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Abstract

Transcription factor NF-kB plays a central role in tumorogenesis and in different types of cancer, including Hodgkin’s
lymphoma. Previously, we described that (—)-epicatechin (EC) inhibits PMA-induced NF-«kB activation in Jurkat T cells.
Therefore, we investigated the capacity of EC to inhibit NF-«B activation, the underlying mechanisms and the effects of EC
on cell viability in Hodgkin’s lymphoma cells. EC inhibited NF-kB—DNA binding activity in 1.-428 and KM-H2 cells. This
inhibition was not associated with EC antioxidant activity, with changes in p65 phosphorylation or NF-«kB nuclear
translocation. Results suggest that EC acted inhibiting the binding of NF-kB to DNA. The combined treatment with EC and
an inhibitor of NF-kB nuclear translocation (SN-50) caused an additive inhibitory effect on NF-«kB activation. The partial cell
viability decrease, under conditions that EC and SN-50 completely prevented NF-kB—DNA binding, indicates that the
inhibition of other signaling pathways should be also targeted in the treatment of Hodgkin’s lymphoma.

Keywords: NF-«B, Hodgkin’s lymphoma, (—)-epicatechin, SN-50, flavonoids

Abbreviations: NF-kB, nuclear factor-kB; HD, Hodgkin’s disease; H—RS cells, Hodgkin and multi nucleated Reed-Sternberg
cells; TNF-a, tumor necrosis factor-o; EBV, Epstein-Barr virus; PMA, phorbol 12-myristate 13-acetate; EC, (— )-epicatechin;
RANTES, regulated on activation normal T cell expressed and secreted; LA, ( *+ )-a lipoic acid; CAT, catalase; FBS, fetal bovine
serum; EDTA, ethylenediamine tetraacetate; DTT, dithiothreitol; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid;
PBS, phosphate-buffered saline; DCDHF, 5(or 6)-carboxy-2'7’-dichlorodihydrofluorescein diacetate; DCE, 2'7’-dichlorofluor-
escein; EMSA, electrophoretic mobility shift assay; EGCG, (— )-epigallocatechin gallate; EBV, Epstein-Barr virus; LMP-1, latent
membrane protein-1; TRAF, tumor necrosis factor receptor-associated factor; NIK, NF-«kB inducing kinase; IKK, IxB kinase; NF-
IL-6, nuclear factor of IL-6; IRF-3, interferon regqulatory factor-3; RELAT-1, RANTES factor of late activated T lymphocytes-1

Introduction

The activation of nuclear factor-kB (NF-«kB) has been
described in solid tumors (breast, gastric and colonic
cancers) as well as in leukemia and lymphoma (reviewed
in [1]), including Hodgkin’s disease (HD) [2,3]. Due to
the fact that the deregulation of NF-kB occurs in
different types of cancer, the research interest in this
pathway has intensified in search for molecules that
could inhibit NF-kB, as a therapeutic strategy against

cancer. Up to date, known members of the Rel/NF-«B
family of proteins in eukaryotic cells include c-Rel, RelB,
p65 (RelA), p50/p105 and p52/p100. In the classical
pathway, the activity of the Rel/NF-«kB homo- and
hetero-dimers (mainly p50—p65 heterodimer) is regu-
lated by their interaction with inhibitory IkB proteins
which anchor the transcription factor to the cytosol [4].
In general, the phosphorylation of two serines present
in IkB mediates the activation of NF-kB by a specific
IkB kinase complex [5]. After IkB phosphorylation,
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ubiquitination at two lysine residues targets the protein
for its subsequent degradation by the proteasome
leading to the complete activation of NF-«kB [6]. In the
nucleus, NF-kB binds to its consensus sequence and
modulates the transcription of numerous genes involved
in inflammation, cell survival, proliferation, tumor
promotion and angiogenesis [7—11]. NF-kB has been
proposed to link inflammation with tumor promotion in
part through the upregulation of tumor necrosis factor-a
(TNF-a) [12]. Based on the role of NF-kB in cancer and
inflammatory disorders, the field of the development of
new therapeutic agents that could inhibit the NF-«xB
activation cascade has gained particular interest. The
numerous and diverse natural or chemically-designed
inhibitors described so far, include: antioxidants,
proteasome and proteases inhibitors, Ik Ba phosphoryl-
ation and/or degradation inhibitors and other agents
with still not completely understood mechanisms of
action [13].

