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ANALYSIS OF NUCLEAR RECEPTORS
CONSIDERING CELLULAR LOCALIZATION AND FOCALITY IN BREAST CANCER

1. Introduction / Einfiihrung

1.1 Epidemiology of breast cancer

In our ageing society, new cancer diagnoses are steadily increasing. Besides various
environmental influences, the main causes are enhanced life expectancy and demographic
change. According to the Robert Koch Institute, an increase of 20% in new cancer cases
must be expected between 2010 and 2030 [45]. In the overall population, breast cancer,
prostate cancer, lung cancer and colorectal cancer are the most common malignant
tumors (Fig. 1). With an upward trend, breast cancer is the most frequent malignant
tumor in women worldwide [26]. With 2.1 million incident cases in 2018 [8, 34], half a
million deaths, and 14.9 million disability-adjusted life-years [22], breast cancer is still
considered one of the utmost challenges for experts to regulate [39]. According to current
statistics, one in eight women in Germany will develop breast cancer in the course of her
life. This trend can be followed worldwide. Known risk factors for developing breast
cancer include: female sex and age, obesity, prolonged endogenous estrogen exposure,
long-term hormone replacement therapy in postmenopausal woman or nulliparity. In
addition, a family history of breast cancer and a mutation in one of the breast cancer genes

BRCA1 or BRCAZ2 also pose an increased risk [45].
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Figure 1: Estimated age-standardized incidence rates in 2020 worldwide (GLOBOCAN 2020 (IARC)[51])

Although much progress has been made in the field of diagnostics and therapy, the
mortality rate of breast cancer is still high. In 2014, 17.670 patients succumbed to breast
cancer in Germany alone [45]. Also due to the genetic component, breast cancer is not
only a disease of old age. In contrast to many other malignancies, breast cancer also affects
younger women more frequently. Almost three out of ten women are under 55 years old
when first diagnosed [45]. Nevertheless, considerable progress has been achieved in the
field of diagnostics and therapy. This has led to a decrease in mortality as observed over
the last decades [13, 52] (Fig. 2). The trend can be explained by improved diagnostic
possibilities, whereby tumors can be detected at an earlier and thus prognostically more
favorable stage and further by systemic therapy approaches that have been enhanced,

which could also contribute to a reduction in mortality [5, 27, 28].
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Figure 2: Mortality from Breast cancer. The graph shows an age-standardized rate worldwide of all ages
from 1950-2015 [52].

The epidemiological facts stated explain the high level of research interest in oncology on
the subject of breast cancer. Aiming to reduce the morbidity and mortality of breast
cancer, the development and investigation on new therapy strategies and drugs have

increased tremendously over the past decades [27].
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1.2. Breast cancer pathology and therapy

Treatment options for breast cancer have progressed tremendously over the past years.
Therapy regimes in adjuvant, neoadjuvant, and metastatic settings advanced hugely
reliant on clinical tumor subtypes and comprise chemotherapy, surgery, radiation,
aromatase inhibitors, hormone-receptor modulators and quiet recently, immunotherapy
[9, 19, 24, 27] . In addition to new therapy strategies, aiming to reduce the morbidity and
mortality of breast cancer patients, research in recent decades has also progressed in the
area of diagnostics and prognosis assessment. Aim of research and patient studies is to
use existing therapies in a more targeted manner by analyzing different tumor
characteristics and to further reduce undesirable side effects.

Research in the past decades was able to show that breast cancer is not one disease with
different expressions, but is considered a cancer with different entities. According to the
guideline from 2017, specific patient data and tumor characteristics should be collected
to determine prognosis and prediction. These include age, menopausal status, pTNM,
resection-margin, histological type, grading, lymphatic and blood vessel invasion,
hormone receptor status and HerZneu status [1]. Research in the past decades has shown
that a classification into hormone receptor positive and hormone receptor negative breast
cancer is outdated. Further histological features including the Her2neu status has been
implemented to allow a more decisive prognosis and new therapy options. The
nowadays-established factors such as Ki-67 expression or uPA/PAI-1 can be used to
further assess the prognosis. Furthermore, multigene assays have also been increasingly
used in recent years with the aim to reduce chemotherapy use in clinically high-risk yet

genomically low-risk breast cancer patients [27, 42].

