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1 Introduction and research goals

1.1 Etiology and clinical characteristics of breast carcinomas

Breast carcinoma is the most common cancer in women [64]. In 2016, 68.950
women developed breast cancer in Germany and 18.570 women died of it [102].
Despite enormous efforts in basic and clinical research, breast cancer still remains
to be a disease with an unpredictable prognosis on an individual patient level. In
order to improve this situation, prognostication instruments such as the PREDICT
tool have been developed, using cell surface marker expression [78]. Furthermore,
assays examining gene expression profiles, namely Oncotype DX and
MammaPrint, have been developed to offer clinicians the possibility to use the
variation of gene expression in breast cancer for therapy guidance [82, 114]. Despite
their clinical prognostic capacities for specific patient groups, these diagnostic tools
fall short in some breast cancer patient subgroups [21]. Hence, there is still a clinical
need to effectively predict prognosis for all breast cancer patients on an individual
level. This is the scope of this thesis. One major obstacle to accurate prognostics
and hence effective, individualized therapy is the tumor heterogeneity of breast
cancer. Recent evidence points to a subset of tumor cells, so called cancer stem
cells, that drive tumor growth and heterogeneity as well as metastasis and
therapeutic resistance [19, 131]. Multiple cell surface markers identifying cancer
stem cells have been found in breast cancer tissue samples and cell lines [45].
There are contradicting results regarding the association of breast cancer stem cell
markers with the prognosis of patients [61]. To further clarify the association of
cancer stem cell markers with disease progression in breast cancer, a tissue
microarray was constructed. Four cancer stem cell markers were tested for their
association with clinical and histopathological parameters as well as survival. The
prognostic impact of these stem cell markers on breast cancer specific subgroups
were the focus of this thesis.

1.1.1 Epidemiology and clinical presentation

Cancer is expected to be the leading cause of death around the world in the 21st
century [25]. The most common type of cancer and the leading cause of death from

cancer worldwide in women is breast cancer.



In 2018 there have been 2.08 million estimated new breast cancer cases in women
worldwide, as well as 626,700 estimated breast cancer deaths [64]. After a peak in
breast cancer incidence in western countries in the 1990’s, incidence and mortality
have decreased in recent years. The decline in incidence of breast cancer is mainly
due to reduced prescription of postmenopausal hormone therapy. The reduction in
mortality on the other hand was mostly caused by an increase of mammography
screenings, thus detecting cancer at an earlier stage, and improved treatment
options [99].

Symptoms of breast cancer include pain in the breast, a palpable mass or nodules
and nipple discharge. Although these signs are commonly associated with benign
lesions, in a significant minority of cases they do occur due to malignant neoplasms
[122].

As the disease progresses, the systemic spread of cancer poses the greatest threat
to the patients. Metastatic disease is the most important cause of morbidity and
mortality in breast cancer patients. Due to the detection and treatment of breast
cancer in early, locally contained stages, survival has improved [160]. In most
countries around the world the five-year survival of breast cancer patients was
above 80% between 2005 and 2009; in Germany it has been 85.3% [9].

1.1.2 Diagnosis, grading and staging of breast cancer

The diagnosis of breast cancer is established through a number of different
diagnostic modalities and an interdisciplinary approach. The initial clinical
examination is followed by a mammogram, sonography or a combination of both
imaging techniques. In case of a suspicious finding, a tissue biopsy is warranted to
determine the histology [206]. In case a carcinoma is detected, the histology of the
tumor is evaluated and classified into a grading system according to Elston and Ellis
[62]. Furthermore, the expression of immunohistochemistry (IHC) markers, namely
estrogen (ER), progesterone (PR) and Her2 receptors, is quantified and included
into the prognostic considerations and used to explore therapeutic options [121]. In
addition to the evaluation of the tumor itself, physical examination and imaging
studies are used to search for regional and distant metastases [166].

The results of the various diagnostic modalities are then used to stage breast cancer
according to the TNM-classification of the Union for International Cancer Control
(UICC) and the American Joint Committee on Cancer (AJCC) and to determine the
prognosis and further management of the disease [41].
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In the recent past, molecular stratification of breast cancer has become increasingly
important as a parameter for prognostic prediction and therapeutic intervention
(Table 1) [77]. However, despite significant efforts the inter- and intratumor
heterogeneity of breast cancer remains an unsolved problem in clinical oncology

[143] due to the vast genetic diversity of breast cancer beyond the intrinsic subtypes

[179].

