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Purpose: Estrogen signals play an important role in the phenotype of estrogen receptor-
positive breast cancer. However, comprehensive analyses of the effect of responsiveness
to estrogen signals on the tumor microenvironment and survival in large cohorts of primary
breast cancer patients have been lacking. We aimed to test the hypothesis that estrogen
reactivity affects gene expression and immune cell infiltration profiles in the tumor
microenvironment and survival.

Methods: A total of 3,098 breast cancer cases were analyzed: 1,904 from the Molecular
Taxonomy of Breast Cancer (METABRIC) cohort, 1,082 from The Cancer Genome Atlas
(TCGA) cohort, and 112 from the Hokkaido University Hospital cohort. We divided the
group into estrogen reactivity-high and estrogen reactivity-low groups utilizing the scores
of ESTROGEN_RESPONSE_EARLY and ESTROGEN_RESPONSE_LATE in Gene Set
Variation Analysis.

Results: Breast cancer with high estrogen reactivity was related to Myc targets,
metabolism-related signaling, cell stress response, TGF-beta signaling, androgen
response, and MTORC1 signaling gene sets in the tumor microenvironment. Low
estrogen reactivity was related to immune-related proteins, IL2-STAT5 signaling, IL6-
JAK-STAT3 signaling, KRAS signaling, cell cycle-related gene sets, and EMT. In addition,
breast cancer with high levels of estrogen reactivity had low immune cytolytic activity and
low levels of immunostimulatory cells. It also had low levels of stimulatory and inhibitory
factors of the cancer immunity cycle. Patients with high estrogen reactivity were also
associated with a better prognosis.
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Conclusion: We demonstrated the relationship between estrogen reactivity and the
profiles of immune cells and gene expression, as well as survival.
Keywords: breast cancer, estrogen reactivity, cancer genomics, tumor immune microenvironment, bioinformatics
INTRODUCTION

Breast cancer (BC) has different subtypes of which approximately
75% are sensitive to the female sex hormone, estrogen (1). These
types of BCs, known as estrogen receptor-positive (ER+) BC,
express receptors that bind to estrogen which promotes cell
growth and cancer progression. Estradiol [17b-estra-1,3,5(10)-
triene-3,17-diol] (E2) is a predominant form of estrogen, which is
produced by theca cells and granulosa cells in the ovaries.
Epidemiologic and experimental data implicate E2 as an
important factor contributing to BC carcinogenesis (2). E2
signaling is primarily mediated by two isotypes of the receptor,
ERa and ERb, both of which are nuclear transcription factors that
bind to their specific ligand and several estrogens. E2 via ERa
signaling stimulates cell proliferation, while ERb activation
inhibits cell proliferation and promotes apoptosis. E2 signaling
is also primarily mediated by a membrane-anchored receptor
called G protein-coupled estrogen receptor 1, in which target gene
transcription occurs through secondary messengers and several
transcription factors (3–5).

The cellular response to estrogens, estrogen reactivity, plays an
important role in the molecular and genomic pathways of the
hormone-responsive BC phenotype by affecting the transcriptional
modulation of various genes such as proliferation regulators,
growth factors, cell cycle, and apoptosis modulators (5). Thus, it
has been deeply studied to try to characterize the structure of the
process, and many advancements have been made (5, 6). We have
demonstrated that high expressions of estrogen-responsive genes
were deeply involved in the late recurrence of BC patients (7). On
the other hand, the physical behavior of the extracellular matrix,
stromal cells, fibroblasts, adipocytes, immune cells, and
macrophages is known to modulate tumor cells and the tumor
microenvironment (TME) to promote cancer survival and
progression (8). In addition, researchers have focused not only on
cancer cells themselves but also on TMEs as targets for cancer
therapy (8). Therefore, it is of interest to investigate estrogen
reactivity in the TME as well as in breast tumors.

However, a comprehensive analysis showing the relationship
between responsiveness to estrogen signals and TME components
such as immune cells and gene expression profiles, and how they
affect survival in large cohorts of primary BC patients, has been
lacking. Gene Set Variation Analysis (GSVA) is an analysis to
trogen receptor positive; E2, estradiol;
A; Gene Set Variation Analysis;
ast Cancer International Consortium;
rmalin-fixed paraffin-embedded; PgR,
richment analyses; NES, normalized
; CYT, immune cytolytic activity; RFS,
ptor; HER2, human epidermal growth
IFN, interferon; EMT, epithelial-
T cells; CIC, cancer-immunity cycle.
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further explore the biological activity of a signaling pathway, which
assesses the impact of specific pathways on the bioactivity of a set of
genes of interest (9). Utilizing ESTROGEN_RESPONSE_EARLY
and ESTROGEN_RESPONSE_LATE scores in GSVA, we can line
up the patients in the order of how much estrogen reactivity is
constantly upregulated.

