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Inhibition of the Nuclear Factor-xB Signaling Pathway by Leflunomide or
Triptolide also Inhibits the Anthralin-Induced Inflammatory Response
but Does Not Affect Keratinocyte Growth Inhibition
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We performed this study to determine the relationship between activation of nuclear factor (NF)-xB and in-
hibition of keratinocyte growth by anthralin, which not only might be useful for a better understanding of the
role of NF-xB in the pathogenesis of psoriasis, but also indicate whether the inflammatory reaction induced by
anthralin is inseparable from its antipsoriatic activity. The involvement of NF-xB was assessed using the antipso-
riatic drugs leflunomide and triptolide (T,) as effectors, since they can inhibit NF-xB activation induced by an-
thralin. The results showed that the inhibition of keratinocyte growth by anthralin was not related to the activa-
tion of NF-xB. Using sodium salicylate, a known NF-xB inhibitor, further confirmed this conclusion. Thus it
might be possible to inhibit the inflammatory response induced by anthralin via repression of NF-xB activation.
We found that leflunomide or T could significantly inhibit the mRNA overexpression of interleukin-8 and inter-
cellular adhesion molecule-1 in keratinocytes induced by anthralin. Taken together, our data indicate that the
growth inhibition of anthralin is related to the NF-xB-independent signaling pathway, and that leflunomide or T,
could control proinflammatory cytokine expression induced by anthralin via inhibiting the activation of NF-xB.
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Psoriasis is a complex disorder that is characterized by ab-
normal epidermal proliferation and inflammation, and its
pathogenesis is still not clear. Recently, many researches
have indicated that the nuclear factor (NF)-xB signaling
pathway is not only involved in psoriasis-related immune and
inflammatory responses,' ™ but also regulates epider-
mopoiesis in vivo.> " Westergaard et al. suggested that defi-
cient NF-xB activation in chronic psoriatic plaques con-
tributes to the pathologic phenotype of psoriasis,” implicat-
ing an inhibitory role for NF-xB activation in keratinocyte
growth and epidermal thickness.

But there are other paradoxical reports. Klement et al. re-
ported that [xkBa deficiency in epidermal cells leads to epi-
dermal thickening and psoriasis-like lesions.'” Moreover, in
vitro studies of human keratinocytes have shown NF-xB acti-
vation to be associated with the ability of keratinocytes to re-
sist apoptosis induced by UV radiation.'"'® These studies
support a positive role for NF-xB in regulating growth con-
trol. It is thus still unclear how NF-xB regulates epidermal
thickness and keratinocyte growth.

Anthralin, which has been used for decades in the topical
treatment of psoriasis, activates NF-xB in a dose-dependent
fashion.'” Treatment of psoriatic skin with anthralin leads to
the elimination of psoriatic plaques and inflammation. Previ-
ous research has suggested that anthralin induces proinflam-
matory molecules by activation of the transcription factor
NF-xB in human keratinocytes, which leads to critical cuta-
neous inflammation.'*'> Some researchers hypothesized that
the inflammatory reaction is necessary for the antipsoriatic
activity of anthralin because derivatives of the drug that
cause less irritation have a reduced antipsoriatic poten-
tial.’*'® Since it is still unclear how NF-«B regulates epider-
mal thickness and keratinocyte growth, that hypothesis is
somewhat doubtful. To clarify the role of NF-kB activation
in keratinocyte growth inhibition by anthralin might not only
be useful for a better understanding of the mode of action of
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anthralin, but also contribute to potential therapeutic ap-
proaches to psoriasis treatment by modulating the NF-xB
system.

Meanwhile, some compounds that have antipsoriatic activ-
ity such as leflunomide and triptolide (T,;) have been con-
firmed to inhibit NF-xB activation, unlike anthralin. The in-
hibitory effects of leflunomide and T, are not cell type spe-
cific. In this study, we found no correlation between the abil-
ity to activate NF-xB and inhibition of keratinocyte growth
by anthralin. A second aspect was to identify whether
leflunomide or T, could affect the regulation of cytokine pro-
duction mediated via activation of NF-xB by anthralin,
which might be useful for designing better therapies.

MATERIALS AND METHODS

Cell Culture The spontaneously transformed human
epidermal cell line HaCaT (ATCC, U.S.A.) was cultured in
Dulbecco’s Modified Eagle’s medium (DMEM, Gibco, Ger-
many) containing 10% fetal calf serum and gentamycin
40U/l. The cells were maintained at 37 °C in a humid 5%
CO, atmosphere incubator.

