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IL-6 gene expression is controlled by a promoter region con-
taining multiple regulatory elements such as NF-�B, NF-IL6,
CRE, GRE, and TRE. In this study, we demonstrated that TRE,
found within the IL-6 promoter, is embedded in a functional
antioxidant response element (ARE) matching an entire ARE
consensus sequence. Further, point mutations of the ARE con-
sensus sequence in the IL-6 promoter construct selectively
eliminate ARE but not TRE activity. Nrf2 is a redox-sensitive
transcription factor which provides cytoprotection against
electrophilic and oxidative stress and is the most potent activa-
tor of ARE-dependent transcription. Using Nrf2 knock-out
mice we demonstrate that Nrf2 is a potent activator of IL-6
gene transcription in vivo. Moreover, we show evidence that
Nrf2 is the transcription factor that activates IL6 expression in
a cholestatic hepatitis mouse model. Our findings suggest a
possible role of IL-6 in oxidative stress defense and also give
indication about an important function for Nrf2 in the regula-
tion of hematopoietic and inflammatory processes.

Because of its diverse biological function and simultaneous
description in different studies, IL-6 was initially assigned
several names. It was identified as a T-cell-derived B-cell dif-
ferentiation factor, as it induced activated B-cells into
antibody-producing cells: interferon-�2 (26 kDa protein), a
hybridoma/plasmacytoma growth factor and a hepatocyte-
stimulating factor. The name IL-6 was proposed when the
cDNA nucleotide sequences for these proteins had been de-
termined, and the molecules were found to be identical (1). In
addition, IL-6 plays a key role in inflammation, being the
main inducer of fibrinogen, serum amyloid A protein, the
acute phase response and is one of the most important media-
tors of fever. In muscle and fatty tissues, IL-6 stimulates en-
ergy mobilization.

The IL-6 promoter is rapidly activated by cytokines, includ-
ing IL-1 and TNF-�, as well as by phorbol esters and cyclic
AMP. The promoter-region of the IL-6 gene contains multi-
ple regulatory elements such as nuclear factor-�B (NF-�B),
nuclear factor-IL6 (NF-IL6) (also referred to as C/EBP�),
cAMP response element (CRE), TPA (12-O-tetradecanoyl-
phorbol-13-acetate) responsive element (TRE; also referred to
as the AP-1 binding site), and the glucocorticoid response
element (GRE) (2).
Structurally related to TRE is the antioxidant responsive

element (ARE,2 also referred to as the electrophile responsive
element (EpRE)) (3, 4). Some TREs are found to be embedded
within an ARE, such as in the promoter region of human
NAD(P)H:quinine oxidoreductase-1 (NQO1), rat and mouse
glutathione S-transferase (GST) Ya subunit, and rat GST-P
(5). ARE is commonly found in the promoter region of genes
encoding phase II detoxification as well as antioxidant en-
zymes such as NQO1, thioredoxin, thioredoxin reductase,
glutathione peroxidase, and hemeoxygenase-1 (6). Analyses of
ARE-nuclear protein complexes have identified numerous
nuclear transcription factors including c-Jun, Jun-B, Jun-D,
c-Fos, Fra1, Nrf1, Nrf2, Nrf3, c-Maf, MafG, MafK, Bach1,
Bach2, the Ah (aromatic hydrocarbon) and estrogen receptor.
Nrf2 is described as being the most potent inducer of ARE-
mediated expression among these transcription factors. Nrf2
associates with small Maf (MafG or MafK) or Jun (c-Jun,
Jun-B, and Jun-D) proteins to up-regulate ARE-mediated ex-
pression and coordinate the induction of detoxifying enzymes
in response to antioxidants and xenobiotics (7–9). Numerous
studies support this hypothesis and show that Nrf2 protects
various cell types and organs from oxidative stress (10, 11).
Oxidative stress is one main feature in nonalcoholic steato-

hepatitis and its mouse model DDC feeding (12, 13). Recently,
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Plum et al. (14) showed a protective role of the IL-6/gp-130
pathway in this cholestatic hepatitis model.
In this study we show that Nrf2 binds to ARE within the

promoter region of the IL-6 gene thus highly activating IL-6
transcription. The IL-6 gene appears to be an Nrf2-target.
IL-6 expression is induced by Nrf2 stimuli as well as oxidative
or electrophilic stress. The results are discussed according to
the diverse physiological and pathological functions of IL-6
and Nrf2.