We aimed to test the hypothesis that estrogen reactivity affects
gene expression and immune cell infiltration profiles in the TME,
and survival, retrospectively, utilizing collected data from the
Molecular Taxonomy of Breast Cancer International Consortium
(METABRIC) and The Cancer Genome Atlas (TCGA) BC
cohorts and our own institutional data.
MATERIALS AND METHODS

Data Acquisition From METABRIC
and TCGA
We obtained clinical and genome data of 1,904 patients in the
METABRIC cohort through cBioPortal (METABRIC Nature
2012 & Nat Commun 2016 dataset) (10) and (11 dataset) (11).
We also obtained transcriptomic and clinical data of 1,082
female patients who had a histopathological diagnosis of BC in
TCGA cohort (12) through cBioPortal (TCGA Pan-Cancer Atlas
dataset) (10, 13) and (14 dataset) (14). In METABRIC and
TCGA, given that the patient data are de-identified, and that it
is in a public domain, it waived Institutional Review
Board approval.

Tissue Samples
Formalin-fixed paraffin-embedded (FFPE) tissues were obtained
from 112 BC patients, who underwent breast surgery between
2005 and 2012 at Hokkaido University Hospital. We selected
these 112 patients whose ER, progesterone receptor (PgR),
lymph node metastasis status, and adjuvant therapy were all
known and whose gene quality was guaranteed.

Extraction of RNA and Preparation for
Analysis by Expression Microarray
FFPE tissues were stored until the study was performed, and four
sections of 10-µm thickness of FFPE specimens were obtained for
RNA extraction. RNA extraction was performed using the RNeasy
FFPE Kit according to the manufacturer’s protocol (Qiagen,
Hilden, Germany). The extracted RNA was synthesized into
cDNA using the Ovation FFPE WTA System (Affymetrix, Santa
Clara, CA, USA) and the Encore Biotin Module (Affymetrix) kits
according to the manufacturer’s instructions. cDNA (100 ng) was
then used for gene expression analysis by DNA microarray using
the Human Genome U133 Plus 2.0 Array according to the
manufacturer’s instructions (Affymetrix).
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Estimation of Estrogen Reactivity
The GSVA score of the “Hallmark estrogen response early” and
“Hallmark estrogen response late” gene sets in theMSigDBHallmark
collection (15) was used to measure the estrogen reactivity. The
GSVA Bioconductor package (version 3.10) was used (16).

Cluster Analysis
We choose hierarchical clustering using the Euclidean distance and
Ward’s linkage due to its relative good performance (17). The R-
function “hclust” was used for performing hierarchical clustering.

Statistical Analyses of RNA Expression
and Gene Set Enrichment Analysis
The analysis followed a two-step process as previously described
(7, 18). We first calculated the fold changes of genes,
corresponding to a high relative to low estrogen reactivity,
which provided a list of t-scores and corresponding P-values for
high relative to low estrogen reactivity in relation to each of the
gene’s expression values. In the second step, gene set enrichment
analysis (GSEA) was performed in GSEA pre-ranked using the
collections of gene sets from the Hallmark gene sets using software
provided by the Broad Institute (http://software.broadinstitute.
org/gsea/index.jsp). We only considered significantly enriched
gene sets that met a threshold of normalized enrichment score
(NES) >1.8 or <-1.8 and false discovery rate (FDR) q-value < 0.01.

Tumor Immune Microenvironment Analysis
The CIBERSORT deconvolution algorithm (19) was used to
estimate the fraction of immune cells in TME using
transcriptomic data of the whole tumor via an online calculator
(https://cibersort.stanford.edu/), as previously shown (7, 18, 20).
xCell (21), which is a bioinformatics tool that performs cell type
enrichment analysis from gene expression data for 64 immune and
stroma cell types, was used to support the predictions made by
CIBRSORT using transcriptomic data of the whole tumor via an
online calculator (https://cibersort.stanford.edu/). Immune cytolytic
activity (CYT) was defined as the geometric mean of GZMA and
PRF1 expression values in Transcripts Per Million (22, 23), and
CYT was calculated as previously described (7, 18, 20, 24–28).

Statistical Analysis
All statistical analyseswereperformedusingRsoftware (http:///www.
r-project.org/) and Bioconductor (http://bioconductor.org/). The
chi-square test or Fisher’s exact test or the non-parametric Mann–
WhitneyU test and contingency analysis were used to assess baseline
differences between binary variables. Correlations were calculated
using Spearman’s rank correlation coefficient. In the analysis of
recurrence-free survival (RFS), the Kaplan–Meier method was used
to estimate survival rates, and differences between survival curves
were evaluated by the log-rank test. Two-sided p-values <0.05 were
considered as statistically significant for all tests.
RESULTS

A total of 3,098 BC cases were analyzed: 1,904 from the
METABRIC cohort, 1,082 from TCGA cohort, and 112 from
Frontiers in Oncology | www.frontiersin.org 3
the Hokkaido University Hospital cohort. We investigated the
clinical relevance of estrogen reactivity in these BC cohorts based
on the scores of ESTROGEN_RESPONSE_EARLY and
ESTROGEN_RESPONSE_LATE in GSVA. The ESTROGEN_
RESPONSE_EARLY gene set contained 200 genes which react
early to estrogen, and the ESTROGEN_RESPONSE_LATE gene
set contained 200 genes which react late to estrogen. The scores
of ESTROGEN_RESPONSE_EARLY and ESTROGEN_RESPO
NSE_LATE were the highest in the hormone receptor (HR)
+HER2- subgroup in METABRIC and TCGA (Figure S1). There
was a strong correlation between ESTROGEN_RESPONSE_
EARLY score and ESTROGEN_RESPONSE_LATE score in
METABRIC and in TCGA, as well as in our institutional
cohort (Figure S2).

