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nuclear proteins and the interleukin 6 response element of the
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ABSTRACT Interleukin 6 (IL-6) was established as a
transcriptional inducer of the rat a2-macroglobulin gene, a
prototype liver acute-phase gene. Maximum induction oc-
curred when the 5' flanking sequences of this gene (position
-209 to -43) directed expression from the gene's own TATA
box and transcription start site. Removal of the hexanucleotide
CTGGGA (position -164 to -159) abolished 60-70% of the
hormonal induction in FAO1 rat hepatoma cells. This hexa-
nucleotide was dermed as the IL-6 response element (IL-6-RE).
The IL-6-RE is well conserved in the cytokine-responsive
regions of other acute-phase genes and serves as a binding site
for nuclear proteins. A characteristic DNA-protein complex
(complex I) was formed with nuclear proteins from normal rat
livers. A different, hormone-inducible complex (complex II)
was assembled specifically with nuclear proteins from acute-
phase rat livers or from IL-6-treated human Hep 3B hepatoma
cells. Complex II was competitively inhibited by oligonucleo-
tides representing the conserved IL-6-RE sequence from other
acute-phase genes. Thus, the proteins building complex II
likely participate in a general signal transduction mechanism
mediating the transcriptional activation by IL-6 of several
acute-phase genes.

Interleukin 6 (IL-6) coordinates several important reactions
in inflammation and the host defense against tissue damage
and infections (1). It induces the synthesis of protective
plasma proteins (acute-phase proteins) in the liver. It also
modulates the immune response and regulates body temper-
ature and fever (2-5). We have chosen the rat a2-macro-
globulin (a2M) gene to study gene activation by IL-6 because
this gene is dramatically induced by IL-6. a2M contributes to
the host defense as a broad-range proteinase inhibitor and as
a carrier of various hormones (6-13). During an acute in-
flammatory reaction, a2M plasma concentrations rise several
100-fold within 48 hr, following a corresponding elevation of
hepatic a2M mRNA levels (6, 7, 14). Transcription rates of
the gene were reportedly increased up to 9-fold (6, 7, 15, 16).
In living rats and most hepatic cell culture systems, both IL-6
and glucocorticoids are required for the full induction of the
a2M gene (3, 17, 18). Here we have evaluated the respective
contributions of IL-6 and glucocorticoids to the transcrip-
tional induction of the a2M gene by using a hepatoma cell line
stably transfected with an a2M gene promoter region con-
struct. In this assay system, IL-6 alone induced transcription
of the a2M gene, and glucocorticoids enhanced its effect.
Using mutagenesis and transfection into hepatoma cells, we
have mapped an IL-6-responsive cis-acting transcriptional
control element in the 5' flanking region ofthe a2M gene. This
element serves as a binding site for specific nuclear proteins,
and we have observed a hormone-induced characteristic

protein-DNA complex between this element and nuclear
proteins from acute-phase rat livers and IL-6-treated cultured
hepatoma cells.

MATERIALS AND METHODS
Cell Cultures, DNA Transfections, and Luciferase Assays.

The hepatoma lines FA01 and Hep 3B were cultured as
described (19, 20). Recombinant human IL-6 [specific activ-
ity, 5 x 106 IL-6/B cell-stimulating factor (BSF-2) units/mg;
IL-6/BSF-2 units are a measure ofthe BSF-2 activity of IL-6]
was from T. Hirano and T. Kishimoto of Osaka University
and T. Miyake of Tosoh, Tokyo, Japan. FAO1 cells were
transfected by the calcium phosphate method (21) with 18 ug
of test plasmid DNA carrying a luciferase reporter gene (22)
and 2 Ag of the plasmid pRSVCAT (23) to monitor the
efficiency of transfection. The cells were incubated for 14 hr
with the DNA/calcium phosphate precipitate, shocked for 2
min with 20o glycerol (21), cultured in fresh medium for 12
hr, and exposed to 0.1 AM dexamethasone (Dex) for another
14 hr. Finally, the medium was replaced by fresh medium
containing either 0.1 ,M Dex alone or 0.1 ,M Dex and 200
IL-6/BSF-2 units/ml. After treatment for 5 hr, cellular ex-
tracts were prepared and assayed for luciferase and chlor-
amphenicol acetyl transfersase activities as reported (22, 24).

