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Abstract

Endocrine therapy is a commonly used treatment for
estrogen receptor (ER)-positive breast cancer. Although
endocrine therapy has a favorable outcome in many
patients, development of resistance is common. Recent
studies have shown that NFkB, a transcription factor
regulating a wide variety of cellular processes, might
play a role in the development of endocrine resistance.
The precise interaction between ER and NFkB and how
this contributes to the attenuated responsiveness of
ER-positive breast cancer cells to hormonal treatment
remains unclear. This review provides an overview of
the mechanisms of action for both transcription factors
and focuses on the current knowledge explaining how
ER and NFkB affect each other’s activity and how this
cross-talk might contribute to the development of an
endocrine resistance phenotype in breast cancer cells.

Introduction

Breast cancer is one of the leading causes of cancer-
related death in women. Gene expression profiling
studies have shown that breast cancer is a heterogeneous
disease consisting of at least five subtypes [1,2]. Indepen-
dent studies have shown that the estrogen receptor (ER)
signaling pathway, tumor cell proliferation and epidermal
growth factor receptor/ErbB2 amplification are the main
drivers for breast cancer heterogeneity [3,4]. Overall, the
two major subgroups of breast cancer that can be
distinguished are stratified according to their ER status.
The ER-positive breast tumors are referred to as luminal
tumors, indicating that these tumors supposedly origi-
nate in the luminal cell layer of the breast gland. The
group of luminal tumors can be subdivided into luminal
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A and luminal B tumors, based on differences in
expression for a series of luminal genes (attenuated in the
luminal B tumors) and proliferation genes (overexpressed
in the luminal B tumors).

Evidence suggests that the strongly proliferating
luminal B-type tumor cells are less responsive to endo-
crine therapy, which is the mainstay of treatment for
patients with ER-positive breast cancer. Fan and colleagues
have shown that approximately 90% of the patients with
luminal B-type tumors exhibit a high recurrence score,
which indicates that these patients bear tamoxifen-resis-
tant tumors [5,6]. Keeping in mind the already estab-
lished relationship between endocrine therapy resistance
and activated growth factor signaling pathways (for
example, mitogen-activated protein kinase or phospha-
tidylinositol-3 kinase), which contribute to cell prolifera-
tion, this observation is not unexpected. Activated
growth factor signaling is believed either to downregulate
ER protein expression or to enhance ER activity in a
ligand-independent manner and, as such, provides a
means for tumor cells to escape from the inhibitory
actions of the anti-estrogens [7-10]. On the other hand,
Fan and colleagues also demonstrated that up to 30% of
the patients with luminal A-type tumors exhibit high
recurrence scores [6]. Given the fact that luminal A-type
breast tumors are generally slowly proliferating tumors,
these data suggest that other factors contribute to the
attenuated responsiveness of ER-positive breast cancer
cells to endocrine therapy and therefore these factors
may be potential targets for modulating endocrine
responsiveness.

Recent data have demonstrated that the activity of
NFkB, a transcription factor promoting expression of
genes related to several oncogenic processes, is linked
with ER signaling in breast cancer cells, although the
exact nature of the interaction remains vague [11,12].
Several studies have suggested that ER and NFxB may
attenuate each other’s activities. Inhibition of ER by anti-
estrogens might thus release NFxB from ER-driven
inhibition, resulting in NFkB-driven tumor progression.
Vice versa, NFkB may downregulate ER expression or
attenuate its activity, giving rise to ER-negative or



Sas et al. Breast Cancer Research 2012, 14:212
http://breast-cancer-research.com/content/14/4/212

ER-irresponsive cell populations that are naturally
resistant to endocrine therapy. In contrast, other studies
have suggested a synergy between ER and NFxB activity,
leading to the transcription of genes involved in
aggressive tumor cell behavior, such as multidrug
resistance proteins and prosurvival factors. Of note,
NEFkB can also be stimulated by growth factor signaling
pathways such as mitogen-activated protein kinase and
phosphatidylinositol-3 kinase, suggesting an intricate
interplay between ER, NFkB, mitogen-activated protein
kinase and phosphatidylinositol-3 kinase in mediating
resistance to endocrine therapy. This review summarizes
the currently available data and explores how the cross-
talk between ER and NFkB might affect endocrine
responsiveness. Throughout the following text, ER refers
to ERa.

Estrogen receptor

ER is a transcription factor belonging to the group of
nuclear receptors that can be activated upon binding of
estradiol. Two isoforms of ER exist, ERa and ERp, which
are encoded by two distinct genes (ESR1 and ESR2). Both
ERa and ER proteins consist of five functional domains
(Figure 1a) that share a high degree of sequence homo-
logy [13,14]. Wild-type ERa is composed of 595 amino
acids and has a molecular weight of 66 kDa, whereas
wild-type ERP is composed of 530 amino acids and has a
molecular weight of 59 kDa [13,15]. Functionally, the role
of ERa in mediating gene transcription is well docu-
mented, and studies using mouse models and human
breast (cancer) cell lines have shown that ERa plays a role
in, amongst other processes, cell proliferation. In con-
trast, the role of ERP as a transcriptional regulator
remains ambiguous. Studies suggest that ERP can attenu-
ate the activity of ERa, potentially through heterodimeri-
zation [14,16].

Estrogenic actions can be mediated through classical
and nonclassical ER signaling pathways, which are exten-
sively reviewed by Barone and colleagues [17]. Briefly,
classical signaling is initiated by the binding of estrogen
to ER, causing the receptor to bind directly to estrogen
receptor response elements — regions of DNA located
within the transcriptional start sites of estrogen-regu-
lated genes — and subsequently activating transcription
of downstream genes. There are several mechanisms of
nonclassical ER signaling. The first of these mechanisms
is mediated by signaling of growth factors (for example,
insulin-like growth factor and epidermal growth factor)
and G-protein coupled receptors, through downstream
signaling molecules to ER. These pathways modulate the
post-transcriptional modification (that is, phosphoryla-
tion, acetylation or methylation) of ER, and thus its
activity independent of estrogen binding. A second form
of nonclassical signaling requires the binding of ER to
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other transcription factors (including specificity protein 1
and activator protein 1), causing recruitment of ER to
transcriptional start sites other than estrogen response
elements and transcription of downstream genes. Finally,
signaling has also been shown to occur through truncated
membrane-bound forms of ER, resulting in the inhibition
of full-length ER activity [17]. ER-mediated signal trans-
duction schemes are outlined in Figure 1b.

Endocrine therapy and mechanisms of resistance
Endocrine therapy is one of the major modalities of
medical treatment for patients with ER-positive breast
cancer. This therapy involves the manipulation of the
endocrine system through exogenous administration of
drugs that inhibit the production of or the activity of
estrogen. Three groups of anti-estrogen drugs can be
discerned: selective estrogen receptor modulators (SERMs),
selective estrogen receptor downregulators (SERDs) and
aromatase inhibitors. Examples of each category are
summarized in Table 1.

Both SERMs and SERDs affect ER directly, either by
direct competition with the ligand for binding to ER (that
is, SERMs) or by downregulating ER protein expression
levels (that is, SERDs). Upon binding of a SERM to ER,
the transcription factor is still allowed to bind to DNA
but the initiation of transcription is inhibited due to an
insufficient conformation change of the receptor. The
second group of anti-estrogen drugs (that is, SERDs) acts
by inducing a conformational change of ER that reduces
the ability of ER to modulate gene transcription and
promotes ER for degradation by the proteasome [18,19].
The last category of endocrine therapeutics is the aroma-
tase inhibitors, which function by preventing the conver-
sion of androgens into estrogens by inhibiting the
aromatase enzyme, leading to lowered concentrations of
ER ligand and thus attenuated ER activation [20,21].

Although endocrine therapy is highly effective in
patients with ER-positive breast cancer, some patients
with ER-positive breast cancer show de novo resistance to
endocrine therapy whereas others initially benefit but
ultimately relapse with acquired endocrine resistance
[22,23]. Putative molecular mechanisms responsible for
de novo or acquired resistance to endocrine therapy are
summarized in Table 2.