. Luminal B- . . .
Luminal . Luminal B-like - Triple-
. like, Her2 .. | Her2 positive .
A-like negative Her2 positive negative
ER + + + - -
PgR - and any
PR + Ki67 any PgR - -
Her2 i i over- over- i
expressed expressed
. Ki67 high and . . :
Ki67 Low any PoR any Ki67 any Ki67 any Ki67

Table 1 Clinico-pathologic surrogate parameters for the intrinsic subtypes used in
molecular stratification of breast cancer [77]

1.1.3 Treatment

After the initial diagnosis of breast cancer, staging of the disease is warranted to
provide the patient with the ideal treatment option available. Staging for patients
without clinical signs of advanced disease is focused on the assessment of
locoregional invasion. Ductal carcinoma in situ (DCIS) and invasive carcinoma are
initially treated with breast conserving surgery, if possible. During surgery, the
sentinel lymph node is biopsied and axillary lymph node dissection may be
necessary in case the carcinoma has metastasized to the sentinel node.
Locoregional staging is conducted according to the pTNM system of the UICC,
which includes tumor size and the occurrence of lymph node metastases. In most
cases breast conserving surgery should be followed by whole-breast-radiotherapy
to reduce the risk of local recurrence.

Systemic therapy is chosen according to receptor expression and intrinsic subtype
of the breast cancer and can be used in the adjuvant or neo-adjuvant setting.
Patients with estrogen receptor expressing carcinomas should be treated with anti-
hormone therapy including Tamoxifen or aromatase inhibitors.

Her2-neu positive carcinomas can be targeted with Trastuzumab and all breast
cancer patients, with some exceptions, should receive anthracyclin- and/or taxane-

based chemotherapy regimens [175].



Patients presenting with advanced disease, including locally advanced disease or
distant metastases, have to be staged with bone-, computed tomography (CT)- or
positron emission tomography-computed tomography (PET-CT)- scans. Just as
primary tumors of the breast, metastatic lesions should be biopsied and assessed,
if easily accessible. Treatment options for patients with advanced disease have to
be explored with regard to patient specific factors such as biological age, co-
morbidities and previous treatment as well as carcinoma specific factors such as

hormone- and Her2-neu receptor expression [32].

1.1.4 Etiology

The etiology of breast cancer can be multifactorial. Nevertheless, a number of risk
factors have been identified to be promoting the development of breast cancer.
Among these are long exposure to endogenous estrogen due to early menarche
and late menopause. Early pregnancy, high parity and breastfeeding on the other
hand have a long-term protective effect. Further risk factors include, among others,
exogenous estrogen, namely oral contraceptives and postmenopausal hormone
therapy, high body mass index, old age, alcohol consumption, family history for
breast cancer [81, 194, 205], and ionizing radiation [116].

Molecular research of the past decades has revealed carcinogenesis to be a
sequential process where a progressive accumulation of mutations and epigenetic
changes lead to an abnormal cellular behavior and uncontrolled cell division.
Especially changes of tumor suppressor genes and oncogenes are crucial for
carcinogenesis [202]. This is most obvious in patients with inherited high penetrant
mutations in tumor suppressor genes such as BRCA1, BRCA2[184] or PALB2[11]
as well as CHEKZ2 [43] and RADS51 [39]. However, these inherited genetic factors
seem to be responsible for only 5% of all breast cancer cases.

Hormonal risk factors on the other hand seem to be of much more relevance [181].
Unfortunately, neither the mechanisms causing breast cancer nor the ones

promoting carcinogenesis are fully understood [202].

1.1.5 Cancer stem cell and clonal evolution models

One striking feature of breast cancer is the marked heterogeneity of histological and
molecular characteristics within the tumor. The marked heterogeneity of breast
carcinomas is an essential challenge due to resistance and inadequate treatment

response following therapeutic regiments [212].
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Within the marked heterogeneity of the tumors a distinct cellular hierarchy appears
to be present. There are two models explaining this phenomenon.