We performed hierarchical clustering on ESTROGEN
_RESPONSE_EARLY score and ESTROGEN_RESPO
NSE_LATE score for classifying the group into estrogen
reactivity-high and estrogen reactivity-low groups in the HR+
subgroup, which was 1,016/1,355 (75%) in the HR+HER2- in
METABRIC, 440/585 (75.2%) in the HR+HER2- in TCGA, and
73/112 (65.2%) in our cohort. This cutoff value could
dichotomize the ESTROGEN_RESPONSE_EARLY score and
ESTROGEN_RESPONSE_LATE score of BC patients based
on statistical significance in the whole cohort and each
among each subtype in METABRIC, TCGA, and in our cohort
(Figures 1 and S3). In an immunohistochemistry study for ER
and PgR, there was no difference in percentage of ER due to
estrogen reactivity, but a high estrogen reactivity was statistically
significantly associated with a higher percentage of PgR, which is
an estrogen-responsive gene (Figure S4). These results indicate
that estrogen reactivity can be quantified utilizing EST
ROGEN_RESPONSE_EARLY score and ESTROGEN_RESPO
NSE_LATE score in GSVA.

Association of Estrogen Reactivity With
Clinical Features
We studied the relationship between clinical features of the
primary tumor and the levels of estrogen reactivity in the HR+
HER2- subgroup in METABRIC, TCGA (Table S1), and our
cohort (Table S2). In METABRIC, patients with high estrogen
reactivity were significantly associated with lower age
(P = 0.002), premenopausal state (P = 0.002), PgR+
(P < 0.0001), and luminal A subtype (P < 0.0001). In TCGA,
patients with high estrogen reactivity were significantly
associated with lower age (P = 0.037), premenopausal state
(P = 0.0075), and PgR positive (P < 0.0001). In our cohort,
there was no significant differences in clinical features between
patients with high and low estrogen reactivity. These results
indicate that high estrogen reactivity was related to lower age,
premenopausal state, and PgR positivity.

Gene Expression Profiles by the Levels of
Estrogen Reactivity
In order to clarify the mechanisms associated with the levels of
estrogen reactivity, volcano plots and pre-ranked GSEA were
performed in all cohorts. Figure 2 shows volcano plots that
represent the distribution of the fold changes and adjusted
May 2022 | Volume 12 | Article 865024
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P-values of 18,484 genes in the METABRIC HR+HER2- cohort,
18,428 genes in TCGA HR+HER2- cohort, and 23,373 genes in
our cohort corresponding to the levels of estrogen reactivity. In
the high estrogen reactivity group, 3,747 mRNAs in the
METABRIC HR+HER2- cohort were upregulated and 4,864
mRNAs were downregulated (Figure 2A). In TCGA
HR+HER2- cohort, 2,020 mRNAs were upregulated and 6,020
mRNAs were downregulated (Figure 2B). A total of 4,504
mRNAs in our cohort were upregulated, and 9,900 mRNAs in
Frontiers in Oncology | www.frontiersin.org 4
our cohort were downregulated (Figure 2C), all of which were
differentially expressed with P < 0.05.

The pre-ranked GSEA shows that, in the high estrogen-
reactive group, in all cohorts, early and late estrogen responses
were enriched (Figures 2A–C; Tables S3-5). Additionally, in our
cohort, Myc targets v1, metabolism-related gene sets (protein
secretion, oxidative phosphorylation, adipogenesis), cell stress-
responsive gene sets (unfolded protein response, UV response
down), TGF-beta signaling, androgen response, and MTORC1
A

B

C

FIGURE 1 | The association of estrogen reactivity and estrogen response scores in GSVA. Heatmaps and boxplots of the comparison of estrogen response early and
late score by estrogen reactivity in the METABRIC cohort (A) TCGA cohorts (B) and our cohort (C) were shown. In heatmap, the scores of ESTROGEN_RESPONSE_
EARLY and ESTROGEN_RESPONSE_LATE are displayed as colors ranging from red to blue as shown in the key. Both rows and columns are clustered using
correlation distance and average linkage. **** means P < 0.0001. GSVA, Gene Set Variant Analysis; ER, estrogen receptor; PgR, progesterone receptor; METABRIC,
Molecular Taxonomy of Breast Cancer International Consortium; TCGA, The Cancer Genome Atlas; HR, hormone receptor; HER2, human epidermal growth receptor 2;
TN, triple negative.
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signaling were enriched (Figure 2C; Table S5). In the low
estrogen-responsive group, in METABRIC and TCGA,
immune-related proteins (allograft rejection, interferon (IFN)-
a/-g response, inflammatory response, and complement), IL2-
STAT5 signaling, IL6-JAK-STAT3 signaling, and KRAS
signaling up were enriched (Figures 2A, B; Tables S3, S4).
Additionally, in METABRIC, cell cycle-related gene sets (E2F
targets, G2M checkpoint) and, in TCGA, epithelial–
Frontiers in Oncology | www.frontiersin.org 5
mesenchymal transition (EMT) and, in our cohort, KRAS
signaling down were enriched. These results indicate that high
estrogen reactivity was related to Myc targets, metabolism-
related gene sets, TGF-beta signaling, androgen response, UV
response down (stress-related pathway), and MTORC1
signaling. Low estrogen reactivity was related to immune-
related proteins, IL2-STAT5 signaling, IL6-JAK-STAT3
signaling, KRAS signaling, cell cycle-related gene sets, and EMT.
A