One of the most intensively studied areas related to
endocrine therapy resistance involves the interaction
with growth factor signaling pathways such as epidermal
growth factor receptor/ErbB2, insulin-like growth factor-1
receptor and fibroblast growth factor receptor [9,23-26].
Enhanced growth factor signaling activates both the
genomic and nongenomic pathways of ER whereas most
anti-estrogen drugs suppress the ER genomic actions
only [27]. Evidence based on cell-line experiments
suggests that the attenuation of growth factor signaling is
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Figure 1. Estrogen receptor functional domains and signal transduction schemes. (a) Different domains of estrogen receptor (ER). Both ERa
and ERB isoforms consist of five functional domains: an N-terminal A/B domain, a DNA binding domain (DBD), a hinge domain, a ligand binding
domain (LBD) and a C-terminal domain. The A/B domain contains a constitutively active, estrogen-independent, transcriptional activation domain
(activation function 1 (AF1)) and is involved in co-activator binding and transcriptional activation of target genes. The DBD contains two zinc
finger motives by which binding of the receptor to the estrogen response elements (ERE) of target genes is mediated. This domain contributes

to dimerization and activation of the receptor. The LBD consists of 12 a-helices that form a hydrophobic pocket, responsible for ligand binding.

In addition, the LBD contains an estrogen-responsive transcriptional activation domain (activation function 2 (AF2)). The region between the LBD
and the DBD is called the hinge region. Finally, the C-terminal domain is probably involved in differentiating between agonists and antagonists.
(b) ER signal pathway. In the classical genomic pathway, ER binds directly to the DNA. Estradiol (E2) binds to ER, which induces the release of

heat shock protein (hsp) 90. ER dimerizes and translocates to the nucleus, where it can bind to EREs. The nonclassical genomic pathway differs
from the classical genomic signaling pathway in that ER does not bind to the DNA directly, but the ER dimer interacts with other transcription
factors that bind to the DNA. As such, other subsets of genes are regulated. In the nongenomic pathway, ER does not stimulate transcription by
binding to the DNA but ER activates a subset of secondary signaling pathways: ER binds to the p85a regulator subunit leading to activation of
phosphatidylinositol-3 kinase (PI3K)/Akt. Another mechanism in which ERa regulates the cell in a nongenomic signaling pathway is by activating
Ras, which activates the mitogen-activated protein kinase (MAPK) and PI3K signaling pathway. MEKK, MAPK/Erk kinase; P, Phosphogroup; RAF, RAF
proto-oncogene serine/threonine-protein kinase; RAS, Rat sarcoma; TF, transcription factor.
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Table 1. Overview of endocrine therapeutics and their mechanisms of action

Endocrine therapeutic Mechanism

Examples

Selective estrogen receptor modulator
agonistic effects

Selective estrogen receptor downregulator

Aromatase inhibitor Inhibitor of estrogen synthesis

Competitive inhibitor of estrogen receptor; antagonistic and

Competitive inhibitor of estrogen receptor; promotes
degradation of estrogen receptor

Tamoxifen, raloxifen, toremifine, droloxifene,
idoxifene, arzoxifene, LY117018

IC1182780, IC1164384, RU58668

Letrozole, anastrozole, exemestan

Table 2. Mechanisms of endocrine resistance

Influencing factor Mechanism

Examples

Growth factors and kinases

Influence on post-translational modifications of ER and its

EGFR/HER2, IGF1-R, FGFR, MAPK; PI3K

co-regulatory proteins, and influence on nongenomic

ER activity

Cofactors

Determine whether selective ER modulators act as agonist

AIB1, NCOR1

or antagonist and affect the ligand-independent activity of ER

Genes regulated by ER
and deregulate the cell cycle

Transcription factors
growth or modulate ER activity

Genetic abnormalities

Interact with ERa and affect the level of hormone receptors
Stimulate progression to estrogen independent tumor

Mutations in cytochrome p450 prevent tamoxifen to be

HSP90, FKBPL

ERB, AP1, NFkB

CYP450, ER

converted to its active metabolite endoxifen

AIB1, amplified in breast 1; AP1, activator protein 1; CYP450, cytochrome p450; EGFR, epidermal growth factor receptor; ER, estrogen receptor; FGFR, fibroblast growth
factor receptor; FKBPL, FK506-binding protein like; HSP90, heat shock protein 90; IGF1-R, insulin-like growth factor-1 receptor; MAPK, mitogen-activated protein
kinase; NCOR1, co-repressor of estrogen receptor; PI3K, phosphatidylinositol-3 kinase.

able to overcome endocrine therapy resistance [28]. In
addition, growth factor signaling results in deregulated
expression of cell cycle stimulating genes (cyclin D, cyclin
E, MYC) or repression of the cyclin-dependent kinase
inhibitors p21 or p27, leading to ER-independent cell
proliferation [23].

A second mechanism of endocrine therapy resistance
involves the deregulated expression of co-regulators,
particularly when dealing with SERMs. Overexpression
of AIB1, a steroid receptor co-activator amplified in breast
cancer, causes a reduction of the antagonistic effects of
tamoxifen on ER. In contrast, overexpression of NCOR1,
a co-repressor of ER, is associated with enhanced
responsiveness to tamoxifen [29-31]. Other mechanisms
contributing to resistance to endocrine therapy involve
mutations in the genes encoding ERa or CYP450 (that is,
cytochrome p450 that converts tamoxifen to its active
metabolite), ERa splice variants, enhanced ERf expres-
sion and increased activity of transcription factors such
as activator protein 1 and NFxB [23,32-34]. The
remaining parts of the present review will focus on how
the interaction between NFxB and ER affects the cellular
response to endocrine therapy.

NFkB transcription factor

The family of NFxB transcription factors constitutes five
members (that is, RelA or p65, RelB, cRel, NFkB1 or p50,
and NFxB2 or p52), which all play a prominent role in

cellular homeostasis [33]. NFkB1 and NFkB2 are
synthesized as larger precursors (p105 and p100, respec-
tively) that are partially degraded upon activation to
acquire their mature forms (p50 and p52, respectively).
All NFxB family members share a highly conserved Rel
homology domain in their N-terminus, which is
responsible for dimerization, nuclear translocation, DNA
binding and association with the inhibitor of NFxB (IxB)
proteins [35,36]. RelA, RelB and cRel proteins have a
transactivation domain at the C-terminus, while NFxB1
and NFkB2 proteins have a large inhibitory C-terminal
domain with multiple ankyrin repeats. This inhibitory
domain is partially, but not completely, degraded upon
activation, resulting in the mature NFxB1 and NFxB2
proteins. To activate gene transcription, the mature
NFkB proteins form various homodimers and hetero-
dimers that are able to bind to DNA at specific NFkB
response elements. However, not all homodimers and
heterodimers can activate gene transcription to a similar
extent. The existing NFxB dimers and their DNA binding
capacity have been extensively described elsewhere
[37-40].

Different stimuli induce activation of NFxB, including
inflammatory cytokines (IL-1, lipopolysaccharide and
TNEFa), extracellular chemical stresses and growth stimuli
[33]. Activation of NFkB is obtained through either the
canonical pathway (Figures 2 and 3) or the noncanonical
pathway (Figure 4), both of which are discussed in detail
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Figure 2. Canonical activation of NFKB by Toll-like receptor and IL-1 receptor. The family of Toll-like receptors (TLRs) comprises 13 members,
of which TLR4, TLR5, TLR7 and TLR9 are the most important. All TLRs have leucine-rich repeat motifs in their extracellular domain, which recognize
distinct microbial patterns such as lipopolysaccharide, flaggellin, viral double-stranded RNA and unmethylated CpG motifs. The IL-1 receptor
subfamily is characterized by immunoglobin-like structures in their extracellular binding domain. Generally, binding of the ligand to the TLR

or to IL-1 receptor (IL-1R) activates the receptor and leads to the recruitment of adaptor proteins like myeloid differentiation primary response
gene 88 (MyD88). Next, MyD8&8 recruits downstream adaptor molecules like IL-1 receptor-associated kinase 1 and 4 (IRAK1 and IRAK4). IRAK4 is
autophosphorylated and phosphorylates IRAK1. Activation of IRAK1 allows binding of TNF receptor-associated factor 6 (TRAF6) to the complex.
Further, the conformation of the complex changes, which leads to release of the IRAK1-TRAF6 complex from the receptor complex and the
association with another membrane-associated complex, composed of transforming growth factor-beta activated kinase-1 (TAK1), TAK1-binding
protein 1 (TAB1) and TAB2. Subsequently, TAB2 and TAK1 are phosphorylated and, together with TRAF6 and TAB1, these two units are translocated
into the cytosol. IRAK1 is poly-ubiquitinated and degraded by the proteasome. In the cytoplasm, TRAF6 associates with Ubc13/Uev1A, which is an
E2 ubiquitin-conjugating enzyme complex. K63-linked poly-ubiquitination of TRAF6 is necessary for binding to and activation of TAK1, which in turn
phosphorylates and activates inhibitor of NFKB kinases (IKK) and stimulates a c-Jun NH2-terminal kinase (JNK). Inhibitor of NFkB a-protein (IkBa)

is degraded and NFkB is free to translocate to the nucleus. As such, NFkB is able to regulate gene transcription. MAP, mitogen-activated protein; P,