1.1.5.1 The cancer stem cell model

One possible explanation is the theory of the hierarchical tumor stem cell model
[161]. The concept of cancer stem cells is based on the hypothesis that a small
subset of cells is able of self-renewal, unlimited, asymmetrical proliferation and
generation of the heterogenous cell bulk including tumorigenic and non-tumorigenic
cells. Therefore, these cells are responsible for tumor growth as well as disease
recurrence [8, 36, 117, 125]. At the base of this model are cancer stem cells that
give rise to distinct cellular populations forming the tumor through asymmetrical cell
division [148]. Self-renewal of cancer stem cells is represented by the ability of
regenerating a heterogenous tumor after transplantation into immunocompromised
mice and its continued ability to proliferate even after serial passages [7]. The tissue
structure of a tumor resembles normal tissue in the sense that it is organized in a
hierarchical pattern. It is hence likely that cancer stem cells develop through
mutation of normal stem cells. Normal stem cells are long-lived cells that may
accumulate numerous mutations and already poses the ability of self-renewal [161].
Nevertheless, a somatic progenitor cell might acquire mutations and transform into
a tumor-initiating cell as well. This tumor-initiating cell then gives rise to a
heterogeneous cell bulk. Any proliferative cell in this bulk might acquire a mutation
re-instigating the self-renewal capacity and therefore turn it into a cancer stem cell.
These cancer stem cells then have the potential to evade therapy and to maintain

the tumor and its growth and metastasis [197].

1.1.5.2 The clonal evolution model

In this model the tumor initiation is caused by a series of mutations in a cell which
begins to proliferate unchecked and to produce numerous subclones. Genetic and
epigenetic aberrations that benefit the cell clone cause the respective cells to
expand [155]. This model suggests that every tumor cell has a tumorigenic potential
and therefore can develop a new cell clone. Due to differing heritable effects on the
fitness of the cells, mutant clones will expand or contract in the tumor due to natural
selection and genetic drift [138]. Stochastic, clonal evolution through sequential
selection of the mutant subpopulations is thought to cause the hierarchical, cellular
heterogeneity found in solid tumors [144].



Clonal evolution, nevertheless, does not explain the fact that evolutionary changes
of the cell clones in a tumor do not translate into changes of the major morphology
and phenotype of breast cancer lesions. It rather seems that cancer stem or tumor
initiating cells determine the underlying phenotype of a tumor and that clonal
evolution subsequently is causing the intratumor heterogeneity of breast cancer
[83].

1.1.6 Characteristics of breast cancer stem cells

As a result of genomic instability, epigenetic modifications and the influences of the
tumor microenvironment on cells arising from the cancer stem cells, the tumor is
composed of a heterogenous cluster of cell clones [29]. These three factors also
influence the “stemness” of those cell clones and therefore the fate of the tumor and
patient survival. In general, cancer stem cells represent a certain minority of cells
with self-renewal capacity. However, there are tumors with a large number of cells
maintaining a self-renewal capacity. The number of cancer stem cells in a tumor can
vary greatly and therefore their impact on patient survival [113]. Accordingly, great
effort has been spent to find biomarkers in order to identify these stem cells. After
identification of cancer stem cells using surface proteins in acute myelogenous
leukemia [118], attempts were made to detect similar stem cells in solid cancers. Al-
Hajj et al. were able to verify the existence of such cells in human mammary
carcinoma using cell adhesion molecules cluster of differentiation molecule (CD) 44,
CD24 and epithelial adhesion molecule (EpCAM). As few as 200 cells with a CD44
positive/CD24 negative/ EpCAM positive marker panel (CD44+/CD24-/EpCAM+)
formed tumors after being implanted into a mammary fat pad of a mouse and
repeatedly did so after multiple passages in mice [8].

When looking at gene and hormone receptor expression patterns in CD44 positive
cells, genes well known from self-renewal pathways in stem cells were upregulated.
Equally upregulated were genes involved in cell motility and angiogenesis.
Meanwhile, estrogen receptor was found to be expressed in lower concentrations in
CD44 positive breast cancer cells. At the same time CD44 positive tumors were
associated with a shorter patient survival, suggesting that CD44 positive cancer
cells comprise a mesenchymal, stem-cell like phenotype associated with cell
migration and metastasis [177].