Plasmid Construction. Plasmid pRa2MG/HB1.2 was con-
structed by insertion of the HindIII-Bgl II fragment (position
-1151 to + 17) ofthe rat a2M gene (8, 25) into the HindIII site
of the luciferase reporter vector pSVOAA5' (22) and plasmid
pRa2MG/HH1.2 by insertion of the HindIII-HindIII frag-
ment (position -1151 to +54) of the a2M gene into the same
site. The HindIII site at +54 was generated by digestion with
BAL-31 exonuclease from the EcoRV site in the first intron
of the a2M gene, followed by ligation with a HindIll linker.
For mutagenesis, exonuclease Ill-treated partially single-
stranded plasmid DNA was hybridized with a complemen-
tary synthetic oligonucleotide (40 nucleotides) containing the
desired mutation and was repaired with Klenow DNA poly-
merase and T4 DNA ligase.

Generation of the Stable Cell Line FAO/HB3. FAO1 cells
were cotransfected with plasmids pRa2MG/HB1.2 and pRS-
VNeo in a 50:1 mass ratio. Neomycin-resistant colonies were
selected by culture for 3 weeks in medium (19, 20) containing
400 Ag of G418 (neomycin, GIBCO) per ml. Nine of 12
isolates, including FAO/HB3, showed a luciferase response
to IL-6.

Abbreviations: a2M, a2-macroglobulin; IL-6, interleukin 6; IL-6-RE,
interleukin 6 response element; BSF-2, B cell-stimulating factor 2;
IL-6/BSF-2, the BSF-2 activity of IL-6; SAA, serum amyloid A;
ajAGP, al acid glycoprotein; Dex, dexamethasone.
*Present address: Department of Clinical Immunology, Royal Perth
Hospital, Perth, Western Australia, Australia.
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Nuclear Protein Extracts. Nuclear extracts from cultured
cells were prepared as described (26). Rat liver nuclei were
isolated by homogenization of liver tissue in 0.3 M sucrose/
10 mM Hepes, pH 7.6/0.75 mM spermidine/0.15 mM sper-
mine/1 mM dithiothreitol/0.1 mM EDTA/0.1 mM EGTA/10
mM KCI/0.5. jnM phenylmethylsulfonyl fluoride. Nuclei
were purified by centrifugation through a cushion of 2.2 M
sucrose in the same buffer. Nuclear proteins were then
isolated as described (26).

Gel Mobility Shift, DNase I Footprinting, and Methylation
Interference. Gel mobility shift experiments were performed
as described (27, 28). Binding reactions were carried out in a
final volume of20 ,/l for 20 min at room temperature in 10mM
Hepes (pH 7.6) containing 50mM KCl, 0.1 mM EDTA, 1 mM
dithiothreitol, 6 mM MgCl2, 1.2 mM CaC12, 10%0 (vol/vol)
glycerol, and 10 ,ug of poly(dI-dC). DNase I cleavage inhibi-
tion patterns (footprinting) were obtained as described (29).
Methylation interference experiments were performed by the
procedure of Sen and Baltimore (30).

RESULTS
IL-6 Is a Strong Transcriptional Inducer of the a2M Gene.

