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Summary

 

Resveratrol, a natural polyphenolic phytoalexin, has been considered as a
potential anti-inflammatory agent because of its suppressive effect on nuclear
factor-kkkk

 

B (NF-kkkk

 

B). However, we recently found that treatment of glomerular
mesangial cells with resveratrol significantly and dose-dependently enhanced
NF-kkkk

 

B activation triggered by proinflammatory cytokines. This finding was
evidenced by different reporter assays as well as by expression of an endoge-
nous NF-kkkk

 

B-dependent gene, intercellular adhesion molecule-1. The NF-kkkk

 

B
promoting effect of resveratrol was also observed in renal tubular LLCPK1
cells, but not in HepG2 hepatoma cells. In all cell types tested, treatment with
resveratrol alone did not affect NF-kkkk

 

B activity. The enhanced activation of
NF-kkkk

 

B by resveratrol progressed for at least 24 h and was accompanied by sus-
tained down-regulation of an endogenous NF-kkkk

 

B inhibitor, Ikkkk

 

Bbbbb

 

, but not
Ikkkk

 

Baaaa

 

. Although expression of inducible nitric oxide synthase was suppressed
by resveratrol, nitric oxide, a negative regulator of NF-kkkk

 

B, was not involved in
the regulation of NF-kkkk

 

B by resveratrol. These data elucidated, for the first
time, that resveratrol may enhance activation of NF-kkkk

 

B under certain circum-
stances.
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Introduction

 

Nuclear factor-

 

k

 

B (NF-

 

k

 

B) is a family of transcription fac-
tors that regulate a wide range of cellular functions [1]. NF-

 

k

 

B, classically composed of p50 and p65, remains seques-
tered in the cytoplasm as an inactive complex with its inhib-
itory counterpart I

 

k

 

B protein. In response to external
stimuli, I

 

k

 

B is phosphorylated by I

 

k

 

B kinase complexes,
ubiquitinated and degraded by the proteasome system. After
the degradation of I

 

k

 

B, free NF-

 

k

 

B dimers expose their
nuclear localization sequence and translocate into the
nucleus, where they bind to the 

 

k

 

B consensus sequences and
activate transcription of target genes [1].

NF-

 

k

 

B is activated by proinflammatory stimuli including
cytokines, growth factors, bacterial toxins and viral products
[1]. Activation of NF-

 

k

 

B contributes to transcriptional
induction of target genes with inflammatory, immunoregu-
latory and/or mitogenic functions and is involved in the
development of inflammation [1]. In glomerulonephritis,
activation of NF-

 

k

 

B is observed in glomerular cells [2], lead-

ing to expression of proinflammatory genes including
chemokines, adhesion molecules, inducible nitric oxide syn-
thase (iNOS) and cyclooxygenases (COX) [3]. Based on
these previous findings, inhibition of NF-

 

k

 

B is a possible
strategy for therapeutic intervention in glomerulonephritis
[4,5].

Resveratrol (3,5,4

 

¢

 

-trihydroxystilbene) is a natural
polyphenolic phytoalexin that is abundantly contained in
grapes and red wine. Resveratrol modifies multiple cellular
targets, exerting immunosuppressive and anticancer activi-
ties in various cells and animal models. Its biological activi-
ties include;

• effects on oxidative stress, carcinogen metabolism and
DNA-adduct formation;

• anti-inflammatory and anticancer potential;
• induction of apoptosis;
• regulation of cell cycle progression [6].

In particular, suppressive effects of resveratrol on the NF-

 

k

 

B signalling cascades are widely recognized. In various sit-
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uations, resveratrol suppresses IKK activity, phosphorylation
and degradation of I

 

k

 

B

 

a

 

, and subsequent nuclear transloca-
tion and DNA binding of NF-

 

k

 

B subunits. Because of this
pharmacological potential, resveratrol can inhibit expression
of NF-

 

k

 

B-dependent, proinflammatory genes and is thereby
considered as a therapeutic agent for inflammatory diseases
[6].

