Role of Tumor Necrosis Factor-a and
Interleukin-1 for the Induction of Interleukin-6

messenger RNA in Human Monocytes
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EMNEBRDA VY —oA F 6 BEFRBEICNT 2
Ay —a4Fr]1BLEU0EEERRTE
(TNF-«) O % &

SRAFEFHNIREME (TE: 20 S50
mo B N F
(TR 3 4 4 ALOAZH)

EMERBEET IS M AAY (E/H4Y) OFRBEBOE/ 420k > TEHESW
(autocrine) BUIZHIFE N T3 . BERDBELE T 294 P AIA DV LD THBA I —04 %> 6
(interleukin-6, IL-6) OFIRH, MIOBEREFDOE A4 >, 1> 5 —of %21 B (interleukin-14 ,
IL-18), EEEHFERE T (tumor necrosis factor-a, TNF-a), IL-6 BB P2 L D Lz s T
L EHFET. b P RABMBEAZMAM (peripheral blood mononuclear cells, PBMC) # T IL-6 &4
VEFA A A OEAHBRE (recombinant) HEB L UHE b [L-18HAETY O LS T BE L2
B EME L. PBMC #fHAMZ B > ¥ —04 #> 18 (recombinant IL-14, rIL-18) 3 & UM
4 2 WIEFIRIERF (recombinant tumor necrosis factor-a , rTNF-«) CHIB T 2 &, FiEtho
IL-6 1EM%13 Y K Z¥E (lipopolysaccharide, LPS) M OB S L HREZSESAL . L6 Avky Y +—
RNA (messenger RNA, mRNA) #B &, rIL-1858 & ' rINF-o fil B B Im o o h 7.
PBMC @ IL-18 mRNA DFHiZ rTNF- 2 TR v 1, & 51T rIL- 18 BHDRIHBTCLFHFEE A
7o BEROMBRRE -2 —TH% CDI4 I T 287 o — »HiE % B 72 Gl ik - B4 FHm
R (1Y %4y« N4 7YV F L ¥—2 3>, insitu hybridization) ##4&b€ T, rIL-18 5 2 \»
3 rTNF-a fl3 PBMC iz5iF 3 IL-18, IL-6 &% mRNA HEBRMBOREERALLEIAET
CDl4 BB EBBRTH 2 Z EHHIBEL 72 & RERIBIC L 2 IL-6 BETREOBENE L2 BT L 7= &
25, ITNF-« #l#ks0 IL-6 mRNA ORIRFEIT rIL-18 FIE OB A 1T B USBEE L | 12~24p51%
RE—72Rb:. 85IZHEERZEELT, ITNF-o## IL-6 mRNA HRIBZEDORIZFHH IL-1
HEEFEMLTHEET S L, rTNF-aic &3 L6 BEFERSBAMCIEI S AL . “hs IL1 %
TNF-«iz &3 IL-6 BEFREROFEE & IBYIC, IL-6 8&1x LPS FEEREOAZS T IL18 R
TNF-o fll#0z & 3 IL-6 BEFRBEOFLIIMSIIZM 2 epimahi. LEOER, S, Bk ET
BESAACHEET 2L b AAY - 29 NI —2DHRAT A FOFT, TNF-a l3SERTL 7> 8
LERERYA P4 OPTRLPLONBE£2H-TED, BERTIIES TNFaikn IL1 E4
BEESN, EESNL LIS A= 754> 2 L6 REEFBET 2L 03 DAY 4 FHAHET 20
REMMTRENT. 85T IL6 HBMBRIIBU B IHSHA A4 > OREDBRENT, 2094 +H A
AU UIMLTAT T AT T 4= PNy e v T FAREZ T AR SRS SN T

Key words interleukin-6, interleukin-1, tumor necrosis factor-«
monocyte, cytokine network

’

Abbreviations: cDNA, complementary DNA : [a@-*P] dCTP, deoxycytidine 5-[ « 2P]
triphosphate ; DTT, dithiothreitol; ELISA, enzyme-linked immunosorbent assay; IL-1,
interleukin-1; IL-6, interleukin-6; kb, kilobase pairs; LPS, lipopolysaccharide; MMT,
3'(4,5-dimethylthiazol-2-yl)-2,5-diphenyl~tetrazolium bromide ; mRNA, messenger RNA ;
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4 >»%—14*>6 (interleukin-6, IL-6) {1, & b
B K2 {LEF B cell stimulatory factor 2,
BSF-2) £ L T cDNA (complementary DNA) #% >
n-=» 7380, ERLOVFEIN TR VI~
7xu>pg 2 (interferonB, IFNB ), 26w ¥ L b
YER, FHEH KA F (hepatocyte-stimulating
factor, HSF), "{ 7)) F—< + 73 X2 % 4 b —=
¥ 5 A F (hybridoma/plasmacytoma growth
factor, HPGF) L [{—2FThH 2 Z L BWRZ LBHo»
KE->TETVLE"Y. ZOHTFI, X LEMSEES
B RERIES & CRERIT 817 5 Eis FETHE
2T 2RFLLTEBR2ED TV, 2ho %
Bzl 5 EMEREREOF TS, Bz IL-6 »FD
AMPEOOFHEITBRECEBESFICB 1T 2 £
BERED—2 L LTEELERE > T 5%,
BEDHRE T, IL-6 X BB 2 M/MREE L
HTAHZELBEMICIRT LB Y, 2k IL-6 13£EE
WeHZ S » o EEEN 2 Z L HESATVLD
2, TOEBWCRLFERESHRIIER . v/ o
7=V RMIETHE EEZ SN TWE WY,

