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Abstract

The classical pathway for estrogen receptor (ER) signaling is mediated by ER binding to an estrogen response element (ERE) in DNA. E
can also act via a nonclassical pathway by altering the activities of other transcription factors (e.g., Sp1, AP-&BdalNfreir cognate sites
on DNA. We previously generated a mutant form of EEE207A/G208A) that does not bind to ERESs, and therefore lacks signaling via the
classical pathway but retains signaling via the nonclassical pathway. In the current study, we introduce this nauitatat FRA-MB231 ERx-
negative breast carcinoma cells to identify nonclassical pathway genes that respofekesiradiol (E2), selective estrogen receptor modulators
(SERMSs) tamoxifen (TAM) or raloxifene (RAL), or the estrogen antagonist ICI 182,780 (ICI). Consistent with a role for nonclassical signaling ir
SERM action, microarray analyses identify 268 responsive nonclassicapBfRway target genes. ICI elicits the largest number of nonclassical
genes, followed by RAL, TAM, and E2. Custom microarrays containing identified nonclassicalg€sRonsive genes are used to compare gene
expression in human breast tumar=34) and normal mammary epithelial cell £9) samples. A subset of nonclassical genes 32) are
differentially expressed in breast tumors. In summary, we show that nonclassiegb&Rway target genes exhibit a range of transcriptional
responses to SERMs and identify targets of this pathway as potentially relevant to breast cancer. The identification of nonclasaiggt ER
genes offers new insight into estrogen receptor signaling and cross talk with pathways that mediate breast tumor response to SERM therapy.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction regulated through this nonclassical & pathway include Hsp27
(Porter et al., 1997 RANTES (Kanda and Watanabe, 2003
Estrogen receptor alpha (&R after binding its ligand, alters IGF-1 (Umayahara et al., 1994VCAM-1 (Simoncini et al.,
the transcription of target genes. This ‘genomic’ signaling car2000, c-Myc (Dubik and Shiu, 199 and EGFR $alvatori et
be further divided into classical and nonclassical pathways. Ial., 2003. Mechanisms of nonclassical kRegulation can vary
classical signaling, E& binds to estrogen response elementsfor different interacting transcription factors. For examplepER
(ERE) in target gene promoters and recruits cofactors to induceepression of IL-6 transcription depends on its ability to disrupt
or repress transcription. In nonclassical signalingoaEdRers  NF-«B and C/EBIB interactions with DNA $Stein and Yang,
the transcription of genes without binding directly to an ERE.1995; Ray et al., 1997 In contrast, ERe has been shown to
Rather, ER alters the activities of other transcription factors bind c-Jun and JunB, stabilize complex interactions with coacti-
such as AP-1, Sp1, or NkB. Examples of genes known to be vator GRIP1 Teyssier et al., 20Q1and to alter AP-1 regulation
of the collagenase promoténgbb et al., 1996 Furthermore,
regulation can be cellerillo et al., 1998 and ligand specific
Abbreviations: aRNA, anti-sense RNA; E2, Brestradiol; ER, estro- (Webb et al., 1999, 2003; Kushner et al., 2000; Jakacka et al.,
gen receptor; cRNA, cloned RNA; ERE, estrogen response element; ICI, ICR001), perhaps suggesting a role for this pathway in conveying
182,780; IVT, In vitro transcription; MEC, mammary epithelial cell; NB- a tissue selective SERM response.

nuclear factor kappa B; RAL, raloxifene; SERM, selective estrogen receptor Patients with breast cancers that express estrogen receptor
modulator; TAM, tamoxifen p g p

* Corresponding author. Tel.: +1 312 503 2037; fax: +1 312 908 9032. have a better prognosis and respond better to treatment with anti-
E-mail address: ljameson@northwestern.edu (J.L. Jameson). estrogens, including Tamoxife®®{Regan and Jordan, 2002
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In addition, there is evidence that nonclassicabERteracting  arecombinant adenovirus. The adenoviral vector (Ad¥ERearries the ERA
factors, such as AP-1 and N&B, play a role in the pathogen- mutant driven by the cytomegalovirus (CMV) promoter. Ad-Empty carries no
esis of breast cancer. Over-expression of the epidermal growffPNA and was used as a negative contfi( 1). Ad-Gal (Lee et al., 199p

