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tinct but related plasma membrane receptors (Sims et al.,
1988; McMahan et al., 1991). The type I (80 kDa) receptor is
the predominant form expressed on T cells and connective
tissue cells (Bird and Saklatvala, 1986;Dower et al., 1985;
Bird et al., 1988) and the type I1 (67 kDa) on B cells, neutrophils, monocytes, and bone marrow cells (Matsushima et al.,
1986; Bomstyk et al., 1989; Chizzonite et al., 1989; Spriggs et
al., 1990; Marucha et al., 1991). It is not clear whether both
or only one of the receptors is involved in transmitting a
signal intracellularly. Transfected type I receptor can mediate
an increase in prostaglandin synthesis (Curtis et al., 1989).
Similar experiments have not yet been carried out with the
type I1 receptor, which, significantly, has only a short (29
amino acids) cytoplasmic domain.
The mechanism by which IL1 signals remains a highly
controversial area because virtually all known signaling mechanisms have been proposed (O’Neill et al., 1990). One early
effect of IL1 is to activate in several cell types, the ubiquitous
transcription factor NF-KB(Baeuerle, 1991). There are severalproteins that bind totheKB DNA motif. The best
characterized inducible form of NF-KBis a heterodimer of
two DNA binding subunits, p50 and p65. This is thought to
reside in latent form in the cytoplasm complexed with its
inhibitor, IKB. Inductionof its DNA binding activity involves
inactivation of the inhibitor, possibly by phosphorylation
(Schmitz et al., 1991). Released NF-KB then enters nucleus
the
where it binds to its target enhancer motif to activate transcription.
We have investigated the induction of NF-KBby IL1 murine
cell lines which bear predominantly either the type I or the
type I1 IL1 receptor in order to determine which one mediates
the effect. Our evidence implicates the type I receptor as the
mediator of theNF-KB response by anas yet undefined
pathway.
EXPERIMENTALPROCEDURES

Materials
The murine thymoma EL4.NOB.1 line was obtained from the
NationalInstitute
for Biological Standardsand
Control, South
Mimms, UK and the 70Z/3 pre-B cell line from the American Tissue
Culture Collection. RPMI 1640 and newborn calf serum were from
GIBCO and fetal calf serum from Globepharm (Surrey, UK). Recombinant human I L l a was prepared as described (Bird et al., 1990).
Recombinant human IL1 receptor antagonist (ILlra) was given by
Dr.Robert
C. Thompson, Synergen Inc., Boulder, CO, andthe
antibody to the murine type I receptor (35F5) was a gift of Dr. R.
Chizzonite, Hoffman-La Roche Inc., Nutley, NJ. Phenylmethylsulfonylfluoride (PMSF), 2-mercaptoethanol, HEPES, DTT, Nonidet
P-40, and bovine serum albumin (BSA) were all from Sigma. [ ~ i - ~ * p ]
dCTP (3000 Ci/mmol) was from Amersham Corp. [’251]Iodineand
[ T - ~ ~ P I A T(7000
P , Ci/mmol) were from ICN. Klenow polymerase, T4
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It isnot known whether one or both of the interleukin
1 (IL1) receptors mediates the induction of the DNAbinding protein NF-KB.Nuclear extracts of the murine
lines EL4.NOB.1 and 70213, which bear the typeI (80
kDa) and type I1 (67 kDa) IL1 receptor, respectively,
were analyzed by an electrophoretic mobility shift assay. A 265-base pair sequence of the human serum
amyloid A gene or a synthetic oligonucleotide each
containing the NF-KB sitewere used as the DNA
probes. IL1 induction of NF-KBwas rapid (optimal at
15-30 min) and transient in both cell types. The IL1
receptor antagonist (ILlra), which binds strongly to
the type I receptor, inhibited the NF-KBresponse in
both cell lines.I L l r a did not bind to the type I1receptor
on 70213 cells as judged by competition for binding
with ‘’61-ILla. When 1261-ILlrabinding to 702/3 cells
was measured, a small number (10/cell)of high affinity
sites (& = 6 % 10”’ M) were detected. These were
likely to have been type I receptor because an antibody
to this inhibited the NF-KBinduction in 70213 cells (as
well as EL4).
Potential signal transduction mechanisms involving
protein kinase C or oxygen radicalswere studied.
Phorbol 12-myristate 13-acetateinduced NF-KBwith
a similar time course to IL1 in 70213 but only after 4
h in EL4.IL1 was unaffected by a protein kinase C
inhibitor (staurosporine). HzOzdid not mimic IL1, and
IL1 was not inhibited by an antioxidant.
The type I receptor mediates the induction of NF-KB
in response to IL1 viaa signaling mechanism that still
remains to be identified.