EXPERIMENTAL PROCEDURES

Animals—Nrf2-Knock-out mice were produced by specifi-
cally deleting the Nrf2 gene segment (15). WT control mice
were littermates of the Nrf2-KO mice. All mice used in this
study were 6–8-week-old and maintained in our animal facil-
ities under specific, pathogen-free conditions. The mice were
given oral L-sulforaphane ((R)-1-isothiocyanato-4-(methyl-
sulfinyl) butane, 4-methylsulfinylbutyl isothiocyanate, Sigma-
Aldrich) at 50 mg/kg body weight/day dissolved in PBS or
PBS alone as described in Ref. 16.
For DDC experiments, 6–8-week-old male mice were

treated with standard chow containing 0.1% DDC and fed
normal drinking water for up to 12 weeks. Liver samples were
shock-frozen for homogenization.
Plasmid Construction and Site-directed Mutagenesis—The

plasmid pIL6-luc651 containing 651-bp found directly up-
stream of the transcriptional start site in the human IL-6 gene
promoter was fused to a luciferase gene (17). The ARE con-
sensus sequence (positions �289 to �276) of the pIL6-luc651
(5�-GTGACTCAGCA-3�) was altered to pIL6-luc651�ARE
(5�-GTGACTCAAGA-3�) by site-directed mutagenesis using
QuickChange II Kit from Stratagene. This mutation was pre-
viously shown to inhibit Nrf2 binding (6). All mutant clones
were verified by DNA sequencing. The Nrf2 expression plas-
mid pcDNA-Nrf2 is described in Ref. 18.
Cell Culture and Cotransfection of Reporter and Expression

Plasmids—Human hepatoblastoma (Hep-G2) cells were
grown in monolayer cultures in Eagle’s minimum essential
medium (DMEM) plus fetal bovine serum to a final concen-
tration of 10% (all purchased from LGC Promochem, Wesel,
Germany).
pIL6-luc651 or pIL6-luc651�ARE and pRL-TK (4:1 ratio)

were mixed with different concentrations of an empty expres-
sion plasmid pcDNA3.1 vector (Invitrogen) alone or together
with pcDNA-Nrf2 and cotransfected in Hep-G2 cells using
Lipofectamine2000 from Invitrogen using procedures sup-
plied by the manufacturer. All experiments were conducted
using 96-well plates containing 100 �l Medium and �3 � 104
cells per well.
Dual Luciferase Assay—The Dual Luciferase assay was per-

formed as described in Ref. 18. pIL6-luc651 or pIL6-
luc651�ARE reporter plasmids and pRL-TK plasmids (Pro-
mega) were cotransfected into HepG2-cells. 24 h after
transfection, the cells were seeded to a 96-well plate (3 � 104
cells per well). The activity of both firefly and Renilla lucif-
erases was determined 48 h after transfection with the dual
luciferase reporter assay system (Promega). Luciferase activity
was measured over 10 s in a luminometer (Promega). The

luciferase activities were normalized to the Renilla luciferase
activity of the internal control.
IL-6 Quantification—HepG2 cells were grown in the 1.5 ml

medium described above using 6-well plates with �7 � 107
cells per well. For IL-6 detection within the cell medium (20
�l) we utilized a human IL-6 ELISA from Invitrogen executed
in duplicates according to the supplier’s recommendation.
Mice were treated as described above. Measurements of

liver IL-6 expression were performed in duplicates using mi-
crosphere-based Luminex xMAP technology with antibodies
directed against mice IL-6 protein (Invitrogen). 30 �g of liver
homogenates were analyzed in duplicates using procedures
recommended by the manufacturer.
Quantitation of mRNA Concentration—Mice were treated

as described above. mRNA concentrations in liver lysates
were measured using the QuantiGene multiplex assay (Pa-
nomics). 30 �g of liver homogenates were analyzed in dupli-
cates using procedures recommended by the manufacturer.
The expression of target-specific RNA molecules was calcu-
lated as the mean value from triplicates and corrected to hex-
ose-6-phosphate dehydrogenase.
Histology—Liver samples were fixed in 3.5% formaldehyde,

embedded in paraffin, cut, and stained with H&E. Images
were captured using light microscopy (Nikon Eclipse 55i) and
evaluated using the ImageJ software (11).
Aminotransferase Determination—ALT activities in plasma

were determined by an automated enzyme assay (Roche,
Mannheim, Germany) as described in Ref. 19.
Statistical Analysis and Bioinformatics—Results were com-

pared using a two-tailed paired Student’s t test. Differences
were considered significant at p � 0.05. ClustalW was used
for multiple sequence alignments.