EEAOMBERITIE IL-6 EHERIFEACHRETE
§, KM O#EEIZb IL-6 messenger RNA
(mRNA) BERMCBEREEREE LTI 0, <4
b7y, fIERS, BLOYA MAA i EOER
ZRIBT IL-6 IBERIVELIZESE - FUWEHh
20 MR B 5 IL-6 BEFRAOHEBE LR
NBicHizoT, OBERBERDOY 1 b A > (£
A4 ), Thbb{4 ¥ —u4 F> 1 (interleuki-
n-l, IL-1) EFEF K F (tumor necrosis factor-
a, TNF-2) 2358w IL-6 EAFEELE T2 Z L iX
BEEZ2ALEZ>NEY, TNF-a BRI T 3
IL-6 SFEa 2RO L AR, Ekbon IL-1 EED
FEHT ™ i, IL-1 FERCINT3 IL-15H0H
B EBEBEREEROIEBHISNTETWSE?, ©
D&% IL-1 BE U TNF-a DEERADY A b b A
VBRSBTS N D EFITL T, BEE, KBl
BRMfRE® LI IL-1 Y & 7 ¥ — (interleukin-1
receptor, IL-1R) ¢ TNF-« V & 7 ¥ — (tumor
necrosis factor-a receptor, TNF-a R) O¥EEHHER
AN XS ZREOHRTIE IL6 DV 7y —
(interleukin-6 receptor, IL-6R) & #Ek LIz RE S h

THu3® ZNexE/ 74 YAESEOBHER®> 5
BEOOFEBHRIE, MEVMBEBAL LB ARREER
W BIEE W A (AR BIEHE 2 V50 5 2 DI DB R A ey
BIEEEO—DTH20 AN TV Lh ik,
IL-6 #3 IL-6 BHOEEFRREOGEIC L DR HH
DLo>Tw2E0H, £/ IL-6 i3Miz IL-1 ® TNF-20
EERPFETINEIDLEDVTRERPEBEESLTL
A

AFRETIR, HAHH2 B (recombinant) IL.1,
TNF-a 8 X0 IL-6 &, 78tk b+ IL-1 kxR
WTHERD IL-6 BEFRBECNTEIEYA bh4 Y
DYMREBRET LI, ZOER, TNF-a SERz B
3ZQMDE ) B4 DEE - BRBRICHLNRE RS
CTwa &, g7 IL6RRE/ A4 OFEIz2HY
FAT e 74 —FNw 7« T FNEFESTVREIL
HSHERL 72

MEBLUHE

1. #

BRARMBILE, 25~35@E COBERABELIIA
XY IMEIRMERIRIC & D87 . & MEABRZ B ILS
(recombinant interleukin-6, rIL-6) |3 AR AFHITT
Frry—, FEHARKELIVHESL, Z0BESE
MBI IL6 REHZ 7RI AL Y « N—=2 4 LA
(Epstein-Barr virus) BRHlfatk TH 5 SKW6-Cl4 #
Buwiz7v¥ 4T 5x10U/mg OERER .
b N Az E IL-18 (recombinant interleukin-18
(recombinant interleukin-18 , rIL-18) (2x10U/
mg) RARFEREHEASH (ER), THEBELIIR
Sxh7b0%, £t rfEA#EZE TNFa
(recombinant tumor necrosis factor-« , rTNF-«)
(4.8X10U/mg) x4 > bV —#RAEH GER) » 5
Bant.

I, BE3EMG

BRARBINE U~ BEERAEERIEAK (phosphate -
buffered saline, PBS) (pH 7.2) T 2EZHFRL
#% , Ficoll-Hypaque Lymphoprep (Nycomed As,
Oslo, Norway) IZEE L, 4°C 400xg T304 HE.L
U7z, B o KM M &0 B (peripheral blood
mononuclear cells, PBMC) ##£Ez L , PBS T 3 @ik
W%, MlaB 5x109/ml wFE, <=3 > 200U/

ND, not detected; PBMC, peripheral blood mononuclear cells; PBS, phosphate-buffered
saline; rIL-1, recombinant interleukin-1; rIL-6, recombinant interleukin-6; rTNF-« ,
recombinant tumor necrosis factor- @ ; SDS, sodium dodecyl sulfate ; SSC, standard saline
citrate ; TNF-a, tumor necrosis factor-a ; [ a-*S] UTP, [ «-*S] uridine triphosphate
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mh), F¥I=4 vy Wpg/ml), 140y
(Tylocine, 60x g/ ml) % & &+ RPMI-1640 3% % %
(GIBCO) S ¥/, BEIZEKRY) 7oL v .
# 2 —7 (Falcon polypropylene, N0.2005; Becton
Dickinson & Co., Lincoln Park, NJ, USA) iz 1ml
FONEL, —ERE, RESAEERIZTITC, 5%
CO.ZHET THEL . EEMKBRIC rIL-18 20ng/
ml, r”TNF-a 20ng/ml %, £7:Y ®£&%¥ (lipopoly-
saccharide, LPS) (Difco Laboratories, Detroit, MI,
USA) BEBEBED lug/ml 22 FREML =7,