HD is a lymphoma characterized by the presence of
mononuclear Hodgkin (H) and multi-nucleated
Reed-Sternberg (RS) cells. HD has been recently
defined [14], as being determined by malignant H—
RS cells with self-growth-promoting potential in a
hyperplastic environment constituted by normal
reactive lymphocytes, neutrophils, histiocytes, plasma
cells, eosinophils and stromal cells, and present a
significant and constitutive activation of NF-kB. H—
RS cells are characterized by a particular phenotype
and by the expression of a particular set of lymphoid
activation markers that lead to the histopathological
presentation and clinical characteristics of HD.
Several cytokines as well as proteins involved in cell
proliferation and resistance to apoptosis produced by
H-RS cells are regulated by NF-«kB. The constitutive
activation is a common characteristic of H-RS cells in
culture as well as in cells isolated from Hodgkin’s
patients. However, the underlying mechanisms are
heterogeneous (Figure 1) including: a, a constitutive
high activity of IkB kinase leading to an increased
IkBa degradation [15]; b, mutations in the IkBa [16—
18] and IkBe genes [19], ¢, amplifications of the c-Rel
gene locus [20], d, overexpression of CD30 leading to
a CD-30-ligand-independent NF-kB activation [21]
and, e, in Epstein-Barr virus (EBV)-positive cases,
NF-kB activation generally occurs secondary to the
expression of the EBV-encoded latent membrane
protein-1 (LMP-1) which activates NF-kB [22].

Several epidemiological studies suggest a role for
different flavonoids in the prevention of cancer
(reviewed in [23]). Despite the inverse relationship
between flavonoid intake and cancer risk, the
underlying mechanisms are not completely eluci-
dated. Select flavan-3-ols and procyanidins inhibit cell
proliferation and induce apoptosis in cancer cells [24—
27]. These effects could be, in part, mediated by their
capacity to modulate transcription factor NF-«B
[26,28-31].
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Figure 1. Molecular alterations leading to NF-kB constitutive
activation in H-RS cells. The current known mechanisms (a—e) are
described in the text. Abbreviations: EBV, Epstein-Barr virus; LMP-
1, latent membrane protein-1; TRAF, tumor necrosis factor receptor-
associated factor; NIK, NF-kB inducing kinase; IKK, IkB kinase.

Given that NF-kB constitutive activation is a
consistent finding in Hodgkin’s lymphoma cells and
that EC has the ability to inhibit phorbol 12-myristate
13-acetate (PMA)-induced NF-«B activation in
Jurkat T cells [32], in the present work, we studied
the capacity of (—)-epicatechin EC to inhibit NF-«B
in H-RS cells, the underlying mechanisms and the
functional consequences. The possible combined
action of EC with SN-50, an agent that affects the
nuclear transport of the active NF-kB, was
investigated.