The classification as recognized by the St. Gallen expert consensus distinguishes four
prognostically relevant subtypes that take the histo-pathological markers into account:
Luminal A, Luminal B, Her2 expression and Basal-like (Table 1) [23]. A diagnostic cascade
allows to differentiate between low-risk and high-risk patients and the decision for the
suitable therapy is ultimately based on the assessment of the course of the disease and
the expected effect of the systemic therapy [16, 27]. According to the intrinsic breast
cancer subtype, the broad implication for systemic treatment selection concurring to the

St Gallen Expert Consensus 2013 is presented in Table 1 [23].
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Luminal A

Luminal B
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Clinico-pathologic definition

‘Luminal A-like’

all of:

ER and PR positive

HER?2 negative

Ki-67 ‘low’

Recurrence risk ‘low’ based on multi-
gene-expression assay (if available)

‘Luminal B-like (HERZ negative)’
ER positive

HER?2 negative

and at least one of:

Ki-67 ‘high’

PR ‘negative or low’

Recurrence risk ‘high’ based on multi-
gene-expression assay (if available)
‘Luminal B-like (HERZ positive)’
ER positive

HER2 over-expressed or amplified
Any Ki-67

Any PR

‘HERZ positive (non-luminal)’
HER2 over-expressed or amplified
ER and PR absent

‘Triple negative (ductal)’
ER and PR absent
HER?2 negative

Type of therapy

Endocrine therapy
is the most critical
intervention and is
often used alone.

‘Luminal B-like
(HERZ negative)’
Endocrine therapy
for all patients,
cytotoxic therapy
for most.

‘Luminal B-like
(HERZ positive)’
Cytotoxics +
anti-HER2 +
endocrine therapy

Cytotoxics +
anti-HER2

Cytotoxics

Figure 3. Definitions of intrinsic subtypes of breast cancer and their broad implications for systemic
treatment selection according to the St Gallen Expert Consensus 2013 (modified according to Goldhirsch

etal.)[23]

The realisation that breast cancer is composed of a large variety of biological subtypes

has led to major advances in treatment. A multimodal therapeutic approach is nowadays

pursued by combining local and systemic treatments, adapted to the risk profile of each

patient, based on the above named individual factors. Endocrine therapies and systemic

chemotherapies can be used in a more targeted way. Overall, a development towards

individually adapted therapy concepts can thus increasingly be observed in the last

decades.
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1.3 Receptor expression in breast cancer

Malignancy and metastatic behavior as well as potential therapeutic options and the
resulting prognosis in the biological subtypes of breast cancer (BC) are significantly
related to the expression of various proteins and signalling cascades.

For distinguishing clinical tumor subtypes, BC focality is recognized as a significant
prognostic factor [4, 40]. The focality is a meaningful factor affecting the progressive
course of disease and has been described by multiple studies for multifocal and
multicentric BC patients [7, 37, 50, 56]. Multifocality and/or multicentricity was found to
be predictive of a worse prognosis through increased rates of distant metastasis, local
relapse and shorter survival [50], prevalence of lymph node metastases [37], and higher
mortality rates [7]. In contrast, unifocal BC is associated with a enhanced prognosis,
including a better overall survival (0OS) and disease free survival (DFS), in comparison to
multifocal and/or multicentric BC with the same tumor size. However, the expression of
nuclear receptors also in regards to the cellular localization have not been profoundly
studied in association to breast cancer focality.

The estrogen (ER) and progesterone receptor (PR) are established “classical steroid
hormone receptors” and are a key decision component in therapeutic approaches and
anticipating prognosis for BC patients. Two major subgroups of nuclear receptors are
known. The nuclear receptors of subgroup 1 include estrogen and progesterone receptors
as well as androgen and mineralocorticoid receptors. The DFS of patients with hormone
receptor-positive breast cancer can be significantly prolonged by the use of endocrine
therapies [2, 3, 21] and the determination of the receptor status of ER and PR is part of
the basic diagnostics in BC [1, 43].

In addition to the established markers, there are other receptors that are expressed by
breast cancer cells and whose prognostic relevance has not yet been conclusively clarified
[32]. These include the nuclear receptors: vitamin D3 receptor (VDR), retinoid X receptor
(RXR) and thyroid hormone receptors (THRs), which are assigned to subgroup 2 of the
nuclear receptors. These are all members of the nuclear hormone receptor superfamily
[17] and are ligand-dependent transcription factors, which bind several lipophilic
hormones and lipid metabolites [12]. The nuclear receptors are activated by binding with
its ligands in order to form homodimers and heterodimers with many other members of

the nuclear receptor superfamily [15]. After forming heterodimers [20], they
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consequently translocate to the nucleus, bind to specific response elements upon
promoters of specific genes, and thus act as transcription factors [35]. Various ligands
bound to these receptors subsequently recruit different co-activators and accordingly
regulate different genes and biological functions [35]. Personalized treatment options
nowadays already involve drugs that target nuclear receptors [41].