B

C

FIGURE 2 | Gene expression profiles in the levels of estrogen reactivity. Volcano plots illustrating the differentially expressed mRNAs of BC and pre-ranked GSEA of
BC patients comparing high vs. low estrogen reactivity in METABRIC cohort (A) and TCGA BC cohort (B) and our institutional cohort (C). Left panels: In volcano plots,
X-axes: log2 FC; Y-axes: -log 10 P-value from limma analysis. mRNAs with P-value < 0.05 in red, all others in green. Right panels: in pre-ranked GSEA, orange bar
shows NES and its shading shows the –log10 FDR q-value. We only considered gene sets significantly enriched that met a threshold of NES >1.8 or <-1.8 and FDR
q-value < 0.01. BC, breast cancer; GSEA, Gene Set Enrichment Analyses; METABRIC, Molecular Taxonomy of Breast Cancer International Consortium; TCGA, The
Cancer Genome Atlas; FC, fold change; NES, normalized enrichment score; FDR, false discovery rate; HR, hormone receptor.
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High Estrogen Reactivity Was Associated
With Low Immune Cytolytic Activity and
Low Levels of Immunostimulatory Cells
In order to investigate the tumor immune microenvironment by
estrogen reactivity, we analyzed CYT and the immune cell
composition utilizing CIBERSORT and xCell in all cohorts
(Figure 3). It has been well established that the CYT score
represents the overall cytolytic activity of immune effector cells in
a bulk tumor (22). We found that CYT scores in BC tumors were
significantly lower in the high estrogen reactivity group in all
cohorts. Among the immunostimulatory cells, M1 macrophages
and activated NK cells were lower within the high estrogen
reactivity group in the METABRIC cohort. CD8+ T-cells were
lower in both TCGA and our cohorts. Activated CD4+ memory
T cells were lower in both METABRIC and our cohorts.
Follicular helper T cells were lower in TCGA. In the analysis
by xCell, CD8+ T-cells and M1 macrophages were lower within
the high estrogen reactivity group in METABRIC and TCGA.
CD4+ memory T cells were lower in all cohorts (). Among the
immunosuppressive cells, M2 macrophages were higher within
the high estrogen reactivity group in all cohorts. Regulatory T
cells (Tregs) were lower in TCGA. In the analysis by xCell, M2
macrophages and Tregs were lower within the high estrogen
reactivity group in METABRIC and not significant in TCGA and
our cohort (). In terms of the other immune cells, resting MAST
cells were lower within the high estrogen reactivity group in all
cohorts. Gd T cells were lower in both METABRIC and TCGA.
Eosinophils were lower in both METABRIC and our cohorts.
Monocytes were higher in TCGA and lower in our cohort. B cells
were higher and plasma cells were lower in METABRIC.
Activated MAST cells were lower and neutrophils were higher
in our cohort. There was no correlation between tumor tissue
and blood in lymphocyte, neutrophil, basophil, and monocyte
counts (Figure S8). These results indicate that patients with high
estrogen reactivity had low CYT and low levels of
immunostimulatory cells in BC TME.

Stimulatory and Inhibitory Factors of the
Cancer-Immunity Cycle Were Decreased
in High Estrogen-Reactive BC
The cancer-immunity cycle (CIC) is a series of self-sustaining
stepwise events required to gain efficient control of cancer
growth by the immune system (29). We reported that
disability of CIC had a significant effect on TME and prognosis
of BC patients (18). Here, we explored the relationship between
the levels of estrogen reactivity and stimulatory or inhibitory
factors of the CIC in all cohorts (Figure 4). In the analysis of
stimulatory factors of cancer cells in the CIC, HLA-class I
expression was lower in the high estrogen reactivity group in
all cohorts. In the analysis of inhibitory factors of cancer cells in
the CIC, the expressions of PD1, PD-L1, PD-L2, and IDO1 were
lower in the high estrogen reactivity group in all cohorts. These
results indicate that stimulatory and inhibitory factors of cancer
cells were statistically significantly decreased in the high estrogen
reactivity group.
Frontiers in Oncology | www.frontiersin.org 6
Patients With High Estrogen Reactivity
Were Associated With Better RFS in
All Cohorts
In order to investigate whether estrogen reactivity can serve as a
prognostic biomarker, we examined the relationship between the
levels of estrogen reactivity and prognosis, which were tested by
the Kaplan–Meier method and verified by the log-rank test
(Figure 5A). In the METABRIC HR+HER2- cohort, distant
recurrence analysis showed that patients with high estrogen
reactivity were significantly associated with better prognosis
(Figure 5A, P < 0.0001). However, there were no significant
differences between the levels of estrogen reactivity and local
recurrence (P = 0.11). Patients with high estrogen reactivity
were significantly associated with better RFS in TCGA HR+
HER2- cohort (P = 0.037) and our cohort (P = 0.05). Despite
differences in mortality rates between three cohorts, high
estrogen reactivity was associated with better prognosis in the
HR+ subtype.
DISCUSSION