RESULTS

IL-6 Promoter Alignment—Cross-species conservation of
promoter elements is an important functionality indicator.
We therefore compared TRE-containing IL-6 promoter re-
gions in humans, mice, rats, and dogs. TRE was embedded in
an entire ARE consensus sequence, and this finding was con-
served in all selected species (Fig. 1).
Effect of Nrf2 on IL-6 Promoter Activity—To investigate the

functionality of the ARE consensus sequence within the IL-6
promoter dual luciferase reporter gene assays were per-
formed. In the human IL-6 promoter construct, pIL6-luc651
(17), point mutations within the ARE consensus sequence
were produced to form an ARE-deficient promoter (pIL6-
luc651�ARE). Previous studies have shown that an over-ex-
pression of Nrf2 leads to ARE activation (20). Therefore, we
co-transfected HepG2 cells with various amounts of an Nrf2-
expression vector along with pIL6-luc651 and pRL-TK. A
dose-dependent activity increase was seen in firefly luciferase
but not in Renilla luciferase (internal control). The ratio of
firefly and Renilla luciferase activity reached a height by a
4-fold induction compared with control (Fig. 2A). Sulfora-
phane is known for its Nrf2 activation properties (21) and was
therefore used as positive control (Fig. 2A). In contrast, Nrf2-
expression vector co-transfection with pIL6-luc651�ARE in-
sufficiently enhanced luciferase activity (Fig. 2B). Stimulation
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with phorbol 12-myristate 13-acetate (PMA) demonstrated
the intact functionality of TRE within the pIL6-luc651�ARE
vector (Fig. 2B). All experiments were conducted on 96-well
plates with n � 8.
Nrf2-dependent IL-6 mRNA and Protein Synthesis—In vitro

and in vivo studies were performed to investigate the effect of
common Nrf2 activators on the hepatic expression of IL-6.
Fig. 3 demonstrates a characteristic IL-6 ELISA from hu-

man HepG2 cells treated with 10 �M methysticin or 2 �M sul-
foraphane for 16 h. Both Nrf2 activators significantly up-regu-

lated IL-6 secretion to a dimension comparable to that seen
after TNF-� treatment (Fig. 3). Subsequent in vivo studies
utilizing Nrf2 knock-out and wild-type mice further support
the in vitro findings and additionally identify Nrf2 as the tran-
scription factor involved.
We performed a Quantigene multiplex assay to detect

mRNA coding for IL-6, thioredoxin-1 (Trx1), thioredoxin
reductase-1 (Trxrd1), hemoxigenase-1 (Hmox1), NAD(P)H:
quinine oxidoreductase-1 (Nqo1), TNF-�, and hexose-6-
phosphate dehydrogenase (H6pd, used as a housekeeping
gene). Serving as an internal control, the measured fluores-
cence values of the genes of interests (GOI) were divided by
the corresponding values of the housekeeping gene (HK). As
shown in Fig. 4A, IL-6 mRNA was clearly up-regulated in liver
homogenates of wild-type mice treated with sulforaphane for
24 h. In contrast, liver homogenates from sulforaphane
treated Nrf2 knock-out mice and untreated control IL-6
mRNA were not detectable (Fig. 4A). As expected, the mRNA
of the Nrf2 target genes Trx1, Trxrd1, Hmox1, and Nqo1
were up-regulated in sulforaphane-treated wild-type but not
in Nrf2 knock-out mice liver. TNF-� mRNA was not detecta-
ble in all three groups (Fig. 4A).
IL-6 mRNA levels of the mice cohorts were then analyzed

for their association with IL-6 secretion. We conducted an
IL-6 protein Luminex assay using the same liver homogenates
used for the Quantigene multiplex assay. IL-6 protein in liver
homogenates fromWT control was below the detection limit.
As expected, we measured a significant increase of IL-6 pro-

FIGURE 1. Alignment of ARE sequences within the IL-6 promoter. Delin-
eated are the cis-regulatory elements of the IL-6 promoter with the approxi-
mate location relative to the transcription start (�1). Below, ARE/TRE se-
quence of various species and from the human NQO1 promoter are aligned
and compared with ARE and TRE consensus sequences. Nucleotides at es-
sential positions for ARE are in red; nucleotides identical to the ARE consen-
sus recognition sequence are marked in bold. The essential TRE sequences
are marked in italic. The abbreviations follow standard IUPAC nomenclature
(M � A or C, r � A or G, Y � C or T, W � A or T, S � G or C, n � A, T, C or G).
All IL-6 promoter sequences are shown as reverse complements.