Materials and methods
Materials

KM-H2 and 1.-428 cells were obtained from DSMZ
(Braunschweig, Germany). Cell culture media and
reagents were obtained from Invitrogen Life Technol-
ogies (Carlbad, CA, USA). The CellTiter-Glo
Luminescent Cell Viability Assay, the oligonucleotides
containing the consensus sequence for NF-«B, SP-1,
and the reagents for the EMSA assay were from
Promega (Madison, WI, USA). TNF-a ELISA kit
was obtained from BD Biosciences (San Diego, CA,
USA). Regulated on activation normal T cell
expressed and secreted (RANTES) ELISA kit was
obtained from Biosource (Camarillo, CA, USA). The
protease inhibitor cocktail was obtained from Roche
Applied Science (Mannheim, Germany). The NF-«B
nuclear translocation inhibitor (SN-50), its mutated
control (SN-50M), and the antibodies for p65 and
p50 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Antibody for p-p65 (S276)
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was purchased from Rockland (Gilbertsville, PA,
USA). PVDF membranes were obtained from BIO-
RAD (Hercules, CA, USA) and Chroma Spin-10
columns were obtained from Clontech (Palo Alto, CA,
USA). The ECL Western blotting system was from
GE Healthcare (formerly Amersham Pharmacia
Biotech Inc.) (Piscataway, NJ, USA). Propidium
iodide (PI) and 5(or 6)-carboxy-2'7'-dichlorodihydro-
fluorescein diacetate (DCDHF) probes were obtained
from Molecular Probes (Eugene, OR, USA). EC,
(4 )-a-lipoic acid (LA), catalase and all other
reagents were from the highest quality available and
were purchased from Sigma (St Louis, MO, USA).

Cell culture and incubations

KM-H2 and 1.-428 cells were cultured in RPMI 1640
media supplemented with 10% (v/v) fetal bovine
serum (FBS) and antibiotics (10 U/ml penicillin and
10 pg/ml streptomycin). Cells were incubated in the
absence or the presence of (5-50 M) EC and/or
20 .M SN-50 or SN-50M, and/or catalase (100 U/ml)
or with 0.5 mM LA for variable periods of time (2—
48h). Cell viability, after 24 and 48h incubation
under the different treatments, was measured evaluat-
ing the cell ATP content (CellTiter-Glo Luminiscent
Cell Viability assay), following the manufacturer’s
protocol.

Determination of cell oxidants

Cell oxidants were evaluated as previously described
[32] using the probe DCDHEF. This probe can cross
the membrane, and after oxidation, is converted into a
fluorescent compound. Cells (1.5 X 10°) were incu-
bated in the absence or presence of EC, LA and/or
SN-50 for 24 h. Subsequently, cells were centrifuged
at 800g¢ for 10min, rinsed with warm PBS and
suspended in 200 pl of RPMI 1640 medium contain-
ing 10 .M DCDHEF. After 30 min of incubation at
37°C, the media were removed, cells rinsed with PBS,
and then incubated in 200 wl of PBS containing 0.1%
(v/v) Igepal. After a brief sonication and 30 min
incubation with regular shaking, the fluorescence at
525nm (Aege: 475nm) was measured. To evaluate
DNA content, samples were added with 50 pM PIL.
After incubating for 20 min at room temperature, the
fluorescence (Aexe: 538, Aem: 590) was measured.
Results are expressed as the ratio 2/,7'-dichlorofluor-
escein (DCF) fluorescence/PI fluorescence.

Electrophoretic mobiliry shift assay (EMSA)

Nuclear fractions were isolated as previously described
in Ref. [32]. After the corresponding treatments, cells
(6 X 10° cells) were collected by centrifugation at 800g
for 10 min. Cells were resuspended in 150 pl of buffer
A (10mM Hepes, pH 7.9, 1.5mM MgCl,, 10 mM

KCl, 0.5 mM DTT, 0.1% (v/v) Igepal), incubated for
10 min at 4°C, and centrifuged for 1 min at 12,000g.
The supernatant fraction was discarded and the
nuclear pellets resuspended in 60l of buffer B
(10mM Hepes, pH 7.9, 1.5mM MgCl,, 420 mM
NaCl, 0.5mM DTT, 0.2mM EDTA, 25% (v/v)
glycerol, 0.5 mM PMSF). Samples were incubated
for 20 min at 4°C and centrifuged at 10,000¢ for 15 min
at 4°C. The supernatant was transferred to a new tube,
protein concentration was determined by the method
of Bradford [33] and samples were stored at — 80°C.

