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INTRODUCTION 
Antiestrogens are effective in premenopausal and postmenopausal patients, and in the 
chemopreventive, adjuvant and metastatic settings (1), probably through the induction of growth 
arrest/apoptosis (1). The triphenylethylene TAM, a partial agonist, is the most widely used 
antiestrogen. Long term TAM use reduces the incidence of contralateral breast cancer 
(antagonist) and primary breast cancer in high risk women (antagonist), maintains bone density 
(agonist) and increases the risk of endometrial carcinomas (agonist) (2). Newer antiestrogens 
include the “pure antagonist” ICI 182,780 (Faslodex; no agonist activity). In patients that had 
previously shown a response to TAM but recurred, Faslodex produces a response rate 
significantly higher than the response rate for crossover to another triphenylethylene 
(Toremifene) following TAM failure (3). 
 
Antiestrogen Resistance. Most breast tumors that initially respond to TAM recur and require 
other endocrine or cytotoxic therapies (4). Despite over 10 million patient years of experience 
with TAM, the precise mechanisms that confer acquired resistance are unknown (1). Absence of 
ER expression is clearly important for de novo resistance (1). ER expression is not lost in most 
breast tumors that acquire antiestrogen resistance (5). Currently, there is little compelling 
evidence that expression of ER splice variants and mutant ER contribute significantly to 
antiestrogen resistance in patients (1;6). While the importance of wild type ERα is established as 
a mediator/predictor of antiestrogen responsiveness, that of ERβ remains unclear. ERα may be 
the predominant species in most ER+ breast tumors (7;8), and is associated with a better 
prognosis (9). ERβ is associated with a poorer prognosis, absence of PgR, and lymph node 
involvement (8;10). One small study reported higher ERβ mRNA levels in resistant tumors (11). 
However, this association could not be separated from that between ERβ and a more aggressive 
phenotype (8;10). Some studies report activities independent of ER function, which may initiate 
events that are necessary but not sufficient for antiestrogen-induced effects (1). Our research 
team has recently reviewed in detail the potential mechanisms of antiestrogen resistance in ER+ 
tumors (12). 
 
Implicating XBP-1 in Antiestrogen Resistance. Initially, we explored differences in the 
transcriptomes of the MCF7/LCC1 (antiestrogen sensitive) and MCF7/LCC9 cells (antiestrogen 
resistant – resistant to both TAM and Faslodex) by serial analysis of gene expression (SAGE) as 
previously described (13), using the "SAGE" software (Dr. Kinzler, Johns Hopkins University). 
Most genes identified are not differentially expressed between MCF7/LCC1 and MCF7/LCC9 
cells. Differentially expressed genes were selected by (a) the Tags compared represent ≤2 genes, 
(b) a Tag found in either the MCF7/LCC1 or MCF7/LCC9 SAGE library must represent 0.10% 
of the database, and (c) fold difference ~2-fold. Evidence that a gene is expressed in breast 
cancers also was considered. No single criterion was considered an absolute requirement for 
selection. Among the genes we identified were cathepsin D, nucleophosmin (NPM), tumor 
necrosis factor (TNF) and XBP-1 (14).  

To confirm the altered expression of XBP-1, we first performed Western analysis on 
proteins from MCF7/LCC1 and MCF7/LCC9 cells. We initially detected a ~5-fold induction of 
XBP-1 protein in MCF7/LCC9 cells, comparable with the 4-fold induction in mRNA levels (14). 
Measuring protein levels and/or protein bound to responsive elements can be poor indicators of 
the functional activation of transcription factors. Since XBP-1 activates CREs, we measured 
directly CRE transcriptional activation using a CRE promoter-firefly luciferase reporter assay 
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(PathDetect in vivo signal transduction pathway cis-reporting system; Stratagene). Cells were 
transiently transfected with the appropriate plasmids using Qiagen’s Superfect reagent. 
Normalization of transfection efficiency was made to a Renilla luciferase reporter driven by the 
constitutive cytomegalovirus promoter (Promega’s Dual-luciferase reporter assay). The basal 
CRE activity is significantly increased in MCF7/LCC9 cells compared with MCF7/LCC1 cells 
(14). 