m. IL-6 &%, IL-13 88 LU TNF-c BOAE

IL-6 BEOBER, KRKEMBE LYty —, F
FRprELtL I HEshReANI TY P =22
o — >~ MH60.BSF2 (murine hybridoma clone,
MH60.BSF2) %\ - fIBEMER IS & DT - 722,
MH60.BSF2 D#EFEIZ DTk, 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetorazolium bromide (MMT,
Sigma Chemical Co., St Louis, MO, USA) # 27>
HEEEHEICL D, 550nm 12517 2 WL E s BRaE
HIEZEE (ELISA Analyzer EAR400; SLT-Labins-
truments, Salzburg, Austria) THIE L7z, IL-6 i
BrIL-6 i & DB SRR b LIEEH L.
BELERO IL1fOEFEZICEHE b IL18 =Y X
Ero—- Pk L U8 IL- 18 RAFMBE 2 AWV
BEEESAERETEY (enzyme-linked immunos-
orbent assay, ELISA) & v b (K¥F&I#E) #, TNF-«
DEEIZIF ELISA 12X % TNF Test Kit (BIOK-
INE™, T cell science Inc., Cambridge, MA, USA)
ErhZhERL:.

V. IL-6 5 & UIL-13mRNA RREOAE

IL-6 BXUFIL- 18 mRNA #REBORAEIL /) —F >
TOyrBEURy 70y b s N T Y 54—
YarEIZTIT o MIEEEE PBMC k94
RNA # Chomczynski & D FHE® CHIH L/ — ¥ >
TUy b A TYF V= gL, KRR
B2 RNA Spg 2 FEMEELE, ALLATLFE
FEEGDL1%B7Hn—R « ¥ LCBESKEL . B4
BRIk » 20Xstandard saline citrate (SSC) (3M
NaCl, 0.3M 2 2 @7 b U v AM) = TH oy«
AT T« 7 4 NF—1Z RNA #8iTag. Fv
b+ 7wy PRRCIE White DB E™IZHE L THIE L
LHBREMN RNA % fuv7: . SIS i s iy » 5
BERL, ZMgF 10 - A0 750« 7405 —
REIRE S . Kz, &7 405 —5ESHE. 80
C2RRISLIE L T RNA 2B EEL 7.

NATVFAX - avid, PLrg 7Y 54 ¥—

Ya R (50% K LA I F, 5XSSC, 5XDenha-
rdt’s solution, 50mM NaHPO4, 0.1% SDS (sodium
dodecyl sulfate), 0.2mg/ml BZEMEY 7 ¥ F DNA
(salmon sperm DNA, ssDNA)} &1765°C 2 BfI{T -
oo TUNnNATIVIA¥—y s L EBBERER,
5X10°%pm/ml DI 7 v —7 DNA 2 &bH-n 7
INA TV ¥~y 3 VBB EMAT. 70 -7
DNAL L THEFEL (KERK%E, KIR) Lotssh
7zt M IL-6 cDNA @ Taql-Xbal 73 7 x> b, ¥
HEL RERE) TS snrze b IL18
¢CDNA®® PstI-Hindlll 757 2>, g~—7 2 F>
cDNA® @ BamHI1-Pvull 75 7 x> 2hZzhn %,
deoxycytidine 5-[ @ ®*P] triphosphate ( [ & -*P]
dCTP) (>3,000Ci/mmol) ¥ ZEHHEZKr LC~LF 7
FA4LDNA SRV UL ATA(TIY v b Py
Ny, BR) EROWTERLE. 2088R 70— 7
42°CI6BERNA 7Y A ¥ — v 3 > T o 1218,
2XS8SCIZT1553 8, & £120.19% SDS 2 &#00.1X
SSC 1z T65°C30 LB % 3EE VB L 7. &k,
X #7104 (Hyperfilm™-MP, 7=o v A« ¥ %
Ny, BR) WEBS R T-80CTHABE A — + 5
VAT TT7 4 —%fTo0. cDNA ENA 7Y ¥4 XL
72 mRNA OEEFMIZ I N4 A - 7+ 5 49—
(Bio-Analyzer 100, 7Y EH7 1+ L AKREH, &
W) BHWLE.

V. UK+ Fr—7 (riboprobe, RNA probe) ;1§

&

IL-6 8L U IL-18mRNA REBDY # + 7o —7
284 5 HB T, IL-6 cDNA @ Tagl-Xbal 75
AP BEUIL-18cDNA @ Pst1-Pvull 75 2
A brENEFREBR~N7 ¥ — pGEM3 (Promega
Biotec., Madison, W1, USA) ® AccI-Xbal ¥4 b
BLU Pstl-Hincll ¥4 MiZ¥ 7270 —=> 7%
727z, 0 IL-6 cDNA 8L U IL-15cDNA 247
7U—Z AN ENRT Y - RHIRBER TR
#®, T7 £7:13 SP6 RNA # 1) A7 — ¥ (RNA
polymerase) # & U [a-*S] uridine triphosphate
([a-*8] UTP, 7=y vs« Jviy) A GT
S BT v F & R (antisense) B L Uk > R
(sense) Y R » Fu— 7 R{ERIL 72,

VI.L. A e HA4Y e nATJHAHE— 3> (in

situ hybridization)