For the EMSA, the oligonucleotide containing the
consensus sequence for NF-«kB was end labeled with
[y ?*P] ATP using T4 polynucleotide kinase, and
purified using Chroma Spin-10 columns. Samples
were incubated with the labeled oligonucleotide
(20,000-30,000 cpm) for 20 min at room tempera-
ture in binding buffer [5X binding buffer: 50 mM
Tris—HC1 buffer, pH 7.5, containing 20% (v/v)
glycerol, 5mM MgCl,, 2.5mM EDTA, 2.5mM
DTT, 250 mM NaCl and 0.25 mg/ml poly(dI-dC)].
The products were separated by electrophoresis in a
6% (w/v) non-denaturing polyacrylamide gel using
0.5 X TBE (45 mM Tris/borate and 1 mM EDTA) as
the running buffer. The gels were dried and the
radioactivity was quantitated in a Phosphoimager 840
(GE Healthcare, Piscataway, NJ, USA).

Western blot analysis

Nuclear fractions were obtained as described above.
Aliquots of nuclear fractions containing 25-40 pg
protein were separated by reducing 10% (w/v)
polyacrylamide gel electrophoresis and electroblotted
to PVDF membranes. Molecular weight standards
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) were run simultaneously. For p-p65, p65 and
p50 evaluation, membranes were blocked overnight in
5% non-fat milk and subsequently incubated in the
presence of the corresponding antibodies (1:1000
dilution) for 90 min at 37°C. After incubation, for
90 min at room temperature, in the presence of the
secondary antibody (HRP-conjugated) (1:10,000
dilution) the conjugates were visualized by chemilu-
minescence detection in a Phosphoimager 840.

Measurement of TNF-a and RANTES

TNF-a and RANTES were measured by ELISA.
Briefly, cells (1.5 X 10°) were incubated for 24 h in the
different experimental conditions. TNF-a and
RANTES were measured in the cell culture media,
after separating the cells by centrifugation at 800¢ for
10min. TNF-a (BD Biosciences, San Diego, CA,
USA) and RANTES (Biosource, Camarillo, CA, USA)
were measured following the manufacturer’s protocols.
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Statistical analysis

One way analysis of variance (ANOVA) with
subsequent post hoc comparisons by Scheffe was
performed using Statview 512 + (Brainpower Inc.,
Calabazas CA, USA). A p < 0.05 was considered
statistically significant. Values are given as means =
SEM. Three independent experiments with at least
duplicates for each experimental condition were run
for the different assays.

Results and discussion
EC inhibits NF-kB constitutive activation in H—RS cells

Different flavonoids have the capability of inhibiting
transcription factor NF-kB and the expression of NF-
kB-regulated genes [29,30]. With regard to flavan-3-
ols and procyanidins, (—)-epigallocatechin gallate
(EGCQG), the major polyphenol in tea, inhibited iz vitro
and i wivo, lipopolysaccharide-induced NF-«B
nuclear binding activity and TNF-a secretion [31].
Furthermore, EGCG also inhibited 12-O-tetradeca-
noylphorbol-13-acetate-induced IkBa phosphoryl-
ation and NF-kB-DNA binding activity in JB6
mouse epidermal cells [34]. EC, catechin and dimers
Bl and B2 inhibited the interferon vy-induced
expression of NF-kB-dependent genes in RAW 264.7
macrophages [28]. Procyanidins present in grape
seeds inhibit the expression of matrix metalloprotei-
nases in human prostate carcinoma cells, in association
with the inhibition of the activation of NF-kB [26].
Based on our previous findings that EC-inhibited
PMA-induced NF-kB activation in Jurkat cells, we
initially investigated the capacity of EC to inhibit NF-«xB
in the H-RS cell lines KM-H2 and 1.-428. Dietary EC
undergoes extensive metabolization with the appear-
ance in plasma of methylated and glucuronidated
derivatives [35,36]. Flavonoids conjugates have differ-
ential antioxidant and biological activities [37,38].
However, in the present study, we investigated the
effects of the parent compound EC on H-RS cells,
considering EC as a potential therapeutic agent that
could be administered intravenously, rather than as a
dietary constituent. Both, KM-H2 and 1.-428 cells, are
characterized by a constitutive activation of NF-«B
secondary to the absence of functional IkBa or Ik Ba and
IkBe, respectively [16—19]. The active form of NF-«xB
in these cells is composed basically by p50 and p65 as
demonstrated by EMSA supershift assays (Figure 2A).
The specificity of the NF-kB-DNA complex in the
EMSA assays was assessed by competition with a 100-
fold molar excess of unlabeled oligonucleotide contain-
ing the consensus sequence for either NF-«kB or SP-1
(Figure 2A). After 24 h of incubation, EC (5-50 M)
caused a dose-dependent inhibition of NF-kB—-DNA
nuclear binding activity in KM-H2 and 1.-428 cells
(Figure 2B). At 25pM, EC caused a significant

