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Hydrogen peroxide (H,0,) at moderate steady-state concentrations synergizes with TNF-«, leading to
increased nuclear levels of NF-xB p65 subunit and to a cell-type specific up-regulation of a limited
number of NF-xB-dependent genes. Here, we address how H,0, achieves this molecular specificity.
HeLa and MCF-7 cells were exposed to steady-state HO, and/or TNF-a and levels of c-Rel, p65, IxB-a, IkB-
p and IxB-¢ were determined. For an extracellular concentration of 25 uM H;0,, the intracellular H,0,
concentration is 3.7 uM and 12.5 uM for respectively HeLa and MCF-7 cells. The higher cytosolic H,0,
Keywords: concentration present in MCF-7 cells may be a contributing factor for the higher activation of NF-xB
NF-xB caused by H,0, in this cell line, when compared to HelLa cells. In both cells lines, H,O, precludes the
Steady-staFe recovery of TNF-a-dependent IkB-a degradation, which may explain the observed synergism between
:28(3: fer?l‘she“t H,0, and TNF-a concerning p65 nuclear translocation. In MCF-7 cells, H,O,, in the presence of TNF-a,
MCF-7 cells tripled the induction of c-Rel triggered either by TNF-a or H,0,. Conversely, in HeLa cells, H,O, had a
Inflammation small antagonistic effect on TNF-a-induced c-Rel nuclear levels, concomitantly with a 50 % induction of
IxB-¢, the preferential inhibitor protein of c-Rel dimers. The 6-fold higher c-Rel/IxB-¢ ratio found in MCF-
7 cells when compared with HeLa cells, may be a contributing factor for the cell-type dependent
modulation of c-Rel by H,0,.
Our results suggest that H,0, might have an important cell-type specific role in the regulation of
c-Rel-dependent processes, e.g. cancer or wound healing.

© 2013 Published by Elsevier B.V.

Introduction

An inflammatory environment is rich in cytokines, such as tumor
necrosis factor-a (TNF-a) and interleukin-1 (IL-1), chemokines, such
as IL-8 and monocyte chemotactic protein-1 (MCP-1) and also
leukocytes, such as neutrophils and macrophages. The latter produce
reactive oxygen species (ROS) for a germicide action; however some
ROS, especially hydrogen peroxide (H,0,), which is a small molecule
able to diffuse through membranes [1,2], may leak the phagosome
and participate in other cellular processes [3,4]. Although H,0, has
been linked to oxidative stress, nowadays the mild oxidative proper-
ties of H,O, and the tight control of intracellular H,O, levels support
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bromide; NF-«xB, nuclear factor-kappa B; TNF-a, tumor necrosis factor-alpha
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its role in signal transduction [2,5]. Since in inflammatory sites the
presence of H,0, is concomitant with that of cytokines, investigating
the cellular effects of the simultaneous presence of these agents is
biologically relevant. We have previously shown in MCF-7 and HelLa
cells [6] that H,0,, at concentrations close to those occurring during
an inflammatory situation, i.e. 5-15 uM [4,7], caused a synergistic
effect on the TNF-a-dependent translocation of p65 from the cytosol
to the nucleus. p65 belongs to the NF-xB/Rel family of transcription
factors, which have key regulatory roles in inflammation, innate and
adaptive immune response, proliferation and apoptosis [8,9]. The
increased nuclear translocation of p65 in the presence of H,O, and
TNF-a increases expression levels of a sub-set of NF-«xB-dependent
genes, including pro-inflammatory genes, e.g. IL-8, MCP-1, TLR2, and
TNF-q, and anti-inflammatory genes, e.g. heme oxygenase-1 [6]. This
indicates that H,O, exerts molecular specificity [6] since only a sub-
set of NF-«xB genes has their expression increased, with most of them
being unaffected. Moreover, this molecular specificity is cell-type
dependent since NF-xB-dependent genes whose expression is sti-
mulated by HO, are not the same in the two epithelial cell lines
studied. The mechanism for this selective stimulation by H,0, is
probably multi-factorial and may include alterations in chromatin
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state, post-translational modifications of p65 whose effects are
dependent on the xB promoter sequence, and the combined effects
of several transcription factors [10]. In addition, we have shown that
H,0, leads to the preferential expression of genes whose kB
promoter sequences have a lower affinity towards NF-xB [10]. Other
molecular mechanisms may be relevant for this important question
of how the small molecule H,O, achieves molecular specificity. Here
we continue to address this problem by characterizing the modula-
tory role of H>O, on other members of the NF-«xB family.