Based on the current knowledge described above, we
started experiments to investigate the utility of resveratrol
for therapeutic intervention in glomerulonephritis. Using
reporter mesangial cells, we first examined how this agent
affects activity of NF-

 

k

 

B in glomerular cells under inflam-
matory circumstances. Unexpectedly, resveratrol did not
inhibit but enhanced activation of NF-

 

k

 

B in cytokine-stim-
ulated mesangial cells. In contrast to a number of previous
reports showing suppressive effects of resveratrol on NF-

 

k

 

B
[6], enhancement of NF-

 

k

 

B activity by this agent has never
been reported. The present study was performed to investi-
gate this novel observation.

 

Materials and methods

 

Cells and reagents

 

Mesangial cells (SM43) were established from isolated renal
glomeruli of a male Sprague-Dawley rat and identified as
being of the mesangial cell phenotype as described before
[7]. The porcine renal proximal tubular cell line LLCPK1 and
the human hepatoma cell line HepG2 were obtained from
the American Type Culture Collection (Manassas, VA, USA).
Culture media supplemented with 1% fetal bovine serum
(FBS) were generally used for studies. Resveratrol and for-
skolin were purchased from Sigma-Aldrich Japan (Tokyo,
Japan), and nitric oxide (NO) synthase inhibitor N

 

G

 

-nitro-L-
arginine methyl ester (L-NAME) and NO donor S-nitroso-
N-acetylpenicillamine (SNAP) were obtained from Sigma
(St. Louis, MO, USA). Human recombinant IL-1

 

b

 

 and
human recombinant tumour necrosis factor-

 

a

 

 (TNF-

 

a

 

)
were gifts of Otsuka Pharmaceutical Co. Ltd (Tokushima,
Japan) and Dr Katsuo Noguchi (Teikyo University School of
Medicine, Tokyo), respectively.

 

Establishment of reporter cells

 

Using a calcium-phosphate coprecipitation method, SM43
rat mesangial cells were transfected with pNF

 

k

 

B-SEAP
(5 

 

m

 

g; BD Biosciences, Palo Alto, CA, USA) together with
pcDNA3·1 (1 

 

m

 

g; Invitrogen, Carlsbad, CA, USA) that
encodes neomycin phosphotransferase [8]. pNF

 

k

 

B-SEAP
encodes secreted alkaline phosphatase (SEAP) under the
control of 4 copies of the 

 

k

 

B enhancer element. Stable
transfectants were selected by G418, and SM/NF

 

k

 

B-SEAP5
cells were established. Another reporter clone SM/SV-
SEAP28 was similarly established by cotransfection of SM43
cells with pSEAP2-Control (5 

 

m

 

g; BD Biosciences) that

codes for SEAP under the control of the simian virus 40
(SV40) early promoter and enhancer, together with
pcDNA3·1 (1 

 

m

 

g). It is known that the SV40 promoter/
enhancer contains functional NF-

 

k

 

B responsive sequences
and is significantly activated by IL-1

 

b

 

 and TNF-

 

a

 

 [9]. As a
negative control, SM/CRE-SEAP15 cells [10] that secrete
SEAP under the control of the cAMP response element
(CRE) were used.

 

Transient transfection

 

LLCPK1 cells (6 

 

¥

 

 10

 

6

 

) and HepG2 cells (5 

 

¥

 

 10

 

6

 

) were tran-
siently transfected with 10 

 

m

 

g of pNF

 

k

 

B-SEAP by electropo-
ration. After 48 h, the cells were treated with or without
resveratrol (25–50 

 

m

 

M) and stimulated by TNF-

 

a

 

 (250 U/
ml) or IL-1

 

b

 

 (10 ng/ml) for 24 h, respectively. The culture
media were then subjected to SEAP assay to evaluate NF-

 

k

 

B
activity.