inhibition (40 and 42%) of NF-kB-DNA binding
activity in 1.-428 and KM-H2 cells, respectively.
H-RS cells are characterized by overexpressing
numerous NF-kB-driven genes. They include cyto-
kines, chemokines and their modulators (RANTES,
TNF-a), genes encoding for proteins involved in the
regulation of the cell cycle (cyclin D2), proteins that
prevent apoptosis (Bfl-1/A1, c-IAP2, TRAF1 and Bcl-
X1) and cell surface receptors (CD86 and CD40)
[39,40]. We next tested the capacity of EC to inhibit
the transactivation of the NF-kB-dependent genes
RANTES and TNF-a (Figure 3). At 25uM
concentration, EC did not affect TNF-a secretion
(Figure 3A). EC treatment significantly inhibited
RANTES secretion in 1.-428 and KM-H2 cells (16
and 7%, respectively) (Figure 3B). Although in Jurkat
cells, EC markedly decreased PMA-induced IL-2
secretion [32], only a modest EC-mediated decrease
in RANTES and TNF-a secretion was observed in
H-RS cells. These findings suggest that the extent of
EC-mediated inhibition of NF-kB—DNA binding is
not sufficient to downregulate TNF-a and RANTES.
Furthermore, the promoter of both chemokines could
be under the control of other transcription factors.

Combined action of EC and SN-50 in the inhibition
of NF-kB

We hypothesized that compounds that could affect the
NF-kB signaling cascade at different steps could act
synergistically in the inhibition of NF-kB in H-RS
cells. Based on previous results in Jurkat cells, EC
could act inhibiting NF-kB at the initial steps by
acting as an antioxidant. Furthermore, we have
presented evidence that EC could directly interact
with NF-kB proteins preventing the binding of the
active transcription factor to DNA [32]. Since the
main NF-«kB deregulation in 1.-428 and KM-H2 cells
is the lack of the inhibitory peptide IkB, we considered
that inhibiting NF-kB nuclear translocation (a down-
stream event) would be the logic step to target in these
H-RS cells. For this purpose, we used a cell
permeable peptide (SN-50) containing the nuclear
localization signal of p50 that inhibits NF-kB nuclear
transport [41]. Thus, the possible combined effects of
EC with SN-50 were next evaluated in 1.-428 and
KM-H2 cells. Cells treated with 20 uM SN-50
showed a lower NF-kB—DNA binding activity in
nuclear fractions while no effect was observed when
the mutated control peptide (SN-50M) was used.
This indicates a specific inhibitory effect of SN-50 on
NF-kB nuclear translocation in H-RS cells
(Figure 2C). The simultaneous incubation of cells
with 50 uM EC and 20 puM SN-50 showed an almost
complete inhibition of NF-kB binding activity in both
L-428 and KM-H2 cells (Figure 2C).

The effects of LA, EC and SN-50 on two cytokines
partially regulated by NF-kB was next evaluated.

RIGHTS LI MN Kiy



Free Radic Res Downloaded from informahealthcare.com by Newcastle University on 12/02/11
For personal use only.