. . carryingB-galactosidase driven by the CMV promoter was used to test transduc-
factor receptor (EGFR), known to signal through AP-1 to Stlm_tion efficiency.3-Galactosidase expression was detected in 95-100% of cells at

ulate proliferation,_is Q__SSOCi&tGd with aggr?§3ive tumor behaviogs_4gh after infection with Ad-Gal at a multiplicity of infection (MOI) of 7.5
and poor prognosiK(ijn et al., 1999. Additionally, levels of  plaque-forming units (PFU) per cell (data not shown). Therefore, subsequent
AP-1 transcription factor complex member fraPh{lips et al., ~ experiments were performed using this amount (7.5 PFU/cell) of A#ER
1999 correlate negatively with breast tumor ER status, response MPA-MB231 ERx-negative breast carcinoma cells were cultured in
to treatment lBamber er et al 19991nd have been shown to charcoal-stripped serum for 3 days before being plated at 1§ cells/10 cm
. - g " plate. Cells were infected with either Ad B or Ad-empty vector and incu-
a'Fer tam9X|fen aCUO_nWebb et al., 199p BlOCkad? Of AP-l bated for 8 h before changing the media. Four hours later, cells were treated
with dominant negative c-Jun has been shown to inhibit growthvith either E2 (1 nM), TAM (100 nM), ICI 182,780 (100 nM), RAL {iM) or
of MCF-7 breast cancer cells in nude mideu( et al., 2003. ethanol vehicle control. Cells were incubated with ligand or vehicle for 12 h
Similarly inhibition of NFxB reduces metastatic potential in (40-60% confluent). RNA was extracted using Trizol reagent (Life Technolo-
L7 . gies), followed by DNase treatment, phenol/chloroform extraction and ethanol

a murine mammary carcinoma modeluber et al., 200gand precipitation
restores tamoxifen sensitivity to a cellular model of tamoxifen
resistant, hormone-independent breast cartm®(affenried et
al., 2004.

Studies pairing microarrays with cellular model systems have Sample RNA was labeled for hybridization to Affymetrix chips accord-
been used successfully to distinguishdERom ERB selec- ing to the manufacturer’s “Eukaryotic Target Preparation” protocol. Briefly,
tive target genes and to determine temporal differences in gerﬁi@uble-stranded cDNA was synthesized fromug0of total RNA. In vitro tran-

A . scription (IVT) was performed using T7 enzyme and biotin-labeled nucleotides.
expression in response to eStrOgsmSSI etal, 2004A recent Twenty micrograms of purified cloned RNA (cRNA) was fragmented and then

array study using a dominant negative cJun identified 20 neWyprigized to Human Genome U95 Affymetrix GeneChip Arrays according to
AP-1 target genes regulated in response to estrogeN#&rdo  the manufacturers protocol. Data were filtered to identify a SERM respon-
et al., 200%. In the current study, we introduce a mutantdER sive gene set, defined as genes whose expression changed by at least 2.3-fold in
with ablated classical but intact nonclassicanEﬁgnaIing to responszto an)c/]treatmelntversusvehicle controll, tl;lljtnotwith Iempty(virus contr)ol

. . . . in two independent replicate experiments. Available cDNA clones (Invitrogen
SeIeCt,Ively reStore.only nonclgssmal &Rignaling to an ER for 255 of the 268 identified genes were printed in triplicate on low density glass
negative breast epithelial cell line and screen for SERM responicroarray slides along with GFP cDNA for positive and Arabidopsis cDNA
sive target genes. We further examine this nonclassical ERfor negative hybridization controls.
target gene set for relevance to breast cancer by profiling their
expression patterns in normal and tumor breast specimens. 2.3. Breast tumor sample preparation and hybridization

2.2. High density array screen

All studies involving human samples were approved by the Northwestern
University Institutional Review Board. High quality sample RNA was isolated
from normal and tumor breast tissues as previously describedz( et al.,

2.1. Construction of adenovirus, infection, and treatment of cells 2002. Briefly, frozen pulverized tumor specimens were obtained from the
National Cancer Tissue Resource SPORE at Baylor College of Medicine