FIGURE 2. Effect of Nrf2 on IL-6 promoter activity. Dual-luciferase assay to analyze the effect of Nrf2 expression on pIL6-luc651 (A) and pIL6-luc651�ARE
(B) promoter activity. Nrf2 expression vector pcDNA3.1-Nrf2 (denoted in ng of DNA per well of a 96 well plate) was transiently co-transfected into HepG2
cells along with the pIL6-luc651 and pIL6-luc651�ARE, respectively, and pRL-TK as described above. Induction of promoter activity by Nrf2 expression, 2 �M

sulforaphane (S) or 10 ng/ml PMA was assessed for the respective constructs, corrected for transfection efficiency, and calculated as percentage of induc-
tion compared with unstimulated base-line activity. Data represented were obtained from eight independent experiments. Bars represent means and 	
S.E. *, significant difference versus control (p � 0.05).
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tein in the homogenates from sulforaphane-treated mice
compared with untreated mice. Nrf2 knock-out mice showed
no IL-6 up-regulation in response to sulforaphane treatment
(Fig. 4B).
DDC Induced in Vivo IL6 Expression—It is known that the

IL-6 production is elevated in the liver of DDC-treated mice
(14). To explore if Nrf2 is the transcription factor inducing
the IL-6 up-regulation under these conditions we treated
Nrf2-knock-out and wild type mice with DDC for 3 weeks.
We then determined hepatic expression levels of IL-6 by Lu-
minex technique. IL-6 protein expression was significantly
induced about 2.5-fold in DDC-treated wild-type mice (1284
pg of IL-6/ml liver homogenate) compared with untreated
wild-type mice (522 pg IL-6/ml liver homogenate). However,
DDC treated Nrf2-knock-out mice (264 pg of IL-6/ml liver
homogenate) failed to up-regulate IL-6 expression compared
with untreated Nrf2-knock-out mice (456 pg of IL-6/ml liver
homogenate). There were no significant differences between
untreated wild type, and Nrf2-knock-out mice (Fig. 5A).
DDC-caused Liver Injury—ALT level increased after 3

weeks of DDC feeding in both groups (Fig. 5B) with no signifi-
cant differences between Nrf2-knock-out and wild-type mice.

To better characterize the impact of Nrf2 deletion on liver
injury we next performed H&E stainings of liver sections. In
Nrf2-knock-out mice significant more necrosis (higher num-
bers and larger areas) was found 3 weeks after DDC feeding
compared with wild-type mice (Fig. 5C). A quantification of
necrotic areas showed significant more (and larger) necrotic
areas in DDC treated Nrf2-knock-out livers.

DISCUSSION

AREs containing TRE elements mediate high basal tran-
scription of the human NQO1, rat and mouse GST Ya sub-
unit, and rat GST-P and its induction in response to xenobiot-
ics and oxidative stress (5). We found this special promoter
element construction in all examined IL-6 promoters (human,
mouse, rat, and dog; Fig. 1), thus supporting our hypothesis
regarding sequence function.
Utilizing promoter studies in a human hepatic cell line with

a cloned IL-6 promoter containing either wild-type or mu-
tated ARE sequences, we experimentally confirmed the ARE
consensus sequence function within in the IL-6 promoter.
The conducted luciferase assays demonstrated that Nrf2 over-
expression induced luciferase activity in wild-type but not in
ARE-deficient IL-6 promoter vectors (Fig. 2, A and B). These
results demonstrate both the functionality of the ARE se-
quence as well as the role of Nrf2 as a transcription factor
involved.
Further in vitro studies showed that not only an artificial

