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Plant extracts from stinging nettle (Urtica dioica), an antirheumatic
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Abstract Activation of transcription factor NF-U
UB is elevated
in several chronic inflammatory diseases and is responsible for
the enhanced expression of many proinflammatory gene products. Extracts from leaves of stinging nettle (Urtica dioica) are
used as antiinflammatory remedies in rheumatoid arthritis.
Standardized preparations of these extracts (IDS23) suppress
cytokine production, but their mode of action remains unclear.
Here we demonstrate that treatment of different cells with IDS23
potently inhibits NF-U
UB activation. An inhibitory effect was
observed in response to several stimuli, suggesting that IDS23
suppressed a common NF-U
UB pathway. Inhibition of NF-U
UB
activation by IDS23 was not mediated by a direct modification of
DNA binding, but rather by preventing degradation of its
inhibitory subunit IU
UB-K
K. Our results suggests that part of the
antiinflammatory effect of Urtica extract may be ascribed to its
inhibitory effect on NF-U
UB activation.
z 1999 Federation of European Biochemical Societies.
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1. Introduction
Rheumatoid arthritis is an autoimmune disease characterized by chronic in£ammation, hyperproliferation of the synovial lining and cartilage destruction. Cytokines, in particular
tumor necrosis factor (TNF), are elevated in the synovial £uid
and presumably involved in the disease process by upregulation of a multitude of in£ammatory mediators [1,2]. The success of anti-TNF antibodies in clinical trials underlines that
TNF is a major pathogenic factor in rheumatoid diseases [3].
The de¢nition of TNF as a therapeutic target led to a search
for signaling pathways that control TNF production in rheumatoid arthritis.
Transcription factors of the NF-UB family are critical for
the inducible expression of many genes involved in in£ammatory responses [4,5]. NF-UB is ubiquitously found as an inactive complex in the cytoplasm bound to its inhibitory subunit
IUB. In the active form NF-UB is a heterodimer which is
frequently composed of a p50 and p65 protein, but also other
subunits such as p52, c-Rel and RelB may participate in com*Corresponding author. Fax: (49) (7071) 29 5865.
E-mail: schulze-osthoff@uni-tuebingen.de
Abbreviations : AP-1, activator protein-1; EMSA, electrophoretic
mobility shift assay; IL, interleukin; LPS, lipopolysaccharide; NFUB, nuclear factor UB; PMA, phorbol myristyl acetate; ROI, reactive
oxygen intermediate; tk, thymidine kinase; TNF, tumor necrosis
factor