A e HF ALY e NAT VL ¥ —v 3 VIFEICH A
PHRELLAETRDE 3I121T-7:9. ¢, Bk
fa%Fo<=v 2k b CD 14 2 o— > ¥Hi{k Ortho
Diagnostic System, K. K., EH) 8 & FlLi¥EH <
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A IgG itk v THBNRERLRELLE, ¥ 5
AeATAREEZH A P AECEREERL . WIS
4 %85 KL LT LT E F/PBS THEER, 7Yy
WEL, =57/ —MIZTHK, BEL7. 2L T 10
pl DONLT) T4 ¥~ 3 VB {10%pm *S %
riboprobe, 50% w47 2 K, 2XSSC, 10mM 7 4 F
A AV 4 b= (dithiothreitol, DTT), Img/ml BAZE
% ssDNA, 2mg/ml 4 Mi#F 7 L 7 % > (bovine serum
albumin, BSA)} ##TFL, 50°CT168FM A > « ¥ 4
VengTVIAL¥—2 3> ETo. 54£CD50% K
VAT 3 F/2XSSC THEEE, RNA SRS {100
# g/ml RNase A (Sigma), 1x g/ ml RNase Tl
(Behringer Mannheim Biochemicals, Indianapolis,
IN, USA)} LB %1To0z. =5/ —VBRKBEOR T 1
Fe#521F, NR-M2 =wLr¥ay (a=sfkrs
#, EF) Ta—tr Lk, 4°CT3HMA—FFY
7774 —%fTo0z. BFIZIE D19 Frovoi—
(Eastmann Kodak Company, Rochester, N. Y.,
USA) s X UEEREEAL, KERZ /-1 TE
B 7. BRI EEECEME (Zeiss, Oberkochen,
Germany) TiTo 1.

B #

1. PBMC 0IL-18, IL-6 RBF W1+ 2
rIL-18, rIL-6 54 U rINF-o e

PBMC % [ {EEHRIN RPMI-1640 5310 & T 2455
BELZEE, RLEART LIS EERD IL-6, IL1
B, INF-aidiF L ALBRETER S, rIL1g,
rINF-a iz & D, MUY 4 b A A v BEEE
Mz E¥ET O IL-6 iEMED _ LR IL-6 MR kg
HOMBERIG E L RSz, R, rll18 8k
U rTNF-a BTy, BEKERICZh 2 Ligh
@O TNF-«, ILIBEO LA *FEET 2 - & p
ELISA $ic CHERTE L. B rdllgs s
ITNF-a RIBEEOBEIREROY 1 b A2 4 Y DEESR
EINRIE, RUWCRTLICHMARE/ 4 1 ~BER
FTH2 LPS T PBMC 2HBL 7 & 2121313 EH
T35LDTH-7. rIL-18 % rTNF- & & 1B,
rIl-6 2&ML TH PBMC » 5 IL18 B L tf
TNF-a DELEFEs Lok, PBMCltioT
BEINLEELERTEYA P24 Y EOKRE L —X
LT, #&EMKEO IL-6 mRNA it rIL-18,

Tablel. IL-6, IL-18 and TNF-a production by monokine-stimulated

PBMC
o IL-6 IL-18 TNF-«
Stimuli Doses (U /oml) (pg/m1) (pg/ml)
None 0.3%0.1° <50 <50
AL S 1 ng/ml 6.9%1.1 N.D:* 22410
4 ng/ml  17.3+3.0 N.D. 5921
20 ng/ml  41.3%11.2 N.D. 112427
rTNF-«a 1 ng/ml 24.5+5.7 215465 N.D.
4 ng/ml  43.1£17.3 958+311 N.D.
20 ng/ml  53.0+9.7 1480+ 365 N.D.
riL-6 1 ng/ml N.D. <50 <50
4 ng/ml N.D. <50 <50
20 ng/ml N.D. <50 <50
LPS lug/ml 30.4%7.1 28592 79+19

PBMC were incubated in the absence or presence of various doses of
rIL-15, rTNF-« and rIL-6 or 1 ug/ml of LPS. After 24 hr incubation,
supernatants were collected, and provided for evaluation of IL-6, IL-18
or TNF-a. IL-6 activity was measured by the growh of IL-6-dependent
murine hybridoma cells, and IL-13 and TNF-a were determined by

using ELISA kits.

‘Results are expressed as the means (+ SEM) of three separate

experiments.
*N.D., not determined.
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(INF-o fIBCHFEHEI N (M), a5 icEER
zrid, rTNF-adD A% 53 rIL-18 88 & PBMC
wd s IL-18mRNA BELZFBEL 22 Ths. L
U rIL-6 #imE IL-18 mRNA & IL-6 mRNA 53
YHELRD oM. I hO—LE LAY RE
v 7 RBIEFTH P L -actin ODFEBME I rIL-158 ,
TNF-a, rIL-6, LPS ORFETEE*Z F e h >
7z

II.IL-6 mRNA & U IL-13mRNA RBimisn

B

IL-6 mRNA B & ' IL-18mRNA S&EMEORE
PEMC, BBICIRELAFED Thbb A4y « 4
VenA TNVFA ¥ -2 a2 i CD 14 Bro—y
FEERACLRERE L 2EASDY T, &Y 4+
A4 CyREBHEOMREEBE 2 #H~7~ ®2).
rIL-18 ¥ L /- PBMC 0 —EF gz s 7 o
FryAIL6 VR 7o0—7 TN ash (F
20). XBWIA Y - HAY e N A TYF 4 ¥ —2 5

1 2 3 4 5

IL-1B

IL-6

B-Actin

Fig.1. Induction of mRNA for IL-6 and IL-1p8
in PBMC by rIL-18 or rTNF-«, but not by
tIL-6. PBMC (2 x10%ml) were cultured for 3
hr with the cultured medium alone or in the
presence of rIL-18 (20ng/ml), TNF-2 (20ng/
ml), rIL-6 (20ng/ml), or LPS (lp g/ml). Exp-
ression of mRNA for IL-6,IL-18 , and 8 -actin
in cultured PBMC was analyzed by Northern
blot hybridization as described in Materials
and Methods. Exposure time was 1 day for
IL-18and IL-6, and 12 hr for B -actin. Stimu-
lation conditions are as follows: lane 1,
culture medium alone ; lane 2, rIL-6; lane 3,
rIL-14 ; lane 4, rTNF-« : lane 5, LPS.