 

Pharmacological treatment

 

Reporter cells (SM/NF

 

k

 

B-SEAP5, SM/SV-SEAP28 and SM/
CRE-SEAP15) were treated with resveratrol (0–75 

 

m

 

M) for
1 h and stimulated by TNF-

 

a

 

 (250 U/ml), IL-1

 

b

 

 (10 ng/ml)
or forskolin (10 

 

m

 

M) for 6 h in Northern and Western blot
analyses and for 24 h in SEAP assay. Fifty micromolar res-
veratrol was generally used for experiments. To examine
involvement of NO in the effect of resveratrol, SM/NF

 

k

 

B-
SEAP5 cells were stimulated for 24 h with TNF-

 

a

 

 or IL-1

 

b

 

 in
the presence or absence of resveratrol together with or with-
out L-NAME (200 

 

m

 

M) or SNAP (100 

 

m

 

M).

 

SEAP assay

 

Activity of SEAP was evaluated by a chemiluminescent
method using Great EscAPe SEAP detection kit (BD Bio-
sciences), as described previously [8]. In brief, 5 

 

m

 

l of culture
medium was mixed with 15 

 

m

 

l of 1 

 

¥

 

 dilution buffer and
incubated at 65 

 

∞

 

C for 30 min. After the incubation, the sam-
ples were mixed with 20 

 

m

 

l of assay buffer containing 

 

l

 

-
homoarginine, left at room temperature for 5 min and then
added with 20 

 

m

 

l of chemiluminescent enhancer containing
1·25 mM CSPD chemiluminescent substrate. After incuba-
tion in dark for 30 min, the samples were analysed using a
luminometer.

 

Northern blot analysis

 

Northern blot analysis was performed as described before
[11]. cDNAs for monocyte chemoattractant protein 1
(MCP-1) [12], intercellular adhesion molecule-1 (ICAM-1)
and iNOS (gifted from Dr Javier Lucio-Cazana, University of
Alcala, Spain) were used to prepare radio-labelled probes.
Expression of glyceraldehydes-3-phosphate dehydrogenase
(GAPDH) was used as a loading control.
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Western blot analysis

 

Equal amounts (20 

 

m

 

g) of extracted protein were separated
by 10% SDS-polyacrylamide gels and electrotransferred
onto 0·4 

 

m

 

M polyvinylidene difluoride membranes. Western
blot analysis was performed by the enhanced chemilumines-
cence system (Amersham Biosciences, Buckinghamshire,
UK), as described before [10]. Primary antibodies used were;
anti-I

 

k

 

B

 

a

 

 antibody (1 : 200 dilution; Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) and anti-I

 

k

 

B

 

b

 

 antibody
(1 : 200 dilution; Santa Cruz Biotechnology). As a loading
control, the level of 

 

b

 

-actin was evaluated using anti-

 

b

 

-actin
antibody (1 : 30000 dilution; Sigma). The intensity of indi-
vidual bands was evaluated by densitometric analysis using
Scion Image Software (Scion Corporation, Frederick, MD,
USA).

 

Statistical analysis

 

All assays were performed in quadruplicate. Data were pre-
sented as mean 

 

±

 

 SE. Statistical analysis was performed using
the nonparametric Mann–Whitney 

 

U-test to compare data
in different groups. P-value < 0·05 was considered to indicate
a statistically significant difference.

Results

Enhancement of cytokine-triggered NF-kkkkB activation 
by resveratrol

To examine effects of resveratrol on the activity of NF-kB, we
used reporter mesangial cells SM/NFkB-SEAP5 that secrete
SEAP under the control of the kB enhancer elements [8]. The
cells were treated with resveratrol (0–50 mM) for 24 h, and
activity of SEAP in culture medium was evaluated. In
unstimulated mesangial cells, treatment with resveratrol did
not activate NF-kB (Fig. 1a). However, treatment with res-
veratrol significantly enhanced NF-kB activation triggered by
a proinflammatory cytokine IL-1b (Fig. 1b). This effect was
dose-dependent, and the maximum effect was observed at
50–75 mM. Similarly, resveratrol dose-dependently enhanced
NF-kB activation triggered by another proinflammatory
cytokine, TNF-a (Fig. 1c). Significant enhancement of NF-
kB was observed at concentrations ≥5 mM (Fig. 1d). Time-
lapse experiments revealed that the enhanced activation of
NF-kB by resveratrol was observed for at least 24 h in IL-1b-
stimulated cells (Fig. 1e) and TNF-a-stimulated cells
(Fig. 1f). Subtraction of the SEAP activity in resveratrol-
untreated cells from that in resveratrol-treated cells revealed
that the enhancement of NF-kB by resveratrol was reinforced
progressively during the course of the incubation (Fig. 1g).