plex formation. A large variety of in£ammatory conditions
including bacterial and viral infections, lipopolysaccharide,
cytokines and various forms of stress induce NF-UB activity.
Several lines of evidence indicate that reactive oxygen intermediates (ROIs) serve as second messengers in the activation
pathway of NF-UB [6]. A key event for the activation of NFUB is the inducible phosphorylation of the inhibitory subunit
IUB-K on serines 32 and 36. This covalent modi¢cation by IUB
kinases induces the conjunction of IUB to ubiquitin, followed
by a rapid degradation of the inhibitor at the proteasome [7^
9]. The active form of NF-UB then translocates to the nucleus
and binds to regulatory sequences of target genes. Among the
numerous target genes of NF-UB are those encoding in£ammatory and chemotactic cytokines such as interleukin-1 (IL1), IL-2, IL-6, IL-8 and TNF, cell adhesion molecules, major
histocompatibility complex class I molecules, cytokine receptors and proin£ammatory enzymes such as inducible nitric
oxide synthase and cyclooxygenase-2 [4,10]. In many in£ammatory diseases NF-UB activation is increased leading to the
overexpression of proin£ammatory gene products. In rheumatoid arthritis, elevated activation of NF-UB has been detected
in synoviocytes and endothelial cells [11^14]. Furthermore,
using adenoviral expression of IUB-K it has been demonstrated that TNF production by macrophages is indeed NFUB dependent [15].
Another transcription factor which has been implicated in
the pathogenesis of rheumatoid arthritis is activator protein-1
(AP-1). The factor is a dimer composed of protooncogene
products of the Fos and Jun family and plays a major role
in cellular di¡erentiation and proliferation processes [16]. It
has been suggested that increased AP-1 activation may be
responsible for synovial hyperplasia in rheumatoid arthritis
[17,18]. Target genes of AP-1 include the matrix metalloproteinases MMP-1 and MMP-3, which are involved in degrading connective tissues. AP-1 can physically interact with NFUB and cooperatively induce cytokine gene expression [19]. It
has also been demonstrated that the activity of both factors is
inhibited by their interaction with the glucocorticoid receptor
[20^22]. Interestingly, the antiin£ammatory action of several
antirheumatic drugs has been attributed to their ability to
modulate NF-UB activation [10].
In the present study, we investigated the e¡ect of leaf extracts from stinging nettle (Urtica dioica L.) on the activation
of NF-UB. Urtica extracts are used as an adjuvant remedy in
rheumatoid arthritis with a proven therapeutic e¤cacy. Previously, it has been shown that Urtica extracts inhibit the
expression of several cytokines as well as eicosanoid formation in stimulated peripheral blood cells [23,24]. Here we demonstrate that IDS23 (Rheuma-Hek, Strathmann AG), a standardized extract of stinging nettle leaves, potently suppresses
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the activation of NF-UB in response to several stimuli by the
inhibiting the proteolytic degradation of its inhibitor IUB-K.
IDS23 furthermore exerted an inhibitory e¡ect on the activation of AP-1, suggesting that at least part of the antirheumatic
e¡ect of Urtica extract may be attributed to its ability to
inhibit proin£ammatory transcription factors.
2. Materials and methods
2.1. Cell culture and reagents
The human T-cell line Jurkat, the macrophage cell line MonoMac6,
the epithelial cell line HeLa and mouse L929 ¢brosarcoma cells were
maintained in RPMI 1640 medium containing 10% FCS, 2 mM glutamine and antibiotics. Phorbol myristyl acetate (PMA) and lipopolysaccharide (LPS) were obtained from Sigma (Deisenhofen, Germany).
Recombinant TNF was from Knoll AG (Ludwigshafen, Germany).
Extracts of stinging nettle leaves were kindly provided by Strathmann
AG (Hamburg, Germany) as a commercial drug preparation (IDS23,
Rheuma-Hek) and a water-soluble fraction (IDS23/1) [23,25]. For the
preparation of IDS23, one part dried and chopped Urticae dioicae
folia drug was originally extracted with 10 parts of ethanol at 50³C
for 4 h. For the preparation of the water-soluble fraction IDS23/1,
lyophilized IDS23 was solubilized in culture medium (12.6 mg/ml) by
sonication. After ultracentrifugation at 33 000Ug for 30 min and sterile ¢ltration, the supernatant was used for further experiments. According to gravimetric analysis, 375 Wg of the dry mass of the original
extract IDS23 was solubilized in 1 ml IDS23/1 [23,25].
2.2. Electrophoretic mobility shift assay
Cells were routinely plated at 1^2U106 /well in six-well plates and
pretreated for 1 h with stinging nettle extracts, followed by the addition of the appropriate stimulus. After 1 h total cell extracts were
prepared and used for electrophoretic mobility shift assays (EMSAs)
and Western blot analysis. Extracts were prepared in a high-salt bu¡er, incubated with the 32 P-endlabeled NF-UB-, Sp1- or AP-1-speci¢c
oligonucleotides (Promega, Heidelberg, Germany) and run on a 4%
non-denaturing polyacrylamide gel as described [7]. To characterize