The murine ER receptor harboring two mutations (E207A/G208A, desig- (Houston, TX). Normal mammary epithelial cells (MECs) were obtained from
nated ERA) in the P-box of the first zinc finger of the DNA-binding domain reduction mammoplasties and processed to enrich for epithelial &g,
was introduced into MDA-MB231 E&-negative breast carcinoma cells using 1996. To avoid altering their transcriptional profiles, MECs were not expanded

2. Materials and methods

CMVp AA mERa p(A)

O 1 | Ad-ERAA

AE1 AES3

Tumor / Normal
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Fig. 1. Adenoviral constructs and experimental approach.
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in culture. Since RNA from these human samples was limited, and microarrays  (A)
required more than was availablepd of total RNA from each normal and

tumor breast sample was subjected to one round of T7 enzyme-based linear
amplification using the MessengerAmp aRNA kit (Ambion). Appropriate

size distribution of cRNA was confirmed using the RNA 6000 Nano Labchip

Kit (Agilent Technologies). A normal reference cRNA pool was prepared by 04
mixing equal parts of each normal MEC cRNA. GFP antisense RNA (aRNA)
was prepared by IVT (Megascript kit, Ambion) using RNA Polymerase SP6
and linearized pGEM-3Z vector containing GFP sequence. Hybridization
probes were prepared using aminoallyl dUTP (Ambion) incorporation during
cDNA synthesis and subsequent coupling to Cy dyes (Amersham Biosciences)

50 1

% Stimulate:

% Suppressed
3

of 8pg of individual experimental (normal or tumor) cRNA, or an equal Y‘OO T T
amount of the normal reference pool, spiked with 100ng of GFP aRNA
internal control. Labeled probes (Cy3 experimental and Cy5 reference) were
column purified, mixed, precipitated, and resuspended in hybridization buffer
(25% formamide, 5% SSC, 0.1% SDS, 04og/ul Poly dA, 0.2ung/ul BSA,

1 g/l denatured salmon sperm DNA). Probes were boiled 4 min, then applied (B) EStmge: _Hggp‘)”s“’e Es"oge'; E'”zr;;pons“'e

E'2 lél Ral Tam
(29) (195) (100) (46)

to denatured, prehybridized glass microarrays under lifter cover slips (Erie
Scientific Company) and incubated 16 h at°@in hybridization chambers
with controlled humidity. Arrays were washedx14 min in 2x SSC, 0.1%
SDS at 50C, followed by 1x 4min in 2x SSC, 0.1% SDS, and:24 min in

0.2x SSC at room temperature with gentle shaking.

2.4. Data collection and analysis

Due to intrinsic differences between Cy5 and Cy3 signal strengths, data
were normalized by altering the detection laser power to adjust the ratio of GFP
internal hybridization control Cy5/Cy3 to 1.0 (Scan Array Express Microar-
ray Analysis System, Perkin-Elmer Life Science). Quality assessment of arrafyid- 2. ldentification of nonclassical ERtarget genes. (A) Distribution and
spot morphology and template alignment was performed. Data were furthefirectionality of responsive genes identified in the Affymetrix high density
normalized such that the median of all GFP spots equaled 1.0. Ratio dagfreen. Numbers of responsive genes for each treatment are indicated in paren-
for triplicate spots were averaged, log transformed and analyzed by unsupeiPeses. (B) Overlapping ligand responses of nonclassicalrggulated genes.
vised hierarchical clustering using the Cluster and Tree software programSenes are segregated into estrogen-responsive (left pan2@) and estrogen-
(http://www.microarrays.org/software.hfmbvith Spearman Rank correlation unresponsive (right panek=239). Overlapping areas represent genes that
(Eisen et al., 1998 Expression data were tested against previously determinedespond to more than one ligand.
sample characteristic#\(iazi et al., 2002 for correlation using Multivariate
analysis by Spearman Rank.

Coordinate regulation of responsive genes is illustrated in
2.5. Data confirmation Fig. 2B. For clarity, responsive genes are separated into two

groups: estrogen responsivieid. 2B, left) and estrogen unre-

Correlation of expression data nodes with tumor status obtained by unsisponsiveFig. 2B, right). The sum of genes regulated by multiple

pervised hierarchical clustering was confirmed using multivariate analysis byreatments is displayed in the overlapping areas. Only 11%
Spearman Rank correlation ir? the SP_SS statistical ahalysis package. Microg, — 29) of identified genes regulated through the nonclassical
ray expression (_jatgwere confirmed using semi-quantitative RT-PCR (1Q SYB Ra pathway were responsive to E2. Most genes identified
Green Super Mix, iCycler Instrument, BioRad) on normal and tumor pools. . .

were not responsive to E2:€239) and either responded to
3. Results ICI (n=131) or raloxifene{=39), or similarly to both ICI and
raloxifene = 35).