As described above, molecular subtypes in breast cancer constitute an additional
prognostic factor. Five major molecular subtypes are known with luminal subtypes
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being the most prevalent ones, also showing the best prognosis. The basal-like
subtype constitutes a heterogeneous group of aggressive, undifferentiated cancers
including triple-negative breast carcinomas, with efficient therapeutic options still
being scarce [77, 151, 183]. These basal-like carcinomas are associated with a
CD44+/CD24- expression pattern. Additionally, these carcinomas showed a trend
to a reduced overall and disease-free survival [162]. In luminal subtypes, on the
other hand, these CD44+/CD24- subtypes were less common, suggesting an
enrichment of cancer stem cells in the more aggressive breast cancer subtypes [92].
An important hallmark of malignancy is the ability to metastasize in distant organs
and tissues. CD44+/CD24- cells have been found to be associated with an
increased rate of osseous metastases in breast cancer patients [2]. Additionally, CK
positive cells in bone marrow of breast cancer patients, representing disseminated
tumor cells, have been found to be mostly CD44+/CD24- [16].

As described above, cancer stem cells may be responsible for therapy resistance
and relapse in breast cancer patients. In fact, chemotherapy as well as radiation has
shown to increase the number of CD44+/CD24- cells in breast carcinomas [40, 123,
154]. Patients with tumors demonstrating such an increase in CD44+/CD24- cells
had a significantly reduced disease-free survival, indicating that said cells are
chemotherapy resistant and contribute to tumor growth and disease progression
[120].

Numerous studies are providing conflicting data. Ahmed et al. investigated the
impact of CD44 and CD24 on the prognosis of breast cancer patients in a large
cohort. Astonishingly, CD44 was associated with a better prognosis and a more
differentiated, luminal tumor type. In fact a CD44 negative/CD24 positive expression
pattern was associated with the worst outcome and a dedifferentiated cell type [6].
Similar results are presented by Mylona et al., showing a tendency to a better
prognosis for patients with CD44 positive/CD24 negative expression pattern, while
tumors with CD44-/CD24+ expression were associated with decreased disease-free
and overall survival [142].

1.2 Cell surface markers expressed on breast cancer stem cells

As described above, the main cell surface markers to identify cancer stem cells in
breast carcinoma are CD44, CD24 and to a lesser extent EpCAM.



Nevertheless, several additional cancer stem cell markers have been identified in
other cancers and subsequently shown to be expressed in breast carcinomas as

well.

1.2.1 Cancer stem cell marker CD133 (Prominin 1)

One of those markers is CD133 (Prominin1), a transmembrane glycoprotein, first
described to be expressed in hematopoietic stem cells [139, 211]. Initially, CD133
expression was assumed to be restricted to hematopoietic and embryonic stem cells
but expression on adult tissue cells and carcinomas was demonstrated later [68].
Subsequently, CD133 has been discovered to be overexpressed in non-small cell
lung cancer [90] and was identified as a marker for tumor initiating cells in brain
tumors [178] and colon carcinoma [163]. In breast cancer, CD133 was first identified
on cells with cancer stem cell properties in mouse mammary tumors [208]. In
subsequent studies, CD133 was correlated with lymph node metastases and triple
negative breast cancer in humans [26, 129]. In a subgroup analysis of triple negative
breast carcinomas, CD133 showed to be significantly correlated with larger tumor
size, lymph node metastases, higher UICC stage (staging according to tumor size,
lymph node and distant metastases) and reduced disease free and overall survival
[214]. Furthermore, in breast cancer patients treated with neoadjuvant
chemotherapy, CD133 expression was significantly associated with lymph node

metastases, shorter disease free and overall survival [12].

1.2.2 Cancer stem cell marker CD44

As discussed above, CD44 is the most prominent cancer stem cell marker in breast
cancer [45]. CD44 was first described as a transmembrane glycoprotein involved in
cell-cell- and cell-matrix-adhesion and cell-signaling [94] binding to hyaluronic acid
[72]. Although, initially, CD44 was described on hematopoietic cells, the marker is
expressed on many cell types including epithelial and mesenchymal cells.
Subsequently, CD44 was discovered to be expressed in several carcinomas and
their metastases, including breast cancer [174].

CD44 gained its importance as a cancer stem cell marker after the CD44
positive/CD24 negative phenotype had been linked to tumor initiating cells in breast
cancer [8]. Multiple studies and publications debate the role of CD44 in breast

cancer initiation and progression [8, 177].