the NF-UB-DNA complex, supershift analyses were performed using
antibodies against NF-UB subunits (Santa Cruz, Heidelberg, Germany).
2.3. Transfections and luciferase assays
In order to measure the transactivating activity of NF-UB, cells
were transfected by calcium phosphate coprecipitation with a luciferase reporter gene construct which was controlled by six UB binding
sites fused to the minimal thymidine kinase (tk) promoter. After 16 h
cells were stimulated with the indicated agents for 5 h. Cells were then
lysed in 25 mM glycylglycine, pH 7.8, 1% Triton X-100, 15 mM
MgSO4 , 4 mM EGTA, 1 mM DTT, and centrifuged at 13 000Ug at
4³C for 5 min. 50 Wl of the supernatant was assayed in 100 Wl bu¡er
(25 mM glycylglycine, 15 mM MgSO4 , 4 mM EGTA, 15 mM KPi,
pH 7.8, 1 mM DTT, 1 mM ATP) using a luminometer. Following
injection of 100 Wl luciferin (0.3 mg/ml) light emission was recorded as
relative light units.
2.4. Western blotting
To measure the degradation of IUB-K cellular proteins from 2U106
cells were separated on a 12.5% SDS-PAGE under reducing conditions and transferred to nitrocellulose membranes. The membranes
were blocked for 1 h with 5% non-fat dry milk powder in PBS and
incubated for 1 h with an IUB-K-speci¢c rabbit antiserum (Santa
Cruz). Membranes were washed three times with TBS/0.05% Tween20 and incubated with peroxidase-conjugated rabbit anti-mouse IgG
for 1 h. Following extensive washing, the reaction was developed by
enhanced chemoluminescent staining.

3. Results
3.1. Urtica extracts are potent inhibitors of NF-UB activation
To investigate the e¡ect of Urtica extracts on NF-UB activation, we incubated HeLa cells with various concentrations
of a stinging nettle preparation, termed IDS23 (RheumaHek). Cells were then stimulated with TNF, after which cell
extracts were prepared and analyzed for DNA binding to a

Fig. 1. Urtica extract inhibits NF-UB DNA binding. A: The e¡ect of IDS23. HeLa cells were treated for 1 h with the indicated concentrations
of IDS23 and then stimulated with 200 U/ml TNF. After 1 h total cell extracts were prepared and analyzed by EMSA. The NF-UB DNA complex is indicated by a ¢lled arrowhead. A faster migrating non-speci¢c complex is marked by a circle. B: Speci¢city and subunit composition
of the NF-UB DNA complex. Total cell extracts from TNF-treated HeLa cells were either left untreated or incubated with antibodies against
the NF-UB subunits p50, p65, c-Rel or with control IgG. Only a section of the autoradiogram is shown. C: The e¡ect of a Harpagophytum
control extract (HE) on NF-UB activity. An extract of Harpagophytum procumbens, which was prepared similarly as IDS23, was used to investigate the speci¢city of Urtica extract for the inhibition of NF-UB activity.
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Fig. 2. The e¡ect of the water-soluble extract IDS23/1 on the DNA binding activity of NF-UB, AP-1 and Sp1. HeLa cells were treated with
IDS23/1 at di¡erent concentrations and analyzed for the DNA binding activity to an oligonucleotide containing a consensus motif for NF-UB
(A), AP-1 (B) and SP-1 (C). In B and C only sections of the autoradiograms are shown. The arrowheads indicate the positions of the speci¢c
DNA complexes. The indicated concentrations of IDS23/1 refer to the solubilized plant material which was determined by gravimetric analysis
as described in Section 2.

32

P-labeled UB-speci¢c oligonucleotide. As determined by
EMSAs, treatment with TNF caused the appearance of a
novel NF-UB protein-DNA complex (Fig. 1A). A faster migrating, non-speci¢c DNA complex was not a¡ected by the
treatments and provided an internal control for the amount
and integrity of the cell extracts. Pretreatment of cells with
IDS23 dose-dependently inhibited the DNA binding activity
of NF-UB.
Because NF-UB complexes may constitute di¡erent homoand heterodimers, we analyzed the composition of the DNA
complex. Antibodies against the NF-UB subunits p50, p65,
and c-Rel were added to an extract of cells stimulated with
TNF. The NF-UB-DNA complex was retarded completely by
anti-p50 (Fig. 1B), whereas the non-speci¢c DNA complex
was not a¡ected. Formation of the upper DNA complex
was also reduced by anti-p65, while anti-c-Rel or control
IgG had no e¡ect. This indicates that the TNF-induced and
IDS23-inhibited NF-UB complex consisted of a p50/p65 heterodimer. We further analyzed the e¡ects of an extract from
devil's claw (Harpagophytum procumbens), which was prepared in a similar manner as IDS23 and taken as a control
extract. At concentrations which e¡ectively inhibited NF-UB
DNA binding in the case of IDS23, Harpagophytum extract
did not interfere with NF-UB (Fig. 1C). This indicates that the
e¡ect on NF-UB activity is speci¢c to Urtica extracts and not
mediated by a ubiquitous plant product.
Previously, it has been demonstrated that the cytokine-suppressing activity of stinging nettle extracts is enriched in a
water-soluble fraction, called IDS23/1 [23^25]. Pretreatment
of HeLa cells with IDS23/1 indeed more strongly inhibited
the formation of the NF-UB-speci¢c DNA complex than
IDS23 (Fig. 2A). To determine whether Urtica extracts speci¢cally inhibit NF-UB or whether the DNA binding of other