1090 G. G. Mackenzie & P 1. Oteiza

A
™~
NF-xB >
[ |
L-428
B EC (uM)
10 25 50
NF-xB >
NF-xB >
c
NF-xB >

NF-xB >

KM-H2

30 m KM-H2
>% —1-428
S = .
55% cx
2§
8510
NS

10 25 50
EC (uM)

Figure 2. EC inhibits NF-kB binding activity in 1.-428 and KM-H2 cells. (A) To determine the protein components of the active NF-«kB in
1.-428 and KM-H2 cells, a nuclear fraction isolated from each cell line was incubated in the absence (—) or presence of antibodies against p50
or p65 (Ab p50 and Ab p65, respectively) for 30 min prior to the binding assay. To determine the specificity of the NF-kB—DNA complex, a
nuclear fraction (—) was incubated in the presence of 100-fold molar excess of unlabeled oligonucleotide containing the consensus sequence
for either NF-kB (NF-«kB) or SP-1 (SP-1) before the binding assay. (B) NF-kB nuclear binding activity was measured by EMSA in KM-H2
and 1.-428 cells incubated for 24 h without (—) or with 5-50 M EC. After the EMSA, bands were quantitated and results are shown as
means = SEM of 3 independent experiments. *Significantly different compared to untreated cells (p < 0.01, one-way ANOVA test). (C)
EMSA analysis of nuclear extracts isolated from cells after 2 h incubation without (—) or with 50 pM EC (EC), 20 .M SN-50 (SN-50), its
mutated control (SN-50M) or with the simultaneous incubation of 50 uM EC and 20 puM SN-50 (EC + SN-50). One representative

experiment out of three independent experiments is shown.

In agreement with the lack of effect of LA on NF-«xB
binding activity, LA did not affect RANTES and TNF-
a secretion in both cell lines. SN-50 partially inhibited
TNF-a (56 and 20%) (Figure 3A) and RANTES (20
and 11%) (Figure 3B) secretion in 1.-428 and KM-H2
cells, respectively. The combined treatment of cells with
EC and SN-50 lead to additive effects on TNF-«a and
RANTES secretion in both cell lines compared to the
individual treatments, reaching significance (p < 0.05)
only for RANTES secretion. The mild effect on
RANTES expression could be due to the complexity
of the RANTES promoter. In T lymphocytes,
RANTES promoter contain two sites for NF-kB, and
sites for nuclear factor of IL-6 (NF-IL-6), interferon
regulatory factor-3 (IRF-3) and RANTES factor of late
activated T lymphocytes-1 (RFLAT-1) [42]. Similarly,

several motifs have been identified in the TNF-a
promoter, including binding sites for NFAT, NF-«B,
ATF-2, cyclic AMP response element (CRE), AP-1 and
AP-2 [43]. However, NF-kB inhibition by SN-50 led to
a marked inhibition of TNF-« secretion in 1.-428 cells.

Comparative action of EC and LA on cell oxidant levels
and NF-kB activation

Oxygen and nitrogen active species and changes in cell
thiol redox state are recognized signals in NF-«kB
activation (See [44—-49] for reviews). Experimental
evidence has shown that different flavanols inhibit NF-
kB activation through their antioxidant activity. EGCG
diminished the IL-1beta-induced production of NO
and inhibited the expression of NF-kB-dependent
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Figure 3. Effect of EC and SN-50 on TNF-a and RANTES
secretion in L-428 and KM-H2 cells. L-428 and KM-H2 cells were
incubated for 24 h without (—) or with 25 pM EC, 20 puM SN-50
(SN-50), 25 uM EC and 20 pM SN-50 (EC + SN-50) or 0.5 mM
LA for 24h. The concentration of TNF-a (A) and RANTES (B)
released to the media was measured by ELISA. Results are
means = SEM of three independent experiments. a is significantly
different from b and c; b is significantly different from ¢ (p < 0.05,
one way ANOVA test).

gene :NOS in human chondrocytes by interfering with
NF-kB activation [50]. EGCG also inhibited NF-kB
activation induced by repetitive exposure to hydrogen
peroxide in fibroblasts [51]. Similarly, numerous
flavonoids inhibited NO production, TNF-«a secretion
and NF-kB-dependent gene expression in RAW 264.7
macrophages stimulated with interferon-vy [28]. Thus,
the inhibition of early steps in NF-«kB activation could
be partially mediated by the well described antioxidant
action of EC [52]. In this regard, we have previously
observed that EC inhibits PMA-induced increase in
cellular oxidants in Jurkat cells [32].