Estrogen signals play an important role in the molecular and
genomic pathways of the HR+ BC phenotype by affecting the
transcriptional modulation of various genes such as proliferation
regulators, growth factors, cell cycle, and apoptosis modulators
(5, 6). The physical behavior of stromal cells, extracellular matrix,
immune cells, macrophages, and soluble factors can modulate
tumor cells and the TME to promote cancer survival or
progression (8). Therefore, it was of interest to investigate
estrogen reactivity in the BC microenvironment. We aimed to
test the hypothesis that estrogen reactivity affects immune cells in
the TME and gene expression profiles, and survival using GSVA
scores of ESTROGEN_RESPONSE_EARLY and ESTROGEN_
RESPONSE_LATE on collected data from METABRIC and
TCGA BC cohorts and our institutional cohort.

This study generated three interesting results with clinical
implications. First, high estrogen reactivity was related to Myc
targets, metabolism-related gene sets, cell stress-responsive gene
sets, TGF-beta signaling, androgen response, and MTORC1
signaling. Low estrogen reactivity was related to immune-
related proteins, IL2-STAT5 signaling, IL6-JAK-STAT3
signaling, KRAS signaling, cell cycle-related gene sets, and
EMT (Figure 2). No common pathway associated with the
degree of estrogen reactivity in the three cohorts could be
found except for estrogen response gene sets. This was a result
of stricter cutoff criteria to identify pathways of comparable
quality to estrogen reactivity, and the extracted pathways were
considered significant, if not common, among the cohorts. Some
pathways that have been found to be related to the degree of
estrogen sensitivity have been reported as follows: Oxidative
phosphorylation is regulated via ERb in TNBC (30), and the
adipogenesis pathway induces higher estrogen-reactive TME,
thus enabling mammary tumorigenesis (31). Unfolded protein
response signaling promotes a malignant phenotype in BC and
May 2022 | Volume 12 | Article 865024
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can confer tumors with resistance to widely used therapies (32).
There is a direct link between mTORC1 and ERa, which further
implicates mTORC1 signaling in the pathogenesis of ER-positive
BC (33). In the cell cycle, although the molecular mechanism
underlying estrogenic regulation of the G1 phase is unclear,
current evidence suggests that estrogens may regulate some
important molecules required for transition to the S phase (34).
Decreased estrogen signaling has been reported to result in potent
Frontiers in Oncology | www.frontiersin.org 7
EMT characterized by significant changes in the expression
profile of certain matrix macromolecules (35).

Second, BC with high levels of estrogen reactivity has low
immune cytolytic activity and low levels of immunostimulatory
cells (Figures 3 and S5-7). It also has low levels of stimulatory and
inhibitory factors of the CIC (Figure 4). In GSEA, we confirmed
that the degree of estrogen reactivity was related to immune-
related proteins (Figure 2). It has been reported that estrogen
A

B

C

FIGURE 3 | Verification of the relationship between estrogen reactivity and CYT and immune cell fractions. Box plots of the relationship between estrogen
reactivity and CYT; left panel and immune cell fractions; right panel in METABRIC (A) and TCGA (B) and our cohort (C) were shown. **** means P < 0.0001,
*** means P < 0.001, ** means P < 0.01, and * means P < 0.05. CYT, immune cytolytic activity; METABRIC, Molecular Taxonomy of Breast Cancer International
Consortium; TCGA, The Cancer Genome Atlas; M1, M1 macrophage; NK, activated NK cells; M2, M2 macrophage; Tfh, follicular helper cells; Tregs, CD4+
regulatory T cells.
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signals have been implicated in several effects of immunity and
autoimmunity (36, 37). These studies further showed that
estrogen signals affect the size, maturation, and development of
T cells. In CD4+ T cells, estrogen signals are associated with the
inhibition of the production of Th1 pro-inflammatory cytokines
and the promotion of Th2 anti-inflammatory cytokines. E2
through the ERa pathway also impacts the activation and
survival of B cells. Aside from lymphocytes, estrogen exposure
delays apoptosis in human neutrophils, causes a reduction in NK
cell cytotoxic activity, and modulates different macrophage
actions and their metabolism. We showed that low expressions
of estrogen-responsive genes were correlated with the presence of
lymphocytes with cytolytic activity (18). In summary,
lymphocytes, fibroblasts, neutrophils, eosinophils, macrophages,
and myeloid-derived suppressor cells present in the TME are
disturbed by estrogen signaling, which affects the growth and
migration of cancer cells. Further, it has been revealed that the
immune response in tumor tissue reflects a series of carefully
regulated events that can be optimally addressed as a group rather
than individual cells (29). CIC is defined as a series of self-
Frontiers in Oncology | www.frontiersin.org 8
sustaining stepwise events required to gain efficient control of
cancer growth by the immune system (29), and the association
between CIC and estrogen signaling remains unknown. We
showed that high estrogen sensitivity was correlated with CIC
dysfunction (18). These results demonstrate that high estrogen
reactivity not only reduces the distribution of antitumor
immune cells in the TME but also inactivates the antitumor
immune system.