transcription factors was suppressed, we analyzed the extracts
used in Fig. 2A in EMSAs with DNA probes speci¢c for AP-1
and Sp1. As shown in Fig. 2B, AP-1, another transcription
factor implicated in rheumatoid arthritis, was partially inhibited by IDS23/1. In contrast, the activity of Sp1 remained
virtually unchanged (Fig. 2C).

Fig. 3. Inhibition of NF-UB-controlled gene expression by Urtica extracts. HeLa cells were transiently transfected with a luciferase reporter gene driven by either the minimal tk promoter (tk-Luc; black
bars) or by the tk promoter fused to six NF-UB binding sites (NFUB-Luc; gray bars). 16 h after transfection, cells were pretreated
with the indicated concentrations of IDS23 or IDS23/1, stimulated
with TNF and harvested after 5 h of further incubation. Mean values þ S.D. of NF-UB activity given as relative light units (RLU)
from triplicate experiments are shown.
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Fig. 4. The e¡ect of IDS23/1 on NF-UB activation in response to distinct stimuli. Di¡erent cell lines were incubated for 1 h with the indicated
concentrations of IDS23/1 followed by treatment with the appropriate stimuli for another 1 h. Jurkat T-cells (A) were stimulated with PMA
(50 ng/ml) and L929 ¢brosarcoma cells (B) with TNF (200 U/ml). Macrophage-like MonoMac6 cells (C) were stimulated with LPS (1 Wg/ml).
Total extracts of the di¡erent cell lines were analyzed by EMSAs as described in Fig. 1A.

3.2. Urtica extracts inhibit NF-UB-dependent gene expression
The previous experiments demonstrated that Urtica extracts
potently inhibits NF-UB DNA binding. Therefore, we investigated whether this e¡ect resulted in the functional inhibition
of NF-UB-driven gene expression. To this end, HeLa cells
were transfected with reporter gene constructs which were
controlled either by the minimal tk promoter alone or by a
tk promoter fused to six NF-UB binding sites. Cells were then
pretreated with Urtica extracts and stimulated with TNF.
Treatment of cells with TNF increased NF-UB reporter gene
activity approximately 20-fold (Fig. 3). This activation was
almost completely and dose-dependently prevented by
IDS23 and even more strongly by the water-soluble extract
IDS23/1.
3.3. Urtica extract interferes with a common step of NF-UB
activation
NF-UB can be activated by various stimuli. We asked
whether the e¡ect of Urtica extract was restricted to TNFactivated HeLa cells or whether the extract was also capable
of inhibiting NF-UB in response to other stimuli in di¡erent
cell types. As shown in Fig. 4A, incubation of Jurkat T-cells
with IDS23/1 dose-dependently inhibited NF-UB induced by
the phorbol ester PMA. An inhibitory e¡ect on NF-UB activity was also observed in TNF-stimulated L929 ¢brosarcoma
cells (Fig. 4B). Because macrophage-derived cytokines play a
pathogenic role in rheumatoid arthritis, we investigated the
e¡ect of IDS23/1 in MonoMac6 cells which express several
characteristics of mature monocytes. In these cells, LPS
strongly induced NF-UB activation which was likewise impaired by Urtica extract (Fig. 4C). It was noteworthy that,
at concentrations used in the EMSAs, IDS23/1 did not markedly compromise the viability of the di¡erent cells (data not
shown). Thus, the results demonstrate that Urtica extracts
inhibit NF-UB in response to diverse stimuli in di¡erent cell
types.
3.4. Urtica extract does not abolish NF-UB DNA binding
activity but inhibits IUB degradation
An explanation for the inhibitory e¡ect of Urtica extracts
could be a direct interference with the DNA binding activity
of NF-UB. It has been shown that the p50 NF-UB subunit
contains redox-active cysteine residues within the DNA bind-