A survey of six different rat hepatoma cell lines showed that
the line FA01 responded most faithfully to IL-6 and gluco-
corticoids, resembling closely the hormonal response in
living rats (data not shown). Therefore, the FAO1 line was
chosen to generate transformed cell lines that carry a2M gene
promoter region constructs directing the expression of lu-
ciferase stably associated with the host cell genome. Treat-
ment of one of these lines, FAO/HB3, with glucocorticoids
alone caused only a 2-fold increase in transcription ofthe a2M
gene promoter, while treatment with IL-6 alone caused a 10-
to 20-fold induction (Fig. LA). Treatment with a combination
of both hormones produced up to a 40-fold increase. Similar

Time (hr) 5' Boundary (bp)

FIG. 1. Stable (A) and transient (B) expression of a2M gene
promoter constructs. (A) The rat hepatoma line FAO/HB3 carries
stably integrated copies of the a2M gene promoter construct
pRa2MG/HB1.2. The cells were either mock-treated (o) or were
treated with 0.1 ,uM Dex (-), with 200 IL-6/BSF-2 units/ml of
recombinant human IL-6 (0), or with IL-6 plus Dex at the same
concentrations (e). (B) FAO cells were transfected with a series of
5' deletion constructs of the a2M gene promoter region. o, Induced
promoter activity; luciferase activities obtained from cells treated
with 200 IL-6/BSF-2 units/ml and 0.1 ,uM Dex; *, specific induc-
ibility: luciferase activity obtained with IL-6/Dex, divided by the
activity of the same construct after treatment with Dex alone, and
normalized to the value obtained with the longest construct (-1151
bp); TK, inducibility ofa control construct carrying the enhancerless
herpesvirus thymidine kinase (TK) promoter coupled to the lu-
ciferase reporter. Specific inducibilities are mean values over at least
three independent experiments. The length oferror bars corresponds
to 1 SD from the mean to either side.

results were obtained with a second, independently estab-
lished line, FAO/XB218, that carries a luciferase constrtct
with 2180 base pairs (bp) from the 5' flanking region of the
a2M gene (data not shown). The identical response of both
lines indicates that the response is characteristic of the
constructs rather than their chromosomal integration sites.
Thus, IL-6 alone is a strong transcriptional inducer ofthe a2M
gene promoter region in hepatoma cells, and glucocorticoids
enhance its effect. The maximal response to IL-6 alone was
reached in both cell lines 4-6 hr after addition of the
hormone. Combined treatment with IL-6 and glucocorticoids
led to a secondary response after 24 hr (Fig. 1A). Thus, major
cis-acting IL-6-responsive DNA control elements are con-
tained in the 5' flanking region (position -1151 to +17) ofthe
a2M gene.
Mapping ofan IL-6-Response Element (IL-6-RE) in the a2M

Gene. To map IL-6-responsive cis-acting DNA control ele-
ments, a series of 5' deletion constructs were prepared in the
plasmid pRa2MG/HH1.2 and transfected into FA01 cells.
The transfected cells were treated either with glucocorticoids
alone or with glucocorticoids and IL-6, and transient expres-
sion was monitored. The promoter activities (luciferase ac-
tivities) and the specific inducibilities by IL-6 of each con-
struct are given in Fig. 1B. Constructs carrying deletions of
5' sequences from position -1151 to -210 retained full
inducibility. About 60-70% of the inducibility was lost when
sequences between position -209 and -160 were deleted,
and the remainder upon deletion of the sequences from -115
to -43 (Fig. 1B). The stepwise loss of inducibility indicated
that several subregions within the area -209 to -43 contrib-
ute to induction by IL-6, but the single most critically
required element resided between positions -209 and -160.
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-1151(Wild-Type) 10o 2476 24.3 100
M201(TGGATCCT) 74 1873 25.4 105
M1202(TGGATCCT) 70 1457 20.8 86
M203(TGGATCCT) 78 1521 19.5 80
M204(TAGGATCCCA) 66 1768 26.8 110
Ml205(GATATC) 56 562 10.0 40
M206(GATATC) 66 2306 34.9 144
W214(TCCT) 58 1171 20.2 83
TK 433 1431 3.3 14