Materials Leflunomide (A771726) was a gift from
Cinkate Pharmaceutical Intermediates, Inc. (U.S.A.). T was
extracted from Tripterygium wilfordii and prepared at our re-
search institute, with a purity of 99.78%. Anthralin (Dithra-
nol) was obtained from Chongqing Pharmaceutical Research
Institute (China). Sodium salicylate (NaSal) was provided by
Yixing Shenguan Chemical Plant (China). Dimethyl sulfox-
ide (DMSO) was purchased from Sigma-Aldrich (U.S.A.). T,
or anthralin was freshly dissolved in DMSO to a initial con-
centration of 107> m, leflunomide or NaSal was made up as
10" 'm solution in DMEM and used immediately. Rabbit
polyclonal antibody against [IkBa was obtained from Santa
Cruz Biotechnology (U.S.A.). Goat anti-rabbit IgG conju-
gated to peroxidase were obtained from Boster Biotechnol-
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ogy (China). TRIzol was supplied by Invitrogen Life Tech-
nologies, and AMV reverse-transcriptase and Taq DNA poly-
merase were provided by Promega Corporation (U.S.A.). All
primers were ordered from Sangon Biotechnology (China).

Cell Extracts Cells (1.2X 10 cells/sample) were treated
with different concentrations of agents at 37 °C, and cyto-
plasmic extracts were prepared according to the protocol of
the Nuclear Extract kit (Active Motif, U.S.A.). First, the cells
were collected in ice-cold phosphate-buffered saline (PBS;
KH,PO, 0.2 g, Na,HPO, 1.56 g, NaCl 8 g, KC1 0.2 g, in 11 of
double distilled water, pH 7.2) in the presence of phosphatase
inhibitors to limit further protein modifications. Then the
cells were resuspended in hypotonic buffer to swell the mem-
brane and render them fragile. The addition of the detergent
caused leakage of the cytoplasmic proteins into the super-
natant. The protein concentration of cytoplasmic extracts was
measured using the method of Bradford.'”

Western Blotting for IkBa.  An equal amount of protein
(100 pug/lane) from each cytoplasmic extract was submitted
to electrophoresis under denaturing conditions using 10%
polyacrylamide gel. After electrophoresis, the proteins were
electrotransferred onto nitrocellulose membranes and probed
with rabbit polyclonal antibodies against IxBa at 1:200 di-
lution overnight at 4 °C, followed by a peroxidase-conjugated
goat anti-rabbit secondary antibody.'® Immunoreactive bands
were detected with a chemiluminescence kit (Supersignal
Western Pico, Pierce, U.S.A.). Densitometric analysis was
performed using a Gel Doc 2000 system with Quantity One
1-D Analysis Software (Bio-Rad, U.S.A.). The intensity of
each band was compared with the adjusted volume (mean
optical density Xarea in mm?).

MTT Assay Cells (1X10%) were seeded into each well
of 96-well tissue culture plates. One day later, the cells were
incubated in the presence or absence of the indicated test
sample in a final volume of 0.2ml at 37°C. Thereafter,
0.02ml of MTT solution (5mg/ml in PBS) was added to
each well. After a 4-h incubation at 37 °C, DMSO 0.15ml
was added. Optical density was measured at a wavelength of
550nm on an Ultra Microplate reader.'” Cell viability was
determined in six duplicate wells for each drug concentration
using the MTT assay 24 h later. Growth curves were plotted
based on the optical density measured 1, 2, 3, 4, 5, and 6d
later.