ing domain which are highly susceptible to chemical modi¢cation [26]. To analyze the e¡ect of Urtica extracts on the
DNA binding activity, IDS23/1 was directly added to an extract of TNF-stimulated HeLa cells. Even high concentrations
of IDS23/1 did not prevent DNA binding of active NF-UB in
vitro (Fig. 5A).
A key step of NF-UB activation is the dissociation of its
inhibitor IUB which is mediated through the phosphorylation
and subsequent proteolytic degradation. We therefore incubated Jurkat cells for di¡erent times with PMA in the presence and absence of IDS23/1 and subsequently analyzed the
degradation of IUB-K by Western blot analysis. Treatment of
cells with PMA led to the rapid degradation of IUB-K, whereas a protein that reacted non-speci¢cally with the anti-IUB-K
antibody was not a¡ected (Fig. 5B). The degradation of IUB-K
was strongly inhibited by Urtica extract in PMA-stimulated
Jurkat cells (Fig. 5B) as well as in TNF-stimulated HeLa cells
(data not shown). These results suggests that Urtica extract
inhibits NF-UB activation not by directly interfering with its

Fig. 5. Urtica extract does not directly modify NF-UB DNA binding
(A), but prevents the proteolytic degradation of IUB-K (B). A: An
extract of PMA-stimulated Jurkat cells was treated in vitro with the
indicated concentrations of IDS23/1 and analyzed for NF-UB DNA
binding after 2 h by EMSA. B: Jurkat cells were either left untreated (upper panel) or pretreated with IDS23/1 (160 Wg/ml; lower
panel). After 1 h cells were stimulated with PMA for the indicated
times. Cell extracts were analyzed by Western blotting with an IUBK-speci¢c antibody. The position of IUB-K is indicated by an arrowhead. Noteworthy, a slowly migrating protein, which reacted nonspeci¢cally with the antibody, was not a¡ected by the treatments.
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DNA binding, but by preventing the degradation of IUB-K or
upstream signaling events.
4. Discussion
Plant remedies have become increasingly popular and are
often preferred to synthetically derived pharmaceuticals. It is
therefore of interest to determine their active components and
to elucidate their molecular mechanisms of action. In the
present study we show that leaf extracts from stinging nettle,
which are used in the treatment of rheumatoid arthritis, potently inhibit transcription factor NF-UB. An inhibitory e¡ect
is demonstrated in di¡erent cell types including T-cells, macrophages, ¢brosarcoma and epithelial cells, as well as in response to several stimuli, suggesting that Urtica extracts interfered with a common target in the NF-UB pathway. In this
respect, we show that Urtica extracts stabilize the inhibitor
IUB-K by preventing its proteolytic degradation. Since in£ammatory processes are strictly dependent on NF-UB activity,
our results suggest a molecular basis for the antiin£ammatory
e¡ects of Urtica extracts.
Recent studies have shown that NF-UB activity is elevated
in rheumatoid arthritis, particularly in the synovial lining and
endothelial cells [11^14]. NF-UB controls the expression of
numerous proin£ammatory gene products including cytokines, molecules involved in endothelial cell adhesion and
antigen presentation as well as in£ammatory enzymes such
as cyclooxygenase II and inducible nitric oxide synthase
[4,10]. It has been demonstrated that TNF expression in macrophages is NF-UB-dependent, because adenoviral infection
with IUB-K strongly inhibited TNF production in rheumatoid
joint cultures [15]. Thus, by decreasing transcription of these
various proin£ammatory genes in concert NF-UB inhibition
should modulate several aspects of in£ammation.
Besides NF-UB, we show that transcription factor AP-1
may be an additional target of Urtica extracts. AP-1 is a
complex of the Fos and Jun protooncogene products and
has been implicated in the hyperplasia of synovial tissues
[17]. Target genes of AP-1 include the matrix metalloproteinases MMP-1 and MMP-3 which play a major role in the
degradation of cartilage matrix molecules. Recently, it could
be demonstrated that inhibition of AP-1 activity by antisense
approaches prevented collagen-induced arthritis in an animal
model [18].
Activation of NF-UB requires the phosphorylation and subsequent proteolytic degradation of IUB by the proteasome
pathway [7]. The precise molecular target of Urtica extracts
remains to be investigated. We provide evidence that Urtica
extracts do not interfere with NF-UB DNA binding, but inhibit the proteolytic degradation of IUB. This inhibition may
be the result of a direct prevention of IUB degradation or the
inhibition of IUB kinases or further upstream signaling molecules. The inhibition of NF-UB may be ascribed to an antioxidant property of Urtica extract, as intracellular ROI formation is essential for NF-UB activation in response to
various stimuli [6]. It has been reported that certain £avonoids
and phenol carbon acids such as quercetin and curcumin inhibit NF-UB activation presumably by an antioxidant mechanism [27,28]. The main phenolic ingredient in Urtica extracts
is ca¡eic malic acid, which suppresses eicosanoid formation
but, compared with Urtica extract, is rather ine¡ective in preventing cytokine production in peripheral blood cells [23,25].