Besides the recognized risk factors for BC, chronic inflammation has lately also been
associated to tumor progression. The role of eicosanoids and their signaling pathway
including their function in tumorigenesis have come into focus of recent research in
various human cancer diseases. Multiple studies identified Cyclooxygenase-2 (COX-2)
overexpression and increased PGE: levels in various malignant human cancers to be
significantly associated with tumorigenesis, disease progression and a poor prognosis
including metastatic behavior [10, 31, 44, 48]. When binding to its EP receptors
(Prostaglandin E; receptor 1-4), PGE: is held responsible for stimulating tumor growth,
angiogenesis, invasion, and conferring resistance to apoptosis [18, 25]. The EP receptor
family indicates a unique function in BC tumorigenesis. Therapy options nowadays
already involve the COX-2-pathway modulator Palbociclib for instance; a highly selective
cyclin-dependent kinase 4/6 inhibitor (CDK4/6) that was able to validate a significant

enhancement in the prognosis of metastatic BC [47].

The identification of the above-mentioned receptor expressions in human breast cancer
specimens in regard to focality has not been studied. New insights could potentially be

promising in regard to new cancer therapeutics and strategies for breast cancer patients.
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2. Objective / Zielsetzung

The aim of this Habilitation-project is the analysis of nuclear receptors considering

cellular localization and focality in breast cancer.

The intention is to assess the prognostic value of the nuclear receptors VDR, RXR alpha
and THRs on the two different breast cancer focality entities: multifocal/multicentric
versus unifocal. Furthermore, the prognostic impact of hormone- and EP3 receptor
expression in relation to focality in breast cancer is investigated. The extent to which
receptor expression correlates with known prognostic and predictive factors in relation
to BC focality is subject of the analysis, anticipating a detailed description of the receptor-

positive breast cancers and providing indications of their prognostic relevance.
For more detailed information on the methodology and the discussion of the individual

studies, please refer to the corresponding original papers, which are cited at the relevant

point and can be found in the overview on results section of this habilitation thesis.

10



Habilitationsschrift | Dr.med. Theresa Vilsmaier

3. Overview on results / Eigene Ergebnisse

3.1. EP3is an independent prognostic marker only for unifocal

breast cancer cases

EP3 is an independent prognostic marker only for unifocal breast cancer cases

Alaleh Zati zehni, Udo Jeschke, Anna Hester, Thomas Kolben, Nina Ditsch, Sven-Niclas Jacob, Jan-
Niclas Mumm, Helene Hildegard Heidegger, Sven Mahner, Theresa Vilsmaier

International Journal of Molecular Sciences, 06/2020, 21, 4418
doi: 10.3390/ijms21124418

The prognostic relevance of EP3 in breast cancer relating to the cancers focality was the
aim of this study.

In gynecological cancers, EP3 expression is described to either correlate positively with
survival as defined for breast cancer [46], opposed to a negative association regarding
outcome for ovarian [11] and cervical cancer patients [29]. The contradictory role of EP3
in gynecological cancers highlights the need to further research on the behavior of EP3
receptor expression in breast cancer. Consequently, the study examined the EP3
expression in unifocal versus multifocal sporadic breast cancer tissue samples and its
impact on clinicopathological parameters, recurrence and survival.

The EP3 receptor was analyzed by immunohistochemistry in a series of 289 sporadic
breast cancer patients treated at the Department of Gynecology and Obstetrics at the
Ludwig-Maximillian’s University in Munich. Retrospective statistical analysis on survival
related events were carried out [56].

The study revealed a significant positive influence on survival for both focality entities,
yet with interesting differences. Unifocal breast cancer tissue samples with high EP3
receptor expression exposed a significantly improved OS. Thus, EP3 was found to be a
positive prognosticator for unifocal breast cancer and also displayed favorable outcomes
regarding staging and grading. Furthermore, EP3 expression in unifocal breast cancer was
even identified as an independent prognostic marker for OS, when adjusted for age,
grading and staging. In contrast, EP3 receptor expression in multifocal/multicentric BC
tissue samples merely showed a positive impact on OS five years after initial diagnosis

and proved to be a dependent prognosticator.