TRIBE N BHD YL 1 > (grains) 13 CD 14 B4
Mg L ToaED 2, CD 14 @M F Izt EE L
Tmotz (B2B). iz7 v F s A IL1g ) #H -
m—=7%f7 IL-18 mRNA BEMEORETIE,
rlL-18 B & CTHIB L 72 PBMC ®o IL-1s mRNA %
BN 2T CD 14 B8Rk TH -7 (H2C, 2D).
%1z, rTNF-a#l# PBMC @ IL-6 X ¥ IL-18
mMRNAFRMKE S CD 14 BHBERTH-72. 285,
MR B & O rIL-6 Wi PBMC 27> F & > 2
L6 BLIILIB YR Yu—7%BnTA > « &
AV e ATV =2 a s 2 BATH /Sy 2 « 7
TR L RAVDT VA Y LpBED LN o1, &
72, 3 ha—AELTEY R IL6 8L IL-18Y
R 7o—TEERLLES, POELELL 4T
FA4E~varlzhot (F-FRs7d).

. rIL-18, rITNF-a ##(z & 5 IL-6 mRNA %

RoBEMET(L

BRIz k2 IL-6 BEFRENSEE /A4 12 k
DupiHlllsh TuwahaBHe s o T2 M T,
rlL-18 8 & U rTNF-a Wi## o IL-6 mRNA %80
EREL 27 (K 3). PBMC O EEMER T
i, WITNOEERRTHIEEA L IL-6 mRNA #53
BED SN oz, ZHIZKL, LPS Bioss,
IL-6 mRNA {55 EBES ITRE SN, 3ERITRA
LD, 24~48FFHEIHRIZIZ L L DEICR 572, rIL-18
Hl# D IL-6 mRNA ¥513, LPS flB 084 12
BoEN, 6FFMBICEEE &0, 12~2485R HoEey
BOEEH#EREL . ' TNF-2 #l0%B 41, rTNF-«
Fbntk 6 BRI & T3 IL-6 HBUILLEM s <, L
LEEGEBR L D BRA I LR L, 12~24058% 10
IL-6 mRNA ERIIB KL /2. THSOERIT,
BED IL-6 SETFEEFIEISOT ILIgE L 8
TNF-« DIERABRES RS 2 af4EME 4 R% L Tu 2.

IV. TNF-a @ IL-6 mRNA RBEHFEWR -1+ 5

e b IL-1 DL

INMETIZBSNLER,» S, Bk #EDE /2
{rEEIIB LT, TNF oW HECERL 7 £+
IL-1p 238 L, Hbsn 18 »E W 7213
434 (paracrine) ANZBEER IZ(FH L T IL-6 2 3FE+
BL0INATAR, TabE TNFasih. L
7 ILD B oMEeyRsi 2y, s 02 IL-6 13 20
SEDES AL ORRENTHL L3 A AT A
FOFEMEESNZ. # 2T rTNF-a(Z £ ) FEE
Ehd PBMC o IL-6 BAIZxf+ 24 + IL-1 #ifk
DEEERETL 72 RRPE b ILla ks L UER
fic b IL-18 D BEH T, HEEETT PBMC %
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rTINF-o CRIBL , 1205/ @ IL-6 mRNA FHEB L
U24BSfB 0 LEho L6 BEELREL L 22,
B IL-1 FikEERCEEIC IL6 EE£B L U IL-6
mRNA HEROMEIMNBO oL (M4). 28, il
IL-la ik g -} M IL- 18 PilF - Fhn 2 HINL 25
&, WHEEZRBRNL 723581, rTNF-«#|
# PBMC o IL-6 B4 & U IL-6 mRNA FBH0M
&ZHRIZFE N -7z, ZOW IL-1 fEERAO L ERE
Bz, rTINF-a iz X D EskcEELE S hic IL1 28
BE W 2 EoWIC AR R HIEL IL-6 EE %
FETEIHATA PHEETIAREEERL TV D,
V. rIL-6 i & 5 IL-6 :&{EZFRIVMHELIR
Bz, rIL- 188 LU rTNF-ol2 X DEFEHEZ I S
PBMC @ IL-6 mRNA Iz /D rIL-6 215D
BMirEErRIETH»HRET L. PBMC & rIL-6
(100ng/ml) % @RANL 30 RS % HEFT, SFEW T 2
E ¥4 rIL-18 , rTNF- o & 2 \»id LPS #10 6 BFH

B EMTL 724, 1L-6 mRNA REBEEBOZ(LE /-
PrFay b N TN I ¥ - 3 VITTREEL
Fo. B5WwRT L5, rIL-18, r'TNF-a, LPS ¢
NOFBIC BT H 302D rIL-6 ORTEEFEIz LY
IL-6 mRNA ERFMEI 2T 2 e8bhrotz. 2
o IL-6 mRNA FEM&EIRIRIE, 24RMBERL g
#EFERO IL6 BHECDEN T (F-FFRET).
Z® IL-6 mRNA FBFMBEZRIE, rIL-6 Ing/ml &
MBOBE b EIZERS > izh8, rIL-6 100ng/ml i
TEICBW TR KTH-. 2D ik LPS #ilgon
Hizo¥E/ A4 (IL-1, TNF-) FIBCHHs h
3 IL-6 BEFOEEFEMELIZ IL-6 BB & D IH%)
REZIJAZERRLTWS.