Thus, whether £avonoids or unrelated substances in Urtica
extracts mediate the NF-UB inhibitory e¡ects remains to be
shown. Other naturally occurring compounds which potently
inhibit NF-UB activation are plant sesquiterpene lactones or
gliotoxin [29^31]. It is interesting to note that several drugs
traditionally used in antirheumatic therapy, including sulfosalazine, salicylates, glucocorticoids and gold compounds, exert
at least part of their antiin£ammatory action by interfering
with the NF-UB pathway [20,21,32^34]. The inhibitory e¡ect
on NF-UB activation may therefore provide a simple means to
identify the active antirheumatic compound in Urtica extracts.
References
[1] Arends, J. and Dayer, J.M. (1995) Arthritis Rheum. 38, 151^160.
[2] Saxne, T., Palladino Jr., M.A., Heinegard, D., Talal, N. and
Wollheim, F.A. (1988) Arthritis Rheum. 31, 1041^1045.
[3] Elliott, M.J., Maini, R.N., Feldmann, M., Kalden, J.R., Antoni,
C., Smolen, J.S., Leeb, B., Breedveld, F.C., MacFarlane, J.D.
and Bijl, H. et al. (1994) Lancet 344, 1105^1110.
[4] Baeuerle, P.A. and Henkel, T. (1994) Annu. Rev. Immunol. 12,
141^179.
[5] Barnes, P.J. and Karin, M. (1997) New Engl. J. Med. 336, 1066^
1071.
[6] Schulze-Ostho¡, K., Los, M. and Baeuerle, P.A. (1995) Biochem.
Pharmacol. 50, 735^741.
[7] Traenckner, E.B.M., Pahl, H.L., Schmidt, K.N., Wilk, S. and
Baeuerle, P.A. (1995) EMBO J. 14, 2876^2883.
[8] Regnier, C.H., Song, H.Y., Gao, X., Goeddel, D.V., Cao, Z. and
Rothe, M. (1997) Cell 90, 373^383.
[9] DiDonato, J.A., Hayakawa, M., Rothwarf, D., Zandi, E. and
Karin, M. (1997) Nature 388, 548^554.
[10] Baeuerle, P.A. and Baichwal, V.R. (1997) Adv. Immunol. 65,
111^137.
[11] Handel, M.L., McMorrow, L.B. and Gravallese, E.M. (1995)
Arthritis Rheum. 38, 1762^1770.
[12] Marok, R., Winyard, P.G., Coumbe, A., Kus, M.L., Ga¡ney, K.,
Blades, S., Mapp, P.I., Morris, C.J., Blake, D.R., Kaltschmidt,
C. and Baeuerle, P.A. (1996) Arthritis Rheum. 39, 583^591.
[13] Fujisawa, K., Aono, H., Hasunuma, T., Yamamoto, K., Mita, S.
and Nishioka, K. (1996) Arthritis Rheum. 39, 197^203.
[14] Miyazawa, K., Mori, A., Yamamoto, K. and Okudaira, H.
(1998) Am. J. Pathol. 152, 793^803.
[15] Foxwell, B., Browne, K., Bondeson, J., Clarke, C., de Martin, R.,
Brennan, F. and Feldmann, M. (1998) Proc. Natl. Acad. Sci.
USA 95, 8211^8215.
[16] Angel, P. and Karin, M. (1991) Biochim. Biophys. Acta 1072,
129^157.
[17] Asahara, H., Fujisawa, K., Kobata, T., Hasunuma, T., Maeda,
T., Asanuma, M., Ogawa, N., Inoue, H., Sumida, T. and Nishioka, K. (1997) Arthritis Rheum. 40, 912^918.
[18] Shiozawa, S., Shimizu, K., Tanaka, K. and Hino, K. (1997)
J. Clin. Invest. 99, 1210^1216.
[19] Stein, B., Baldwin Jr., A.S., Ballard, D.W., Greene, W.C., Angel,
P. and Herrlich, P. (1993) EMBO J. 12, 3879^3891.
[20] Auphan, N., DiDonato, J.A., Rosette, C., Helmberg, A. and
Karin, M. (1995) Science 270, 286^290.
[21] Scheinman, R.I., Cogswell, P.C., Lofquist, A.K. and Baldwin Jr.,
A.S. (1995) Science 270, 283^286.
[22] Handel, M.L. (1997) In£amm. Res. 46, 282^286.
[23] Obertreis, B., Ruttkowski, T., Teucher, T., Behnke, B. and
Schmitz, H. (1996) Arzneim.-Forsch./Drug Res. 46, 389^394.
[24] Teucher, T., Obertreis, B., Ruttkowski, T. and Schmitz, H.
(1996) Arzneim.-Forsch./Drug Res. 46, 906^910.
[25] Obertreis, B., Giller, K., Teucher, T., Behnke, B. and Schmitz, H.
(1996) Arzneim.-Forsch./Drug Res. 46, 52^56.
[26] Kumar, S., Rabson, A.B. and Gelinas, C. (1992) Mol. Cell Biol.
12, 3094^3106.
[27] Sato, M., Miyazaki, T., Kambe, F., Maeda, K. and Seo, H.
(1997) J. Rheumatol. 24, 1680^1684.
[28] Singh, S. and Aggarwal, B.B. (1995) J. Biol. Chem. 270, 24994^
25000.