Reverse Transcriptase—Polymerase Chain Reaction
Total cellular RNA was extracted from untreated cells or
cells treated with the indicated agents according to the TRI-
zol protocol. The quality of the RNA was tested in 1.5%
agarose gel stained with ethidium bromide (EB). The RNA
concentration was measured using a spectrophotometer.
After reverse-transcription (RT) with oligo(dT), s primers, the
semiquantitative polymerase chain reaction (PCR) was per-
formed with 10 ul of our primary RT reaction products to de-
termine interleukin (IL)-8 and intercellular adhesion mole-
cule (ICAM)-1 mRNA levels.”” The primer sequences for
IL-8 were: sense, 5'-ATG ACT TCC AAG CTG GCC GTG
GCT-3'; and antisense, 5'-TCT CAG CCC TCT TCA AAA
ACT TCT C-3'. Those for ICAM-1 were: sense, 5'-AAG
GGA CCC CCA TGA AAC C-3'; and antisense, 5'-AGT
AGA CAG CAG TGC CCA AGC-3'. The sequences for -
actin were: sense, 5'-CTA CAA TGA GCT GCG TGT GG-
3'; and antisense, 5'-ATA GCA ACG TAC ATG GCT GG-3'.
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PCR amplification of IL-8 cDNA from the RT reaction
product was initiated with 2 min of denaturation at 94 °C for
1 cycle, followed by 35 cycles at 94 °C for 30s, 55°C for
50s, and 72 °C for 30s. For amplification of ICAM-1 cDNA,
the RT reaction product was denatured by heating to 94 °C
for 5 min, followed by 35 cycles at 94 °C for 45s, 60 °C for
45s, and 72 °C for 60s, with a terminal extension at 72 °C
for 7min. After PCR amplification, the products were elec-
trophoresed on 1.5% agarose gel and visualized by staining
with EB. The size of amplified products was 289 bp for IL-8,
520bp for ICAM-1, and 150 bp for B-actin. Band intensities
were monitored by densitometric scanning and standardized
against $-actin signals from parallel reactions.

Statistical Analysis Results shown are representative of
three independent experiments performed in triplicate and
are expressed as mean*standard deviation (S.D.). Statistical
evaluation of the results was performed using the indepen-
dent #-test.

RESULTS

Effects of Anthralin on Degradation of IxBa in HaCaT
Keratinocytes The activation of NF-xB in response to a
variety of stimuli involves its dissociation from the inhibitor
IxkBo and degradation of this protein via the ubiquitin-pro-
teasome pathway.?!*? Thus the effects of anthralin on IxBo
were investigated to reflect the activation of NF-xB. Western
blot analysis of keratinocyte IxkB o before and after treatment
with different concentrations of anthralin suggested that it
could induce the detectable degradation of IxBe in a dose-
dependent manner (Fig. 1A). After 1h incubation, NaSal
1 mm alone could also inhibit the degradation of IxkBo sig-
nificantly (Figs. 1A, B).

Effects of Leflunomide and T, on Anthralin-Induced
Degradation of IxBa It was previously shown that treat-
ment with leflunomide 5—10 um for 2 h suppressed TNF-in-
duced IxkBo degradation and NF-xB activation in Jurkat T
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Fig. 1.

Cells (1.2X107) were treated with anthralin for 2 h, and then equal amounts of cyto-
plasmic protein extraction were analyzed for levels of IxBa in Western blotting. The
data are expressed as the percentage of [kBo levels with the control value set at 100%
and are mean*S.D. of three independent experiments, #p<<0.05, *p<<0.01 (A). The
bottom part of the panel shows results from a representative experiment (B). 1, Unstim-
ulated cells; 2, anthralin (50 um); 3, anthralin (25 um); 4, anthralin (12.5 um); 5, an-
thralin (6.25 um); 6, NaSal (1 mm).

Effects of Anthralin on IxBa Degradation
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Fig. 2. Effects of Leflunomide or T, on Anthralin-Induced Degradation of

IxkBo in HaCaT Cells

Cells (1.2X107) were treated for 2h with leflunomide or T,, or for 1h with NaSal
prior to a treatment with anthralin 20 um for 2 h. Equal amounts of cytoplasmic protein
extraction were prepared and analyzed in Western blotting as described in Materials and
Methods for IxBo expression. The upper part shows the mean*S.D. of three indepen-
dent experiments and are expressed as the percentage of IxkBa levels with control an-
thralin-stimulated values set at 100%, #p<<0.05, * p<<0.01 (A). The lower part shows
results for leflunomide (B) and T, (C) from a representative experiment. Results are
representative of three independent experiments in duplicate. B: 1, Unstimulated cells;
2, anthralin; 3, leflunomide 2.5 um plus anthralin; 4, leflunomide 5 um plus anthralin; 5,
leflunomide 10 um plus anthralin; 6, leflunomide 20 um plus anthralin; 7, NaSal 1 mm
plus anthralin. C: 1, Unstimulated cells; 2, anthralin; 3, T, 0.025 um plus anthralin; 4,
T, 0.05 um plus anthralin; 5, T, 0.1 um plus anthralin; 6, T, 0.2 um plus anthralin.