Apart from p65, the NF-xB/Rel family comprises c-Rel and RelB,
which bear transactivation domains, and also the regulatory subunits
p50 and p52 [8,11,12]. NF-xB/Rel proteins can form homo- and
heterodimers and the prototypical NF-xB is a heterodimer composed
by the p50 and p65 subunits (p50/p65). In the classical activation
pathway, NF-xkB dimers remain inactive in the cytosol bound to its
inhibitory proteins, the IkBs, which possess the typical ankyrin
repeats that mask the nuclear localization signal of NF-xB thus
preventing its translocation to the nucleus [8,9]. The three most
common members of the IkBs family are IkB-«, IxB-p and [kB-¢. IxkB-a
and IkxB- bind preferentially to heterodimers p50/p65 and p50/c-Rel
[9], while IxkB-¢ binds preferentially to p65 homodimers and c-Rel/p65
heterodimers [13]. In this work, the modulatory effect of H,O, on
TNF-a-dependent NF-«xB activation is addressed by following the
levels of p65, c-Rel and the inhibitory proteins IxB-a, IxB-p and IxB-
e. We have shown that the usual initial bolus addition of a high H,0,
concentration produces opposite results regarding NF-xB activation to
those obtained with low steady-state H,O, levels that simulate the
inflammatory situation [5,6]. Therefore, when studying the biology of
H,0; it is essential not only to control and quantify the effective dose
of H,0, delivered to the cells [5,14-17] but also to estimate the actual
intracellular concentration that is causing the effects observed, as
H,0, is being reduced in reactions catalyzed by enzymes such as
catalase and glutathione peroxidase (GPx).

In this work we delivered a controlled and steady-state dose of
H,0, [6,18] and compared NF-xB activation in two different cell
lines, taking into consideration not only differences in basal levels
of NF-«xB family members, but also the actual intracellular H,O,
concentration. The results obtained highlight the need of a
quantitative approach when working with H,0,.

Materials and methods
Cell culture and reagents

HeLa (American Type Culture Collection, Manassas, VA, USA)
and MCF-7 (European Collection of Cell Cultures, Salisbury Wilt-
shire, UK) cells were grown in RPMI 1640 medium supplemented
with 10% of fetal bovine serum, penicillin 100 U mL™!, streptomy-
cin 100 pg mL™! and t-glutamine 2 mM, all from Cambrex, Ver-
viers, Belgium. Glucose oxidase (Aspergillus Niger), TNF-a (human
recombinant), and MTT were obtained from Sigma-Aldrich, Inc.
(Saint Louis, MO, USA). H,0, was obtained from Merck & Co., Inc.
(Whitehouse Station, NJ, USA).

Cell incubations

Cells were counted and plated approximately 46 h before the
experiment. Fresh medium was added to cells 1h before the
incubations. Exposure to H,O, was performed using the steady-
state titration [18]. The method is extensively described in [6]. Briefly,
a steady-state level of HO, was maintained during the entire assay
by adding simultaneously H,O- at the concentration under study and
a quantity of glucose oxidase enough to counteract H,O, consump-
tion by cells. H,O, concentrations were checked during the incuba-
tions by using catalase and measuring O, formation in an oxygen

electrode (Hansatech, UK). All experiments were performed with
steady-state 25 pM H,0, and 0.37 ng mL™! of TNF-a.

Protein extraction and immunoblot analysis

HeLa and MCF-7 cells were plated onto 100-mm dishes to achieve
respectively 1.5 x 106 and 1.8 x 10° cells per dish at the day of
experiment. Preparation of cytosolic and nuclear extracts and immu-
noblot assays were performed as described previously [6]. Contam-
ination of the nuclear fraction with cytosolic components was ruled
out by performing controls as described in [10]. All proteins were
analyzed on either 8% or 12.5% polyacrylamide gels, or onto an
Amersham ECL gel 4-12%. LMW-SDS protein markers from GE
Healthcare Life Sciences (Uppsala, Sweden) or LMW protein markers
from NZYTech (Lisboa, Portugal) were used. Antibodies sc-372
(1:1000), sc-70 (1:300), sc-371 (1:800), sc-945 (1:400) and sc-7156
(1:800), all from Santa Cruz Biotechnology, Santa Cruz, California,
USA, were used to identify p65, c-Rel, IkB-a, IkB-p and IxB-e
respectively. The corresponding bands for each proteins were quan-
tified by signal intensity analysis, normalized to the protein loading
(membrane stained with Ponceau S), using the Image] software [19].