11
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The results obtained encourage a discussion on markers linked to inflammation and the
different effects on prognosis and clinicopathological parameters for each focality type.
The study aimed to serve as a scientific base for future specific EP3 targeted BC therapy

adopted to the focality.

3.2. Hormone receptor expression in multicentric/ multifocal versus unifocal

breast cancer: especially the VDR determines the outcome related
to focality

Hormone Receptor Expression in Multicentric/Multifocal versus Unifocal Breast Cancer: Especially
the VDR Determines the OQutcome Related to Focality

Zati zehni A, Jacob SN, Mumm ]N, Heidegger HH, Ditsch N, Mahner S, Jeschke U, Vilsmaier T,

International Journal of Molecular Sciences, 11/2019, 20, 5740
doi: 10.3390/ijms20225740

The study evaluates the prognostic impact of ER, PR and VDR in relation to breast cancer
focality: multifocal versus unifocal.

To this point, several studies highlight the benefit of increased VDR as well as hormone
receptor-positive (ER and PR positive) BC expression, yet data under the aspect of the BC
focality type are still lacking. VDR expression is described to be inversely associated with
elevated BC cancer incidences, disease progression and poorer prognosis [14, 38].
Regarding ER and PR, hormone receptor-positive BC is to this date held accountable for
the majority of the disease related deaths and is thus of major interest in BC research [33].
The nuclear receptor expressions were analyzed in a retrospective analysis in a series of
320 breast cancer patients treated at the Department of Gynecology and Obstetrics at the
Ludwig-Maximillian’s University in Munich. All three by immunohistochemistry analyzed
nuclear receptors presented a significantly positive influence on survival, however, only
for unifocal BC [55]. Triple negative BC cases were associated with a worse prognosis for
patients with unifocal BC. In patients with multifocal BC, the hormone receptor
expression (ER and/or PR) did not verify a significant association to prognostic markers.
Unifocal BC cases are significantly and positively correlated with increased VDR
expression regarding the Grading and TNM staging. In contrast, multifocal BC patients

revealed a worse DSF and were more often staged pM=1, when expressing the VDR. The

12
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findings demonstrate a remarkably paradox role of VDR expression regarding BC
prognosis. The outcomes are strengthened by the fact that the ER in unifocal breast cancer
and the VDR in multifocal breast cancer were identified as independent prognostic
markers for OS, when adjusted for age, grading and staging.

The study investigated the behavior of the nuclear hormone receptors in BC and the
different effects on each focality type. Adopted vitamin D supplementation in breast

cancer patients depending on focality is center of discussion.

3.3. The Prognostic Impact of Retinoid X Receptor alpha and Thyroid Hormone

Receptor alpha in Unifocal vs. Multifocal /Multicentric Breast Cancer

The Prognostic Impact of Retinoid X Receptor and Thyroid Hormone Receptor alpha in Unifocal vs.
Multifocal/Multicentric Breast Cancer

Alaleh Zati zehni, Falk Batz, Aurelia Vattai, Till Kaltofen, Svenja Schrader, Sven-Niclas Jacob, Jan-
Niclas Mumm, Helene Hildegard Heidegger, Nina Ditsch, Sven Mahner, Udo Jeschke, Theresa
Vilsmaier

International Journal of Molecular Sciences 01/2021, 22, 957
doi: 10.3390/ijms22020957

The prognostic value of RXR alpha and THRs expression, on the two different breast
cancer entities: multifocal/multicentric versus unifocal was analyzed [57]. RXR alpha is
recognized to have tumor suppressor properties and inhibit cell proliferation. Previous
studies suggest that RXR alpha positivity may predict favorable prognosis in breast cancer
and comprise anti-cancer cell activity [6, 30, 53]. Furthermore, evidence implies a
correlation between breast cancer and thyroid disorders. Patients with thyroid
dysfunctions show increased breast cancer incidences in contrast to healthy women [36,
49].

To determine the role of RXR alpha and THRs in regard to BC focality, a retrospective
statistical analysis was carried out on survival related events in a series of 319 sporadic
BC patients treated at the Department of Gynecology and Obstetrics at the Ludwig-

Maximillian’s University in Munich. RXR alpha and THRs (including its isoforms)

13
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expression were analyzed by immunohistochemistry and exposed a significant
correlation for both BC entities regarding survival analysis.

Interestingly and despite previous reports supporting an anti-tumorigenic effect of
increased RXR alpha expression, patients with multifocal/multicentric BC exposed a
significant worse DFS when expressing RXR alpha. Patients with unifocal BC presented a
significant worse DFS when expressing THRa1, whereas a significant positive association
between THRaZ expression and improved DFS in multifocal/multicentric BC was
revealed.