& =

IL-6,IL-1 8& O TNF-aid, BEf/~7u7y-y
Rl CEL LTEELS L, BECHBRERCDS

Fig.2. Identification of cells expressing mRNA for IL-6 or IL-18 by in situ hybridization. PBMC
were cultured with 20ng/ml of rIL-18 for 4 hr. Cultured PBMC were stained with anti-CD14 mAb
and rhodamine isothiocyanate-labeled anti-mouse IgG antibody, and deposited onto glass slides.
These slides were subjected to in situ hybridization with *S-labeled antisense IL-6 probe (A, B) or
antisense IL-18 probe (C, D). The same areas were photographed by using phase contrast light (A,
C) and fluorescence microscopy (B, D). It was here shown that only CD14* cells were strongly

hybridized with antisense IL-6 or IL-18 riboprobe.
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EEBEBEO—REE>TW B Z LB s DD
b5, BAEENTECTWETHS S, IL-6, IL-1,
TNF-a Vo k&Y 1 b a4 YHOMEERIZD W
TH L DIFFEMIRE ST s 3972909 &SmO EE
TiE, SBELERTIE R PBMC OF% 52 BE0LT,
B IL-6 EEIMMOBMBRBEERERT, vhbb
IL-1 ® TNF-aic kD EORRCHIEH S hTwv 2 2
WTaee bz, EREESNI ILE6 BZDE 2
AVEBEDAAT A FOPRTLEOREBRE2E>TW
3 EMET L. PBMC REEROSBES & U0
BET, 77XAF v 7ENOMEBIZ &0 BEEEXD
IL6 EESTFEINTLEY, ZARIDASSINA
MBI L DEL L RBBOEREO IL-6 B4 % 5
THEOVBHEFIC X > TVB I LB Esh T 5™

LAl s, BRKElE L & 5 i EMEREOER
BIURY 7Ly s Fa—TOFERAIZLY, IL-6,
IL-1 B& U TNF-o QRIS ER O EE 2B M
ABTEVAREL R o1 Fhd v o AW o o
TVF4E -y a VEICREENEEEAS DD 2
Ewwkb, LPS o0& %5 ¢ IL-18, TNF-« #ll#
PBMC» oA SN2 IL6 B LUV IL18 13 ELA Y
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Fig.3. Kinetics of IL-6 mRNA expressed in
PBMC after stimulation with rIL-18, rTNF-
a, or LPS. PBMC (2X10%ml) were incubat-
ed with culture medium alone (A), 20ng/ml or
rlL-18 (@), 20ng/ml of rTNF-a (), or 1
# g/ml of LPS (O). Five u g of total RNA
from cultured PBMC was fractionated by
electrophoresis on 1% agarose gel, transferred
to nylon membranes, and hybridized with IL-6
¢DNA. Quantification of IL-6 mRNA was
performed by densitometry. The (%) on the
y-axis is presented as percentage of the
intensity of band from PBMC for 3 hr incub-
ation with LPS.

HIRERTH B Z L H mRNA L L CRESETE T,
2BSEIOERIT PBMC OE L3 R TTbh
DT, RIS OMBENT 244 + 24 > OFER I
BRI BFTETERLY, I TEBONTERIZ YA
PAACDERANOEBENREERML T2 LEL S
ni:.

INETORMELALL, SEOEBETIE rIL-15
BEU rTINF- o i3 BRO IL-6 E4AXFEL, 20T
ERMRNA VARV THRETE 2. £ rTNF-a #l
B & D ERICEERO L1 BEFRBELHRES A
7oo E 50 rIL-18 I B 24 ENIC BB 5 0
L1 BEFRAEVEE SN, & 592 (IL-18 BN
BEHOSWHICHER» 5D IL 18 EEDRE b HE
L7z, I%F, BROMEER IL-1 8L U TNF-a iz
NI 2L 275 —DEESERIN, TheE /b4
VIEAHBRES LR T ABBOBEENERIAT
VBBEM R 5z, HRMD TNF- o #6512 & b BBkie
BEEPIZ TNFadRHEN 2L w3 HBE L 5
DO INSDEFTRIE, TNF-a &k IL-1 3, #EHics
T, HEXER*FET 3 LABCES RS
SEFETIMEELEL, 25103 IL-6 BEEEL
KHLTWAZLERRLTVE. CACHNLSEOE
BRTI3 IL-6 1%, IL-18% TNF-a« L84, IL-6
BOMDE WA 2FE Lok, I0E S0
IL6INnsE/ 24V HERIIERZ L, BFD
HETH, HENEZOE MEROMBERE I LSO
IL-6 v & 7% — (interleukin-6 receptor, IL-6R) D%
HARD SN T 32, BROMBER Eo IL-6R %
B, rIL-6 I & VAT 5. EEMlaREm Lo
IL-6R DFERIL, BEE» SEAZ AL L6, BBz
BUBE/ DA VEEDHAT 4 FIZBWTAS D
HIEHBEERRE 2 R L T 2 EEM 5 RIE T 3 29,
INETDE I3, IL-6 FHE» >0 IL-1, TNF-
a, o3 IL-6 BEHORRLEED 2 IZHE T
BOMNIZDOTOHRERIHE . SHOEB T,
rIL-6 BiZLEEAY rIL-18 , rTNF-«, & 512 LPS %4z
IDFEEINDHED IL-6 REHAFZIZME T 2 -
EAVRENT. IL-6 IO A b A A L DRI L]
FIRNREZRT HESI NI I TERIL Zh o 7208,
ZDFIZHL TiE Schindler »# BRIz LPS & 2 1%
Y& 3% (phytohemagglutinin) i~ & 2 PBMC » 5
DO IL18 BL U TNF-o FBLIL-6 »M0%H + 2 HE
EWELTLEY 2hicksk, 2D IL6 12k 5
IL-18, TNF-« HROMHIEERB T 22 5L
Ly,