I L l Induces NF-KBType
through
Its

Receptor
I
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polynucleotide kinase, and PEI-cellulosewere from Stratagene (Cambridge, UK),and disuccinimidyl suberate(DSS) wasfrom Pierce
(Pierce and Warriner, Chester,UK).
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quenching buffer (10 mM Tris, pH 7.4; 1 mM EDTA). After another
10-min incubation, thecells were washed twice in ice-cold quenching
buffer before solubilizing the pellets in SDS samplebuffer and running ona 7.5% polyacrylamide gel (Laemmli, 1970).Gels were stained
Methods
withCoomassieBlue,
dried, and autoradiographed by exposure to
medical x-ray film.
CeII Cu/ture-The murine EL4.NOB.1 cell line was cultured in
Measurement of ILlra Receptors-ILlra was radio-iodinated by
RPMI containing 10% (v/v)newborn calf serum and the murine preH cell line 707,/3 in RPMI containing 5 X lo-" M 2-mercaptoethanol the method of Rolton and Hunter (1973) to a specific activity of 90and 10% (v/v) fetal calf serum a t 37 "C in a humidified 95% air, 5% 110 pCi/pg. ""I-ILlra (0.1-10 ng/ml) was incubated with 5.0 X lofi
(10, atmosphere. 702/3 cells were harvested during their exponential cells/ml a t 4 "C in the presence or absence of 100-fold excess of
growth phase. Both cell t-ypes were stimulated in serum-free growth unlabeled ILlra. The subsequent procedure to measure binding was
medium a t 37 "C for all experiments. At the end of the period of exactly as described for ILln.
stimulation, cells were placed on ice and nuclear extracts preparedas
described below.
RESULTS
NuclearExtractPreparation-Nuclearextracts
were made by
Time Course of Induction of NF-KR by ILl in EL4 or
standard procedures (Dignam et al., 1983; Osborn et al., 1989). All
70213 Cells-EL4 or 70213 cells were stimulated with I L l a
buffers contained 0.5 mM PMSF, and protein estimations were performed by a dye binding assay (Bradford, 1976). Briefly, 1-1.5 X 10'
for varying lengths of time and nuclear extracts prepared.
cells were washed in a hypotonic buffer (10 mM HEPES, pH 7.9, 1.5 NF-KB activitywas measured by the electrophoretic mobility
mM MgC12, 10 mM KCI, 0.5 mM DTT) then lysed for 10 min on ice shift assay using the human SAAgS enhancer containing the
in 20-40 p! of buffer containing 0.1% Nonidet P-40. Lysates were
probe. Rapid and transient activathen centrifuged (10,000 X g, 4 "C) for 10 min and the supernatants NF-KB binding site as the
discarded. Thepelleted nuclei were resuspended in 30-45 pl of a lysis tion of NF-KBwas seen in both EL4(Fig. 1A) and70Z/3 (Fig.
1B) cells. ILla-induced activity was detectable a t 5 min in
huffer (20 mM HEPES, pH 7.9, 420 mM NaCI, 1.5 mM MgCI,,0.2
mM EDTA, 25% (v/v) glycerol) and incubated a t 4 "C for 15 min.
EL4 and 70213 cells. Maximal activity occurred a t 15 and 30
Lysed nuclei were vortexed, then centrifuged (10,000 X g, 4 "C) for min, respectively, and declined in both cell types by 4 h. In
10 min, and 75-150 p1 of a storage buffer (20 mM HEPES, pH 7.9,
complexes
100 mM KCI, 0.2 mM EDTA; 20% (v/v) glycerol, 0.5 mM DTT) was both therewas induction of two main DNA-protein
added to the supernatant. This
was snap-frozen and storeda t -70 "C. (labeled with arrows) of different mobility. The bands from
mobilities. The lower band was
Blectrophoretic Mobility Shift Assay-Nuclear extracts were ana- both cells hadthesame
lyzed for NF-tiR by electrophoresis (Sen and Baltimore,1986). A265- constitutively present and
inducible byI L l a in bothcell types.
base pair sequence of the 5"flanking region of the human serum
When the extracts
were mixed with radiolabeledmutant probe
amyloid A (SAA) genomic clone SAAg9 (Woo et al., 1987) containing