The outcomes suggest a critical review of possible molecular therapies targeting nuclear
receptors in BC treatment and strengthen the need to further examine the role of the
nuclear receptor family.

These findings consequently encouraged to further analyze the RXR alpha regarding its
subcellular localization; cytoplasmic versus nucleus RXR alpha expression, to allow a

more profound understanding for the remarkably incongruous role.

3.4. Cytoplasmiclocalization of RXR Alpha Determines Qutcome in Breast
Cancer

Cytoplasmic Localization of RXRa Determines Qutcome in Breast Cancer

Alaleh Zati zehni, Falk Batz, Vincent Cavailles, Sophie Sixou, Till Kaltofen, Simon Keckstein,
Helene Hildegard Heidegger, Nina Ditsch, Sven Mahner, Udo Jeschke, Theresa Vilsmaier

Cancers 07/2021, 13,3756
doi: 10.3390/cancers13153756

Our previous study has identified the RXR alpha expression as a risk factor with a
significant worse DFS in patients with multifocal or multicentric BC [57]. Because of the
alleged contradictory behavior of RXR alpha for breast cancer prognosis, further
investigations are of major interest to determine the exact role of RXR alpha in BC. To
allow a profound understanding, the aim of this study was to identify the subcellular
localization of RXR alpha in relation to prognosis determining aspects in breast cancer

[54].

14
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In 319 BC tissue samples, the expression of RXR alpha was evaluated by
immunohistochemistry and prognosis determining aspects were calculated by uni- and
multivariate analysis [54].

Interestingly, a trend association with nuclear RXR alpha expression regarding an
improved OS was observed. In contrast, significantly poorer outcome in both OS and DFS
in patients with cytoplasmic RXR alpha expression was detected. Cytoplasmic RXR alpha
was even found to be an independent marker for DFS, when adjusted to
clinicopathological parameters. Nuclear RXRa expression, on the other hand, was
positively associated with lower TNM-staging, whereas cytoplasmic RXRa expression was
positively associated with a higher histopathological tumor grading. In summary, nuclear
RXR alpha expression seems to be a protective factor in BC whereas cytoplasmic RXR
alpha is correlated with a more aggressive course of the disease.

The study emphasizes the fact that the localization of the subcellular localization of RXR
alpha plays a significant role in carcinogenesis and prognosis of BC. Identification of high-
risk BC subgroups is subject of this study in wise prospect of potential individualized

targeted BC therapies [54].

15
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4. Summary and future outlook / Zusammenfassung und Ausblick

The aim of this cumulative Habilitation-thesis was the analysis of nuclear receptors
considering cellular localization and focality in breast cancer, in order to identify
molecular biological target structures that can be considered as new diagnostic or

therapeutic starting points.

The treatment of breast cancer has already emerged to an exceptional multimodal
therapy concept over the past decades. Currently, various prognostically relevant
features have been linked to the presently used four histo-pathological subtypes (Luminal
A, Luminal B, Her2, Basal-like), which represent the different entities of breast cancer.
Highly individualized therapy concepts are developed on the basis of these different and
increasingly diverse biomarkers as well as gene mutation analyses. The ideal treatment
considered is finally a balance struck between adequate oncological safety and therapy-
associated toxicities and side effects. Breast cancer is no longer considered as one solitary
disease, but rather as one that is composed of a large variety of biological entities. The
knowledge about various subtypes differing in their tumor biology and thus also in their
prognosis has finally encouraged a development towards this "tailor-made" therapy
concept. These individually, to the patients’ tumor characteristics, adapted strategies
have also consequently led to a decrease in mortality. Accordingly, personalized
treatment approaches can be regarded as the key to further reduce morbidity and
mortality in breast cancer. Particularly, in triple negative breast cancer, which is
characterized by worse OS, DFS and increased metastatic potential compared with other
major breast cancer subtypes, the identification of reliable predictive biomarkers is
indispensable to find new therapeutic regimes.

To sum up, essential for further expertise and therapy development is the identification
of new therapeutic targets. The biomarkers investigated in this thesis were selected on
the ground of existing promising results in signaling cascades and their observed

interaction with biomarkers of proven prognostic relevance.

Receptor expression of patients with sporadic BC treated at the Department of

Gynecology and Obstetrics, Ludwig-Maximillian’s University in Munich, were verified by

16
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immunohistochemistry and analyzed by IRS and exposed a significant association for both
BC entities in regard to survival. The results confirm an important role of the receptor
expression at the cellular level in the pathogenesis of BC and suggest a prognostic
relevance.