3.1. Identification of estrogen receptor a nonclassical
pathway target genes 3.2. Nonclassical ERa target genes with altered expression
in breast tumors

Using the nonclassical ERsignaling cellular model system
(Fig. D) and gene expression profiling, we identified 268 non- Identification of these 268 gene targets provides an oppor-
classical ER target genes3upplementary Tablé linresponse tunity to examine the potential relevance of nonclassicak ER
to E2 or ICI, a larger number of genes were stimulated tharsignaling in breast cancer pathogenesis and treatment. A custom
suppressed (ratio of approximately 60:46)g. 2A). In con-  cDNA microarray was created using available clones (255/268)
trast, genes that responded to tamoxifen or raloxifene werfor the identified nonclassical BERpathway genes and used to
overwhelmingly suppressed. Treatment of cells with estradiotietermine expression profiles in a previously characterized set
elicited the smallest group of responsive gemes?9), whereas of 34 breast tumors and 9 samples of purified normal mammary
ICI elicited the largest group of responsive genes {95). epithelial cells Ariazi et al., 2002. Unsupervised hierarchical
Raloxifene and tamoxifen elicited responses from intermedi€lustering revealed a clear partitioning of the normal and tumor
ate numbers of genes £ 100 and 46, respectively). Note that samples Fig. 3, x-axis) and identified statistically correlated
the sum £ = 370) exceeds the total of 268 identified target genegene clusters, including genes up and down regulated in tumors
as many genes respond to more than one treatment. (Fig. 3 y-axis). Correlation of expression data for genes up-
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Normal _ Tumor all known sample parameters tested, down-regulated genes show
negative correlations to tumor eRand ERR indicating genes

are down regulated when BRor ERRYy levels are high. Con-
versely, down-regulated genes show positive correlation with
EGFR and MDM2 copy numbers indicating genes are down
when EGFR or MDM2 are suppresse8iupplementary Table

2). Expression data for these 32 genes, mainly derived from
node 224, are summarizediiable 1 As an example, the median
expression of interleukin 8 is44.8-fold with a decrease of more
than 2.5-fold reported in all 35 tumor specimens when compared

to the normal reference pool.

3.3. Ligand response patterns for nonclassical ER«x target
genes differentially expressed in breast tumors

To gain insight into how SERMs signal through the nonclas-
sical ERx pathway in breast cancer, target genes identified as
differentially expressed in breast tumors were compared using
ligand response data from the original high density screen. E2
responsive genes were selected for further analysis. These 14
genes were sorted by E2 fold response and then grouped by
their SERM response, with cut off 1.7-folddble 2. The first
group was coordinately regulated by both E2 and tamoxifen.
The second group was stimulated by estrogen but suppressed by
both tamoxifen and raloxifene. These findings underscore the
differential regulation of nonclassical pathway target genes by
different ER ligands.

Upin
Tumor

Node 221

4. Discussion

In this study, we identified 268 genes regulated by the non-
classical ER pathway in response to E2, ICI, or the SERMs
| Node 205 TAM and RAL. In addition, we find that a nonclassical SERM
response can occur in the absence of estradiol, supporting
the hypothesis that SERMs affect gene transcription through
the nonclassical E& pathway by mechanisms distinct from
competitive ligand binding. It is notable that a large number
(131/268) of genes regulated through the nonclassical ER
pathway in our high density screen are stimulated by ICI but
Node 201 unresponsive to E2, TAM, or RALKjg. 2B). The larger number
of ICI-responsive genes, as compared to E2, was unexpected and
Fig. 3. Clustering of nonclassical BRarget genes. Expression profiles of non- suggests a global mechanism such as the AF-independent model.

classical ER target genes were determined in hormal and tumor breast tissan this model. an ER-ICI complex is proposed to sequester
samples. Data were subjected to unsupervised hierarchical clustering. In th '