cells.” T, 50nwm inhibited degradation of IxBe protein in
Raw 264.7 cells stimulated with lipopolysaccharide (LPS),
and at 10ng/ml increased mRNA expression of IxkBa in
polymyristate acetate (PMA)-stimulated T cells.***> In the
present study, the results clearly showed that pretreatment
with leflunomide or T, for 2 h can suppress anthralin-induced
degradation of IxkBe in a dose-dependent manner (Fig. 2).
NaSal I mM inhibited degradation of IxBo by anthralin sig-
nificantly (Figs. 2A, B).

Effects of Leflunomide, T,, Anthralin, and NaSal on
the Growth of HaCaT Keratinocytes To determine treat-
ment concentrations, we examined the effects of four agents
on cell viability using the MTT assay. As shown in Fig. 3A,
all of the compounds significantly decreased cell viability in
a dose-dependent manner. Leflunomide alone up to 10™*m
had the least effect on the cell viability of HaCaT ker-
atinocytes. T, was the most effective compound and de-
creased the viability of keratinocytes at the concentration of
1078w, anthralin became effective at the concentration of
10~%m, while NaSal alone (up to 10~*m) had little effect on
the viability of HaCaT cells.

The growth inhibition of HaCaT cells was measured daily
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Fig. 3. Inhibitory Effects on in Vitro Growth of HaCaT Keratinocytes

Cells (1X10% were incubated with the indicated concentrations of the four com-
pounds for 24 h, followed by analysis of cell viability in the MTT assay. Inhibition of
cell viability by the four compounds was dose dependent (A). Cells were treated with
leflunomide 20 pm, T, 0.2 um, anthralin 20 um and NaSal 1 mm. At the designated times
(1, 2, 3, 4, 5, 6d), the density of viable cells was measured in the MTT assay, and
growth curves were established (B). Each value is the mean of six samples.

in MTT analysis, and growth curves were established indi-
rectly by detecting absorbence values. In the control group,
HaCaT cells grew rapidly within 1—6d. When exposed to
leflunomide 20 pm or NaSal 1 mwm, cell growth was slightly
inhibited, and leflunomide was slightly more effective than
NaSal at the indicated concentration. After being treated with
T, 0.2 um, the growth inhibition of HaCaT cells was obvious.
Moreover, cell growth was completely suppressed by treat-
ment with anthralin 20 um (Fig. 3B).

Analysis of the Relationship between Activation of NF-
kB and Anthralin-Induced Inhibition of Keratinocyte
Growth We examined the correlation between the effects
of anthralin on NF-xB activation and its ability to inhibit
keratinocyte proliferation. In parallel with the activation of
NF-xB, pretreatment with leflunomide or T, for 2 h was fol-
lowed by the addition of anthralin 20 um. There was no influ-
ence on anthralin-induced cell growth inhibition (Fig. 4A).

In addition, the known NF-xB inhibitor NaSal, which
blocks NF-kB activation through inhibition of IKKf phos-
phorylation,”**” was employed for further confirmation of
the experimental results. The addition of NaSal 1 mm 1 h be-
fore adding anthralin did not alter the anthralin-induced
growth inhibition (Fig. 4B). Pretreatment with leflunomide or
T, for 4h and 8 h, or with NaSal for 2h, 4h and 8h at the in-
dicated concentrations also did not change the results (data
not shown).

Effects of Leflunomide and T, on the mRNA Expres-
sion of Anthralin-Induced IL-8 and ICAM-1 Anthralin
induces proinflammatory molecules such as IL-8 and ICAM-
1 in human keratinocytes mediated by the activation of NF-
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Fig. 4. Relationship between NF-xB Activation and Ability of Anthralin
to Inhibit Keratinocyte Proliferation

HaCaT cells (1X10*) were pretreated with leflunomide 20 v or T, 0.2 um for 2h,
followed by the addition of anthralin 20 um. The density of viable cells was measured
in the MTT assay at the designated times (1, 2, 3, 4, 5, 6d), and growth curves were es-
tablished (A). For further confirmation of the results, cells were pretreated with NaSal 1
mwm for 1 h followed by the addition of anthralin 20 um. At designated times (1, 2, 3, 4,
5, 6d), the density of viable cells was measured in the MTT assay, and growth curves
were established (B).
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Fig. 5. Effects of Anthralin on IL-8 and ICAM-1 mRNA Expression in
HaCaT Cells