IL-18, TNF-a % IL-6 13182 % Y2005 £ 15
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Stimuli  Additives IL-6 mMRNA  IL-6 Activity
(U/ml)
None None <0.1
None Control I1gG 0.3
rTNF-o  None ® @ 5 25.0
rTNF-a  Control IgG @ @ 9+ 24.8
rTNF-oo  Anti-IL-1a ® & + 10.4
rTNF-a  Anti-IL-18 # ; 5.4
rTNF-a  Anti-IL-1a 1.3
&-1L-1B

Fig.4. Effects of anti-human IL-l# and IL-18 antibody on rTNF-induced IL-6
mRNA expression in PBMC. PBMC (7X10°/ml) was cultured with rTNF-«
(20ng/ml) in the presence or absence of rabbit anti-human IL-1« IL-l1« and/or
IL-14 antibody. After 12 hr incubation, cytoplasmic lysates from cultured
cells were extracted, and two-fold dilutions of cytoplasmic lysates were loaded
onto nylon membranes and hybridized with IL-6 ¢cDNA. The initial blot placed
on left side in each case represents lysates from 3.5X10° cells. Hybridized
membranes were autoradiographed for 4 days. In addition, culture supernata-
nts was obtained from the similar cultures for 24 hr, and provided for
evaluation of IL-6 activity.

1 2 3 4 5 6 7 8

<28S

” <18S

Fig.5. Northern blot analysis of the effect of IL-6 on monokine-induced IL-6
expression. PBMC were preincubated with rIL-6 (100ng/ml) for 30 minutes and
then stimulated with LPS, IL-18 or TNF-« for 6 hr. Comparison of IL-6
mRNA levels between PBMC without rIL-6-pretreatment (lanes 1, 3, 5 and 7)
and PBMC with that (lanes 2, 4, 6, 8) was performed. Lanes 1 and 2, cultured
with medium alone ; Lanes 3 and 4, with rIL-18 (5ng/ml); Lanes 5 and 6, with
rTNF-a (10ng/ml); Lanes 7 and 8, with LPS (50ng/ml). Northern gels were
stained with ethidium bromide to-visualize the 185 and 28S ribosomal RNA
band.
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b, BOoBEWICHBEONER ST Ao T2 L3
EEsNTBH®, Z L BIREMEDOY A o 4 >~
DECHMH R REOIEICEL Tt, ¥ERLE &
Sz, BEYA M AACERe > BEFEEL TS
13Th 2. rIL-18 & rTNF-« Rl %% 0 IL-6
mRNA HBBREORENELERANS &, SHEMT
RECESTEH SN, rIL- 18 H#z rTNF-2 H 8 &
H IL-6 mMRNA BHEOE— 7 BNBLFEN::. ZOHES
i, (INF-2 fl CHE s N 3 BERO IL-6 %I 13
rINF-al2 &k 2 IL-1 OEE, DlsNd 2 EEms
BOBRETHBHATESLZL LRV, T4bb IL-1
i, TINF-a ER%2D, BE»50 IL-6 DELFEIZ
BUAHEMA T 4 z—5 — L LTERAL T\ 2 HJRE
HBELSND. £ TSE, ITNF-o M CHE
naIL-6 BEEIZRIFTH IL-1 filEOER 2R LT
2%, BERHBZ E2H L1 HifkE Q2 IL-la
FEBLUH IL-18 0tk %2 —EIZmmL 7 & 5.2,

INF-o 558 IL-6 EEDMFINED > h .

TNF-a BREFICBT 25 A bW 4> DD AT 4 R
HORREZRZT IR, WO DEEN (in
vivo) DEBRER Y0 5 b X, TNF-o 3/ *
PMEBEEEZI L E Yo ERIICOWE N Y 4
A4y Thirrb LAk, BERICL AEET
B, BRREBEORBEEHRSER, &9 1 VA4 v OBER
MR BT 28HEEAS &, TNF-213905 T
BIEL 28, IL-1 i 4 R B%E -2 Ly, &
72 IL-6 LNV IHIE RS % S BRI b o TE
EEET 2LV FBAERLEY. E VOERTIZ,
BMELRMEMS =2 v 78, £9¥MF TNF-a®
tEBBON, WICIL-6 OLENFEDSNL L LS
RELHBO. g5 WEBBWL, & iy TNF-a
ERET R L, BBIMETIC IL6 bE DAL % X
THI—3—HET2 I L bWE SN T 529,
TNF-a H—HEDH A b b1 v EL - EOFHE Iz th
CHREIZE->THL 2 Z L2 X T 2R LEEBHOS
A7 =5 —r LT, 4%, fi TNF-aHilk% 72
RRFERESNLY. 220, b CRENEME»
ECsv, 2ot TNF-afith%#5 L TNF- %
HERRT 2 LMRAICMPAD IL1 5L U IL-6 D
HREETEE 2 Z L NAETH -2 LHWEL T L
5.