S -
figure, red denotes genes up-regulated and green denotes genes down-reguli{@dqscnpt'onal reDress_ors away from AP-1 elements to allow
as compared to the median expression level across all samples against nordff@l Unopposed transcriptiorKgshner et al., 2000; Uht et al.,
reference pool. Note the clear partitioning of normal from tumor samples (top2004). Alternatively, ICI can lead to accumulation of ER in the

based on specific clusters of genes (nodes). (For interpretation of the referencggtoplasm and accelerated receptor degradaki@nrienegildo

to polour in this figure legend, the reader is referred to the web version of theand Cano, 20000ne caveat to the interpretation of our results is

article:) that the ER negative MDA-MB231 breast carcinoma cell line
expresses low levels of ERVladusic et al., 2000 Therefore,

regulated in tumors (node 221) with normal or tumor status didyenes identified in our screen may be regulated by nonclassical

not achieve statistical significance and was not explored furtheERx and ERB receptor heterodimers.

Expression data of genes down regulated in tumors (nodes 205, Expression analysis of breast tumor samples identified 32

224, and 201) was more consistent and significantly correlatedonclassical ER target genes. We have previously shown that

with normal or tumor status. Genes that showed a minimum 2.5he tumors in this set of samples have highexERRRy, and

fold response against the normal reference pool at a frequency twiwer EGFR than normal specimersiazi et al., 2002. Since

at least 50% of tumors were selected for final analysis. Amonghe expression of EeRand EGFR biomarkers have been asso-

Down in

Tumie Node 224
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Table 1
Breast tumor associated nonclassicabBRrget genes
Gene name Accession no. Tumor Normal

Fold Frequency Fold Frequency
Beta-thromboglobulin-like protein M17017 —-53.0 35/35 1.0 0/9
Interleukin 8 (IL8) M28130 —44.8 35/35 1.0 1/9
Chemokine exodus-1 u64197 —435 35/35 -1.0 2/9
IFN-beta 2a X04430 —41.6 35/35 -1.0 1/9
Cytokine (GRO-beta) M36820 —-39.7 35/35 1.0 0/9
Cytokine (GRO-gamma) M36821 —-31.3 35/35 1.0 2/9
Arg-Serpin (plasminogen activator-inhibitor 2, PAI-2) Y00630 —-24.1 35/35 1.0 2/9
Stromelysin X05232 -215 35/35 -1.2 1/9
Prointerleukin 1 beta X04500 -13.4 35/35 -1.2 2/9
Granulocyte colony-stimulating factor (G-CSF) X03656 -9.2 35/35 —-24 3/9
MAD-3 mRNA encoding IkB-like activity M69043 -8.4 35/35 -1.0 0/9
Tumor necrosis factor (TNF-alpha) X02910 -8.0 35/35 -15 1/9
MDA-7 (mda-7) U16261 7.7 35/35 2.7 5/9
Gravin u81607 -6.4 34/35 -1.9 3/9
Bone morphogenetic protein 2A (BMP-2A) M22489 -5.8 34/35 -1.8 2/9
Heme oxygenase 1 (HO-1) 782244 -5.8 33/35 -13 0/9
Erythroblastosis virus oncogene homolog 2 (ets-2) J04102 57 35/35 -11 0/9
Dioxin-inducible cytochrome P450 (CYP1B1) u03688 —-54 34/35 -14 2/9
Placental protein 5 (PP5) D29992 -51 33/35 -1.7 3/9
Cellular oncogene c-fos V01512 —-4.7 29/35 -1.1 0/9
Bcl-2 related (Bfl-1) u27467 —-4.0 30/35 -15 1/9
HIV-1, Nef-associated factor 1 beta (Nafl beta) AJ011896 -3.7 34/35 -1.2 0/9
Tumour suppressor protein, HUGL X86371 -3.6 34/35 -15 2/9
Helix—loop-helix basic phosphoprotein (G0S8) L13463 -3.6 25/35 -1.3 1/9
Decidual protein induced by progesterone, DEPP AB022718 -3.6 29/35 -15 1/9
Pim-1 oncogene M16750 -34 28/35 -15 0/9
Follistatin M19481 -3.3 28/35 -1.8 2/9
c-jun proto oncogene (JUN), clone hCJ-1 Jo4111 -3.3 25/35 -1.2 0/9
Synaptojanin 2B AF039945 -3.1 24/35 -1.4 0/9
Lysophosphatidic acid receptor homolog uso811 -2.6 21/35 -1.3 0/9
Platelet-derived growth factor PDGF-A X06374 —2.6 23/35 -14 0/9
TRAF-interacting protein I-TRAF mRNA U59863 -2.6 18/35 1.0 0/9