Estimation of intracellular H,O, concentrations in HeLa cells

Intracellular H,0O, concentrations were estimated from the
H,0, gradient across the plasma membrane as described in [1,6].
The gradient, i.e. the ratio between H,0, concentration outside
and inside (cytosol) the cell, may be inferred from the pseudo-
first-order rate constants that characterize the H,O, consumption
by intact cells (Kintact cen)» catalase (Kcatalase) and glutathione
peroxidase activities (kgpyx), the main enzymes catalyzing H,0,
reduction in disrupted cells (Eq. (1)).

[H202]out _ kcatalase + kGPx

Gradient =
[H203]in

M

kintact cell

Statistical analysis

All data shown is the mean + standard deviation of at least four
independent experiments except where otherwise stated. Inde-
pendent time points were compared with control levels (1 a.u.) by
using the two-tailed t-test or, in the case of multiple comparisons,
by using analysis of variance (ANOVA) with the Student-Newman-
Keuls post-hoc test. Statistically significant differences found for
data represented in Fig. 1 are only referred in the text.

Results
H-0; effect on IxB and Rel proteins

To characterize NF-xB activation by a moderate dose of steady-
state H,0, the cytosolic levels of the three more abundant IxBs,
IxB-a, IxB-B and IxB-¢, as well as p65 and c-Rel were analyzed in
MCF-7 (Fig. 1A, B) and Hela cells (Fig. 1A, C).

In general, MCF-7 cells showed a more responsive activation of
NF-xB by H,0, than Hela cells, both when H,0, effects are
considered by itself and when H,0, modulation of TNF-a-
dependent NF-xB activation is considered. Modulation occurs
when the effects observed by adding simultaneously H,O, and
TNF-a to cells are not just the sum of the effects observed by
adding individually each one of these agents. NF-xB activation by
H,0, alone measured as c-Rel or p65 nuclear translocation occurs
in MCF-7 cells (Fig. 1B), while it is absent in HelLa cells (Fig. 1C).
However, in MCF-7 cells, activation of NF-xB by H,0, has slower
kinetics than activation by TNF-a. The most dramatic effect
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Fig. 1. Differential modulation of IkB and Rel proteins by H,0, and TNF-o. The levels of cytosolic IxB-a, IxB-p and IkB-¢ and of nuclear p65 and c-Rel were followed by western
blot. (A) Representative immunoblots of n=3-8 independent experiments showing the effect of H,0, and TNF-a on IkB-a, IkB-B, IkB-¢, p65 and c-Rel. Signal intensity
quantification of protein levels expressed as the mean + standard deviation in arbitrary units (a.u.) relative to control for MCF-7 cells (B) and HeLa (C) cells exposed to either
steady-state 25 uM H,0, (w) or 0.37 ng mL™! TNF-« (©) or both agents simultaneously (). Protein levels were normalized to the protein loading (membrane stained with
Ponceau S). In order to make the figure easier to analyze, the protein loading controls are only shown as supplementary information (Supplementary Fig. S1). In MCF-7 cells,
the values for c-Rel are a minimal value because no band was observed in control cells and normalization was made with the lighter band visualized in the immunoblot.
Statistically significant differences found for data represented in Fig. 1 are only referred in the text.
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observed was the synergism between TNF-a and H,O, in c-Rel
translocation in MCF-7 cells, where the 4-fold activation caused by
these agents individually was tripled (Fig. 1B). This synergism is
cell-type dependent because in Hela cells an antagonism was
observed under the same conditions (Fig. 1C).

Concerning the inhibitory kB proteins, H,O, by itself had minor
effects in all IxkB proteins in both cell lines. TNF-a induced a rapid
and large decrease of IkB-a levels followed by a recovery to control
levels, as expected. However, when in the presence of TNF-a,
H,0, completely thwarted the recovery of IkB-a levels after 1-h of
stimulus in MCF-7 cells (Fig. 1B), while in HeLa cells the recovery
of IxB-a levels was only partially inhibited (Fig. 1C). IkB-p levels
also showed a fast decrease in the presence of TNF-a in MCF-7
cells, although the degradation was incomplete and more sus-
tained over time, when compared with IxB-a. This agrees with
data from the literature because IxB-B expression, unlike IxB-«,
is not dependent on NF-«xB [20,21]. However, for [xB-p no mod-
ulatory effect by H,O, was observed for both cell types. For IkB-¢,
a modulatory role of H,0, in the presence of TNF-a was observed.
This effect was particularly evident in HeLa cells (Fig. 1C), where a
near 50 % increase in IxB-¢ levels occurred at 45 min (P=0.002).