IL-6 promoter construct but also natural IL-6 promoter react
to Nrf2 activation. Stimulation of a human hepatic cell line
with the well estabished Nrf2 activators methysticin (18) and
sulforaphane (21) leads to a significant enhanced IL-6 secre-
tion (Fig. 3).
Subsequently, we brought the study forward into an in vivo

mouse model. We demonstrated that sulforaphane adminis-
tration enhanced IL-6 mRNA expression in wild-type but not
in Nrf2-knock-out mice liver (Fig. 4A). We also measured
mRNAs of known Nrf2 target genes. As suspected, these
genes where up-regulated in wild-type mice but not in Nrf2-
knock-out mice and verify the assay integrity (Fig. 4A). We
then tested whether an increased IL-6 mRNA production re-
sults in an up-regulation of IL-6 protein expression. Our ex-
periment demonstrated an increased IL-6 production in WT
but not in Nrf2-knock-out mice treated with sulforaphane
(Fig. 4B). We next tested IL-6 expression in a mouse model
for steatohepatitis where IL-6 is up-regulated and has a well
known protective function (14). As expected, the expression
of IL-6 was up-regulated in DDC-treated wild-type mice. In
contrast, Nrf2-knock-out mice are not able to up-regulate
IL-6 expression in response to DDC treatment (Fig. 5A).
These findings further documented an Nrf2, and therefore
ARE, driven IL-6 production.
DDC feeding causes cholestatic liver damage and resembles

many aspects of certain human chronic liver diseases like
necrosis of hepatocytes and elevated blood ALT levels. As
expected, DDC treated Nrf2 knock-out mice showed signifi-
cantly more and larger necrotic areas as DDC treated wild-
type mice (Fig. 5, C and D). Further experiments has to be
conducted to clarify to which extent the absence of IL-6 ex-

FIGURE 3. Stimulation with Nrf2 activators promotes IL-6 production.
Production of IL-6 by HepG2 cells treated with vehicle (control), 5 �M Me-
thysticin (Methy.), 2 �M Sulforaphane (Sulf.), or 10 ng/ml TNF-� analyzed by
IL-6 ELISA assay. Data represented were obtained from six independent
experiments. Bars represent means and 	 S.E. *, significant difference ver-
sus control (p � 0.05).
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pression leads to this enhanced susceptibility to DDC treat-
ment of the Nrf2-knock-out mice. Albeit the levels of ALT
increases in both groups to the same extend (Fig. 5B). We
speculated that the Nrf2 knock-out and wild-type mice might
have comparable initial liver injury and therefore equivalent
ALT levels, but the Nrf2 knock-out mice have insufficient
mechanisms for liver regeneration leading to extensive ne-
crotic damage (22).
Because IL-6 is neither an antioxidant nor detoxification

enzyme, it is surprising to find an entire ARE-consensus se-
quence contained in the IL-6 gene. However, several studies
have shown that IL-6 is redox-regulated and can maintain a
protective function in organs subjected to oxidative stress, yet
little is known about the molecular mechanisms involved.
Studies regarding possible interactions between IL-6 and

Nrf2 are numerous and this research describes one possible
relation between Nrf2 and its target gene IL-6.
Hepatic IL-6 expression is enhanced in response to oxida-

tive stress, protects the liver against oxidative injury and re-
verses hepatic steatosis and alcohol-induced liver injury (23–
26). As IL-6-deficient mice, Nrf2-knock-out mice are prone to
ethanol-induced hepatic apoptosis and steatosis and displayed
a dramatically increased mortality associated with liver failure
when fed with ethanol (27).
This similarity in IL-6 and Nrf2 function is also seen in

models of hyperoxia-induced lung injury. Both IL-6 and Nrf2
protect pulmonary epithelial cells against oxidative stress
(28–30). Several studies have demonstrated a redox-depen-
dent up-regulated IL-6 expression in lung epithelial cells al-

lowing the assumption that Nrf2 may be involved in this proc-
ess (31, 32).
IL-6 is also found in two groups of cytokines: the myokines

and adipocytokines, produced in muscle and visceral fat, re-
spectively. Although the molecular mechanisms underlying
IL-6 up-regulation in muscle and fat remain limited, it is gen-
erally accepted that oxidative stress causes IL-6 dysregulation.
The IL-6 elevation in response to muscle contraction is inhib-
ited by supplementation of the potent antioxidants Vitamin C
and E (33, 34). In obesity, oxidative stress in adipose tissue
causes an up-regulation of IL-6 and may contribute to obesi-
ty-associated metabolic syndrome (35, 36).
Sano and co-workers (37, 38) described a reactive oxygen