Upregulation of CRE activation would be of limited use to cells if it could be inhibited by 
Faslodex-occupied ERs. Thus, we assessed the ability of Faslodex to affect CRE activation using 
the promoter-reporter assay. Faslodex treatments (10 nM) were administered for 48 hrs post-
transfection. Faslodex treatment does not alter the transcriptional regulatory activities of the CRE 
promoter in either responsive MCF7/LCC1 or resistant MCF7/LCC9 cells (14). These data 
further imply a functional role for XBP-1 in acquired resistance to Faslodex. In responsive cells, 
the inability to induce CRE in the presence of Faslodex allows for the dominance of growth 
inhibitory signals leading to growth arrest/apoptosis. Resistant cells may survive growth 
inhibition/apoptosis by upregulating signaling through CREs. Since CRE-activation is required 
for MCF-7 cell proliferation (15), some breast cancer cells may survive antiestrogen treatment by 
upregulating factors that are not affected by ER-mediated signaling, e.g., XBP-1/CRE. 
 

BODY 
 
This is a final addendum report. In this report, we present primarily the work completed during 
the no-cost extension.  
 
KEY RESEARCH ACCOMPLISHMENTS 
We have continued to make good progress and have nearly completed most of the Tasks as 
proposed. We have made changes to Task 3 to change the direction in a more productive manner 
and obtained significant new data from gene expression microarray studies. These new studies 
provide powerful mechanistic insights not initially envisioned in the application. We are on 
target to complete most of the unfinished work and have requested a no-cost extension to help us 
do so.  
 
Bulleted List of Research Accomplishments (this reporting period) 
 

• Completed analyses of microarray data and identified genes implicated in driving XBP-
1’s effects on cell cycle and apoptosis 

 
• Selected second round of candidate genes for validation 

 
• Validated differential expression of candidate genes from the second round of analysis by 

quantitative real-time PCR (qPCR) 
 

•  Generated new signal transduction pathway for XBP-1 based on validated genes from 
first and second round of microarray validation studies 

 
Nota Bene: Please note that we changed the emphasis for Task 3 in the SOW in the prior report.  
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RESEARCH ACCOMPLISHMENTS 
 
TASK 1: Overexpress XBP-1 in antiestrogen sensitive cells 
 
This aim has been essentially completed. As previously reported, a small preliminary experiment 
was inconclusive with respect to XBP-1 conferring full estrogen-independence in vivo in 
MCF7/XBP-1 cells. As also indicated in the prior report, we chose to use the remaining 
resources to explore the cellular signaling data we had begun to generate last year (see Task 3; 
below).  
 
 
TASK 2: Inhibit XBP-1 expression in antiestrogen resistant cells 
 
We had some difficulty with the reproducibility of the siRNA. While our initial studies were 
promising (some were reported in an earlier report), we could not get readily interpretable data. 
We could not exclude some “off-target” effects, and so we chose not to pursue further these 
studies. Since we were quite successful with the other aims, included additional studies in Task 
3, and the amount of work proposed here represented a relatively modest proportion of the 
overall proposal, we do not consider this problematic. 
 
 
TASK 3: Explore the molecular events that confer XBP-1’s ability to affect endocrine 
responsiveness (modified Task for Statement of Work) 
TASK 3: Timing of acquired increase in XBP-1 expression and CRE activation (original task) 
 
In the prior report, we presented the results of some preliminary gene expression microarray 
studies comparing the MCF7/XBP-1 and control cells.  Our primary focus for this final period of 
investigation was to continue working on this data set. Thus, we completed analysis of the data 
by performing a second run of analysis to finalize the gene list related to apoptosis and cell 
proliferation, and performed qPCR validation studies.  
 