Nucleus

elsewhere [41]. In the canonical NFkB pathway, NFxB
dimers (mainly RelA/NFkB1) are sequestered in the
cytoplasm through their assembly with the inhibitor of
NFkB a-protein (IkBa). After cellular activation, IkBa is
phosphorylated by a macromolecular complex containing
inhibitor of NFxB kinase 1 (IKK1) (IKKa), IKK2 (IKKp)
and NEMO (IKKy). Phosphorylation of IkB proteins
stimulates the rapid ubiquitylation and degradation of
this cytoplasmic inhibitor by the 26S proteasome com-
plex, liberating the NFxB heterodimer and unmasking

the nuclear localization signals to promote the rapid
translocation of the NFkB complex into the nucleus. A
parallel noncanonical pathway for stimulus-coupled
activation of specific REL proteins exists, with preference
for the RelB/NF«B2 dimer. This pathway involves the
inducible proteolytic processing of the NFkB2 gene
product, p100. Different members of the TNF-receptor
superfamily, such as B-cell activating factor and CD40,
selectively activate the NFxB-inducing kinase and IKK1,
leading to the phosphorylation of p100, followed by its
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Figure 3. Canonical activation of NFKB by TNF receptor. Binding of TNFa to TNF receptor 1 (TNFR1) leads to recruitment of the adaptor protein
TNF receptor superfamily member 1A associated via death domain (TRADD), the ubiquitin ligases TNF receptor-associated factors 2 and 5 (TRAF2
and TRAF5), the inhibitor of apoptosis proteins cellular inhibitors of apoptosis 1 and 2 (clAP1 and clAP2), and the protein kinase RIPK1. This complex
is also known as complex 1. The components of complex 1 are K63-ubiquitinated by clAP1. This ubiquitination stimulates the ubiquitination-
dependent recruitment of the linear ubiquitin chain assemblage complex (LUBAC) and the complexes composed of the kinases TAK1-TAB2-TAB3
and IKKa-IKKB-IKKy. LUBAC stimulates the formation of poly-ubiquitin chains on IKKy and other members of the complex, with stabilization of the
complex as a consequence. Besides, ubiquitination is necessary for the recruitment, retention, and activation of IKKa—IKKB-IKKy by TAKT. Next, IKK(
phosphorylates IkB, which leads to ubiquitin-dependent proteasomal degradation of kB and activation of NFkB. E2, estradiol; kB, inhibitor of NFkB;
IKK, inhibitor of NFkB kinases; P, phosphogroup; TAB, TAK1-binding protein 1; TAK, transforming growth factor-beta activated kinase-1; Ub, ubiquitin.
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ubiquitylation, and partial proteolytic processing in the
26S proteasome yielding p52 [39,40].

The role of NFkB in tumor biology has recently been
described extensively [42]. When focusing on the hall-
marks of cancer [43], it is evident that NF«B is able to
regulate nearly every aspect of tumor biology, including
the promotion of cell survival, the induction of cell
proliferation, the promotion of metastasis and the stimu-
lation of angiogenesis. In breast cancer, many studies
demonstrated the role of NFkB in the induction of
epithelial-to-mesenchymal transition, a process impli-
cated in the acquisition of a motile and invasive cancer
cell phenotype [44]. Breast cancer cells undergoing

epithelial-to-mesenchymal transition additionally gain
stem cell properties, allowing them to withstand the
detrimental effects of (chemo)therapeutics [45]. In
addition, recent evidence suggests that NF«B integrates
proinflammatory cues from the tumor microenvironment
to regulate these cellular dynamics [46]. In this context,
inflammatory breast cancer (IBC), an aggressive form of
locally advanced breast cancer with elevated invasive and
metastatic potential, is particularly of interest. We have
shown that NFxB is hyperactive in IBC [47]. In addition,
we and others have shown that IBC tumor cells are
generally characterized by stem cell characteristics, more
than tumor cells from non-IBC [48].



Sas et al. Breast Cancer Research 2012, 14:212 Page 7 of 14
http://breast-cancer-research.com/content/14/4/212

Resting cells

TNFR family TNFR family

} RRRRRRRRRRRR:
W&M&W

TNFR family

\ R RRRRRT
m&&&w&w
)

A YA

proteasome
Stimulation of TNFR
TNFR family TNFR family
. .
PRI R RN

proteasome . l

proteasome

p52 RelB

Figure 4. Noncanonical activation of NFKB. NFkB-inducing kinase (NIK) activates the noncanonical pathway of NFkB. In resting cells, NIK is
ubiquitinated by a ubiquitin-ligase complex, composed of TRAF3-TRAF2-cIAP1 and/or clAP2, and is proteasomally degraded. Stimulation of

the receptor by a ligand of the TNF receptor (TNFR) family, such as CD40, B-cell activating factor, receptor lymphotoxin-a, receptor activator for
NFkB and TNFR2, leads to recruitment of the TRAF3-TRAF2—clAP complex to the receptor. TRAF3 is ubiquitinated in a clAP-dependent manner

and further degraded by the proteasome. This loss of TRAF3 prevents binding of NIK to the ubiquitin-ligase complex. NIK can escape from
ubiquitination and subsequent degradation resulting in accumulation in the cytosol. This allows NIK to activate inhibitor of NFkB kinases a (IKKa)
by phosphorylating serine 176 and serine 180. Subsequently, IKKa phosphorylates NFkB2. This allows ubiquitination and partial degradation of
NFKB2 to p52. The C-terminal ankyrin repeats of NFKB2 are degraded. This allows NFkB2 to form dimers with RelB and to translocate to the nucleus.
The noncanonical pathway can be activated by members of the TNF receptor superfamily. CIAP, cellular inhibitors of apoptosis; E2, estradiol; P,
phosphogroup; TRAF, TNF receptor-associated factor; Ub, ubiquitin.
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Evidence of a transrepressive interaction between
ER and NFkB

The interaction between ER and NFkB in breast cancer
has been the topic of several studies. Overall, the
activation profiles of both transcription factors are inver-
sely correlated [11,12,47,49-54]. Biswas and colleagues
demonstrated that NFkB activation is detected pre-
dominantly in ER-negative breast tumors, and prefer-
entially in those with additional epidermal growth factor
receptor/ErbB2 amplification [12]. In line with these
results, Zhou and colleagues have shown that the levels
of NFxB DNA binding in patients with breast cancer are
inversely correlated with the cellular ER concentration
[33]. Similarly, our research group has shown that NFxB
target gene expression is most pronounced in breast
tumor samples from patients with low ER target gene
expression [11]. In addition, using publicly available gene
expression data from 78 breast cancer cell lines covering
all molecular breast cancer subtypes, we revealed a highly
significant negative correlation between the expression of
a published NFxB activation signature [55] in these cell
lines and the ER activity score generated using the PAM50
algorithm [56]. Similar results were obtained when
analyzing publicly available gene expression data from
2,420 human breast cancer samples (unpublished data).

The observed inhibitory interaction between ER
activity and NFkB activity in human tissue samples is
mechanistically corroborated by data originating from
cell-line experiments. In the ER-positive breast cancer
cell lines T47D and MCF7, Qiu and colleagues demon-
strated that Toll-like receptor-9-mediated attenuation of
ER activity and ER-mediated induction of cell prolifera-
tion were reversed by addition of the NFkB inhibitor
BAY11-7082 [57]. In addition, Paimela and colleagues
demonstrated in human retinal pigment epithelial cells
that Toll-like receptor-4-mediated NFxB activation and
induction of NFkB target gene expression are counter-
acted by the addition of estradiol, suggesting that the
inhibitory interaction between both transcription factors
is reciprocal [54].