the complexes were not seen (data not shown)
confirming
the NF-tiR binding site: AGGGACTTTCC or the mutated binding
that
the
DNA-binding
proteins
induced
by
I
L
l
n
were
indeed
site ACTCACTTTCC were used as the DNA probe for binding to
NF-tiB (Edbrooke eta/., 1989). End-labeled fragments prepared with NF-KB.
[w:"P]dCTP and Klenow polymerase were isolated on a 4% acrylIL-1 Receptors on EL4 and 702/3-By cross-linking I2'Iamide, Tris,pH 7.4, EDTA (TBE)gel. The DNA was eluted from the ILla to thecells it can be seen that EL4 express the 80-kDa
gel by crushing and soaking in 500 mM ammonium acetate, 10 mM type I receptor, whereas 702/3 express the smaller
67-kDa
magnesium acetate, and 1 mM EDTA overnight at 37 "C. For binding
reactions, 4-8 pg of EL4 or 70Z/3 nuclear protein were mixed with
A
0
5
15
30 90 240
a n aliquot of the labeled DNA fragment (10' cpm)and 3 pg/ml
poly(dl.dC) in 15 p! of a 10 mM Tris, pH 7.5, buffer containing 100
pg/ml BSA, 100 mM NaCI, and 4% (v/v) glycerol for 15 min a t room
temperature.Mixtures were thenelectrophoresed in a circulating
!>uffer system(SenandBaltimore,
1986a).Gelsweredried
and
autoradiographed by exposure to medical x-ray film.
Experiments were also performed with synthetic oligonucleotides
containing the same wild-type (AGCTTGGGGACTTTCCGAG) or
mutant (AGCTTGCTCACTTTCCGAG) NF-tiB sites as the larger
SAA gene fragment. These were radiolabeled with [y-"'P]ATP by T4
polynucleotide kinase, verified for incorporated radioactivity by TLC
on PEI-cellulose, and isolated by precipitation with ammonium acetate/ethanol followed by precipitation with 80% ethanol. DNA binding reactions for both EL4 and 702/3 were performed as described
0
for EL4 cells except that 4-8 pg of nuclear protein were mixed with
a n aliquot of the labeledoligonucleotide containing 10" cpm and
electrophoresed on 5% acrylamide,0.25 X T R E gels using a noncirculating buffer system.
Measurement ofILZ Receptors-""I-ILln
(130 pCi/pg) was prepared by the chloramine T method and used to measure binding to
cells as described previously (Bird eta/., 1988). Briefly, cells (1 X 10")
were incubated for 3 h at 4 "C with 0.1-10 ng/ml ""I-ILln and then
centrifuged through phthalate oil to separate the cell-bound radioactivity from the unbound. All bindingdata were analyzed by the
LIGAND program (Munson and Rodbard, 1980).
Competition with ILZra-For competition, cells werepre-incubated
with 0.2-5000 ng/ml ILlra for 1 h a t 4 "C, 10 ng/ml "'I-ILla was
FIG. 1. Electrophoretic analysis of NF-KBinduction in nuthen added for 3 h, and the binding assay
allowed to proceed as clear extracts o f l y m p h o cy t es af t er I L l a stimulation. EL4
described.
(panel A)or 707,/3 ( p n n d H ) cells (5 X 10' cells/ml) were stimulated
Cross-linking ILIn to Cells-Cells (5 X 10fi/ml)were incubated with
with 10 ng/ml I Ll n in serum-free growth medium for the times
or without 10 ng/ml "'I-ILln alone or in combination with 100-fold
indicated in minutesabove the lanes. Nuclear extractswere prepared
excess unlabeled I Ll n for 3 h. They were then washed twice in ice- and DNA binding reactions performed with the 265-hp SAA DNA
cold phosphate-buffered saline with centrifugation for 5 min, a t 300 probe containing the wild-type NF-KB site. Mixtures were electroX g. DSS was diluted to 75 mM in dimethyl sulfoxide just prior to
phoresed and dried gels autoradiographed,allas described under
use. The cell pellets were resuspended in 1 ml of DSS and incubated "Methods." The arrows indicate the positions
of DNA-NF-tiR protein
at 4 "C for 40 min. The reaction was terminated by adding ice-cold complexes induced by IL1.