The experimental design for the microarray studies was provided in the prior report. We first 
reran the analysis to obtain a more robust assessment of differentially expressed genes, this time 
we included a more detailed in silico search of promoters of those genes selected from Bin 1 (we 
looked only in Bin 1). These searches were done only for those differentially expressed genes 
associated with apoptosis and cell cycle distribution, since these are the functions of primary 
interest to this research project. Table 1 shows the final list of differentially expressed genes that 
also contain at least one XBP-1 responsive element (CRE with ACGT core sequence) in their 
upstream regions; Fig 1 shows the results of the dimension reduction analysis and Bin 1 from 
within which these genes were identified. Previously, we had validated only three genes/proteins, 
Bcl2 (protein), ERα (protein), and aromatase (mRNA).  
 
To study further the data on aromatase transcription, we established a new collaboration with Dr. 
Angela Brodie at the University of Maryland. Dr. Brodie is a world expert in the study of 
aromatase and she tested the cell lines for increased aromatase activity. Despite the significant 
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induction of aromatase mRNA as confirmed by quantitative real-time PCR (MCF7/XBP-1 cells; 
8-fold; p<0.05), Dr. Brodie was not able to detect increased enzyme activity. We then looked for 
protein by Western but we could not detect increased protein by Western. It is not clear if the 
increased transcription in the absence of translation or activation is unique to MCF-7 cells but it 
is interesting that we did not detect increased aromatase transcription in the T47D/XBP-1 cells. 
The aromatase gene has several promoters that contain XBP-1 responsive elements; promoters 
1.3, 1.4, 1.7, and II are used in breast tissues and each contain at least one CRE-ACGT. Thus, the 
potential remains for XBP-1 to affect aromatase expression in other breast cancer cells or other 
estrogen-responsive tissues. 
  

Symbol Gene Name CREa Fold Change 
(Affymetrix)b p value 

Fold 
Change 
(qPCR)b 

p value 

APBB2 myloid beta (A4) precursor 
protein-binding, family B, 
member 2 (Fe65-like) 

tcACGTga 
-1092 to -1081 

-1.678 0.001 -1.33 0.001 

BECN1 beclin 1 (coiled-coil, myosin-
like BCL2 interacting protein) 

tcACGTgag 
-290 to -282 

1.641 0.042 1.01 0.752 

CRK v-crk sarcoma virus CT10 
oncogene homolog (avian) 

tcACGTgg 
-1366 to -1354 
 
cgACGTgg 
-677 to -665 

-1.585 0.048 -1.96 0.003 

CSPG6 chondroitin sulfate 
proteoglycan 6 (bamacan) 

tcACGTgg 
-379 to -367 

-2.122 0.017 1.039 0.87 

IL24 interleukin 24 tgACGTgg 
-1402 to -1390 

-2.668 0.015 -9.7 <0.001 

MYC v-myc myelocytomatosis viral 
oncogene homolog (avian) 

atACGTgg 
-794 to -787 

1.601 0.031 1.2 0.05 

PHLDA2 pleckstrin homology-like 
domain, family A, member 2 

agACGTtg 
-1095 to -1083 
 
acACGTgg 
-709 to -697 

-1.808 0.001 -3.34 0.004 

S100A6 S100 calcium binding protein 
A6 (calcyclin) 

tcACGTgt 
-248 to -241 

2.586 0.013 2.26 <0.001 

TFDP1 transcription factor Dp-1 agACGTgt 
-1384 to -1377 

1.626 0.025 1.22 0.366 

TOP1 topoisomerase (DNA) I tgACGTcg, 
-51 to -39 
 
cgACGTgt 
-42 to -30 

-2.026 0.038 -1.09 0.512 

XRCC6 X-ray repair complementing 
defective repair in Chinese 
hamster cells 6 (Ku 
autoantigen, 70 kDa) 

tgACGTag 
-97 to -90 

1.602 0.010 1.6 0.016 

 
Table 1: Genes selected for validation by quantitative real time PCR (qPCR). Gene symbols are 
HUGO annotations; those bolded and underlined were significant by Affymetrix and confirmed 
by qPCR. 
 