Cells (1X10°) were treated with anthralin for 2h, and then subjected to RT-PCR
analyses for mRNA expression of IL-8 and ICAM-1 which was quantitatively assessed
using f-actin as a standard, #p<<0.05, * p<<0.01 (A). Products were electrophoresed on
1.5% agarose gel and visualized by staining with EB (B). Results are representative of
three independent experiments in duplicate. 1, Unstimulated cells; 2, anthralin (20 um);
3, anthralin (10 um); 4, anthralin (5 um); 5, anthralin (2.5 pm).

kB.'” We further confirmed this in our experiment, and
found that anthralin induced mRNA expression of IL-8 and
ICAM-1 in a dose-dependent manner (Figs. 5A, B) when cy-
tokine expression was investigated in parallel with the sup-
pression of [kBa, i.e., in the activation state of NF-xB.
Leflunomide and T, both inhibited anthralin-induced over-
expression of IL-8 and ICAM-1 in a dose-dependent manner
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Fig. 6. Effects of Leflunomide on IL-8 and ICAM-1 mRNA Expression
Induced by Anthralin

Cells (1X10°) were treated with anthralin and leflunomide for 2 h, and then mRNA
levels of IL-8 and ICAM-1 were measured using RT-PCR. The amount of mRNA ex-
pression was quantitatively assessed using fB-actin as a standard, #p<<0.05, * p<<0.01
(A). Products were electrophoresed on 1.5% agarose gel and visualized by staining with
EB (B). 1, Unstimulated cells; 2, anthralin (20 um); 3, leflunomide 2.5 um plus an-
thralin (20 um); 4, leflunomide 5 um plus anthralin (20 um); 5, leflunomide 10 um plus
anthralin (20 um); 6, leflunomide 20 um plus anthralin (20 um).
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Fig. 7. Effects of T, on IL-8 and ICAM-1 mRNA Expression Induced by
Anthralin

Cells (1x10° were treated with anthralin and T, for 2h, and then mRNA levels of
IL-8 and ICAM-1 were measured using RT-PCR. mRNA expression was quantitatively
assessed using f-actin as a standard, #p<<0.05, *p<<0.01 (A). Products were elec-
trophoresed on 1.5% agarose gel and visualized by staining with EB (B). 1, Unstimu-
lated cells; 2, anthralin (20 um); 3, T, 0.025 pm plus anthralin (20 um); 4, T, 0.05 um
plus anthralin (20 um); 5, T, 0.1 um plus anthralin (20 um); 6, T, 0.2 um plus anthralin
(20 um).

(Figs. 6A, B and Figs. 7A, B). The expression of IL-8 was
reduced to about 45% and 60%, respectively, in the presence
of T,, 0.025 um and leflunomide 2.5 pm, while the expression
of ICAM-1 was reduced to about 70% compared with an-
thralin-induced cells.

DISCUSSION

Anthralin is among the most widely used drugs for the
local treatment of psoriasis. Clinical treatment of psoriatic le-
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sions with anthralin appears to produce relatively long remis-
sions after cessation of therapy, although accompanied by un-
comfortable skin inflammatory response.”**” Elucidation of
the therapeutic mechanisms of anthralin may help to under-
stand the fundamental cellular alterations that cause psoriasis
and be useful for designing better therapies.

Recent studies have hypothesized that NF-xB activation
might be related to the anthralin-induced elimination of
plaques in psoriatic skin as well as the side effects of inflam-
matory response.’>?? We examined whether NF-xB activa-
tion correlates with the inhibition of keratinocyte growth in-
duced by anthralin. Generally, antioxidants or other NF-xB
inhibitors are used as effectors in such research.'>!3% We
used leflunomide and T, as effectors, which are reported to
inhibit the NF-xB signaling pathway in different cells and
experimental conditions. Leflunomide is a pyrimidine syn-
thesis inhibitor that has been confirmed to inhibit activation
of the NF-xB pathway in myeloid and epithelial cells as well
as in T cell in a dose- and time-dependent manner.>” T,, de-
rived from the Chinese herb 7' wilfordii, is known to inhibit
nuclear translocation and the formation of the NF-xB com-
plex.?*3? Under our experimental conditions, leflunomide
and T, were found to inhibit anthralin-mediated degradation
of IxBa in a dose-dependent manner, i.e., NF-kB activation.