To assess whether EC could inhibit NF-«B activation
in H-RS cells by acting as an antioxidant, we compared
the effects of EC with those of the antioxidant LA in their
capacity to decrease cell oxidants and inhibit NF-kB—
DNA binding activity in 1.-428 and KM-H2 cells. LA
can act as antioxidant through different mechanisms
including its capacity to directly scavenge oxidant species,
chelate redox-active metals and reduce glutathione
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Figure 4. EC decreases cell oxidant levels in 1.-428 and KM-H2
cells. (A) Global oxidant levels were evaluated with the probe
DCDHEF in 1-428 and KM-H2 cells after incubation without (—)
or with 25 pM EC, 20 pM SN-50 (SN-50), 25 M EC +20 M
SN-50 (EC + SN-50) or 0.5 mM LA for 24 h. Global oxidant levels
were determined as described under Materials and Methods. DCF
fluorescence was normalized to the PI fluorescence. Results are
shown as means = SEM of three independent experiments.
*Significantly different from the untreated group (p < 0.05, one
way ANOVA test). (B) NF-«kB nuclear binding activity was
measured by EMSA in nuclear fractions isolated from 1.-428 and
KM-H2 cells incubated for 2 h without (—) or with 50 uM EC (EC)
or 0.5mM LA (LA). (C) Western blot analysis for p65
phosphorylation (p-p65), p65 and p50 in nuclear extracts isolated
from L-428 and KM-H2 cells incubated for 2 h without (—) or with
50nM EC (EC) or 0.5mM LA (LA). One representative
experiment out of three independent experiments is shown.

[53-55]. 1.-428 and KM-H?2 showed high levels of cell
oxidants, measured with the probe DCDHF. Thus, basal
cell oxidant levels were higher in 1.-428 and KM-H2 cells
(DCF fluorescence/PI fluorescence: 4.5 £ 0.4 and
5.4 + 0.7, respectively) when compared to Jurkat cells
(2.0 £ 0.2). Treatment of 1.-428 and KM-H2 cells with
25 WM EC or 0.5 mM LA for 24 h decreased cell oxidant
levels at a similar extent in both cell lines (Figure 4A). Asa
control, the presence of SN-50 did not affect cell oxidant
levels and, in combination with EC, did not cause an
additional decrease of cell oxidants (Figure 4A).

While in 1.-428 and KMH-2 cells EC inhibited
nuclear NF-kB-DNA binding activity, LA did not,
indicating that the antioxidant status of the cell does not
seem to affect NF-«kB activation in these H-RS cells.
These findings suggest that EC is inhibiting NF-«xB
by a mechanism different from its antioxidant properties
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in both H-RS cell lines (Figure 4B). We further studied
the possible mechanism of EC action, characterizing
p65 phosphorylation in nuclear fractions. The phos-
phorylation of p65 can occur at the cytoplasm or at the
nuclei, is mediated by different cellular kinases and
increases the transactivating activity of p65 [56]. We did
not observe changes in p65 phosphorylation in cells
incubated with EC nor in cells incubated with LA,
compared to untreated cells (Figure 4C). These results
indicate that, in L-428 and KM-H2 cells, EC-mediated
inhibition of NF-kB does not occur through its
antioxidant activity or by affecting the activation of
p65 through phosphorylation. The content of p65 and
p50 in nuclear fractions was similar in 1.-428 and KM-
H2 cells incubated in the absence or the presence of EC
or LA (Figure 4C). This finding further supports our
previous finding that EC inhibition of NF-«kB binding to
DNA could be secondary to a direct interaction of EC at
regions of the NF-kB proteins involved in the binding to
DNA [32].