aPutative XBP-1 binding site(s) in the promoter as predicted by MatInspector. The core ACGT 
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sequence is indicated; numbers indicate the position of the sequence relative to the transcription 
start site 
bFold Change in MCF7/XBP-1 cells relative to MCF7/c (control cells) 
 
XBP-1 mediated antiestrogen resistance is characterized by increased cell cycle progression and 
reduced levels of apoptosis. As a transcription factor, it is likely that XBP-1 controls the resistant 
phenotype by regulating the transcription of cell cycle- and apoptosis-associated genes. In our 
gene expression microarray studies, we found several genes annotated with these functions, that 
contain ACGT CREs in their 5’ sequences, and that are likely to be significantly altered by XBP-
1 overexpression (based on simple univariate analysis). For example, IL24 is strongly 
downregulated by XBP-1 overexpression (-2.68 fold by microarray, and -9.7 fold by qPCR). 
Also known as melanoma differentiation-associated gene 7 (mda-7), IL24 is an established 
inducer of apoptosis in breast cancer cell lines (16). While this gene has not been previously 
associated with estrogen or antiestrogen responsiveness, downregulation of proapoptotic 
molecules like IL24/mda-7 may play a functional role in endocrine resistance. Similarly, 
PHLDA2 (also known as IPL or TSSC3) is significantly downregulated in MCF7/XBP-1 cells (-
1.8 fold by microarray, and -3.3 fold by qPCR). PHLDA2 is one of the only apoptosis-associated 
genes known to be imprinted. Moreover, PHLDA2 is located on chromosome 11p15, a region 
thought to harbor tumor suppressor activities and that also is altered in several cancers including 
breast cancer (17). In the mouse, where expression of maternal PHLDA2 is highest in extra-
embryonic structures, knockout of this gene leads to overgrowth of the placenta (18), suggesting 
that dysregulation of PHLDA2 can promote hyperproliferation.   
 
In contrast to the suppression of tumor suppressor-like activities, we observe upregulation of pro-
proliferative and/or prosurvival genes by XBP-1: c-Myc, XRCC6, and the calcium-binding 
protein S100A6 (calcyclin). Increased S100A6 expression has been demonstrated in several 
different cancerous versus normal tissues (19), and in 32% of breast tumors (20). In pulmonary 
fibroblasts, S100A6 antisense oligonucleotides inhibit cell proliferation, (21). In WI-38 

 
Fig 1. Error distribution graph for MCF7/XBP1 microarray data set. The reduced dimensional 
data set from which the genes in Table 1 were obtained is indicated as Bin 1. FDR = false 
discovery rate; MR = miss rate; p-value = univariate (uncorrected) T-test. 
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embryonic lung cells, any delay in the upregulation of S100A6 transcripts in late G1 is 
accompanied by a delay in S phase entry (22). The molecular mechanism(s) by which S100A6 
regulates proliferation is unclear, but its calcium binding function may be important. XRCC6 
(also known as the Ku70 autoantigen) is a DNA repair molecule essential to the end-joining 
process (reviewed in (23). Two single nucleotide polymorphisms (SNPs) in the XRCC6 gene are 
significantly associated with breast cancer risk (24), and XRCC6 overexpression has recently 
been implicated in acquired cisplatin resistance in ovarian cancer cells (25). Finally, c-Myc is a 
well-established pro-survival molecule in human breast cancer and mouse mammary 
tumorigenesis (26). Capable of modulating both cell growth and cell death, cMyc is 
overexpressed in 70% of breast tumors, and amplified at least 3-fold in 16% of breast tumors 
(27). Moreover, inducing c-Myc expression in MCF-7 cells can confer resistance to Faslodex 
(28). To our knowledge, this is the first report that XBP-1 can regulate c-Myc expression in 
breast cancer cells. Whether the regulation of cMyc signaling by XBP-1 contributes to the 
resistance phenotype in T47D cells is currently under investigation. 