Further research showed that pretreatment with lefluno-
mide and T, did not influence the growth of anthralin-treated
cells, which means that NF-xB activation was not involved
in the induction of keratinocyte growth inhibition by an-
thralin. Pretreatment with NaSal further confirmed this. Pre-
viously, Takao et al. clarified the relationship between NF-
kB activation and the inhibition of keratinocyte proliferation
induced by known modulators of keratinocyte growth and
concluded that keratinocyte proliferation is controlled by at
least two pathways: an NF-xB-dependent one and NF-xB-in-
dependent one.*® Thus the mechanism of action of anthralin
leading to elimination of psoriatic plaques must be related to
the NF-xB-independent signaling pathway, which needs to
be studied further. Our results showed no evidence of modu-
lating the NF-xB system with potential for the topical treat-
ment of psoriasis. Clearly, more work is required to clarify
the precise effects of NF-xB in the epidermal hyperplasia of
psoriasis.

Since there is no evidence that the activation of NF-xB is
related to the antipsoriatic effects of anthralin, it is possible
that the control of inflammatory cytokine expression induced
by anthralin in keratinocytes is through selective inhibition of
the NF-xB signaling pathway while not reducing its antipso-
riatic potential. In our studies, expression of IL-8 and ICAM-
1 was significantly enhanced at the mRNA level following
anthralin treatment, which is consistent with previous re-
ports.'” Cell cultures supplemented with leflunomide or T,
decreased the anthralin-mediated overexpression of the two
proinflammatory cytokines. Both compounds had more effect
on the overexpression of IL-8 than of ICAM-1. Previous re-
ports showed that the regulation of cytokine gene expression
is dependent not only upon activation of NF-xB, but also of
AP-1 nuclear transcription factor.>*3 We hypothesize that
the overexpression of ICAM-1 induced by anthralin might be
also regulated by AP-1 nuclear factor.

Although numerous antipsoriatic agents and therapies
have been developed, all have limits in their usage.’®*”

1601

Leflunomide is highly effective in the treatment of psoriatic
arthritis,*® while T. wilfordii is in common use to treat with
psoriasis punctata, psoriatic arthritis, psoriatic erythroderma,
and pustular psoriasis, especially severe, chronic, or recalci-
trant cases, in China. Although the two compounds have an-
tiproliferative effects, there have been no reports on local
treatment with leflunomide or 7. wilfordii or on the clinical
treatment of psoriasis with 7. wilfordii except in China. We
suggest that the combination of anthralin and leflunomide or
T, could significantly decrease the inflammatory side effects
of anthralin in vitro, which might be useful for optimizing
therapeutic outcomes.

Acknowledgments We thank Dr. Robert Gniadecki for
instructions on the experiments.

REFERENCES

1) Chen C. L., Yull E E., Cardwell N., Singh N., Strayhorn W. D., Nan-
ney L. B., Kerr L. D., J. Invest. Dermatol., 115, 1124—1133 (2000).

2) Danning C. L., Illei G. G., Hitchon C., Greer M. R., Boumpas D. T.,
Mclnnes L. B., Arthritis Rheum., 43, 1244—1256 (2000).

3) Aronica M. A., Mora A. L., Mitchell D. B., Finn P. W,, Johnson J. E.,
Sheller J. R., Boothby M. R., J. Immunol., 163, 5116—5124 (1999).

4) Hawiger J., Immunol. Res., 23, 99—109 (2001).

5) Bell S., Degitz K., Quirling M., Jilg N., Page S., Brand K., Cell. Sig-
nal., 15, 1—7 (2002).

6) Joyce D., Albanese C., Steer J., Fu M., Bouzahzah B., Pestell R. G.,
Cytokine and Growth Factor Reviews, 12, 73—90 (2001).

7) Qinl. Z., Bacon P, Chaturvedi V., Nickoloff B. 1., J Invest. Dermatol.,
117, 898—907 (2001).

8) Seitz C. S., Freiberg R. A., Hinata K., Khavari P. A., J. Clin. Invest.,
105, 253—260 (2000).