Constitutive levels of IxB and Rel proteins

Since our results showed a differential regulation of NF-xB by
H,0, in MCF-7 and Hela cells, we put forward the hypothesis that
such behavior could be related to differences in the levels of Rel
and IkB proteins in MCF-7 and Hela cells. Therefore, we char-
acterized the relative constitutive levels of both p65/c-Rel and IxB
protein levels in the cytosol of MCF-7 and Hela cells. In MCF-7
cells c-Rel levels were about 3-fold higher (Fig. 2C and D) while
those of IkB-¢ (Fig. 2B and D) were about half of those in HeLa cells,
a result that is expected because c-Rel is overexpressed in breast
cancers [22,23]. The levels of p65, IxB-a (Fig. 2A and D) and IkB-
(Fig. 2B and D) were about 25 % higher in MCF-7 cells than in HeLa
cells. Thus, the six fold-difference in the c-Rel/IxB-¢ ratio found
between the two cell lines may explain the opposite regulation of
c-Rel translocation caused by H,0; in the presence of TNF-a.

Estimation of cytosolic H,O» concentrations

The differential regulation of NF-xB in MCF-7 and HelLa cells
induced by H,0, (Fig. 1) may also be caused by different H,0,
gradients across the plasma membrane. When H,0, is added
exogenously to cells it is able to cross the plasma membrane, but
this diffusion is not a completely “free” process [1]. In fact, since
H,0, diffusion through the plasma membrane is rate-limiting of
H,0, consumption, the formation of a gradient across the mem-
brane occurs when an external source is added [1]. In Table 1, the
H,0, consumption activities of catalase and GPx and the resulting
H,0, gradient across the plasma membrane for Hela cells are
shown and compared with the results previously obtained by us
for MCF-7 cells [6]. The consumption rate by intact cells is
approximately the same for both cell lines. However, for the same
extracellular H,O, concentration the estimated intracellular H,0,
concentration for Hela cells will be lower than that of MCF-7 cells
because HeLa cells have higher (about seven-fold) GPx activity.
The higher catalase activity found in MCF-7 cells is not enough to
compensate the differences in GPx activity and, consequently,
MCF-7 cells have a lower H,0, gradient than HelLa cells. This
indicates that, for an extracellular concentration of 25 pM H,0,,
the intracellular H,O, concentration for HeLa cells is expected to
be about 3.7 uM, whereas for MCF-7 cells this value increases to
approximately 12.5 uM.
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Fig. 2. Constitutive levels of IkB and Rel proteins in MCF-7- and Hela cells. The
levels of constitutive cytosolic IkB-a, IkB-p, IkB-¢ and of p65 and c-Rel were
determined in cytosolic extracts (35 pg) by western blot in MCF-7 and Hela cells.
Representative immunoblots and loading controls of n=4-7 independent experi-
ments for p65 and IkB-a (A), IkB-p and IkB-¢ (B), and c-Rel (C). Signal intensity
quantification (D) expressed as the mean + standard deviation of the relative
difference in MCF-7 protein levels relative to HeLa protein levels. Protein levels
were normalized to the protein loading (membrane stained with Ponceau S). *
P<0.01; ** P<0.001.

Table 1

Estimation of the H,0, gradient across the plasma membrane in Hela cells after
exposure to extracellular HyO,. Kintact cen, H202 consumption by intact cells; Kcatatases
catalase activity; kgpx, glutathione peroxidase activity. The H,0, gradient is
calculated from Eq. (1).

Parameter Hela cells MCF-7 cells®
Kintact cen (min~" x 10~%cells x mL) 0.50 +0.017 0.43 +0.015

Keatalase (Min~! x 10~cells x mL) 0.21 + 0.042 0.42 + 0.061

kepx (min~! x 10~6cells x mL) 3.18 + 0.450 0.41 + 0.063

[H202]out/[H202]in 6.8+23 19406

¢ Adapted from [6].