 
The signaling network predicted 
by these interactions is shown in 
Fig 2. We include ATF6 even 
though it is not differentially 
expressed because it can be 
activated by Myc and induce ER; 
both ER and Myc are upregulated 
in the MCF7/XBP-1 cells. XBP-1 
and ER can interact to increase 
the transcriptional activation of 
ER (activation would not be 
detected by the micorarrays); ER 
also is known to regulate Myc and 
Bcl2, so these may be affected 
directly by XBP-1 (through the 
CREs) and/or through XBP-1 
increasing transcriptional 

activation of ER. In a recent collaborative study with colleagues in the U.K., we then showed 
how increased ER expression and phosphorylation is sufficient to confer antiestrogen resistance. 
Establishing the functional relevance of other nodes in this pathway and confirming the 
regulatory interactions will be used as the basis for a future application to NIH or another 
funding agency. 
 
 
TASK 4: Explore XBP-1 expression in clinical samples 
 
We have completed and published the first study on the clinical samples - a reprint will be 
forwarded to the DOD BCRP. We will continue with these studies in additional clinical material 
as it becomes available.  
 

Bcl-2

ERα

Myc

XBP1

ATF6

Cell Proliferation and Survival

IL-24

PHLDA2

XRCC6Bcl-2

ERα

Myc

XBP1

ATF6

Cell Proliferation and Survival

IL-24

PHLDA2

XRCC6

 
Fig 2: Parallelogram = transcription factor; Oval = other gene;  
Arrow = positive regulation; Ball = negative regulation 
Solid line = already published interaction/regulation;  
Dashed line = hypothetical regulation based on our data 
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REPORTABLE OUTCOMES 
 
We have now published some of our data and presented other data at meetings and in abstracts. 
Another paper has been submitted and this will be forwarded to the DOD BCRP once it has been 
accepted for publication. Publications in the past 12 months are listed below. 
 
 
1.  Zhu, Y., Singh, B., Hewitt, S., Liu, A., Gomez, B., Wang, A. & Clarke, R. “Expression 

patterns among proteins associated with endocrine responsiveness in breast cancer: 
interferon regulatory factor-1, human X-box binding protein-1, nuclear factor kappa B, 
nucleophosmin, estrogen receptor-alpha, and progesterone receptor.” Int J Oncol, 28: 67-
76, 2006. 

 
2. Kuske, B., Naughton, C., Moore, K., MacLeod, K.G., Miller, W.R., Clarke, R. Langdon, 

S.P. & Cameron, D.A. “Endocrine therapy resistance can be associated with high 
estrogen receptor alpha (ERα) expression and reduced ERα phosphorylation in breast 
cancer models.” Endocr Related Cancer, in press. 

 
3. Gomez, B.P., Riggins, R.B., Klimach, U., Zhu, Y., Zwart, A., Wang, M., Wang, A. & 

Clarke, R. “Human X-Box Binding Protein-1 confers both estrogen–independence and 
antiestrogen resistance in breast cancer.” submitted. 

 
4. Gomez, B.P., Riggins, R.B., Zhu, Y., Zwart, A., Wang, A & Clarke, R. “Human X box 

binding protein-1 (XBP-1) induces antiestrogen resistance via deregulation of cell cycle 
progression and the intrinsic apoptotic pathway.” AACR Annual General Meeting, 2006 
(presented as a podium presentation). 

 
 
 
 
 
CONCLUSIONS 
Our data confirm a potentially important role for XBP-1 in breast cancer. We have successfully 
overexpressed XBP-1 in MCF-7 cells, shown that XBP-1 binds to ERα, and induces estrogen-
independence and antiestrogen resistance. We have optimized the use of tissue microarrays and 
demonstrated the detectable presence of XBP-1 protein in breast tumors. We have performed 
gene expression microarrays on XBP-1 transfected and control cells and identified several key 
leads to explain how XBP-1 may function. We have confirmed the differential expression of 
most of the selected genes and constructed a signaling pathway to explain how XBP-1 may act to 
affect breast cancer cell proliferation and cell survival. 
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