FIG. 2. Mapping ofthe IL-6-RE. (A) The sequences from the a2M
gene 5' flanking region replaced in mutants M201 to M214 by
nonrelated sequences of similar base composition are indicated by
bars under the wild-type sequence. (B) Internal deletion constructs
were prepared from pRa2MG/HH1.2 lacking the internal fragments
indicated by A. E, Relative luciferase activity after treatment with 0.1
,LM Dex alone; (®, relative activity with 0.1 uM Dex and 200
IL-6/BSF-2 units/ml of recombinant human IL-6. Values are nor-
malized to the wild-type construct taken as 100%o. Specific induc-
ibilities by IL-6 (column "Fold") were calculated as the ratios of the
values from the two preceding columns. Relative specific inducibil-
ities (column "%") were normalized to the wild-type construct taken
as 100%o. TK, inducibility of the thymidine kinase (TK) promoter
construct. (C) Inducibilities obtained with the linker scan mutants
specified in A.

Biochemistry: Hattori et A

I
I

A
A
A
R
R
h
h



Proc. Natl. Acad. Sci. USA 87 (1990)

Transfection experiments with a series of internal deletions
confirmed this result (Fig. 2B). An internal deletion of the
base pairs between -209 and -160 (A -209/-160) reduced
the inducibility to 37% of the value obtained with the wild-
type construct pRa2/HH1.2. Linker scanning mutants were
generated for more precise mapping of the critical elements
(Fig. 2 A and C). Mutant m205, replacing the sequence from
-164 to -159, had the strongest effect and an inducibility
reduced to 40% of the wild-type value (Fig. 2C). The tran-
scriptional start site of the transgene was mapped in cells
transfected with the wild-type construct pRa2MG/HH1.2
and was found to be the same as in the endogenous a2M gene
(data not shown; ref. 8). From these data we concluded that
the hexanucleotide CTGGGA (from position -164 to -159)
mediated the single largest contribution to IL-6 responsive-
ness and that additional sequences in the promoter proximal
region of the gene were responsible for the balance of the
induction. The hexanucleotide is referred to as the core of the
IL-6-RE.
IL-6-RE Core Is a Binding Site for Nuclear Proteins. Protein

extracts from purified rat liver nuclei were used for DNase I
protection (footprinting) experiments (Fig. 3). Two regions,
I (-190 to -173) and II (-169 to -152), on the coding strand
and the corresponding regions I (-193 to -176) and II (-172
to -155) on the noncoding strand were protected. Region I
was protected less efficiently than region II but was observed
reproducibly. Regions I and II were separated by DNAse I
hypersensitive sites (-171 and -170 of the coding strand and
-173 and -174 of the noncoding strand), as indicated by
arrows in Fig. 3. The precise area covered by proteins cannot
be determined by footprinting alone, and the coordinates
given here delineate only the maximum boundaries of each
region. Nuclear extracts from acute-phase rat livers con-
ferred a stronger protection than did comparable amounts of
nuclear proteins from normal rat liver, but the extent of the
protected sequences was indistinguishable. Region II was
centered around the IL-6-RE core sequence CTGGGA.
When a mutated DNA fragment was used in which the
sequence CTGGGA was converted to GATATC (mutant
M205, Fig. 2 A and C), then the protected region II disap-
peared, while protection of region I remained. This was
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FIG. 3. DNAse I footprint analysis. Nuclear extracts were pre-
pared from normal adult rat livers (To extracts) and from rats 6 hr
after induction of an acute-phase response by intraperitoineal injec-
tion ofcomplete Freund's adjuvant (T6 extracts). The 82-bp fragment
(position -209 to -132) was used as a probe. Tracks: 1 and 5, Maxam
and Gilbert G+A sequence of the coding and noncoding strands,
respectively; 2 and 6, no addition of nuclear extracts; 3 and 7,
protection with To extracts; 4 and 8, protection with T6 extracts.
Arrows indicate DNAse I hypersensitive sites.

observed with extracts from both normal and acute-phase rat
livers (data not shown). Thus, nuclear proteins protecting
region II specifically recognize the IL-6-RE core or part of it.
Such proteins are present in normal and in acute-phase liver
cell nuclei. The region covered by footprint I contains the
sequence CTGGAAA, identical with the core sequence
CTGGGAA in six of seven nucleotides. This sequence is
referred to as the IL-6-RE core homology.