The mechanisms contributing to this reciprocal inhibi-
tory interaction are summarized in Figure 5. Recent
studies have provided data to explain the repression of
NFxB activity by ER. First, ER can prevent NFkB DNA
binding as shown in the study of Paimela and colleagues
using human retinal pigment epithelial cells [54]. These
data corroborate previous work by Galien and Garcia,
who have shown that ER prevents binding of c-Rel and
RelA to the promoter of IL-6 in different cancer cell lines
including HeLa cells, human breast tumor-derived MCF7
cells and human osteosarcoma-derived Saos2 cells [52].
A possible mechanism explaining the inhibition of NFxB
DNA binding involves the interaction of ER with the Rel
homology domain of NFxB.
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Second, Ghisletti and colleagues reported that activated
ER inhibits nuclear translocation of RelA through the
nongenomic signaling pathway of ER via phosphatidyl-
inositol-3 kinase in microglia cells, but not in MCF7
epithelial cells or neuronal SK-ER3 cells [51]. A study by
Hsu and colleagues showed that 17[3-estradiol inhibits
NFxB activation by increasing the level of the pl05
subunit in MCF7 breast cancer cell lines, which blocks
nuclear translocation of NFkB due to the presence of the
ankyrin repeats at the C-terminus of p105 [58]. Interest-
ingly, Dai and colleagues have shown in mouse spleno-
cytes that ER-mediated inhibition of nuclear transloca-
tion does not affect all NFxB family members, but only
those harboring a transactivation domain (RelA, RelB
and c-Rel) [59].

A third mechanism relates to the interaction of ER with
transcriptional enhancers or repressors, leading to a less
potent induction of NFkB transcription. For example,
research using MCF7 cells and primary osteoblasts
showed that ER can compete with NF«B for binding with
transcriptional co-activators (for example, CREB-binding
protein) or that ER is able to recruit co-repressors (for
example, glucocorticoid receptor interacting protein 1) to
NFxB complexes [53,60]. Lastly, Wang and colleagues
have shown that ER can inhibit de novo RelB synthesis in
breast cancer tissue and cell lines, suggesting that ER can
regulate the NFxB pathway at the transcriptional level of
its constituents [61].

Data explaining the repression of ER activity by NFxB
have thus far been less abundant. A mechanism explain-
ing the link between induction of NFxB activation and
concomitant repression of ER activation is provided by
Belguise and Sonenshein, who have shown that protein
kinase CO, which induces c-Rel activity in murine cell
lines, also stimulates AKT. This stimulation in turn in-
activates forkhead box O protein 3a, leading to decreased
synthesis of ER [50]. A second possible mechanism
involves the enhancer of zeste homolog 2 (EZH2), which
is activated by TNFa in an NFkB-dependent manner
[62]. EZH2 is a member of the polycomb repressor
complex 2 and regulates gene expression via trimethyla-
tion of lysine 27 on histone 3. Silencing of EZH2 in breast
cancer cell lines leads to a nearly twofold increased
expression of ER [63], suggesting that EZH2 activation
secondary to NFxB activation may be involved in
silencing of ER expression. Finally, NFkB — and more
specifically RelB — is able to repress ER expression by
means of BLIMPI, a zinc finger protein that inhibits ER
transcription [64].

Evidence of a synergetic interaction between ER
and NFkB

Although the majority of studies suggest a reciprocal
inhibition between ER and NFxB, some studies have
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Figure 5. Transrepression of estrogen receptor and NFKB. (a) NF«B can inhibit estrogen receptor (ER) in different ways. Activation of Akt can
inhibit the activity of forkhead box O3 (FOXO3A). This protein has an important role in the synthesis of ER. Consequently, blocking FOXO3A activity
leads to a reduction in the transcription of ER. Another mechanism by which NFkB can inhibit ER is by stimulating enhancer of zeste homolog 2
(EZH2) activity, which in turn will inhibit ER. Finally, NFkB (RelB) can also inhibit ER transcription by upregulating Blimp1. (b) Besides the repression
of ER by NFkB, ER is also able to repress NFkB. One mechanism to block nuclear translocation of NFkB is by increasing the transcription of NFkB
subunit p105, which is located into the cytosol until it is partially degraded. Activation of the phosphatidylinositol-3 kinase (PI3K) signaling pathway
could also lead to accumulation of NFkB in the cytosol. A second mechanism by which ER inhibits NFKB activity is by preventing binding of the
transcription factor to the DNA. In addition, NFkB activity is counteracted by the increased interaction with co-repressors and a competition for

co-activators with ER. E2, estradiol.

Nucleus

demonstrated a positive cross-talk between both trans-
cription factors [65-67]. Frasor and colleagues performed
a gene expression profiling study on ER-positive MCF-7
breast cancer cells, treated with 173-estradiol (that is, ER
activation), TNFa (that is, NFkB activation), or both.
Their data suggest that transrepression between ER and
NFkB does occur but that positive cross-talk is more
prominent [66]. Three gene-specific patterns of regula-
tion were discernible: NFkB-enhanced expression of ER
target genes, ER-enhanced expression of NFxB target
genes, and 60 genes with a more than additive up-
regulation by both transcription factors. Importantly,
Frasor and colleagues have also shown that the positive
cross-talk between ER and NFxB does not affect all ER
and NFxB target genes, suggesting dependency on
additional regulatory mechanisms. The exact mecha-
nisms by which ER and NFxB enhance each other’s
activity remain unclear, but data suggest that both trans-
cription factors can stabilize each other’s interaction with
their respective response elements [65-67]. For example,
the expression of the estrogen responsive genes ABCG2
(which encodes a multidrug transporter protein) and
PTGES (which encodes the enzyme prostaglandin E

synthase) is enhanced by NFkB due to the fact that NFkB
stabilizes the binding of ER to its response element
[65,67]. For CCNDI, encoding cyclin D,, the synergy
between ER and NFkB involves a different mechanism.
As the CCND1 promotor does not contain an estrogen
response element, ER needs to interact with NFxB
proteins that allow the binding of the complex to NFxB
response elements in the promotor of CCND1. NFkB is
thus required for the binding of ER to the promoter of
cyclin D, [68].

Besides the influence of both transcription factors on
each other’s DNA binding capacity, other levels of
interaction are hypothesized. For example, the combined
stimulation of the ER and NFxB pathways might affect
NFkB dimerization and shift the balance of transcrip-
tionally inactive dimers (for example, NFkB1/NFkB1)
and active dimers (for example, RelA/NFkB1) in favor of
the latter [69]. Finally, synergistic cross-talk between ER
and NFxB may also result from direct interactions
between alternative components of the NFxB signal
transduction cascade and ER or ER co-activators. For
example, IKK1 is required for the expression of estrogen-
responsive genes, including CCND1 and c-Myc, by
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forming a complex with ER and AIB1/SRC3 that binds to
the promotor of estrogen-responsive genes [70]. In
addition, IKK1 is able to phosphorylate both ER and its
cofactors, thereby enhancing their activity [70-72]. IKK1
is also able to influence estrogen-mediated cell cycle
progression through the regulation of E2F1 [73].

ER/NFkB cross-talk and endocrine resistance

In the past decade, several studies have focused on the
role of NFxB activation in ER-positive endocrine-
resistant breast cancer. When comparing tamoxifen-
resistant and tamoxifen-sensitive MCF7 cells, Kim and
colleagues have shown that the acquisition of a resistance
phenotype is accompanied by increased levels of NFkB
activity [74]. Similarly, in Akt-hyperactivated, tamoxifen-
refractory MCF7 cells, increased IkB phosphorylation
and NFkB DNA binding were measured [32]. In tissue
samples from patients with breast cancer, Zhou and
colleagues have shown increased NFkB1 DNA binding,
but not RelA DNA binding, identifying a series of
patients with ER-positive breast cancer with early
metastatic relapse and reduced overall survival intervals
[33]. In a follow-up study, the same authors were able to
demonstrate that a three-gene signature composed of
NFxB and activator protein 1 target genes is able to
dichotomize node-negative ER-positive cases into early
and late relapsing subsets despite adjuvant tamoxifen
therapy. This observation was confirmed in four
independent gene expression datasets of patients with
breast cancer [34]. In line with these data, it should be
mentioned that patients with IBC with ER-positive tumor
cells are virtually all resistant to endocrine therapy, a
clinical observation corroborated at the molecular level
by a significantly elevated recurrence score in ER-positive
IBC samples as compared with ER-positive non-IBC
samples (unpublished data).