We confirmed the effect of resveratrol using another
reporter mesangial cell SM/SV-SEAP28. The SV40 pro-
moter/enhancer is known to contain functional NF-kB
responsive sequences and is activated by IL-1b and TNF-a

[9]. Consistent with the results observed in SM/NFkB-
SEAP5 cells, the NF-kB-responsive SV40 promoter was acti-
vated significantly by IL-1b and TNF-a, and the activation
was further enhanced by the treatment with resveratrol in a
dose-dependent manner (Fig. 2a,b).

In this SEAP reporter system, resveratrol might induce a
false-positive response through nonspecific promotion of
SEAP secretion, attenuation of SEAP degradation and/or
enhancement of SEAP activity. To exclude these possibilities,
SM/CRE-SEAP15 cells [10] that secrete SEAP under the con-
trol of CRE were stimulated by forskolin in the presence or
absence of resveratrol, and activity of SEAP was examined. In
SM/CRE-SEAP cells, activity of SEAP was markedly induced
by the treatment with forskolin, a cAMP elevating agent. In
contrast to SM/NFkB-SEAP5 and SM/SV-SEAP28 cells,
however, treatment with resveratrol did not affect the induc-
tion of SEAP activity in SM/CRE-SEAP15 cells (Fig. 2c).

To examine whether the effect of resveratrol on NF-kB is
cell-type specific, the porcine renal tubular cell line LLCPK1
and the human hepatoma cell line HepG2 were tested. These
cells were transiently transfected with pNFkB-SEAP, treated
with or without resveratrol and stimulated by cytokines for
24 h. Consistent with the result in mesangial cells, resveratrol
significantly enhanced activation of NF-kB in TNF-a-trig-
gered LLCPK1 cells (Fig. 2d). In contrast, this effect was not
observed in IL-1b-stimulated HepG2 cells (Fig. 2e). As in
mesangial cells, resveratrol alone did not induce activation of
NF-kB in both cell types. These results indicated that the
enhancement of NF-kB activity by resveratrol may be
restricted to particular cell types.

Effects of resveratrol on the levels of endogenous 
NF-kkkkB inhibitors, IkkkkBaaaa and IkkkkBbbbb

Under unstimulated conditions, NF-kB locates in the cyto-
plasm as complexes consisting of NF-kB subunits (e.g. p65
and p50) and its inhibitory counterpart IkB. When cells are
stimulated, IkB kinases phosphorylate IkB and cause its
rapid degradation by proteasomes [1]. The decrease in the
level of IkB protein is therefore a marker for NF-kB activa-
tion. To investigate mechanisms involved in the enhance-
ment of NF-kB activity by resveratrol, we examined the
levels of IkBa and IkBb. Mesangial cells were treated with or
without resveratrol and stimulated by TNF-a for up to 24 h.
Western blot analysis revealed that, following the stimulation
with TNF-a, the level of IkBa was not obviously altered
within 8 h but decreased to approximately 50% of the orig-
inal level after 24 h. This suppression was abrogated by the
treatment with resveratrol (Fig. 3a). In contrast, the level of
IkBb was rapidly down-regulated within 1 h following expo-
sure to TNF-a. Although the level was partially recovered
after 8 h, sustained suppression IkBb was observed for at
least 24 h (Fig. 3b). Treatment with resveratrol attenuated
the early down-regulation of IkBb whereas markedly
enhanced the suppression of IkBb at the later phase (8-24 h)
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(Fig. 3b). This result indicated a possibility that the effect of
resveratrol may be biphasic; i.e. in the very early phase, res-
veratrol delays activation of NF-kB, but in the later phase,
it enhances and sustains NF-kB activation triggered by
cytokines.