ILI I n d u c e s NF-KBt h r o u g h Its T y p e I Receptor
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a
b
c
d
e
f
type I1 (Fig. 2). Note that no typeI receptor is detectable on
70Z/3 and no type I1 on EL4.
By Scatchard analysisof specific binding of ’251-ILla, EL4
cells were shown to possess 3500 sites/cell ( K d = 2.0 X lo-’”
M ) and 70Z/3, 920 sites/cell ( K d5.3 X lo-”’ M).
ILlraInhibitsInduction
of NF-KB by I L l i n EL4 and
702/3 Cells-The similarity in pattern and time
course of
NF-KB induction in the
lymphocyte lines contrasted with the
difference in the types of IL1 receptor they expressed. The
human IL1 receptor antagonist (ILlra) binds strongly to the
murine type I receptor, but onlyweakly to the murine type
I1
receptor (Hannum et al., 1990). The effect of ILlra on the
B
induction of NF-KBby IL1 was therefore studied. ILlra was
preincubated for 1 h at 37 “C with EL4 or70Z/3 cells prior to
stimulating them with IL1a for 15 and 30 min, respectively.
ILlra inhibited NF-KB activation in both EL4 70Z/3
and cells
in a dose-dependentmanner (Fig. 3, A and B). Complete
inhibition of NF-KB induction occurred at 100 ng/ml ILlra
in 70Z/3, but 1000 ng/ml in EL4 cells. ILlra alone did not
induce NF-KB binding activityat any of the concentrations
used (data not shown).
CompetitionbyILlra
for I L l Receptors o n EL.4 and
702/3--It was possible that ILlrawas preventing binding of
FIG.3. Effect of ILlra on IL1-induced NF-KB binding in
IL1 to the typeI1 receptor on 70Z/3 cells a t t h ehigh concentrations used. Therefore its ability to inhibitI L l a binding to EL4 and 70Z/3 cells. ILlra was added to EL4 or 707,/3 cells for 1
h a t 37 “C prior to incubating them with 10 ng/ml ILln for 15 and
these cells was investigated directly. ILlra competed with
30 min,respectively. Electrophoretic mobility shift assays of EL4
I L l a binding to EL4 cells (Fig. 4A, Ki = 4.17 X 10”” M) but (panel A ) and 702/3 (panel B ) nuclear extractswere performed with
not to70Z/3 cells (Fig. 4B). These results are consistent withthe 265-bp SAA wild-type DNA probe asdescribed under “Methods.”
ILlra binding to the typeI receptor on EL4 and not binding The autoradiographs show samples from resting ( a )or IL1-stimulated
( b - f ) cells. Samples in lanes c, d, e, and f are from cells pretreated
to thetype I1 receptor predominant on 70Z/3.
Inhibition of NF-KB Induction by an Antibody to the Type
I with 10, 100, 1000, and 5000 ng/ml of ILlra, respectively. The arrows
I L l Receptor-The experiments withILlra strongly suggested indicate the positions of the inducible DNA-NF-KR protein complexes.
that the NF-KBwas induced via the type I receptor and that
the response in 70Z/3 could be mediated by a very few type I
receptors which were not detectable by cross-linking. In an on 70Z/3 cells (Chizzonite et al., 1989). Both EL4 and 70Z/3
cells were preincubated for 1 h with the antibodya t a concenattempt to obtain additional
evidence that the NF-KB response was mediated through the type I receptor, a blocking tration (16.4 pg/ml)which prevents I L l a binding to EL4
antibody 35F5 specific to the murine type
I receptor was used. cells. Each cell type was then stimulated with ILla (10 ng/
This antibody does not bind to the murine type I1 receptor ml) for 15-30 min. Nuclear extractswere analyzed for NF-KB
by using a synthetic oligonucleotide containing the NF-KB