These data suggest that the transrepression between ER
and NFxB defines a series of patients with endocrine
therapy-resistant breast cancer. In contrast to this
conclusion, however, Frasor and colleagues have shown
that the expression of 60 genes with a more than additive
upregulation by ER and NFkB (vide supra) distinguishes
a cohort of patients with poor outcome following endo-
crine treatment [66]. In addition, the expression of this
gene set is strongly elevated in patients with luminal B-
type breast cancer, the molecular breast cancer subtype
most often associated with resistance to endocrine therapy.

Unpublished data from our research group corroborate
earlier studies that suggest associations between altered
NFxB activity and resistance to endocrine therapy in
breast cancer. By comparing the expression profiles of
ER-positive samples from patients with and without IBC,
we were recently able to identify and validate six bio-
markers for endocrine responsiveness: ABAT, ADAMDEC],
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CLEC7A, ETS1, ITK and STC2. In addition, a metagene
of these biomarkers appears to be an independent
predictor of progression-free survival in patients with
ER-positive breast cancer treated with tamoxifen
(unpublished data). The expression of this metagene in 39
luminal A-type or luminal B-type breast cancer cell lines
was highly correlated with the expression of the NFxB
activation signature reported above [55]. In addition,
similar results were obtained when performing the same
analysis using expression profiles from 1,285 ER-positive
samples from patients with breast cancer.

Overall, available data suggest that NFkB modulates ER
activity, thereby potentially affecting the response of ER-
positive (breast) tumor cells to endocrine therapy.
Nevertheless, the precise mechanisms remain unclear
and available data support different hypotheses, each of
them offering potential explanations for endocrine treat-
ment resistance. First, transrepression of ER by NFxB has
been envisioned as a mechanism by which ER-positive
breast tumor cells lose ER expression and, hence, give
rise to a subpopulation of tumor cells that are resistant to
endocrine treatment. These tumor cells may reside
between the majority ER-positive tumor cells that are
sensitive to endocrine treatment, leading to the pheno-
menon of initial therapy response followed by secondary
(or acquired) resistance. Of note, this model possibly
contributes to endocrine treatment resistance in tumor
cells characterized by growth factor receptor signaling.
The second model involves transrepression of NFxB by
ER, which is suitable for explaining resistance to aroma-
tase inhibitors, SERDs or estrogen withdrawal. The
attenuated ER activation that results from estrogen
withdrawal or aromatase inhibition releases NFxB from
the ER-mediated inhibition, leading to NFxB-driven
tumor progression.

In both of these models, the endocrine-resistant tumor
cells might be characterized by an aggressive molecular
profile, including expression of genes associated with
epithelial-to-mesenchymal transition and stem cell
biology. The last model, in which ER and NFkB enhance
each other’s activity, could offer an explanation for resis-
tance to tamoxifen, which is known to exhibit agonistic
properties for ER. In combination with activated NFkB,
this could lead to a synergistic effect on the expression of
several target genes, including anti-apoptotic genes and
multidrug transporter proteins such as ABCG2. It has
recently been shown that polymorphisms in the ABCG2
gene are important predictors for the prognosis of
patients with breast cancer treated with tamoxifen [75].

Although the outlined hypotheses are supported by
currently available data, our knowledge related to the
interaction between both transcription factors is in-
complete. A first issue that needs to be taken into account
involves the heterogeneous nature of breast cancer. Using
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Table 3. Overview of NFkB-inhibiting drugs and their mechanism of action

Class of NFkB inhibitor Examples

Proteasome inhibition
Inhibition of IkB phosphorylation

Inhibition of nuclear translocation

Bortezomib, MG132, ALLN, epoxomicin
Pyrolydine dithiocarbamate, BAY11-7082, PS1145, BMS-345541, flavopyridol, parthenolide
Flavopyridol, dehydroxymethylepoxyquinomycin, SN50 peptide

IKB, inhibitor of NFKB.

gene expression profiling, Gatza and colleagues showed
that up to 12 subgroups with discriminating molecular
profiles can be identified in ER-positive breast cancer [2].
This observation implies that the molecular background,
which sets the scene for the interaction of ER and NFxB
in breast cancer, is tremendously variable. In this context,
cellular processes such as the interaction between ER and
NFxB, which might depend on the presence or absence of
certain cofactors or effectors of signal transduction, will
vary accordingly. In contrast, the majority of the cell-line
studies focusing on the interaction of ER and NFxB have
used only a single model system (for example, MCF7,
T47D), ignoring the heterogeneity of breast cancer and
therefore obscuring the correct assessment of the role of
the interaction between both molecules in breast cancer
and endocrine resistance. Moreover, the expression of
several components of the signal transduction cascades
(for example, the IkB proteins) leading to the activation
of both transcription factors is tissue dependent. The
interactions between ER and NFkB described in human
retinal pigment epithelial cells, HeLa cells or osteo-
sarcoma-derived Saos2 cells might thus be different from
those observed in breast cancer cells.

A second issue that needs to be considered involves the
versatility of the signal transduction pathways leading to
the activation of both NFxB (canonical and noncanonical)
and ER (classical and nonclassical). Adding to this
complexity is the fact that NFxB forms different homo-
dimers and heterodimers upon activation. Therefore, in
our opinion, it is very unlikely that one unique type of
interaction between ER and NFxkB exists. For example, it
has been postulated that different NFkB dimers may
exhibit different conformations, which has implications
for the interaction between NFxB and its co-activators
such as BCL3, CREB-binding protein or IRF3. In fact, the
conformational changes inside the NFxB dimers also
seem to be dependent on the sequence of the DNA
binding site for NFxB [76]. This observation suggests that
the mode of interaction between NFxB and other
proteins, such as ER, is also target gene dependent, even
in the context of a single molecular background. As such,
the results reported by Frasor and colleagues describing
different sets of target genes that are regulated by
different modes of interaction between ER and NFxB [66]
become particularly appealing. These results imply that
one should be careful when drawing conclusions about

synergistic or antagonistic interactions between ER and
NFkB, and the consequences thereof for resistance to
endocrine therapy, based on gene expression profiling alone.

Inhibition of NFkB: a future strategy to restore
endocrine sensitivity?

Owing to the possible role of NF«B in endocrine-resis-
tant breast cancer (vide supra), targeting NFkB might be
a successful therapeutic strategy. In practice, most of the
NFxB-targeting drugs prevent the proteasomal degrada-
tion of the IxB proteins, leading to cytoplasmic seques-
tration of NFkB. This can be achieved either by inhibiting
the proteasome or by directly or indirectly (via IKK)
interfering with IxBa phosphorylation. A second group
of drugs interfering with NFxB activity inhibits the
translocation of NF«B to the nucleus. Table 3 provides an
overview of the available drugs stratified by their mecha-
nism of action.

Given the apparent role of NFxB in mediating resis-
tance to endocrine therapy, inhibition of NFkB might be
a potential strategy to resensitize tumor cells. Indeed,
preclinical studies have shown that inhibition of NFkB,
particularly by parthenolide or bortezomib, in breast
cancer is able to restore endocrine sensitivity. Zhou and
colleagues showed that NF«B inhibition by parthenolide
and bortezomib is capable of sensitizing two tamoxifen-
resistant ER-positive breast cancer cell lines (BT474 and
MCF7/HER2). In addition, the same study also demon-
strated that the resensitization results in the establish-
ment of novel transcription factor complexes containing
ER and the co-repressor NCOR1 [34], which is involved
in regulating the responsiveness of breast cancer cell lines
to tamoxifen [29,30]. Nehra and colleagues have shown
that NFkB inhibition by parthenolide in tamoxifen-
resistant MCF7 cells restores responsiveness by inducing
expression of caspase 8, with consequent effects on BCL2
expression, mitochondrial function and apoptosis [77].
deGraffenried and colleagues showed that targeting
NFkB, using parthenolide or the IxB super-repressor, in
Akt-hyperactivated MCF7 cells restores tamoxifen
sensitivity [32]. Finally, Riggins and colleagues have shown
that the administration of parthenolide to fulvestrant-
resistant MCF7/LCC9 cells restores fulvestrant-induced
apoptosis [78].