species-mediated induction of IL-6 in cardiac fibroblasts.
Here, IL-6 expression was activated by angiotensin II and in-
activated by antioxidants and the ERK1/2 inhibitor PD98059,
which are both known to block Nrf2-mediated gene expres-
sion. Lee et al. (39) found an oxidative stress mediated, IL-6
induction in vascular smooth muscle cells, which was abol-
ished by modulators of oxidative stress. Both publications
demonstrate oxidative stress induced IL-6 expression in the
cardiovascular system and imply the participation of Nrf2.
A variety of in vitro and in vivo studies have demonstrated

the neuroprotective properties of IL-6 as well as Nrf2 against
oxidative damage. As in Nrf2-knock-out mice, IL-6-deficient
mice suffer from increased oxidative stress and neurodegen-
eration after brain injury (40–42). In vitro studies showed
that IL-6 protects cultured neuronal cells from apoptosis due
to oxidative stress (43, 44). Maeda et al. (45) described a neu-

FIGURE 4. Nrf2-dependent IL-6 mRNA and protein synthesis. To measure the in vivo effect of sulforaphane on both IL-6 mRNA and protein expression
fresh homogenized mice liver (30 �g) from untreated WT, sulforaphane-treated WT, and sulforaphane treaded Nrf2-knock-out mice was used. A, to quantify
the synthesis of mRNA from IL-6, thioredoxin-1 (Trx1), thioredoxin reductase-1 (Trxrd1), hemoxigenase-1 (Hmox1), NAD(P)H:quinine oxidoreductase-1
(Nqo1), TNF-�, and hexose-6-phosphate dehydrogenase (H6pd, used as a housekeeping gene) a QuantiGene multiplex assay was used. B, to quantify the
synthesis of IL-6 protein concentration a microsphere-based Luminex xMAP technology with antibodies raised against the mice IL-6 was used. Bars repre-
sent means and 	 S.E., n � 3. *, significant difference versus control; #, significant difference versus sulforaphane treated Nrf2-knock-out.

Nrf2 Induces Interleukin-6

FEBRUARY 11, 2011 • VOLUME 286 • NUMBER 6 JOURNAL OF BIOLOGICAL CHEMISTRY 4497

 at H
elm

holtz Z
entrum

 M
uenchen - Z

entralbibliothek on June 18, 2015
http://w

w
w

.jbc.org/
D

ow
nloaded from

 

http://www.jbc.org/


roprotective effect of IL6 up-regulation in response to reactive
oxygen intermediates. These findings may link neuronal IL-6
up-regulation to Nrf2 activation.
Oxidative stress and a generalized inflammatory state are

the main features of preeclampsia. Recently, we described a
direct relationship in the etiology of preeclampsia between an
Nrf2-mediated fetal defense against oxidative stress and con-
sequent placental toxicity (11). Because IL-6 expression is also
elevated in preeclamptic patients (46), one can assume that
excessive Nrf2 activity results in a critically enhanced IL-6
expression.
What can be hypothesized about the function of Nrf2 up-

regulated IL-6 expression? It is well known that Nrf2 orches-
trates the transcription of a battery of antioxidant and detoxi-
fying genes in a variety of cells and organs (10). However, IL-6
activates the transcription of another category of protective
genes such as Bcl-2, Bcl-xL, Mcl-1, FLIP, Ref-1, cyclin D1, and
c-Myc, via STAT3 activation (47). It may therefore be specu-
lated that Nrf2 broadens its protection by interacting with the
IL-6/STAT3 pathway.
An Nrf2-dependent IL-6 up-regulation is described in the

study at hand. In addition to Nrf2, ARE can be bound by vari-
ous other factors, functioning as both an activator and inhibi-

tor of transcription. Yang et al. (48) reported that only IL-6,
rapidly up-regulates c-Maf transcription. Considering that
c-Maf homodimers are negative regulators of ARE-driven
transcription (49), this may be indicative of a negative feed-
back loop.
However, our present findings are limited to hepatic Nrf2

driven IL-6 expression. They provide a first step in under-
standing the contribution of the ARE-system in IL-6 expres-
sion. Nrf2 may have an important function in the regulation
of inflammatory processes and may indicate the possible role
of IL-6 in oxidative stress defense.
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18. Wruck, C. J., Götz, M. E., Herdegen, T., Varoga, D., Brandenburg, L. O.,
and Pufe, T. (2008)Mol. Pharmacol. 73, 1785–1795

19. Streetz, K. L., Wustefeld, T., Klein, C., Kallen, K. J., Tronche, F., Betz,
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