FEBS 21367 4-1-99

94

K. Riehemann et al./FEBS Letters 442 (1999) 89^94

[29] Lyss, G., Schmidt, T.J., Merfort, I. and Pahl, H.L. (1997) Biol.
Chem. 378, 951^961.
[30] Hehner, S.P., Heinrich, M., Bork, P.M., Vogt, M., Ratter, F.,
Lehmann, V., Schulze-Ostho¡, K., Droëge, W. and Schmitz, M.L.
(1998) J. Biol. Chem. 273, 1288^1297.
[31] Pahl, H., Krauss, B., Schulze-Ostho¡, K., Decker, T., Traenckner, E.B.M., Myers, C., Parks, T., Vogt, M., Warring, P.,

Muëhlbacher, A., Czernilofsky, A.P. and Baeuerle, P.A. (1996)
J. Exp. Med. 183, 1829^1840.
[32] Wahl, C., Liptay, S., Adler, G. and Schmid, R.M. (1998) J. Clin.
Invest. 101, 1163^1174.
[33] Kopp, E. and Gosh, S. (1994) Science 265, 956^959.
[34] Yang, J.P., Merin, J.P., Nakano, T., Kato, T., Kitade, Y. and
Okamoto, T. (1995) FEBS Lett. 361, 89^96.

FEBS 21367 4-1-99