To our knowledge, we are the only research group to
have investigated the effect of NFxB inhibition on
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endocrine treatment in a clinical setting. Using patients
with ER-positive breast cancer who developed metastases
during endocrine treatment, Trinh and colleagues
recently showed that the administration of bortezomib is
able to slow down disease progression in 22% of the cases
[79]. Their study also showed that bortezomib attenuates
the proteasomal activity and that the serum expression
profile of IL-6 is reduced in the treated setting.

Of note, most of the NFxB-targeting drugs are not
NFkB specific and may affect cellular behavior through
mechanisms other than NFxB inhibition. For example,
the IkB phosphorylation inhibitor BAY11-7082 also
induces cell death in an NFkB-independent way by
augmenting the production of reactive oxygen species
leading to depolarization of the mitochondrial membrane
and release of cytochrome C. With respect to the
proteasome inhibition, studies have even shown these
may enhance NFkB activity in an IKK-dependent manner.
Altogether, these data suggest that the (clinical) use of
NFxB-targeting drugs in NFxB-driven malignancies
should be considered with care.

Conclusion

Breast cancer remains an important cause of cancer-
related death in women. ER-positive tumors are generally
treated with endocrine therapy. One of the greatest
hurdles with endocrine treatment is the development of
resistance. Recent data, both in cell lines and in breast
cancer patients, suggest that NFxB might play a role in
modulating the ER signaling pathway and therefore could
be involved in governing responsiveness to endocrine
treatment in breast cancer patients. The precise
mechanism, if any, remains unclear and further research
exploring this intricate network is needed, especially
since NFkB can be targeted with drugs and therefore
might be clinically relevant.

From the perspective of future research, we need to
take into account the fact that breast cancer is a
heterogeneous disease and that the interaction between
ER and NFxB is multifaceted. Research dedicated
towards unraveling this interaction should incorporate at
least multiple ER-positive breast cancer cell lines and
should focus on all NFkB subunits, instead of treating
NFxB as a sole transcription factor. In the case of gene
expression profiling, experiments should be designed to
allow the discrimination of agonistic or antagonistic
effects of the interaction between ER and NFxB. In
addition, data obtained through gene expression profiling
should be validated at protein level using DNA binding
assays or electrophoretic mobility shift assays for all
NFxB subunits.

Abbreviations
ABCG2, ATP binding cassette transporter G2; AIB1, amplified in breast 1;
Blimp1, B-lymphocyte-induced maturation protein 1; ER, estrogen receptor;

Page 12 of 14

EZH2, enhancer of zeste homolog 2; IBC, inflammatory breast cancer; IkB,
inhibitor of NFkB; IkBa, inhibitor of NFkB a-protein; IKK, inhibitor of NFkB
kinases; IL, interleukin; NCORT1, co-repressor of estrogen receptor; NF, nuclear
factor; SERD, selective estrogen receptor downregulator; SERM, selective
estrogen receptor modulator; TNF, tumor necrosis factor.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

PBV, LYD and SJVL were involved in conceptualizing the manuscript. LS, JH
and SVJL were involved in writing the manuscript. All authors were involved in
carefully proofreading the paper and have approved the final version.

Author details

Translational Cancer Research Unit, Oncology Center, GZA hospitals St-
Augustinus, Oosterveldlaan 24, 2610 Antwerp, Belgium *Department of
Oncology, University of Antwerp, Universiteitsplein 1, 2610 Antwerp, Belgium.
*Division of Gyneacological Oncology, Department of Oncology, University
Hospital Leuven, Catholic University Leuven, Herestraat 49, 3000 Leuven,
Belgium.

Published: 31 August 2012

References

1. Perou CM, Serlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR,
Ross DT, Johnsen H, Akslen LA, Fluge O, Pergamenschikov A, Williams C, Zhu
SX, Lenning PE, Barresen-Dale AL, Brown PO, Botstein D: Molecular portraits
of human breast tumours. Nature 2000, 406:747-752.

2. Gatza ML, Lucas JE, Barry WT, Kim JW, Wang Q, Crawford MD, Datto MB, Kelley
M, Mathey-Prevot B, Potti A, Nevins JR: A pathway-based classification of
human breast cancer. Proc Natl Acad Sci U S A 2010, 107:6994-6999.

3. BertucciF, Birnbaum D: Reasons for breast cancer heterogeneity. J Bio/ 2008,
7:6.

4. Hsiao YH, Chou MC, Fowler C, Mason JF, Man YG: Breast cancer
heterogeneity: mechanisms, proofs, and implications. J Cancer 2010,
1:6-13.

5. Paik S: Development and clinical utility of a 21-gene recurrence score
prognostic assay in patients with early breast cancer treated with
tamoxifen. Oncologist 2007, 12:631-663.

6. Fan C, Oh DS, Wessels L, Weigelt B, Nuyten DS, Nobel AB, van't Veer LJ, Perou
CM: Concordance among gene-expression-based predictors for breast
cancer. N Engl J Med 2006, 355:560-569.

7. Creighton CJ, Hilger AM, Murthy S, Rae JM, Chinnaiyan AM, El-Ashry D:
Activation of mitogen-activated protein kinase in estrogen receptor
alpha-positive breast cancer cells in vitro induces an in vivo molecular
phenotype of estrogen receptor alpha-negative human breast tumors.
Cancer Res 2006, 66:3903-3911.

8. Creighton CJ: A gene transcription signature of the Akt/mTOR pathway in
clinical breast tumors. Oncogene 2007, 26:4648-4655.

9. Massarweh S, Osborne CK, Creighton CJ, Qin L, Tsimelzon A, Huang S, Weiss
H, Rimawi M, Schiff R: Tamoxifen resistance in breast tumors is driven by
growth factor receptor signalling with repression of classic estrogen
receptor genomic function. Cancer Res 2008, 68:826-833.

10. Thomas RS, Sarwar N, Phoenix F, Coombes RC, Ali S: Phosphorylation at
serines 104 and 106 by Erk1/2 MAPK is important for estrogen receptor-a
activity. J Mol Endocrinol 2008, 40:173-184.

11. Van Laere SJ,Van der Auwera |, Van den Eynden GG, van Dam P, Van Marck EA,
Vermeulen PB, Dirix LY: NF-kB activation in inflammatory breast cancer is
associated with oestrogen receptor downregulation, secondary to EGFR
and/or HER2 overexpression and MAPK hyperactivation. 8 J Cancer 2007,
97:659-669.

12. Biswas DK, Cruz AP, Gansberger E, Pardee AB: Epidermal growth factor-
induced nuclear factor kappa B activation: a major pathway of cell-cycle
progression in estrogen-receptor negative breast cancer cells. Proc Natl
Acad SciUS A 2000, 97:8542-8547.

13. Muramatsu M, Inoue S: Estrogen receptors: how do they control
reproductive and nonreproductive functions? Biochem Biophys Res
Commun 2000, 270:1-10.

14.  SpeirsV, Carder PJ, Lane S, Dodwell D, Lansdown MR, Hanby AM: Oestrogen
receptor beta: what it means for patients with breast cancer. Lancet Oncol



Sas et al. Breast Cancer Research 2012, 14:212
http://breast-cancer-research.com/content/14/4/212

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

2004, 5:174-181.

Ogawa S, Inoue S, Watanabe T, Hiroi H, Orimo A, Hosoi T, Ouchi Y, Muramatsu
M: The complete primary structure of human estrogen receptor beta
(hERB) and its heterodimerization with ER alpha in vivo and in vitro.
Biochem Biophys Res Commun 1998, 243:122-126.

Hayashi SI, Eguchi H, Tanimoto K, Yoshida T, Omoto Y, Inoue A, Yoshida N,
Yamaguchi Y: The expression and function of estrogen receptor alpha and
beta in human breast cancer and its clinical application. Endocr Relat
Cancer 2003, 10:193-202.

Barone |, Brusco L, Fuqua SA: Estrogen receptor mutations and changes in
downstream gene expression and signaling. Clin Cancer Res 2010,
16:2702-2708.

Dauvois S, Danielian PS, White R, Parker MG: Antiestrogen ICl 164,384
reduces cellular estrogen receptor content by increasing its turnover.
Proc Natl Acad Sci U S A 1992, 89:4037-4041.

Jordan VC: Selective estrogen receptor modulation: concept and
consequences in cancer. Cancer Cell 2004, 5:207-213.

Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, Castiglione M, Tu
D, Shepherd LE, Pritchard KI, Livingston RB, Davidson NE, Norton L, Perez EA,
Abrams JS, Therasse P, Palmer MJ, Pater JL: A randomized trial of letrozole in
postmenopausal women after five years of tamoxifen therapy for early-
stage breast cancer. N Engl J Med 2003, 349:1-10.

Goss PE, Strasser K: Aromatase inhibitors in the treatment and prevention
of breast cancer. J Clin Oncol 2001, 19:881-894.

Ring A, Dowsett M: Mechanisms of tamoxifen resistance. Endocr Relat
Cancer 2004, 11:643-658.

Musgrove AE, Sutherland RL: Biological determinants of endocrine
resistance in breast cancer. Nat Rev Cancer 2009, 9:631-643.

Turner N, Pearson A, Sharpe R, Lambros M, Geyer F, Lopez-Garcia MA, Natrajan
R, Marchio C, lorns E, Mackay A, Gillett C, Grigoriadis A, Tutt A, Reis-Filho JS,
Ashworth A: FGFR1 amplification drives endocrine therapy resistance and
is a therapeutic target in breast cancer. Cancer Res 2010, 70:2085-2094.
Gee JM, Robertson JF, Gutteridge E, Ellis IO, Pinder SE, Rubini M, Nicholson RI:
Epidermal growth factor receptor/HER2/insulin-like growth factor
receptor signalling and oestrogen receptor activity in clinical breast
cancer. Endocr Relat Cancer 2005, 12(Suppl 1):99-111.

Aguilar H, Solé X, Bonifaci N, Serra-Musach J, Islam A, Lopez-Bigas N, Méndez-
Pertuz M, Beijersbergen RL, Lézaro C, Urruticoechea A, Pujana MA: Biological
reprogramming in acquired resistance to endocrine therapy of breast
cancer. Oncogene 2010, 29:6071-6083.

Arpino G, Wiechmann L, Osborne CK, Schiff R: Crosstalk between the
estrogen receptor and the HER tyrosine kinase receptor family: molecular
mechanism and clinical implications for endocrine therapy resistance.
Endocr Rev 2008, 29:217-233.

Johnston SR: Enhancing the efficacy of hormonal agents with selected
targeted agents. Clin Breast Cancer 2009, 9(Suppl 1):28-36.

Schiff R, Massarweh S, Shou J, Osborne CK: Breast cancer endocrine
resistance: how growth factor signaling and estrogen receptor
coregulators modulate response. Clin Cancer Res 2003, 9(Suppl 2):447-454.
Girault I, Lerebours F, Amarir S, Tozlu S, Tubiana-Hulin M, Lidereau R, Bieche I:
Expression analysis of estrogen receptor alpha coregulators in breast
carcinoma: evidence that NCOR1 expression is predictive of the response
to tamoxifen. Clin Cancer Res 2003, 9:1259-1266.

Zhang ZH, Yamashita H, Toyama T, Yamamoto Y, Kawasoe T, Ibusuki M, Tomita
S, Sugiura H, Kobayashi S, Fujii Y, Iwase H: Nuclear corepressor 1 expression
predicts response to first-line endocrine therapy for breast cancer patients
on Relapse. Chin Med J 2009, 122:1764-1768.

deGraffenried LA, Chandrasekar B, Friedrichs WE, Donzis E, Silva J, Hidalgo M,
Freeman JW, Weiss GR: NF-kB inhibition markedly enhances sensitivity of
resistant breast cancer tumor cells to tamoxifen. Ann Oncol 2004,
15:885-890.

ZhouY, Eppenberger-Castori S, Eppenberger U, Benz CC: The NFKB pathway
and endocrine-resistant breast cancer. Endocr Relat Cancer 2005,

12(Suppl 1):37-46.

Zhou'Y, Yau C, Gray JW, Chew K, Dairkee SH, Moore DH, Eppenberger U,
Eppenberger-Castori S, Benz CC: Enhanced NFkB and AP-1 transcriptional
activity associated with antiestrogen resistant breast cancer. BMC Cancer
2007, 7:59-74.

Ghosh 'S, Karin M: Missing pieces in the NF-kB puzzle. Cell 2002,

109(Suppl 2):81-96.

Karin M: How NF-kB is activated: the role of the IkB kinase (IKK) complex.

37.

38.

39.
40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 13 of 14

Oncogene 1999, 18:6867-6874.

Hoffmann A, Leung TH, Baltimore D: Genetic analysis of NF-kB/Rel
transcription factors defines functional specificities. FMBO J 2003,
22:5530-5539.

Chen LF, Greene WC: Shaping the nuclear action of NF-kB. Nat Rev Mol Cell
Biol 2004, 5:392-401.

Sun SC: Non-canonical NF-kB signaling pathway. Cell Res 2011, 21:71-85.
Ko BS, Chang TC, Chen CH, Liu CC, Kuo CC, Hsu C, Shen YC, Shen TL,
Golubovskaya VM, Chang CC, Shyue SK, Liou JY: Bortezomib suppresses
focal adhesion kinase expression via interrupting nuclear factor-kappa B.
Life Sci 2010, 86:199-206.

Sen R, Smale ST: Selectivity of the NF-kB response. Cold Spring Harb Perspect
Biol 2010, 2:a000257.

Perkins ND: The diverse and complex roles of NF-kB subunits in cancer.
Nat Rev Cancer 2012, 12:121-132.

Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cel/
2011, 144:646-674.

Wu'Y, Deng J, Rychahou PG, Qiu S, Evers BM, Zhou BP: Stabilization of snail
by NF-kB is required for inflammation-induced cell migration and
invasion. Cancer Cell 2009, 15:416-428.

Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks M, Reinhard
F, Zhang CC, Shipitsin M, Campbell LL, Polyak K, Brisken C, Yang J, Weinberg
RA: The epithelial-mesenchymal transition generates cells with properties
of stem cells. Cell 2008, 133:704-715.

lliopoulos D, Hirsch HA, Struhl K: An epigenetic switch involving NF-kB,
Lin28, Let-7 MicroRNA, and IL6 links inflammation to cell transformation.
Cell 2009, 139:693-706.

Van Laere SJ,Van der Auwera |, Van den Eynden GG, Elst HJ, Weyler J, Harris
AL, van Dam P.Van Marck EA, Vermeulen PB, Dirix LY: Nuclear factor-kB
signature of inflammatory breast cancer by cDNA microarray validated by
quantitative real-time reverse transcription-PCR, immunohistochemistry,
and nuclear factor-kB DNA-binding. Clin Cancer Res 2006, 12:3249-3256.
Van Laere S, Limame R, Van Marck EA, Vermeulen PB, Dirix LY: Is there a role
for mammary stem cells in inflammatory breast carcinoma?: a review of
evidence from cell line, animal model, and human tissue sample
experiments. Cancer 2010, 116(Suppl 11):2794-2805.

Wu L, Shao L, An N, Wang J, Pazhanisamy S, Feng W, Hauer-Jensen M,
Miyamoto S, Zhou D: IKKB regulates the repair of DNA double-strand
breaks induced by ionizing radiation in MCF-7 breast cancer cells. PLoS
One 2011,6:218447.

Belguise K, Sonenshein GE: PKCO promotes c-Rel-driven mammary
tumorigenesis in mice and humans by repressing estrogen receptor a
synthesis. J Clin Invest 2007, 117:4009-4021.

Ghisletti S, Meda C, Maggi A, Vegeto E: 17B-Estradiol inhibits inflammatory
gene expression by controlling NF-kB intracellular localization. Mol Cell Biol
2005, 25:2957-2968.

Galien R, Garcia T: Estrogen receptor impairs interleukin-6 expression by
preventing protein binding on the NF-kB site. Nucleic Acids Res 1997,
25:2424-2429.

Nettles KW, Gil G, Nowak J, Métivier R, Sharma VB, Greene GL: CBP is a
dosage-dependent regulator of nuclear factor-kB suppression by the
estrogen receptor. Mol Endocrinol 2008, 22:263-272.

Paimela T, Ryhdnen T, Mannermaa E, Ojala J, Kalesnykas G, Salminen A,
Kaarniranta K: The effect of 173-estradiol on IL-6 secretion and NF-kB
DNA-binding activity in human retinal pigment epithelial cells. /mmunol
Lett 2007, 110:139-144.