SEOER» 51, 1L-6 488 £ TD TNF-« &
L1 COMERRS X CHEBIERBOBRL LT
FHENIBREN THL I EBREANT. < O
DFETRBEIC 51T, IL-6 12 2 ORRE & LT DRE %
BoTo 2 WM RE S W T VB 597, SEREL

7z, IL-6 3 IL-1, TNF-a @ &% 5 §1L-6 HEDEE
ELIHT B e EEZ IL6IRE A4 L OHE
WL TIDEE @ CBRE R s, WRE I EEL s
% IL-6 i3 IL-1 ® TNF-a 023 ¢ Dh D E%H
HEERIIHL, YA b A VEEZALT 4 7
TA—FNw 2 ER 2525 2 10 X 0 & REET
PRELGZ, EEPMIE U RECHEBES £ #
T2 L0 EELRFIZHECCL LTRSS RBRL
Tw3.

% B

b MRABMEEMEE R T, #E5ko IL-6 HBw
Ny BHEHEEARDE A4 v, Thbb IL18,
TNF-a 8L U IL-6 BEHOHMRERE LUTORKR
@7

1. PBMC % rIL-18 84 ' rTNF-a CHIZ L 7=
BE, LERO IL-6 ik LPS #il » ARERED &
7. IL-6 mRNA B H , rIL-18 5 &L V' rTNF-a #i
BUERRFICERER D 5Nh/-. PBMC #% rIL-18 THl
B35 & biEh TNF-a58, £/ rTNF-o« ®B( T2
EEFIL-1g 8 &, PBMC O IL-18mRNA %
B3 rINF-a RO 5N, ¥ 52l rIL-18
BORBTHFEHE s . IL-6 BT, IL-18,
IL6 WFhoRBELZIDshah 7.

2. BERROMRER—2—TH2 CDU T2
Bro—CfikeAOVizfBRE L 4 v - 44y - n
A7V A4E—vavrfladbeT, tll-18 52
Wit rTNF- 2 #l# PBMC 12875 IL-18, IL-6 &
mRNA #R#iRORE2RKA 25, €T CD
14 BiEsEERTH -7z

3. rITNF-a Hl##® IL-6 mRNA SEHFHH |1,
rIL-18 RIBOBE LB LB L 12~ 24 B4 12
E—27 2RH7-.

4. rTNF-o %3 IL-6 mRNA SEFEORI, F
OF IL-1 Fifk 2507 2 &, rINF-a it & 31L-6 &
EFRBEABHIIH S .

5. rIL-6 THEE®R, rIL-18, rTNF-a B X U
LPS W fT->72L 2%, £TORIBT IL-6 FHEH
mlsnz. 2oz eix IL6 & IL18
TNF-aiz & 2 IL-6 BETHROHE - &89 @
CZEERLTVES.
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Role of Tumor Necrosis Factor- o and Interleukin-1 for the Induction of Interleukin-6 mes-
senger RNA in Human Monocytes Kimitaka Kato, Department of Pediatrics, School of
Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 100, 465—477 (1991)
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Abstract

Expression of monocyte-derived cytokines (monokines) is regulated by other monokines in an
autocrine manner. To elucidate how the production of IL-6 (interleukin-6) could be modulated by
three major monokines, namely IL-1 B (interleukin- 1 B), TNF- a (tumor necrosis factor- e ), and IL-
6, the effects of recombinant preparations of these cytokines on IL-6 production by PBMC (peripher-
al blood mononuclear cells) were exanined. Both rIL-1 B and ITNF- & were able to induce IL-6
activity in culture supernatants of PBMC, comparable to that seen upon stimulation with LPS
(lipopolysaccharide). Expression of IL-6 messenger RNA (mRNA) was also found in the cultures of
PBMC stimulated with rIL-1 8 or rTNF-« . Additionally, IL-1 8 mRNA expression in PBMC was
induced by stimulation wiht rIL-1 8 as well as rTNF- « . The in situ hybridization combined with
immunofluorescence, using the corresponding monoclonal antibody, demonstrated that cells express-
ing mRNA for IL-6 or IL-1 8 in these stimulated PBMC were actually CD14% monocytes. The
kinetics study indicated that IL-6 mRNA induction by r'TNF- «, occurred somewhat later than that of
1L-1 B stimulation. It is important that anti-[L-1 antibodies significantly abolished IL-6 production
due to 'TNF- « . This fact suggests that rTNF- « stimulates IL-1 production and then IL-1 stimulates
IL-6 production. In contrast, IL-6 appears to inhibit the production of other monokines, including IL-
6 itself. These findings suggest that, TNF- « may play a pivotal role in the monokine cascade, and
that IL-6 may provide a negative feedback signal for the whole series of events in cytokine induction
in monocytes.