Discussion

The role of H,0, in the NF-xB pathway has been widely studied.
It was first described as the common messenger of any NF-xB-
inducer, but nowadays a modulatory role is the most accepted
paradigm. During inflammation H,0, is produced and, together
with pro-inflammatory cytokines, may reach neighboring cells
where it exerts signaling roles. Using moderate doses of steady-
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HeLa cells

MCF-7 cells

Fig. 3. Possible model for the differential c-Rel activation by H,0, and TNF-a in
MCF-7- and Hela cells. For the same extracellular H,O, concentration the
estimated intracellular H,O, concentration for HeLa cells will be lower than that
of MCF-7 cells because Hela cells have higher GPx activity. Moreover, MCF-7 cells
have a 3-fold higher concentration of c-Rel and 2-fold lower IkB-¢ levels than HeLa
cells. Therefore in HeLa cells most c-Rel is probably bound to IxB-¢. The differences
described between MCF-7 and Hela cells justify the specific outcome in NF-xB-
dependent gene expression. Higher concentrations are shown as bigger lettering.

state H,0, (12.5-25 uM), delivered to cells in a way that mimics
in vivo H,O, formation, we previously described an increased
translocation of the subunit p65, which consequently lead to a
specific up-regulation of NF-xB-dependent genes [6]. Here we
extended these results and found in MCF-7 cells a significant
synergism between H,0, and TNF-a stimulating translocation of
c-Rel to the nucleus. H,0, and TNF-a alone had similar effects on
c-Rel translocation, but when these two agents were added
together c-Rel translocation near tripled the 4-fold induction
triggered by either TNF-a or H,0, alone in MCF-7 cells. On the
other hand, in HeLa cells there was a small antagonism at short
incubation times, since H,0, inhibited the near 3-fold induction in
c-Rel nuclear levels induced by TNF-a. What is the cause for this
opposite behavior in the two cell lines studied? According to our
data, the ratio c-Rel/IxB-¢ is six-fold higher in MCF-7 cells than in
Hela cells. Taking in account that IkB-a binds preferentially to the
heterodimers p50/p65 and p50/c-Rel [9], while [xB-¢ binds pre-
ferentially to p65 homodimers and c-Rel/p65 heterodimers [13], in
Hela cells most c-Rel is probably bound to IxB-¢ (Fig. 3). So an up-
regulation of IkB-¢ by H,0, in TNF-a-treated cells may explain the
decreased c-Rel translocation in these cells when compared with
the effect of TNF-a alone. By opposition, in MCF-7 cells, where the
ratio c-Rel/lkB-¢ is 6-fold higher, a significant part of c-Rel is
probably bound to IxB-a, explaining why in these cells the
sustained low IkB-a levels caused by H,0, in the presence of
TNF-a triggered a very large translocation of c-Rel. According to
our data, another factor that should be taken in consideration to
explain the cell-specific effects of H,0, is the actual intracellular
concentration of H,0, achieved in MCF-7 and Hela cells. The
addition of an exogenous dose of H,0, to cells results in a Hy0,
gradient across the plasma membrane of about two in MCF-7 cells
[6] and seven in HeLa cells, in great part because of the high GPx
activity in HelLa cells (Fig. 3). Therefore, when exposed to an
extracellular concentration of steady-state 25 uM H,0,, MCF-7
cells are estimated to have a higher intracellular H,O, concentra-
tion (approximately 12.5uM) than Hela cells (approximately
3.7 uM) (Fig. 3). Taking in account that cellular effects triggered
by H,0, are strongly dependent of small changes in its concentra-
tion [5,15,18], this could explain: (a) the higher general response
regarding NF-«xB activation and modulation by H,0, in MCF-7

cells; and (b) the different effects caused by H,0, in IkB-¢ cytosolic
concentration observed in HeLa and MCF-7 cells. Exposing HeLa
cells to a higher extracellular concentration of H,0O, in an attempt
to obtain a similar intracellular concentration in both cell types
used is not feasible because it will damage HeLa cells (not shown).
In fact, an increase in the rate of H,O, production of approximately
3.4 times would be needed, which will exert an increase of
3.4 times in the intracellular consumption of H,0,. A concomitant
increase in the formation of oxidized glutathione (GSSG) would
occur because in HeLa cells H,O, consumption is mostly done by
GPx (Table 1), affecting the intracellular redox balance and thus
inducing oxidative stress.