Table includes genes whose expression data statistically confirmed to associate with tumor or normal status and are differentially expresste?] Bycid e at
least 50% of tumors. Genes appear sorted by median fold tumor against normal reference pool. Frequency denotes the number of individual tursengslasrma
found differentially expressed against the normal reference pool.

a8 HUGL data were not confirmed because RT-PCR was unsuccessful with multiple different primers.

ciated with clinical outcomeK]lijn et al., 1992, it is possible

positive or ERw negative breast tumorZljou et al., 2005a

nism of SERM action varies in a gene-specific manner.

8 and pro-interleukin 1 beta. Further, many either affectdis--

activation or are themselves N&B target genes. For example, mediated suppression of NEB transcription.

MDA-7 is known to potentiate TNF stimulation of NkB tran-
scription and inhibit TNF-mediated apoptosfggarwal et al.,
2004). G-CSF is induced in response to NB-activation Bar-
Yehudaetal., 2002Heme-oxygenase Lévrovsky etal., 1994

and IL-8 Bobrovnikova-Marjon et al., 20Q4nduction are regu-
that these newly identified nonclassical pathway genes may prdéated by NFxB and AP-1 sites in their proximal promoters, and
vide additional markers for the identification of high risk &R Pim-1 kinase is induced by NkB activation through CD40
receptor signalingghu et al., 2002 The overlap between non-
Few (11%) of the identified nonclassical &Rarget genes classical ER and NF«B target genes is perhaps not surprising
are responsive to E2 but these E2-responsive genes are songés«en the growing evidence of RlRNF-«xB reciprocal antago-
what enriched (22%) among those differentially expressed imism or cross talkEvans et al., 2001 Described mechanisms
breasttumors. Among these 14 genes, we observe that tamoxifefi ERa repression of NReB transcription include a competi-
regulates one group similarly to estrogen, whereas it regulatefon for cofactors, disruption of NikB binding to DNA, and
another group discordantly relative to estrogen. Thus, mecha stabilization of kB and sequestration of NkB in the cyto-
plasm McKay and Cidlowski, 1999 We observed estrogen
Many of the identified nonclassical pathway genes encoddependent induction of the MAD-3 gene encodirB hctivity.
proteins with known roles in inflammation, such as interleukinlt is possible that the transcriptional activation of this inhibitor
constitutes an additional mechanism of the nonclassical ER

Cross talk between ERand NF«B has been proposed to
mediate some of the preventative effects of estrogen against car-
diovascular diseas&yans et al., 2005and osteoporosi§alien
and Garcia, 1997 A similar role for nonclassical E&rsuppres-
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Table 2 versity Center for Genetic Medicine for technical assistance with
SERM response patterns for a group of breast tumor associated nonclassiqﬂe cDNA microarray experiments. MDA-MB231 breast carci-
pathway target genes noma cells were a gift from Dr. V. Craig Jordan, (Robert H. Lurie
E2 RAL TAM ICI Cancer Center at Northwestern University Feinberg School of
Medicine, Chicago, IL). Low density microarrays were printed
by the Microarray Platform of The Prostate Centre at Vancouver