Effects of resveratrol on the expression of 
endogenous NF-kkkkB-dependent genes

We examined effects of resveratrol on the expression of
endogenous, NF-kB-dependent genes, ICAM-1, MCP-1 and

Fig. 1. Effects of resveratrol on the activity of nuclear factor-kB (NF-kB) in SM/NFkB-SEAP5 reporter mesangial cells. (a) Effects on basal NF-kB 

activity. SM/NFkB-SEAP5 cells were treated with 0–50 mM resveratrol for 24 h, and activity of secreted alkaline phosphatase (SEAP) in culture media 

was evaluated by chemiluminescent assay. (b–d) Effects on cytokine-inducible NF-kB activation. SM/NFkB-SEAP5 cells were treated with 0–75 mM 

resveratrol for 1 h, stimulated with (+) or without (–) IL-1b (10 ng/ml) or tumour necrosis factor-a (TNF-a; 250 U/ml) for 24 h and subjected to 

SEAP assay. (e–g) Kinetics of NF-kB activity in IL-1b (e) or TNF-a (f)–stimulated cells in the presence or absence of 50 mM resveratrol. In (g), the 

SEAP activity in resveratrol-treated cells was subtracted by that in resveratrol-untreated cells. All assays were performed in quadruplicate. Data are 

presented as mean ± SE, and asterisks indicate statistically significant differences (P < 0·05). RLU, relative light unit.
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iNOS [1]. Mesangial cells were treated with or without res-
veratrol and stimulated by TNF-a. After 6 h and 24 h, the
cells were harvested and subjected to Northern blot analyses.
As shown in Fig. 4, expression of ICAM-1 was modestly
induced by the treatment with TNF-a at both time points.
This induction was substantially enhanced by the treatment
with resveratrol at both 6 h and 24 h. However, induction of
iNOS mRNA by TNF-a (6 h) was attenuated by the treat-
ment with resveratrol (Fig. 4a). Induction of MCP-1 mRNA
by TNF-a was not obviously affected by resveratrol.

Lack of involvement of NO in the regulation of 
NF-kkkkB by resveratrol

Previous reports demonstrated that NO is a negative regula-
tor of NF-kB in some tissues and cells [13,14]. Because the
induction of iNOS by TNF-a was suppressed by the treat-
ment with resveratrol, we speculated that the enhanced NF-
kB activity by resveratrol may be caused by suppression of
the iNOS – NO signalling pathway. To examine this possi-
bility, SM/NFkB-SEAP5 cells were treated with a NOS inhib-
itor L-NAME or a NO donor SNAP, and the effect of
resveratrol was retested. As shown in Fig. 5, inhibition of
NOS by L-NAME (200 mM) did not mimic the effect of res-
veratrol on the IL-1b- and TNF-a-induced activation of NF-
kB. Furthermore, the enhancement of NF-kB activity by
resveratrol in cytokine-stimulated mesangial cells was not

inhibited in the presence of the NO donor SNAP (100 mM).
Of note, the concentrations of L-NAME and SNAP used
were effective in modulating NO-dependent gene expression
in SM43 mesangial cells, as we previously reported [10].
These results excluded the possibility that resveratrol
enhanced NF-kB activity via inhibition of NO.

Discussion

Resveratrol has been widely recognized as an inhibitor of
NF-kB and regarded as a potential therapeutic agent for
inflammatory diseases [6]. In the present investigation, how-
ever, we found that resveratrol enhanced activation of NF-kB
in mesangial cells exposed to proinflammatory cytokines. It
was accompanied by sustained down-regulation of IkBb, but
not IkBa. To our knowledge, this is the first to demonstrate
enhancement of cytokine-triggered NF-kB activation by
resveratrol.