Finally, patients with high estrogen reactivity were associated with a
better prognosis. We showed that, despite differences in mortality rates
between three cohorts, high estrogen reactivity was associated with
better prognosis in the HR+ subtype (Figure 5). It has become clear
that sets of genes that are associated with increased risk of metastasis
mostly represent proliferation, estrogen receptor-associated genes,
and immune cell-associated genes (6). We reported that
ESTROGEN_RESPONSE_EARLY score was associated with survival
in primary and metastatic BC (38). In this study, we proved that the
levels of estrogen reactivity, which was calculated more precisely by
combining ESTROGEN_RESPONSE_EARLY score and
ESTROGEN_RESPONSE_LATE score, was related to the levels of
A B

C

FIGURE 4 | Stimulatory and inhibitory factors of the CIC in the levels of estrogen reactivity. Box plots of the relationship between estrogen reactivity and stimulatory
(HLA-A mRNA) or inhibitory factors (PD-1, PD-L1, PD-L2, and IDO1) of the CIC in METABRIC (A) and TCGA (B) and our cohort (C) were shown. **** means P < 0.0001,
*** means P < 0.001, ** means P < 0.01, and * means P < 0.05. CIC, cancer immunity cycle; METABRIC, Molecular Taxonomy of Breast Cancer International Consortium;
TCGA, The Cancer Genome Atlas; NS, not significant.
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immune cells as described above, and further to distant RFS (Figures 5
and S9). These results demonstrate that high estrogen reactivity is a
prognostic factor and can be a means of predicting distant metastases.

Although the study demonstrates promising results, it has
limitations. Although we utilized multiple large patient cohorts,
this is a retrospective study utilizing publicly available datasets
and our own institutional data. Second, each cohort we surveyed
has different patient backgrounds and clinical characteristics. In
METABRIC and TCGA, some of the clinical factors deemed
necessary were missing. TCGA cohort is known to lack
comorbidities and therapeutic intervention data. Our
institutional cohort has sufficient clinical data but a smaller
number of patients. Differences between cohorts were
Frontiers in Oncology | www.frontiersin.org 9
noticeable in “Association of estrogen reactivity with clinical
features” and “Gene expression profiles by the levels of estrogen
reactivity.” Therefore, it is necessary to verify the obtained with
other large cohorts with sufficient clinical data. Third, we could
not investigate the association of the estrogen reactivity with the
effects of drugs used in recurrent BC, especially CDK4/6
inhibitors. Finally, this study does not include in vitro or in
vivo experiments. Therefore, the mechanism for further
understanding the results has not been clarified. For example,
it is not clear whether the observed estrogen reactivity is of tumor
origin or immune cell origin. It is not clear whether immune
infiltration in TME is directly regulated by E2 or indirectly by the
E2 response of tumor cells.
A

B

C

FIGURE 5 | Analysis of the relationship between estrogen reactivity and survival in METABRIC and TCGA and our cohort. Kaplan-Meier plots of the association of
estrogen reactivity with distant RFS in METABRIC (A) and RFS in TCGA (B) and in our cohort (C). RES, recurrence-free survival; METABRIC, Molecular Taxonomy of
Breast Cancer International Consortium; TCGA, The Cancer Genome Atlas; RFS, recurrent-free survival.
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CONCLUSIONS

We demonstrated the relationship between estrogen reactivity
and immune cells and gene expression profiles and survival. We
revealed that estrogen reactivity would perturb multiple
pathways and high estrogen reactivity would act suppressively
against the immune microenvironment and act as a prognostic
factor. Based on these reported results, we anticipate that further
research can be conducted to establish a greater understanding of
the role of estrogen reactivity to TME of BC.
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Broché (1976).

7. Takeshita T, Yan L, Asaoka M, Rashid O, Takabe K. Late Recurrence of Breast
Cancer Is Associated With Pro-Cancerous Immune Microenvironment in the
Primary Tumor. Sci Rep (2019) 9:16942. doi: 10.1038/s41598-019-53482-x

8. Velaei K, Samadi N, Barazvan B, Soleimani Rad J. Tumor Microenvironment-
Mediated Chemoresistance in Breast Cancer. Breast (2016) 30:92–100.
doi: 10.1016/j.breast.2016.09.002
9. Hanzelmann S, Castelo R, Guinney J. GSVA: Gene Set Variation Analysis for
Microarray and RNA-Seq Data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-
2105-14-7

10. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The Cbio
Cancer Genomics Portal: An Open Platform for Exploring Multidimensional
Cancer Genomics Data. Cancer Discov (2012) 2:401–4. doi: 10.1158/2159-
8290.CD-12-0095

11. Rueda OM, Sammut SJ, Seoane JA, Chin SF, Caswell-Jin JL, Callari M, et al.
Dynamics of Breast-Cancer Relapse Reveal Late-Recurring ER-Positive Genomic
Subgroups. Nature (2019) 567:399–404. doi: 10.1038/s41586-019-1007-8