Genes regulated coordinately by E2 and TAM

IFN-beta 2 28|-211]-43] 3.1 . i
ntorioatin 04 I o General Hospital through the Pacific Northwest Prostate Cancer
Prointerleukin 1 beta 2916138 1.9 SPORE. Thisresearch was funded by NIH grants PO1 HD21921
MDA-7 (mda-7) 2712|2715 (JLIJ, W), T32 GM008061 (CGK), and a SPORE in Breast Can-
Beta-thromboglobulin-like protein -21]1-01]-22] 3.8 cer P50 CA89018 (JLJ’ JW, EJL).
Chemokine exodus-1 -1.8]1 0.0 | -21| 45
Plasminogen activator-inhibitor 2 291283 ]-18] 55
Follistatin -1.8]-1.3]|-16] 2.4 Appendix A. Supplementary data
Cytokine GRO-gamma 17112 ]-16] 9.0
Pim-1 19|14 14|27 . . . .
im-1 encogene Supplementary data associated with this article can be found,
Genes regulated conversely by E2 and TAM in the online version, al0i:10.1016/j.mce.2005.10.003
Granulocyte colony-stimulating factor 28 |-563]-36]-1.9
Decidual protein induced by progesterone 35]|-47]-31]-48
MAD-3 mRNA encoding IkB-like activity 22]-25]-20]-1.6 References
Heme Oxygenase 1 44|-44]1-17]-33

Aggarwal, S., Takada, Y., Mhashilkar, A.M., Sieger, K., Chada, S., Aggar-
wal, B.B., 2004. Melanoma differentiation-associated gene-7/IL-24 gene

Data from the high density array screen was used to identify estrogen responsive o ik
genes among the identified tumor associated nonclassiceldEget genes (1.7- enhances NF-kappa B activation and suppresses apoptosis induced by

fold cut off). These genes are grouped based on whether estrogen (E2) and, TNF- J- Immunol. 173, 4368-4376.
tamoxifen (TAM) regulate them coordinately or discordantly. Ariazi, E.A., Clark, G.M., Mertz, J.E., 2002. Estroggn—relgted receptor alpha
and estrogen-related receptor gamma associate with unfavorable and

favorable biomarkers, respectively, in human breast cancer. Cancer Res.
sion of NF«B transcription in SERM signaling may be relevant 62, 6510-6518.

for the treatment of breast cancer. Activation NB-is known Bamberger, A.M., Methner, C., Lisboa, B.W., Stadtler, C., Schulte, H.M.,,
: Loning, T., Milde-Langosch, K., 1999. Expression pattern of the AP-1

to play a role in the promotion of epithelial-mesenchymal tran-  tamily in breast cancer: association of fosB expression with a well-
sition (Huber et al., 2004 metastasisHuber et al., 2009 pro- differentiated, receptor-positive tumor phenotype. Int. J. Cancer 84,
gressionto hormone-independent groviNakshatrietal., 1997 533-538.

and hormone resistanceZhou et al., 2005b; deGraffenried Bar-Yehuda, S., Madi, L., Barak, D., Mittelman, M., Ardon, E., Ochaion,

I, 200% in breast tumor cells. SERM ligands, such as A., Cohn, S., Fishman, P., 2002. Agonists to the A3 adenosine recep-
et al., . ’ g ! . tor induce G-CSF production via NF-kappaB activation: a new class of
WAY-169916, that specifically target the N&B pathway will myeloprotective agents. Exp. Hematol. 30, 1390-1398.
likely modulate some of the nonclassical &Rathway genes Bobrovnikova-Marjon, E.V., Marjon, P.L., Barbash, O., Vander Jagt, D.L.,
(Chadwick et al., 2006 The use of such ligands may avoid the  Abcouwer, S.F., 2004. Expression of angiogenic factors vascular endothe-

uterotropic effects associated with the tamoxifen treatment of lial growth factor and interleukin-8/CXCL8 is highly responsive to ambi-
breast cancer ent glutamine availability: role of nuclear factor-kappaB and activating

. protein-1. Cancer Res. 64, 4858-4869.
In conclusion, we report 268 genes regulated by the nonclageriio, G., Rees, A., Manchanda, N., Reilly, C., Brogan, ., White, A.,

sical ERx pathway in response to treatment with E2, ICIl, andthe  Needham, M., 1998. The oestrogen receptor regulates NFkappaB and
SERMSs tamoxifen and raloxifene. We demonstrate that SERMs AP-1 activity in a cell-specific manner. J. Steroid Biochem. Mol. Biol.
can signal through the nonclassical&pathway in the absence Ch:gvvviﬁ‘sgc Chippari, . Matelan, .. Borges-Marcucei, L. Eokert
of e_Stradlm and tha_t a subset of target germss:iZ) are differ- . A.M., Keith Jr., J.C., Albert, L.M., Leathurby, Y., Harris, H.A., Bhat,
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