Activity of NF-kB is regulated by its inhibitory counter-
parts, IkB proteins. In response to external stimuli, IkB is
phosphorylated by IkB kinases and degraded by the protea-
some system, leading to translocation of free NF-kB dimers
into the nucleus and their binding to the kB sites [1]. Our
current data showed that IkBb, but not IkBa, was down-reg-
ulated by resveratrol in cytokine-stimulated mesangial cells.
This result suggests that resveratrol enhances NF-kB activity
via selective, sustained phosphorylation and degradation of

Fig. 2. Effects of resveratrol on the activity of NF-kB in other reporter cells. (a,b) SM/SV-SEAP28 reporter mesangial cells were treated with 0–75 mM 

resveratrol for 1 h, stimulated with IL-1b (10 ng/ml) (a) or TNF-a (250 U/ml) (b) for 24 h, and subjected to SEAP assay. (c) SM/CRE-SEAP15 reporter 

mesangial cells were treated with (+) or without (–) 50 mM resveratrol for 1 h, stimulated with forskolin (10 mM) for 24 h and subjected to SEAP assay. 

(d,e) LLCPK1 cells and HepG2 cells were transiently transfected with pNFkB-SEAP, treated with (+) or without (–) resveratrol (25–50 mM) and 

stimulated by cytokines for 24 h. Culture media were subjected to SEAP assay to evaluate NF-kB activity. Data are presented as mean ± SE, and asterisks 

indicate statistically significant differences (P < 0·05). NS, not statistically significant.
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IkBb. Alternatively, resveratrol may suppress expression and/
or synthesis of IkBb, leading to enhanced NF-kB activity.
The lack of involvement of IkBa might be relevant with a
previous report showing that IkBa did not form a negative
regulatory loop for NF-kB in mesangial cells [15]. A previ-
ous report also showed that NF-kB was dissociated from
IkBs and activated without degradation of IkB proteins [16].
We cannot exclude a possibility that IkBa could mediate the
effect of resveratrol without altering its protein level. Of
note, in contrast to IkBb, expression of IkBa is NF-kB-
dependent [17]. Enhanced synthesis of IkBa by resveratrol
via NF-kB activation might have masked the degradation of
IkBa, resulting in the unaltered level of IkBa protein.

The NF-kB promoting effect of resveratrol was observed
not only in rat mesangial cells but also in the porcine renal
tubular cell line LLCPK1. It is contrastive to a number of pre-
vious reports that showed suppressive effects of resveratrol
on NF-kB [6]. Currently, the reason for the discrepancy is
unclear. It should be noted, however, that the majority of

previous studies were based on malignant cells or cells of
lymphoid/myeloid lineages [6]. Little information is avail-
able regarding effects of resveratrol on cytokine-triggered
normal cells and cells other than leukocytes. The discrepancy
between current data and previous reports may be simply
ascribed to cell lineage-specific differences, and particular
machinery sensitive to resveratrol could be present preferen-
tially in normal cells. Indeed, the human hepatoma cell line
HepG2 was insensitive to the effect of resveratrol, as shown
in this report (Fig. 2e).

In this report, we demonstrated that activation of NF-kB
in cytokine-stimulated mesangial cells was enhanced by the
treatment with resveratrol. However, the kinetics of endog-
enous, NF-kB-dependent genes was different from molecule
to molecule. For example, resveratrol up-regulated ICAM-1,
down-regulated iNOS and almost unaffected MCP-1 expres-
sion induced by proinflammatory cytokines. A possible
explanation is that expression of individual genes is regu-
lated differently by multiple transcriptional factors, some of

Fig. 3. Effects of resveratrol on the levels of IkBa and IkBb in cytokine-exposed mesangial cells. Mesangial cells were treated with (+) or without 

(–) 50 mM resveratrol for 1 h, stimulated by TNF-a for 1–24 h and subjected to Western blot analyses of IkBa (a) and IkBb (b). The level of b-actin 

is shown as a loading control. Densitometric analysis of individual data was presented as relative intensity of IkB against b-actin (IkB/b-actin).
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which might be suppressed by resveratrol. For example,
expression of iNOS and MCP-1 is known to be regulated by
both NF-kB and activator protein 1 (AP-1) [18,19], and res-
veratrol is a potent inhibitor of AP-1 in various cell types [6].
Down-regulation of AP-1 might offset the effect of up-reg-
ulated NF-kB on the expression of iNOS and MCP-1.