Specific DNA protein complexes were also observed in gel
mobility shift experiments (Fig. 4). An 82-base-pair (bp) DNA
fragment containing both the IL-6-RE core and the region of
footprint I (-209 to -130) was used as a target for complex
formation. A specific complex (complex I, Fig. 4, track 1)
was formed with nuclear extracts from normal rat livers and
a different complex with greater electrophoretic mobility
(complex II, Fig. 4, track 2) with nuclear extracts from 6-hr
acute-phase rat livers. When using nuclear extracts from
untreated or IL-6-treated FA01 cells, only complex II was
observed (Fig. 4, tracks 3-5). With extracts from untreated
Hep 3B cells, no complex was seen (Fig. 4, track 6), and with
extracts from IL-6-treated Hep 3B cells, only complex II was
observed (Fig. 4, track 7). Thus, a clear qualitative difference
in the pattern of protein-DNA complexes was observed with
extracts from normal and acute-phase livers and from un-
treated and IL-6-treated human hepatoma cells. Proteins
capable offorming complex II appeared to be induced by the
acute-phase reaction in vivo and by treatment of cultured
hepatic cells with IL-6. Gel shift competition experiments
demonstrated that formation of complexes I and II depended
critically on the hexanucleotide core of the IL-6RE. A large
molar excess of a 30-bp IL-6-RE core oligonucleotide par-
tially prevented formation of complex I and completely
inhibited complex II (Fig. 5, tracks 1 and 2). A comparable
excess of a 30-bp oligonucleotide with a mutated IL-6-RE
hexanucleotide core did not prevent these complexes (Fig. 5,
track 3). Thus, proteins involved in both complexes I and II
must recognize either the hexanucleotide core ofthe IL-6-RE
or part of it.

FIG. 4. Gel mobility shift assays. An end-labeled double-
stranded 82-bp DNA fragment covering both footprint regions I and
II (position -209 to -132) was used as the probe. Ten micrograms
of nuclear extracts from rat livers and 20 gg of nuclear extracts from
hepatoma cells were incubated with 0.7 ng of the 82-bp fragment.
Tracks: 1 and 2, 'normal (TO) and 6-hr-tre-ated (T6) rat liver extracts;
3-5, nuclear extracts from FA01 celis untreated (track 3), treated
with 0.1 IAM Dex (track 4), or treated with 0.1 1.M Dex and 200
IL-6/BSF-2 units/ml (track 5); 6 and 7, extracts from Hep 3B cells
untreated (track 6) or treated with 200 units/ml of recombinant
human IL-6 for 6 hr (track 7). Complexes I and II and the free (F)
DNA fragment are marked.
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FIG. 5. Gel mobility shift competition analysis. (Upper) Complex
I with normal (To) rat liver extracts and the 82-bp fragment. (Lower)
Complex II with 6-hr-treated (T6) acute-phase rat liver extracts and
the 82-bp fragment. Molar excess of nonlabeled 30-bp competitor
oligonucleotides was 120-fold. Tracks: 1 , no competitor; 2, 30-bp
wild-type (WT) a2M oligonucleotide GATCCTTAATCCTTCIa-
GGAATTCTGGCTA as competitor; 3, a2M mutant (mtt) M205
oligonucleotide GATCCTTAATCCTTGATATCATTCTGGCTA; 4,
rat a1AGP oligonucleotide GATCGGCTGGGCCfTITTGGAAAA-
CTCAAG (33); 5, murine SAA3 oligonucleotide GATCTCACACAA-
1TICflCTGGAAATGCCTAGATG (35); 6, rat y-fibrinogen (Fbg) oli-
gonucleotide GATCGTGTGCAAAATCTGGGAATCCCTCGG
(34); 7, rat T1 and T2 kininogen (Kin) oligonucleotide GATCAA-
TGCCCCAGCTIGLGIACCTGCTTGG (32); 8, oligonucleotide from
the KB site of the HIV enhancer GATCGGACTTTCCGCTflCjGG-
ACTTTCCAGG (36) (conserved sequences are underlined).