site. Fig. 5 shows that strong inductionof NF-KBby I L l a in
a b c d
EL4 occurred in the presence of a rat IgG of the same class
as 35F5 (Fig. 5, lane d ) but failed t o occur inantibodypretreated cells (Fig. 5, lane b). The antibody also prevented
the induction by IL1 in 70Z/3 (Fig. 5, lanes e-h).
’251-ILlra Binding to 702/3 Cells-Since ILlra does not
bind to the murine typeI1 receptor (Fig. 4 B ) we investigated
thebinding of l”I-ILlra to 70Z/3 cells in an attempt to
80Kidentify the structure withwhich it interacts and which presumably mediates the NF-KB
response. The antagonistbound
67K
specifically to a single class of high affinity sites (Kd = 5 x
M ) on 70Z/3 cells (Fig. 6). The amount of binding was
very low and corresponded to as little as sites/cell.
10
Unsurprisingly, we were unable to demonstrate this
receptor directly
by cross-linking thelabeled antagonist to70Z/3 cells.
Comparison of Induction of NF-KR by I L l , Protein Kinase
C Actiuation, and H202-Two general mechanisms have been
suggested as inducing NF-KB. First, the activation
of protein
kinase
C
(Sen
and
Baltimore,
1986b;
Ghosh
and
Baltimore,
FIG 2. Cross-linking of I L la to EL4 and 70Z/3cells. EL4
1990) and secondly, the generation of reactive oxygen species
(lanes aand b ) and 70Z/3 (c and d ) cells were incubated with 10 ng/
ml ”‘I-ILln in the absence (lanes a and c ) or presence ( 6 and d ) of
(Schreck et al., 1991; Staal et al., 1990). Both mechanisms
500-fold excess unlabeled ILln. After washing, cross-linking with 75 could conceivably be involved in IL1 action.
mM DSS was carried out as described under “Methods.” Samples
T o investigate the first possibility, we activatedprotein
were electrophoresed on a 7.5% SDS-polyacrylamide gel. An autorakinase
C in cells directly with PMA to see if it could mimic
diograph of the fixed, dried gel is shown. Molecular weights of the
receptors are indicated; these are calculatedfrom migration positions the action of IL1. PMA induced NF-KBin a time-dependent
of molecular weight markers assuming that the receptors are univa- (Fig. 7B) mannerin 70Z/3 cells. The response peaked between
lent.
30 and 60 min anddeclined to controllevels by 4 h. This time
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FIG. 4. Competition between ILlra and '"I-ILla for binding to EL4 or 702/3cells. EL4 (panel A ) and 702/3 (panel H )
cells were preincubated with ILlra (0)at theindicated concentrations
for 1 h at 4 "C, "'I-ILln ( 0 )was then added for another 3 h. Cellbound radioactivity was separated from unbound and measured as
descrihed under "Methods." Round counts are the meanof duplicate
samples.
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FIG. 5. Effect of t h e a n t i b o d y to t h e type I IL1 receptor on
IL1-induced NF-KB.EL4 ( / o n e s a - d ) and 707,/3 (lunes e-h) cells
were preincubated with antibody to the murine typeI receptor 35F5
( 16.4 pg/ml) for 1 h at 37 "C (/onesa, b, e, and f ) or a rat IgG of the
same class (lanes c, d, g, and h). Cells were then incubated wit,h ( 6 ,
d , f, and h ) or without ( a , c, e, and g) 10 ng/ml ILln for 30 min.
Nuclear extractswere prepared and analyzedby electrophoresis with
the wild-type oligonucleotide probe as described under "Methods."
The arroux show the same DNA-NF-KR protein complexes seen in
Figs. 1 and 3.