12. Cancer Genome Atlas N. Comprehensive Molecular Portraits of Human
Breast Tumours. Nature (2012) 490:61–70. doi: 10.1038/nature11412

13. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using
the Cbioportal. Sci Signal (2013) 6:l1. doi: 10.1126/scisignal.2004088

14. Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ, Cherniack AD, et al.
An Integrated TCGA Pan-Cancer Clinical Data Resource to Drive High-
Quality Survival Outcome Analytics. Cell (2018) 173:400–16.e411.
doi: 10.1016/j.cell.2018.02.052

15. Liberzon A, Birger C, Thorvaldsdottir H, Ghandi M, Mesirov JP, Tamayo P.
The Molecular Signatures Database (MSigDB) Hallmark Gene Set Collection.
Cell Syst (2015) 1:417–25. doi: 10.1016/j.cels.2015.12.004

16. Bao W. Artificial Intelligence Techniques to Computational Proteomics,
Genomics, and Biological Sequence Analysis. Curr Protein Pept Sci (2020)
21:1042–3. doi: 10.2174/138920372111201203091924

17. Reynolds AP, Richards G, de la Iglesia B, Rayward-Smith VJ. Clustering Rules:
A Comparison of Partitioning and Hierarchical Clustering Algorithms. J Math
Model. Algorithms (2006) 5:475–504. doi: 10.1007/s10852-005-9022-1

18. Takeshita T, Torigoe T, Yan L, Huang JL, Yamashita H, Takabe K. The Impact
of Immunofunctional Phenotyping on the Malfunction of the Cancer
May 2022 | Volume 12 | Article 865024

https://www.frontiersin.org/articles/10.3389/fonc.2022.865024/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.865024/full#supplementary-material
https://doi.org/10.1001/jamaoncol.2016.1897
https://doi.org/10.1002/ijc.25207
https://doi.org/10.1210/en.2003-0567
https://doi.org/10.1073/pnas.0308319100
https://doi.org/10.3389/fimmu.2019.00348
https://doi.org/10.3389/fimmu.2019.00348
https://doi.org/10.1038/s41598-019-53482-x
https://doi.org/10.1016/j.breast.2016.09.002
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1038/s41586-019-1007-8
https://doi.org/10.1038/nature11412
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1016/j.cels.2015.12.004
https://doi.org/10.2174/138920372111201203091924
https://doi.org/10.1007/s10852-005-9022-1
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Takeshita et al. Estrogen Reactivity in Breast Cancer
Immunity Cycle in Breast Cancer. Cancers (Basel) (2020) 13(1):110. doi:
10.3390/cancers13010110

19. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12:453–7. doi: 10.1038/nmeth.3337

20. Takeshita T, Asaoka M, Katsuta E, Photiadis SJ, Narayanan S, Yan L, et al.
High Expression of Polo-Like Kinase 1 Is Associated With TP53 Inactivation,
DNA Repair Deficiency, and Worse Prognosis in ER Positive Her2 Negative
Breast Cancer. Am J Transl Res (2019) 11:6507–21.

21. Aran D, Hu Z, Butte AJ. Xcell: Digitally Portraying the Tissue Cellular
Heterogeneity Landscape. Genome Biol (2017) 18:220. doi: 10.1186/s13059-
017-1349-1

22. Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N. Molecular and Genetic
Properties of Tumors Associated With Local Immune Cytolytic Activity. Cell
(2015) 160:48–61. doi: 10.1016/j.cell.2014.12.033

23. Balli D, Rech AJ, Stanger BZ, Vonderheide RH. Immune Cytolytic Activity
Stratifies Molecular Subsets of Human Pancreatic Cancer. Clin Cancer Res
(2017) 23:3129–38. doi: 10.1158/1078-0432.CCR-16-2128

24. Asaoka M, Ishikawa T, Takabe K, Patnaik SK. APOBEC3-Mediated RNA
Editing in Breast Cancer Is AssociatedWith Heightened Immune Activity and
Improved Survival. Int J Mol Sci (2019) 20(22):5621. doi: 10.3390/
ijms20225621

25. Katsuta E, Maawy AA, Yan L, Takabe K. High Expression of
Bone Morphogenetic Protein (BMP) 6 and BMP7 Are Associated With
Higher Immune Cell Infiltration and Better Survival in Estrogen
Receptorpositive Breast Cancer. Oncol Rep (2019) 42(4):1413–21. doi:
10.3892/or.2019.7275

26. Mcdonald KA, Kawaguchi T, Qi Q, Peng X, Asaoka M, Young J, et al. Tumor
Heterogeneity Correlates With Less Immune Response and Worse Survival in
Breast Cancer Patients. Ann Surg Oncol (2019) 26:2191–9. doi: 10.1245/
s10434-019-07338-3

27. Asaoka M, Patnaik SK, Zhang F, Ishikawa T, Takabe K. Lymphovascular
Invasion in Breast Cancer Is Associated With Gene Expression Signatures of
Cell Proliferation But Not Lymphangiogenesis or Immune Response. Breast
Cancer Res Treat (2020) 181:309–22. doi: 10.1007/s10549-020-05630-5

28. Tokumaru Y, Oshi M, Katsuta E, Yan L, Satyananda V, Matsuhashi N, et al.
KRAS Signaling Enriched Triple Negative Breast Cancer Is Associated With
Favorable Tumor Immune Microenvironment and Better Survival.
Am J Cancer Res (2020) 10:897–907.