What is the relevance of the synergism versus the antagonism
observed in MCF-7 and Hela cells concerning c-Rel translocation?
The synergism is probably more relevant than the antagonism
because it has been found that overexpression of c-Rel has much
more dramatic effects on gene expression than deletion of c-Rel
[24]. Reasons for these are the redundancy within NF-xB family
since many NF-xB genes have promoter regions that bind more
than one NF-xB member, and some genes bind to all members of
the family. This differential regulation of c-Rel may have conse-
quences in c-Rel-dependent gene expression. c-Rel can complex
with p65, p50 and with itself, and binds preferentially to B sites
different than those that p65 binds to. For example, the canonical
kB consensus sequence for p50/p65 is GGGRNNYYCC (R for purine,
Y for pyrimidine and N for any base), while the consensus
sequence for the heterodimer c-Rel/p65 is HGGARNYYCC (H for
not G) [25]. The human chromosome 22 contains 35% of p65
canonical B sites, but only 6% c-Rel/p65 kB sequences [26]. Thus,
the higher number of NF-xB-dependent genes up-regulated by
H,0, in MCF-7 cells, when compared with Hela cells [6], is
probably a consequence of the increased translocation of c-Rel
and p65 observed in MCF-7 cells when compared with HeLa cells
(Fig. 3). Genes that are up-regulated by H,0, in MCF-7 cells and
that are known to be regulated by c-Rel include the intracellular
adhesion molecule 1 (ICAM-1) [24], IL-8 [27], and monocyte
chemotactic protein 1 (MCP-1) [28].

c-Rel is mainly expressed in hematopoietic cells [29] and plays
a role in lymphoid cell growth and survival [30]. It is also involved
in mammalian B and T cell function and has been associated with
malignancies in these cells [31,32]. In addition, c-Rel has been also
associated with solid tumors, particularly breast cancer, where 85
% of tissue samples show elevated nuclear levels of c-Rel [22,23],
as further supported by our data that show a 3-fold higher
abundance of c-Rel in the breast cancer MCF-7 cell line when
compared with the cervix cancer HelLa cell line. The normal breast
epithelial phenotype is maintained through the repression of c-Rel
transcriptional activity by inhibiting both DNA binding and trans-
activation, which is accomplished via estrogen receptor o signaling
[33]. An epigenetic mechanism involving the activation of a PKCO-
Akt pathway leads to downregulation of estrogen receptor o
synthesis and, consequently, derepression of c-Rel. The activation
of c-Rel induces expression of genes encoding cyclin D1, c-Myc,
and Bcl-x;, RelB, which may lead to cancerization. This may
explain why we observed in MCF-7 cells, strong stimulatory effects
by H,0,. In fact, H,0, is a known activator of the Akt pathway,
which inactivates forkhead box O protein 3a (FOXO3a) leading to
decreased synthesis of its target genes, including ERx [33]. There-
fore, both through the already known Akt activation, and by the
strong synergism with TNF-a causing c-rel nuclear translocation
found in this work, H,O, may play a role in chronic inflammation-
induced cancerization, raising the hypothesis that antioxidant
therapy could be preventive of breast cancer.

A recent study [34] showed that c-Rel may be considered an
important regulator of hepatic wound-healing response. In c-Rel
null (c-rel”/”) mice, the wound-healing response to bile duct
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ligation induced injury was impaired and this was associated with
deficiencies in the expression of fibrogenic genes, collagen I and
a-smooth muscle actin, by hepatic stellate cells. HO, has an
important role in the rapid recruitment of leukocytes to the
wound during the early events of wound responses [35]. The use
of a genetically encoded H,0, sensor in zebrafish larvae revealed
that dual oxidase (Duox) creates a sustained rise in H,O, concen-
tration at the wound margin which extends into the tail-fin
epithelium as a decreasing concentration gradient. Our results
show that another possible function of H,0, in the wound healing
response may involve its synergism with TNF-«a to increase c-Rel
translocation to the nucleus.

Conclusions

Our data show that H,0, is an important physiological mod-
ulator of the NF-«xB pathway. By itself, depending on the cell type,
H,0, activates c-Rel at the expense of IkB-¢ degradation. More
relevant is, however, the modulatory effects observed in the
presence of cytokines, like TNF-o. In this case an activation of
p65 translocation that is caused by a sustained degradation of IxB-
a is observed. The most dramatic effect triggered by H,0,, in the
presence of TNF-«, was a large increase in the nuclear transloca-
tion of c-Rel in the MCF-7 cell line. Thus, H,O, may have an
important role in the regulation c-Rel-dependent processes.
A better knowledge of H,0, metabolism in each cell type present
in different organs is probably a necessary approach for specific
therapies involving NF-xB-targeting.
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