course is comparable with thatfor IL1 (Fig. 1). Very surprisingly, in EL4 cells the PMA induced NF-KBfollowing 4-8 h
of stimulation (Fig. 7A). This is in marked contrast to the
rapid effect of IL1 (Fig. 1A). The protein kinase C inhibitor
staurosporine failed to inhibit theI L l a response in bothEL4
and 702/3 but did inhibit the PMA effect (Fig. 8, lanes a - f ) .
To investigate the possibility that IL1 could induce NF-KB
'by generating oxygen radicals we compared its effect with
that of H202, which has been reported to induce the factor.

0

I

30

60

90

1

4h

FIG. 7. Time dependence of activation of NF-KBby PMA.
PMA (100 ng/ml) was added to EI,d ( p o n d A ) or 707,/3 (panel H )
cells for the indicated times. Nuclear extracts were incubated with
the 265-bp probe containing the wild-type NF-KR site and analyzed
by electrophoresisas described under "Methods." The zero time
points for both EL4 and 707,/3 time courses are shown in Fig. 1.

H20z didnotstimulatetheinduction
of NF-KB inour
EL4.NOB.1 cells over a range of concentrations (10 p~ to 1
mM, Fig. 8, lanes g and h). Furthermore, the anti-oxidant N acetyl cysteine,which has been reported to inhibit tumor
necrosis factor induction of NF-KB in Jurkat cells, did not
inhibit the actionof IL1 in EL4 cells (Fig. 8, lanes i and j ) .
DISCUSSION

It is well known that IL1 induces the transcription factor
NF-KB, but up untilnow its has not been clear whether this
response is induced via one or both IL1 receptors. We have
studied the event cell
in lines expressing predominantly either
one or otherreceptor. The kineticsof NF-KBinduction in the
two cellswere similar. Theresponse in 702/3 was only slightly
less rapid than in EL4. Furthermore, in bothcells apparently

Downloaded from www.jbc.org at IReL (Trinity College Dublin), on October 5, 2009

FIG. 6. Scatchard analysis of '"I-ILlra binding to 702/3
cells. '2,-21-IIJlra wasincubated with 702/3 cells (5 X 10"/ml) a t 4 "C
for 3 h in the presence or absence of 100-fold excess of unlabeled
ILlra. Cell-boundradioactivitywas
measured as described under
"Methods." The data are plotted by the method of Scatchard and
give a Kd of 5 X lo-" M and -10 sites/cell.

