
T Qlal B &3] ¢HE5TY] Y glolx
9EAo 7 FAHENE BN F g o A}
gt olHg dAte] e 35T dAST
7248 USATAN gAY S 5Ed 2
oz} gIL?, THT AFIREANM FA FF9
FAH S BAEHEY AS 4F A9E 7
& ot}

25t U154 8% 1 g4 dede 27 &4
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o] 8 VUM s W XofAM /T TA|
EY o2 ARHY ol NI KAEE fY
Ao Aol A gL g ez Al Ho)
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Al A -

LPSo tigt &3¢ Z7)¥+2-2 proinflammatory
cytokinese] Ewjolt},  ol#E  “xy]  wrg”
cytokinest UAMEANM FHMNE Fol AEE
gete] o E g E 23 B, A 7
G NEES ASste At 4444,
22z} Sof WAL FEAIA HAM AGFHAL
AgaiAEt. WEARE FAASHAM Ay
proinflammatory cytokine 719 ¥ E& 493819
A E /AT oo HzHog f" TY 35
T-of ggo] Fa3HA AT glon oejox 2+
A NTEAME FEEHT e AoZ BRI 9]
th Mg A PMA sAE Y FYst
o HFEA FATSENA
cytokines¢! TNF-¢ 2 IL 6 »|99] 34 A%
(B)E 738 Bz sdich
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Dawley& A& thx# (Normal Control Saline
Group)3 W54 FAAEYTFoR BR3l9e
o FA¥ SN BEPAY WELAF (CPA-ETX
Group)® = — E47 (ETX Group) o 2 sy
t}. A¥WAE phenthotal sodium o2 nld &
Agj2lg4 0.4ml (control) E& Fake] M)Ay
2o £a)417) LPS (055:B5 E. coli, Sigma
Chemical Co., St. Louis, MO), 5mg/kgE #A 0|
FAMog FARE F 242 0 2 3, 6410 BABA
At WETAY YWSAFL  cyclophophamide,
Tmg/kgE BN F9j8le] 65U LPSE 2 )
Hoz FYste] 3, 6A17 Azt AP ZhE
NA Z1BAHEAH g HAEe nle} o] Algislo]
FUELE, LYNESF 2 FOYS A23l9T V)
A EAE TNF-o 2 1L 68 BETH shog
Z2y 233te] v|wstgrt. FAlo ZBAH EA A&
€ A o BdERT L dR-EATA
TNF-¢ % 1L 6 Do i3t dgx32slstgd e Al
P,

2 o}

71 BAAEAH NE & S &4 Ay Fze
o 8§ oz —WELTAN ZBAHEAY 2y
ToE 3, 6AITA 242 folt F7HE Bk (p
<0.01), #EF2Y US27= o7t Qe o
Z-WELTE Aoz vs] Z1EA xS
9T g2 3F3F57L 3, 6A17o] 42 foEiAl
b2 (p<0.05) 53] 37 BE&9 9
T 7E BWslg(p<0.05). HETEAY Y=L
T2 Az vE 3, 6AZHAd 42 7185
EAY 3377 9 3FTEYEY] FoS gAE R
RO (p<0.05) 7|BAHENF DA7E ¢ T
T B goAe mztl apolrt §iich 71BA AT
AH FTAFS YELTAA 3, 6A1ZR) 2zt 3
Aoz v fofdt ZUME Bgen (p<0.05)
WELZTE 621 dZ —YEaToA By
TAY WELT ¥ F9siA =2oH(p<0.05).
71BAAEAH TNF-a € IL-6 9 5= Zd=

A 42t 0.06 +0.06 U/ml(n=5) ¥ 045+%0.
23 U/ml(n=5) o|ct. WEATM TNF-a9}
IL-6% Azl v fdshd deHAeH (p
<0.05), HETEY WELZH hF — WEATZ
Aol Qlgih WYz st dy 5s B $
3 3A1ZE R 64| Hz2ZojA TNF-o 2 IL-6
wlo] s EujiMEel HAWHMEENA A
gAges 2738 #3235 .
3 E:
=283 44 34 W8] 2] &34 389
3g 3l proinflammatory cytokine?] ¥ 7}
INEE 4319 AXgAA /DTN EEY R
o2 AR ol A¥t WE28F 8 Fde
24 Ao FRAHA 4¥E & 208 AlRHY.
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