29. Chen DS, Mellman I. Oncology Meets Immunology: The Cancer-Immunity
Cycle. Immunity (2013) 39:1–10. doi: 10.1016/j.immuni.2013.07.012

30. Sellitto A, D'agostino Y, Alexandrova E, Lamberti J, Pecoraro G, Memoli D,
et al. Insights Into the Role of Estrogen Receptor Beta in Triple-Negative Breast
Cancer. Cancers (Basel) (2020) 12(6):1477. doi: 10.3390/cancers12061477
Frontiers in Oncology | www.frontiersin.org 11
31. Liu E, Samad F, Mueller BM. Local Adipocytes Enable Estrogen-Dependent
Breast Cancer Growth: Role of Leptin and Aromatase. Adipocyte (2013)
2:165–9. doi: 10.4161/adip.23645

32. Mcgrath EP, Logue SE, Mnich K, Deegan S, Jager R, Gorman AM, et al. The
Unfolded Protein Response in Breast Cancer. Cancers (Basel) (2018) 10
(10):344. doi: 10.3390/cancers10100344

33. Alayev A, Salamon RS, Berger SM, Schwartz NS, Cuesta R, Snyder RB, et al.
Mtorc1 Directly Phosphorylates and Activates ERalpha Upon Estrogen
Stimulation. Oncogene (2016) 35:3535–43. doi: 10.1038/onc.2015.414

34. Foster JS, Henley DC, Ahamed S, Wimalasena J. Estrogens and Cell-Cycle
Regulation in Breast Cancer. Trends Endocrinol Metab (2001) 12:320–7.
doi: 10.1016/S1043-2760(01)00436-2

35. Bouris P, Skandalis SS, Piperigkou Z, Afratis N, Karamanou K, Aletras AJ,
et al. Estrogen Receptor Alpha Mediates Epithelial to Mesenchymal
Transition, Expression of Specific Matrix Effectors and Functional
Properties of Breast Cancer Cells. Matrix Biol (2015) 43:42–60.
doi: 10.1016/j.matbio.2015.02.008

36. Lannigan DA. Estrogen Receptor Phosphorylation. Steroids (2003) 68:1–9.
doi: 10.1016/S0039-128X(02)00110-1

37. Cunningham M, Gilkeson G. Estrogen Receptors in Immunity and
Autoimmunity. Clin Rev Allergy Immunol (2011) 40:66–73. doi: 10.1007/
s12016-010-8203-5

38. Oshi M, Tokumaru Y, Angarita FA, Yan L, Matsuyama R, Endo I, et al. Degree
of Early Estrogen Response Predict Survival After Endocrine Therapy in
Primary and Metastatic ER-Positive Breast Cancer. Cancers (Basel) (2020) 12
(12):3557. doi: 10.3390/cancers12123557

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Takeshita, Tokumaru, Oshi, Wu, Patel, Tian, Hatanaka,
Hatanaka, Yan and Takabe. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
May 2022 | Volume 12 | Article 865024

https://doi.org/10.3390/cancers13010110
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.1158/1078-0432.CCR-16-2128
https://doi.org/10.3390/ijms20225621
https://doi.org/10.3390/ijms20225621
https://doi.org/10.3892/or.2019.7275
https://doi.org/10.1245/s10434-019-07338-3
https://doi.org/10.1245/s10434-019-07338-3
https://doi.org/10.1007/s10549-020-05630-5
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.3390/cancers12061477
https://doi.org/10.4161/adip.23645
https://doi.org/10.3390/cancers10100344
https://doi.org/10.1038/onc.2015.414
https://doi.org/10.1016/S1043-2760(01)00436-2
https://doi.org/10.1016/j.matbio.2015.02.008
https://doi.org/10.1016/S0039-128X(02)00110-1
https://doi.org/10.1007/s12016-010-8203-5
https://doi.org/10.1007/s12016-010-8203-5
https://doi.org/10.3390/cancers12123557
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Clinical Relevance of Estrogen Reactivity in the Breast Cancer Microenvironment
	Introduction
	Materials and Methods
	Data Acquisition From METABRIC and TCGA
	Tissue Samples
	Extraction of RNA and Preparation for Analysis by Expression Microarray
	Estimation of Estrogen Reactivity
	Cluster Analysis
	Statistical Analyses of RNA Expression and Gene Set Enrichment Analysis
	Tumor Immune Microenvironment Analysis
	Statistical Analysis

	Results
	Association of Estrogen Reactivity With Clinical Features
	Gene Expression Profiles by the Levels of Estrogen Reactivity
	High Estrogen Reactivity Was Associated With Low Immune Cytolytic Activity and Low Levels of Immunostimulatory Cells
	Patients With High Estrogen Reactivity Were Associated With Better RFS in All Cohorts

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