ILl Induces NF-KBthrough Its Type I Receptor
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(Schreck et al., 1991; Staal et al., 1991). Direct activation of
protein kinase C in cells by phorbol ester induces the factor,
and it is thought that the kinase may directly inactivate IKB
by phosphorylating it. NF-KB can alsobe rapidly induced by
exposing cells to H202(Schreck et al., 1991). Consequently it
has been proposed that reactiveoxygen species might directly
inactivate IKB (Schreck and Baeuerle, 1991). Both of these
general mechanisms could be involved in IL1 action since in
Jurkat cells, it causes generationof diacylglycerol from memFIG. 8. Effects of potential inducers and i n h i b i t o r s of NP- brane phospholipids which could activate protein kinase C
K Ba c t i v a t i o n i n EL4 cells. Cells were incubated without (lanes a, (Rosoff et al., 1988), and in fibroblasts it induces the produch, d, and e ) or with (lanes c and f ) 100 nM staurosporine for 1 h a t tion of oxygen radicals (Meier et al., 1989).
37 "C and then stimulated with vehicle (lanes a and d ) or 100 ng/ml
We found the effects of phorbol ester differed markedly in
phorhol 12-myristate 13-acetate (lanes b and c ) for 24 h or 10 ng/ml
the two cell types. The very slow induction in EL4 cells
ILltr for 15 min (lanes e and f ) . Lanes g and h show cells treated for
effect of IL1 and stronglysuggested
4 h with vehicle or 100 p M H,O, respectively. Lanes i and j show cells contrasted with the rapid
stimulatedfor30minwith
10 ng/ml ILlru; cellsinlane
j were that ( a ) the activation of NF-KB by protein kinase C was
pretreated with 30 m M N-acetyl cysteine at neutral pH for 1 h a t likely to be indirectand ( b ) thetype I IL1 receptor was
37 "C. Nuclear extracts were analyzed by electrophoresis following
unlikely to be workingvia protein kinase C. In the 702/3
incubation with 265-bp probe containing the wild-type NF-xB site
as cells, phorbol ester acted more rapidly and was similar in its
described previously.
action to IL1. Activation of protein kinase C causing in one
cell a relatively rapid induction, but in another a very slow
the same two complexes of different mobilities were induced. one, suggests the effects of this kinase on the NF-KBsystem
By comparison with results of others we would tentatively are complex and indirect. Ata concentration sufficient to
identify the slower complex as the p50/65 heterodimer NF- inhibitPMA,staurosporine
failed toinhibit IL1, further
K B(Baeuerle and Baltimore,1989) and the faster as the p50 reinforcing the conclusion that IL1does not signal viaprotein
homodimer (Kieran et al., 1990). However, there may be a
kinase C. Our findings are consistent
with those of Montgomnumber of proteins which bind totheKBDNA
motif ery et al. (1991) and Bomstyk et al. (1991) who found that
(Baeuerle, 1991). Three mammalian ones have been cloned:
anotherproteinkinase
C inhibitor,l-(5-isoquinolinesulp50, which is homologous to there1 oncoprotein (Ghoshet al., fonyl)-2-methylpiperazine (H7) did not inhibit IL1.
1990; Meyer et al., 1991) and identical to KBFl (Kieran
et al.,
Our experiments with H 2 0 2showed that it was ineffective
1990), p65, which forms the heterodimer withp50 and inter- as an inducer of NF-KB in EL4 cells and the action of IL1
acts with IKB (Baeuerle and Baltimore, 1989; Nolan et al., was not significantly attenuated by the anti-oxidant N-acetyl
1991), and the recently reported p49 (Schmid et al., 1991). cysteine. These experiments do not lend support to the posExperiments in which labeled DNA probes have been cross- sibility that IL1 induces NF-KB
by generating oxygen radicals.
linked to binding proteins
in nuclear extracts suggest the
Although IL1 does not work via protein kinase C, there is
existence of yetotherNF-KBproteins
of 75 and 85 kDa
good evidence that it activates protein kinasesinside the cell
(Molitor et al., 1990; Ballard et al., 1990).
(Guesdon and Saklatvala, 1991; Bird and Saklatvala, 1990;
EL4 cells appeared to carryonly type I receptors, and70Z/ Guy et al., 1991). These remain to be purified and identified,
3 cells only type 11, so it was possible that both receptors
and it is among them that the mechanismby which the type
might be coupled to a common signaling pathway. However, I IL1 receptor induces NF-KB is most
likely to be found.
the human IL1 receptor antagonist
was inhibitory to the NFK Bresponse in both cells, and while this protein is known to
Acknowledgments-We thank Dr. TetsuroIkeheforassistance
interact strongly with type
I receptors, it is thought to interactwith the H,O, experiments, Dr. R. C. Thompson of Synergen Inc.,
only weakly with the murine type
I1 receptor (Hannum et al., Boulder, CO, for the gift of the IL-1 receptor antagonist and Dr. R.
1990). Nevertheless, at thehigh concentrations of antagonist Chizzonite of Hoffman-La Roche Inc., Nutley, Nd, for the antibody
protein used (relative to IL1) there might have
been sufficient FS5 to the IL-1 receptor.
interaction with the typeI1 receptor to prevent itssignaling.
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