Regarding the results of EP3 expression in BC, the receptor was found to be a positive
prognosticator for OS in unifocal breast cancer and also displayed favorable outcomes
regarding staging and grading. EP3 expression was even identified as an independent
prognostic marker for OS in unifocal BC. The outcomes obtained encourage a discussion
on markers linked to inflammation and the different effects on prognosis and
clinicopathological parameters for each focality type. The contradictory role of EP3 in
gynecological cancers should further be assessed.

Considering the outcomes of the nuclear receptor expressions in breast cancer, VDR, RXR
alpha and THRs each revealed a prognostic relevance in relation to the different breast
cancer focality entities: multifocal/multicentric versus unifocal. Patients with unifocal
breast cancer presented a significant worse DFS when expressing THRal, whereas a
significant positive association between THRa2 expression and improved DFS in
multifocal /multicentric breast cancer was shown.

Concurrent to previous findings about the protective role of VDR, our results revealed
that unifocal BC cases are significantly and positively associated with increased VDR
expression regarding the Grading and TNM staging. In contrast and despite former
reports supporting an anti-tumorigenic effect of increased VDR and RXR alpha
expression, patients with multifocal/multicentric breast cancer exposed a significant
worse DFS when expressing VDR and RXR alpha. Increased VDR expression in
multifocal /multicentric breast cancer was even identified as an independent prognostic
marker for OS and these patients were furthermore more often staged pM=1. The findings
demonstrate a remarkably paradox role of VDR and RXR alpha expression regarding
breast cancer prognosis for multifocal/multicentric patients. In terms of VDR, a vitamin-
D supplementation for the prophylaxis of cancer therapy side effects is commonly used
nowadays and consequently an adopted vitamin-D supplementation in breast cancer
patients depending on focality should thus further be assessed.

These findings consequently encouraged to further analyze the RXR alpha in regard to its
subcellular localization: cytoplasmic versus nuclear RXR alpha expression, to allow a

more profound understanding for the remarkably incongruous role. Nuclear RXR alpha

17
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expression revealed to be a protective factor in breast cancer whereas cytoplasmic RXR
alpha is associated with a more aggressive course of the disease. A trend association with
nuclear RXR alpha expression regarding an improved OS was observed. In contrast,
significantly poorer outcome in both OS and DFS in patients with cytoplasmic RXR alpha
expression was detected and was found to be an independent marker in cytoplasmic RXR

alpha expression for DFS.

Overall, the investigated receptors, especially regarding BC focality, demonstrate a
significant association to prognostic and predictive markers. Each individual receptor
property suggests a foundation to potentially function as new prognostic and predictive
factors. To conclude, nuclear receptors in breast cancer and possible targeted treatments
should become subject of future research by verifying the results of this project in a larger
breast cancer collective. Furthermore, the prognostic relevance regarding the complex
cellular processes and the various histo-pathological subtypes should be taken into
account. Specifically, the results obtained confirm the need of further research on the
subcellular expression of members of the nuclear hormone receptor superfamily, which
is currently subject of investigation in our study group. To this point, we achieved

gripping results that will hopefully be relevant for further detailed studies.

The aim of this preclinical study is to expectantly build a foundation upon which future

personalized treatments for breast cancer can be built.

18
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5. Abbreviations / Abkiirzungsverzeichnis

BC
BRCA
CDK4/6
COX
DFS
DNA
EP3

ER
G1/2/3
HERZneu
HRE
IRS

NR

0S
PAI-1

TC

THR

THRa
(p)TNM-Classification
uPA

VDR

WHO

Breast cancer

Breast cancer antigen
Cyclin-dependent kinase 4/6 inhibitor
Cyclooxygenase

Disease free survival
Deoxyribonucleic acid

E2-Receptor 3

Estrogen receptor

Grading 1/2/3

Human Epidermal Growth Factor Receptor 2
Hormone responsive element
Immmunoreactive score

Nuclear receptor

Overall survival

Plasminogen activator inhibitor-1
Progesterone receptor

Retinoic acid receptor

Retinoid X receptor

Retinoid X receptor alpha

Total collective

Thyroid hormone receptor

Thyroid hormone receptor alpha
(pathological) Tumor-Node-Metastasis Classification
Urokinase plasminogen activator
Vitamin D3-receptor

World Health Organization
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