Annunziata CM, Davis RE, Demchenko Y, Bellamy W, Gabrea A, Zhan F, Lenz G,
Hanamura |, Wright G, Xiao W, Dave S, Hurt EM, Tan B, Zhao H, Stephens O,
Santra M, Williams DR, Dang L, Barlogie B, Shaughnessy JD Jr, Kuehl WM,
Staudt LM: Frequent engagement of the classical and alternative NF-kB
pathways by diverse genetic abnormalities in multiple myeloma. Cancer
Cell 2007, 12:115-130.

Parker JS, Mullins M, Cheang MC, Leung S, Voduc D, Vickery T, Davies S,
Fauron C, He X, Hu Z, Quackenbush JF, Stijleman 1J, Palazzo J, Marron JS,
Nobel AB, Mardis E, Nielsen TO, Ellis MJ, Perou CM, Bernard PS: Supervised
risk predictor of breast cancer based on intrinsic subtypes. J Clin Oncol
2009, 27:1160-1167.

Qiu J, Wang X, Guo X, Zhao C, Wu X, Zhang Y: Toll-like receptor 9 agonist
inhibits ERa-mediated transactivation by activating NF-kB in breast cancer
cell lines. Oncol Rep 2009, 22:935-941

Hsu SM, Chen YC, Jiang MC: 17 beta-estradiol inhibits tumor necrosis



Sas et al. Breast Cancer Research 2012, 14:212
http://breast-cancer-research.com/content/14/4/212

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

factor-alpha-induced nuclear factor-kappa B activation by increasing
nuclear factor-kappa B p105 level in MCF-7 breast cancer cells. Biochem
Biophys Res Commun 2000, 279:47-52.

Dai R, Phillips RA, Ahmed SA: Despite inhibition of nuclear localization of
NF-kB p65, c-rel, and RelB, 17-f estradiol up-regulates NF-kB signalling in
mouse splenocytes: the potential role of Bcl-3. JiImmunol 2007,
179:1776-1783.

Cvoro A, Tzagarakis-Foster C, Tatomer D, Paruthiyil S, Fox MS, Leitman DC:
Distinct roles of unliganded and liganded estrogen receptors in
transcriptional repression. Mol Cell 2006, 21:555-564.

Wang X, Belguise K, Kersual N, Kirsch KH, Mineva ND, Galtier F, Chalbos D,
Sonenshein GE: Oestrogen signalling inhibits invasive phenotype by
repressing RelB and its target BCL2. Nat Cell Biol 2007, 9:470-478.
Acharyya S, Sharma SM, Cheng AS, Ladner KJ, He W, Kline W, Wang H,
Ostrowski MC, Huang TH, Guttridge DC: TNF inhibits Notch-1 in skeletal
muscle cells by Ezh2 and DNA methylation mediated repression:
implications in Duchenne muscular dystrophy. PLoS One 2010, 5:e12479.
Reijm EA, Jansen MP, Ruigrok-Ritstier K, van Staveren IL, Look MP, van Gelder
ME, Sieuwerts AM, Sleijfer S, Foekens JA, Berns EM: Decreased expression of
EZH2 is associated with upregulation of ER and favorable outcome to
tamoxifen in advanced breast cancer. Breast Cancer Res Treat 2011,
125:387-394.

Wang X, Belguise K, O'Neill CF, Sénchez-Morgan N, Romagnoli M, Eddy SF,
Mineva ND, Yu Z, Min C, Trinkaus-Randall V, Chalbos D, Sonenshein GE: RelB
NF-KkB represses estrogen receptor alpha expression via induction of the
zinc finger protein Blimp1. Mo/ Cell Biol 2009, 29:3832-3834.

Pradhan M, Bembinster LA, Baumgarten SC, Frasor J: Proinflammatory
cytokines enhance estrogen-dependent expression of the multidrug
transporter gene ABCG2 through estrogen receptor and NFkB
cooperativity at adjacent response elements. J Bio/ Chem 2010,
285:31100-31106.

Frasor J, Weaver A, Pradhan M, Dai Y, Miller LD, Lin CY, Stanculescu A: Positive
cross-talk between estrogen receptor and NF-kB in breast cancer. Cancer
Res 2009, 69:8918-8925.

Frasor J, Weaver AE, Pradhan M, Mehta K: Synergistic up-regulation of
prostaglandin E synthase expression in breast cancer cells by 17f3-
estradiol and proinflammatory cytokines. Endocrinology 2008,
149:6272-6279.

Rubio MF, Werbajh S, Cafferata EG, Quaglino A, Colo GP, Nojek IM, Kordon EC,
Nahmod VE, Costas MA: TNF-a enhances estrogen-induced cell
proliferation of estrogen-dependent breast tumour cells through a
complex containing nuclear factor-kB. Oncogene 2006, 25:1367-1377.
Daosukho C, Kiningham K, Kasarskis EJ, Ittarat W, St Clair DK: Tamoxifen
enhancement of TNF-alpha induced MnSOD expression: modulation of
NF-kB dimerization. Oncogene 2002, 21:3603-3610.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 14 of 14

Park KJ, Krishnan V, O'Malley BW, Yamamoto Y, Gaynor RB: Formation of an
IKKa-dependent transcription complex is required for estrogen receptor-
mediated gene activation. Mol Cell 2005, 18:71-82.

Weitsman GE, Li L, Skliris GP, Davie JR, Ung K, Niu Y, Curtis-Snell L, Tomes L,
Watson PH, Murphy LC: Estrogen receptor-alpha phosphorylated at Ser118
is present at the promoters of estrogen-regulated genes and is not altered
due to HER-2 overexpression. Cancer Res 2006, 66:10162-10170.

Wu RC, Qin J,Yi P, Wong J, Tsai SY, Tsai MJ, O'Malley BW: Selective
phosphorylations of the SRC-3/AIB1 coactivator integrate genomic
reponses to multiple cellular signaling pathways. Mol Cell 2004, 15:937-949.
Tu Z, Prajapati S, Park KJ, Kelly NJ, Yamamoto Y, Gaynor RB: IKK alpha
regulates estrogen-induced cell cycle progression by modulating E2F1
expression. J Biol Chem 2006, 281:6699-6706.

Kim MR, Choi HK, Cho KB, Kim HS, Kang KW: Involvement of Pin1 induction
in epithelial-mesenchymal transition of tamoxifen-resistant breast cancer
cells. Cancer Sci 2009, 100:1834-1841.

Kiyotani K, Mushiroda T, Imamura CK, Hosono N, Tsunoda T, Kubo M,
Tanigawara Y, Flockhart DA, Desta Z, Skaar TC, Aki F, Hirata K, Takatsuka',
Okazaki M, Ohsumi S, Yamakawa T, Sasa M, Nakamura Y, Zembutsu H:
Significant effect of polymorphisms in CYP2D6 and ABCC2 on clinical
outcomes of adjuvant tamoxifen therapy for breast cancer patients. J Clin
Oncol 2010, 28:1287-1293.

Shih VF, Tsui R, Caldwell A, Hoffmann A: A single NFkB system for both
canonical and non-canonical signaling. Cell Res 2011, 21:86-102.

Nehra R, Riggins RB, Shajahan AN, Zwart A, Crawford AC, Clarke R: BCL2 and
CASP8 regulation by NF-kB differentially affect mitochondrial function
and cell fate in antiestrogen-sensitive and -resistant breast cancer cells.
FASEBJ 2010, 24:2040-2055.

Riggins RB, Zwart A, Nehra R, Clarke R: The nuclear factor kappa B inhibitor
parthenolide restores ICl 182,780 (Faslodex; Fulvestrant)-induced
apoptosis in antiestrogen-resistant breast cancer cells. Mol Cancer Ther
2005, 4:33-41.

Trinh XB, Sas L, Van Laere SJ, Prové A, Deleu |, Rasschaert M, van de Velde H,
Vinken P, Vermeulen PB, van Dam PA, Wojtasik A, De Mesmaeker P, Tjalma WA,
Dirix LY: A phase Il study of the combination of endocrine treatment and
Bortezomib in patients with endocrine resistant metastatic breast cancer.
Oncol Rep 2011, 27:657-663.

doi:10.1186/bcr3196
Cite this article as: Sas L, et al: The interaction between ER and NFKB in
resistance to endocrine therapy. Breast Cancer Research 2012, 14:212.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