Activity of the kB site is regulated by a variety of NF-kB
subunits including p65, p50, Rel, RelB, v-Rel and p52 [1].
Among these subunits, p65 is the prototypic, most impor-
tant component that mediates NF-kB activation. We exam-
ined binding of p65 to the kB consensus sequence using
an oligonucleotide-immobilized, ELISA-based system. We
found that the binding activity of p65 to the kB site was sig-
nificantly attenuated by the treatment with resveratrol in
cytokine-treated mesangial cells (our unpublished data). It

was contrastive to the results from reporter assays (Figs 1 and
2) and Western blot analysis of IkB (Fig. 3), as shown in this
report. Two possibilities may explain this discrepancy. One
possibility is that resveratrol may regulate individual NF-kB
subunits differently, and activation of NF-kB subunits other
than p65 might mediate the effect of resveratrol. It is consis-
tent with a recent report showing that resveratrol regulated
p65 and Rel differently in THP-1 cells [20]. Among the acti-
vated NF-kB dimers, the p50-p65 heterodimers enhance
transcription of target genes, whereas the p50–p50
homodimers repress gene transcription. The p65–p65
homodimers can be involved in both transcriptional activa-
tion and repression [21–23]. Based on this current knowl-
edge, another possibility is that resveratrol may facilitate
conversion of the p65–p65 homodimers to the more potent
p65–p50 heterodimers, which has been observed in other
experimental systems [22,23]. In this situation, the amount
of p65 bound to the kB site is reduced by resveratrol,
although activity of NF-kB is up-regulated. Further investi-
gation will be required to examine these possibilities.

Previous studies demonstrated that resveratrol has the in
vivo anti-inflammatory potential that may be useful for
therapeutic intervention in inflammatory diseases [24,25].
However, currently, information is limited regarding thera-

Fig. 4. Effects of resveratrol on the expression of endogenous NF-kB-

dependent genes, intercellular adhesion molecule-1 (ICAM-1), mono-

cyte chemoattractant protein 1 (MCP-1) and inducible nitric oxide 

synthase (iNOS). Mesangial cells were treated with (+) or without (–) 

50 mM resveratrol for 1 h, stimulated by TNF-a for (a) 6 h or (b) 24 h 

and subjected to Northern blot analyses. Expression of glyceraldehydes-

3-phosphate dehydrogenase (GAPDH) is shown at the bottom as a 

loading control.
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Fig. 5. Lack of involvement of the iNOS-NO signalling pathway in the 
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atrol (Res: 50 mM), or resveratrol + NO donor S-nitroso-N-acetylpeni-

cillamine (SNAP; 100 mM) for 24 h in the presence of IL-1b (a) or TNF-

a (b) and subjected to SEAP assay. Assays were performed in quadru-

plicate. Data are presented as mean ± SE. NS, not statistically significant.
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peutic utility of resveratrol for glomerulonephritis. One pre-
vious report showed that administration of resveratrol
attenuated proteinuria in antiglomerular basement mem-
brane glomerulonephritis in rats [26]. Effects of resveratrol
on histopathological changes remained to be elucidated. Our
current data indicate that, under certain inflammatory situ-
ations, resveratrol may enhance cytokine-induced NF-kB
activity, leading to exacerbation of tissue inflammation. This
effect seems to be cell type-specific, and certain IkB protein
and NF-kB subunits may be selectively involved. The dark
side of resveratrol, as well as its light side, should be consid-
ered carefully if this agent is used for the treatment of inflam-
mation, especially glomerulonephritis.
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