EC sensitizes SN-50-induced decrease in cell viability
n L-428 and KM-H2 cells

Flavonoids from different families have been
described to have the capacity to inhibit cell
proliferation and induce apoptosis in different cancers
[24—27]. Flavonoids could also sensitize cancer cells
to traditional anticancer therapies [57].

We next evaluated if EC could affect H-RS cell
viability and sensitize H—RS cells to SN-50-induced
decrease in cell viability. Cells were incubated for
24-48h under the different treatments (EC, SN-50
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Figure 5. Effect of EC and SN-50 on cell viability. Cell viability
was measured in 1.-428 and KM-H2 cells after 24 h of incubation
without or with 25uM EC, 25pM EC and 100U/ml catalase
(CAT) (EC + CAT), 20pnM SN-50 (SN-50), 25pM EC and
20 .M SN-50 (EC + SN-50) or 0.5mM LA. Cell viability was
measured as described under Materials and Methods. After
quantitation, results are shown as means = SEM of three
independent experiments. a is significantly different from b, ¢ and
d; b is significantly different from c and d; c is significantly different
from d. (p < 0.05, one way ANOVA test).

and/or LA). Treatment with the antioxidant LA did
not affect cell viability (evaluated by measuring the
ATP cell content) (Figure 5). After 24 h of incubation,
EC caused a modest but significant decrease (14 and
10% in L.-428 and KM-H2 cells, respectively) in cell
viability (Figure 5). Since flavanols have been shown
to generate hydrogen peroxide in cell culture media
[58], an additional group was treated with EC and
catalase (100 U/ml). Catalase did not affect EC-
induced decrease in cell viability indicating that this
effect was not secondary to the production of H,O, in
the culture media. SN-50 significantly decreased cell
viability in both cell lines (28 and 26% in 1.-428 and
KM-H2 cells, respectively). The combined treatment
of cells with EC and SN-50 caused an additive effect
on the decrease in cell viability (37 and 35% in L.-428
and KM-H2 cells, respectively). After 48h of
incubation, the effects of EC, SN-50 and LA were
similar to those observed at 24 h of treatment (data not
shown). Similarly, the combined effects of EC and SN-
50 on NF-kB—DNA binding activity, NF-kB-depen-
dent gene expression and cell viability were additive.
These results suggest that, in the current experimental
conditions, the decreased cell viability in H-RS cells is
mostly associated with the down regulation of NF-«B.

Summary

The findings that in 1.-428 and KM-H2 cells EC: (i)
does not inhibit NF-«kB through its antioxidant activity;
(i1) does not affect NF-«B activation at the level of p65
phosphorylation; (iii) does not affect NF-«kB transloca-
tion; and (iii) at the nucleus, inhibits NF-kB—-DNA
binding not affecting p65 and p50 nuclear content;
further support our previously proposed mechanism of
a direct interaction of EC with NF-kB proteins and
subsequent inhibition of NF-«kB binding to DNA [32].

Taking into consideration the high concentrations of
EC necessary to inhibit NF-kB in H-RS cells and the
modest effects on cell viability, even in combination with
the NF-«kB inhibitor SN-50, indicates that EC can not
be considered as a possible therapeutic approach in the
treatment of Hodgkin’s lymphoma. However, the
capacity of EC to inhibit NF-«kB could be relevant
in other pathological conditions (i.e. inflammatory
processes).

It is very important to point out that even when the
combined treatment with EC and SN-50 led to an
almost complete inhibition of NF-kB-DNA binding
activity, this translated in a partial effect on cell viability.
Thus, the inhibition of additional signaling pathways
should be also considered when designing combined
therapeutic approaches for Hodgkin’s lymphoma.
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