9) Westergaard M., Henningsen J., Johansen C., Rasmussen S., Svendsen
M. L., Jensen U. B., Schroder H. D., Staels B., Iversen L., Bolund L.,
Kragballe K., Kristiansen K., J Invest. Dermatol., 121, 1104—1117
(2003).

10) Klement J. F, Rice N. R., Car B. D., Abbondanzo S. J., Powers G. D.,
Bhatt P. H., Chen C. H., Rosen C. A., Stewart C. L., Mol. Cell. Biol.,
16, 2341—2349 (1996).

11) Qin J. Z., Chaturvedi V., Denning M. E, Choubey D., Diaz M. O.,
Nickoloff B. J., J. Biol. Chem., 274, 37957—37964 (1999).

12) Chaturvedi V., Qin J. Z., Denning M. F.,, Choubey D., Diaz M. O.,
Nickoloff B. J., J. Biol. Chem., 274, 23358—23367 (1999).

13) Schmidt K. N., Podda M., Packer L., Baeuerle P. A., J Immunol., 156,
4514—4519 (1996).

14) Lange R. W,, Hayden P. J., Chignell C. F,, Luster M. L., Inflamm. Res.,
47, 174—181 (1998).

15) Podda M., Schulz C., Schini-Kerth V., Boehncke W. H., Milbradt R.,
Kauhnann R., Zollner T. M., J. Dermatol. Sci., 16, S23 (1998).

16) Kemeny L., Ruzicka T., Braun-Falco O., Skin. Pharmacol., 3, 1—20
(1990).

17) Bradford M. M., 4Anal. Biochem., 72, 248—254 (1976).

18) Chabot-Fletcher M., Breton J. J., Biochem. Pharmacol., 56, 71—78
(1998).

19) Lee K. Y., Park J. S, Jee Y. K., Rosen G. D., Exp. Mol. Med., 34,
462—468 (2002).

20) Farkas A., Kemeny L., Szony B. J., Bata-Csorgo Z., Pivarcsi A., Kiss
M., Szell M., Koreck A., Dobozy A., Inflamm. Res., 50, 44—49
(2001).

21) Baldwin A. S., Annu. Rev. Immunol., 14, 649—683 (1996).

22) Tak P. P, Firestein G. S., J. Clin. Invest., 107, 7—11 (2001).

23) Manna S. K., Mukhopadhyay A., Aggarwal B. B., J Immunol., 165,
5962—5969 (2000).

24) Liu H., Liu Z. H., Chen Z. H., Yang J. W,, Li L. S., Acta Pharmacol.
Sin., 21, 782—786 (2000).

25) Kim Y. H, Lee S. H,, Lee J. Y., Choi S. W,, Park J. W,, Kwon T. K.,
Eur. J. Pharmacol., 494, 1—9 (2004).

26) Kopp E. B., Gosh S., Science, 265, 956—959 (1994).

27) Yin M. J., Yamamoto Y., Gaynor R. B., Nature (London), 396, 77—380



1602
28)
29)
30)

31)
32)

(1998).

Feldman S., Dermatol. Online J., 6, 4 (2000).

Gottlieb A. B., Khandke L., Krane J. F., Staiano-Coico L., Ashinoff R.,
Krueger J. G., J. Invest. Dermatol., 98, 680—685 (1992).
Grandjean-Laquerriere A., Gangloff S. C., Le Naour R., Trentesaux
C., Hornebeck W., Guenounou M., Cytokine, 18, 168—177 (2002).
Manna S. K., Aggarwal B. B., J. Immunol., 162, 2095—2102 (1999).
Liu H., Liu Z. H., Chen Z. H., Yang J. W,, Li L. S., Acta Pharmacol.
Sin., 21, 782—786 (2000).

33)
34)
35)
36)

37)
38)

Vol. 28, No. 9

Takao J., Yudate T., Das A., Shikano S., Bonkobara M., Ariizumi K.,
Cruz P. D., Br. J. Dermatol., 148, 680—688 (2003).

Blackwell T. S., Christman J. W., Am. J. Respir. Cell. Mol. Biol., 17,
3—9(1997).

Foletta V. C., Segal D. H., Cohen D. R., J Leuk. Biol., 63, 139—152
(1998).

Koo J. Y., J Dermatol., 26, 723—733 (1999).

Cather J., Menter A., Am. J. Clin. Dermatol., 3, 159—173 (2002).
Thami G. P, Garg G., Arch. Dermatol., 140, 1288—1289 (2004).