Same Proteins Interact with the Conserved IL-6-RE Se-
quence in Different Acute-Phase Genes. The IL-6RE core is
conserved in the cytokine-responsive regions of several other
major rodent acute-phase genes, including the rat a, acid
glycoprotein (a1AGP) gene, the -fibrinogen gene, the T1 and
T2 kininogen genes, and the murine serum amyloid A3
(SAA3) gene (31-35). To investigate whether common nu-
clear factors bind at the conserved sequences, gel shift
competition experiments were performed with synthetic oli-
gonucleotides representing the conserved IL-6-RE regions
from the other acute-phase genes (Fig. 5). The oligonucleo-
tides representing the IL-6-RE from the rat a2M and y

fibrinogen genes were partially efficient as competitors of
complex I (Fig. 5, track 6). Formation of complex II was
competitively inhibited by the rat a2M and a1AGP oligonu-
cleotides and the murine SAA3 oligonucleotide (Fig. 5, tracks
2, 4, and 5) and partially inhibited by the -fibrinogen
oligonucleotide (Fig. 5, track 6). The data further indicate
that complexes I and II have different, characteristic spectra
of inhibition and possibly have different molecular compo-
sition. The disappearance ofcomplex I and the appearance of
complex II in acute-phase liver extracts and after treatment
of hepatoma cells with IL-6 precedes most closely the
hormonal induction of the a2M gene. Therefore, the hor-
mone-induced complex II is a candidate for a complex
involved in the IL-6-induced transcription of the a2M gene.
The competition experiments suggest that common nuclear
factors interacting with the conserved IL-6-RE sequences
may be involved in the IL-6-induced transcription of several
of these acute-phase genes.
The IL-6-RE core region of the rat a2M gene matches a

sequence overlapping the KB site of the human immunode-
ficiency virus enhancer (HIV; ref. 36) in 8 of 11 nucleotides.
A synthetic 30-bp oligonucleotide representing the KB region
of the HIV enhancer did not inhibit complexes I and II (Fig.
5, track 8). Thus, the proteins involved in formation of
complexes I and II do not bind efficiently at the HIV KB site.
Furthermore, complexes I and II were not detected with
nuclear extracts from either normal HeLa cells or HeLa cells
treated with phorbol 12-myristate 13-acetate, an agent known
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FIG. 6. Methylation interference analysis. The 82-bp fragment
was methylated at G residues and allowed to react with normal (To)
and acute-phase (T6) rat liver nuclear extracts. Complexes I and II

and the free probe (F; tracks 2, 5, 8, and 11) were separated by
acrylamide gel electrophoresis and excised from the gel. Tracks G
(tracks 1, 4, 7, 10) show the Maxam and Gilbert G reaction of the
unreacted probe fragment. Methylation of nucleotides marked by

strongly interfered with complex formation; o- shows residues

of weak interference.

to induce the transcription factor NF-KB that binds at KB sites
(37). These and other studies (data not shown) suggest that
the proteins involved in complexes I and II are probably
distinct from NF-KB.
IL-6-RE Core Is Directly Involved in the Formation of

Complex II. Direct contact between the IL-6-RE core se-
quence CTGGGA and nuclear proteins forming complex II
was shown by methylation interference experiments (Fig. 6).
Methylation of the three guanosyl residues contained in the
core sequence prevented formation of complex I with ex-
tracts from normal rat liver nuclei and of complex II with
extracts from acute-phase liver nuclei (Fig. 6, tracks 3 and 6).
Methylation of these three residues affected complex forma-
tion more severely with acute-phase extracts than with
normal liver extracts. Additional nucleotides involved in
DNA-protein contacts on the noncoding DNA strand were
revealed by using acute-phase extracts that were not detected
with normal rat liver extracts (Fig. 6, tracks 9 and 12). Thus,
the patterns of DNA-protein contacts were different for
complexes I and II, but the IL-6-RE core and the core-
homology sequences were directly involved in the formation
of both complexes.

DISCUSSION
The IL-6-RE core is the IL-6 responsive cis-element that
could be identified with the greatest precision by mutation
and transfection. However, it is not the only sequence
element involved in the IL-6 response. Using a 5'. flanking
fragment from -209 to +54, we obtained about a 20-fold
induction, while a fragment from -209 to -33 linked to the
simian virus 40 TATA box region and multiple copies of the
fragment -209 to -130 linked to the enhancerless herpesvi-
rus thymidine kinase promoter generated an increase of only
2- to 3-fold. Thus, other sequences located between -33 and
+54 are probably also important for the full hormonal effect.
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The hexanucleotide CTGGGA was previously identified as

a sequence conserved among several acute-phase genes on

the basis of sequence comparison (25, 31). Other authors
have mapped response regions for IL-6 and other cytokines
in other acute-phase genes by mutation and transfection (33,
38-41), and this conserved hexanucleotide sequence is lo-
cated in the region identified as the cytokine response region
of the rat a1AGP gene (33).
The most likely function of the conserved element is that

of a binding site for nuclear proteins acting as transcriptional
regulators. Gel mobility shift, DNAse I footprint, and meth-
ylation interference studies showed that the IL--RE core is
indeed a site for specific binding of nuclear factors present in
rat livers and rat and human hepatoma cell lines that recog-

nize either the hexanucleotide core CTGGGA or part of it
(Fig. 3-6).

Oligonucleotides representing the conserved IL-6-RE se-

quence from the rat By fibrinogen and ajAGP genes were

competitors ofcomplex II (Fig. 5). Therefore, it is reasonable
to assume that the same proteins interacting with this core

sequence in vitro will also interact with it in vivo and are

involved in the regulation ofthese other acute phase genes by
IL-6. However, a role of these DNA binding proteins in
transcriptional regulation has not yet been established.
The composition of complexes I and II is unknown. These

complexes were formed with an 82-bp DNA fragment cov-

ering both regions I and II defined by DNase I footprint
analysis (Fig. 3). Therefore, complexes I and II conceivably
contain several proteins bound to DNA, including some that
bind at footprint region I. The DNA segment covered by
footprint region I contains the sequence CTGGAAA, re-

ferred to as the IL-6-RE core homology. The same protein
binding at the IL-6-RE core could conceivably also bind at
this second site located 20 nucleotides upstream. The fact
that both complexes I and II can be inhibited with the 30-bp
oligonucleotide covering the IL-6-RE core is consistent with
this interpretation. However, in the transfection experiments
(Fig. 2C), the mutant m203 in the core homology sequence
had only a weak effect on the inducibility by IL-6. Thus, the
IL-6-RE core provides the dominant contribution to the
overall induction by IL-6.

Recently, IL-6-REs were identified in the human C-
reactive protein, haptoglobin, and hemopexin genes (39-41).
However, there is little sequence homology between these
elements and the IL-6-RE core of the rat a2M gene as

identified here. Thus, the IL-6 signal may activate different
types of cis-acting response elements and possibly different
factors binding at these elements.
We anticipate that the IL-6-RE and some of the proteins

involved in complexes I and II described here may be part of
at least one general IL-6 signal transduction mechanism,
operating not only in hepatic cells but possibly also in other
target cells of IL-6.
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