1.2.3 Cancer stem cell marker EpCAM

Another potential cancer stem cell marker in breast cancer is EpCAM. This cell
surface marker was first discovered in colorectal carcinoma cells [87, 110] and has
been shown to be a glycoprotein, expressed on epithelial cancers and in normal
tissue [126, 203]. Naturally, among epithelial cancers expressing EpCAM, the
mammary carcinoma was present as well [140]. It was found that EpCAM was
involved in many other cellular functions next to cell adhesion, such as cell signaling,
migration and metastasis [91]. Accordingly, EpCAM expression was shown to be
significantly associated with clinical aspects of tumor migration and metastases in
the sense of larger tumor size, breast cancer metastasis and increased disease
recurrence and mortality [71, 191]. In later studies EpCAM expression was linked to

a reduced disease-free and overall survival [168, 169, 188].

1.2.4 Cancer stem cell marker CD166 (ALCAM)

Finally, CD166 (ALCAM) is another cancer stem cell marker expressed on breast
cancer cells. CD166 is an immunoglobulin adhesion molecule first discovered on
activated leukocytes [24]. Subsequently, CD166 expression was identified in
several normal human tissue types as well as in melanoma cells which showed an
enhanced metastatic potential [54].

Besides melanoma, CD166 was found to be expressed in colorectal cancer as well,
where high CD166 expression was associated with shorter overall survival [201]. In
breast cancer, CD166 expression was shown to be correlated with smaller tumor
size, fewer lymph node /distant metastases, lower tumor grade and better prognosis
on the one hand [50, 100, 106]. On the other hand, subsequent studies
demonstrated cytoplasmic CD166 being overexpressed in invasive carcinoma and
significantly associated with lymph node metastases and a shorter disease-free
survival [28]. The importance of CD166 expression remains somewhat unclear,
although high CD166 expression is associated with prolonged overall survival after

neoadjuvant chemotherapy [96].

1.3 Synopsis and research goals

The vast heterogeneity of breast cancer reflected in different histopathologic
subtypes, varying expression of hormone receptors and intrinsic subtypes challenge
the treatment of breast cancer greatly [19]. Cancer stem cells have been described

in a variety of carcinomas, including breast cancer [8]. A number of cell surface
9



proteins identifying cancer stem cells have been found in breast cancer tissue
samples and cell lines [45]. The results regarding the association of breast cancer
stem cell markers with the prognosis of patients vary in the literature as some
studies present contradictory results [61]. A tissue microarray was constructed for
this study and four cancer stem cell markers, namely CD133, CD44, EpCAM and
CD166, were tested for their association with clinical and histopathological
parameters as well as the survival of the patients included. The aim was to identify
distinct associations of cancer stem cell markers with clinical aspects and patient
survival, indicating possible therapeutic targets to be evaluated in future studies.
The analysis of subgroups and the influence of stem cell markers on survival on
these patients were of special interest. The distinct research questions for this study
were as follows:

Is there an association of

- overall-, five-year- or disease-free survival with cancer stem cell marker
expression?

- overall, five-year- or disease-free survival with cancer stem cell marker
expression in subgroups of patients with either large tumors, lymph node or
distant metastases, high tumor grading, ER, PR, Her2neu or Ki-67
expression or tumors with specific intrinsic subtypes?

- tumor size, lymph node metastases, tumor grading and distant metastases
with cancer stem cell marker expression?

- hormone receptor, Her2neu and Ki-67 expression or the clinico-pathologic
surrogate parameters for the intrinsic subtypes with cancer stem cell marker
expression?

- stem cell marker expression with normal breast- or breast cancer tissue?
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2 Material and Methods

2.1 Patient selection and clinical characteristics of the cancer cohort

For this study, 245 female patients with benign or malignant neoplasms of the breast
were selected retrospectively at the University Hospital Schleswig-Holstein,
Campus Libeck. The study was approved by the ethics committee of the University
of Lubeck (Ethikvoten Nr. 08-012 und 20-507). The patients selected were treated
for breast tumors between the years of 1989 and 1993. Tissue samples were
retrieved from the tissue archive of the Institute of Pathology. The corresponding
clinical information was obtained as follows: age, date of surgery, tumor location,
surgical procedure, histopathology, UICC stage [88], grading [22, 62], disease
recurrence and distant metastases. The overall survival was calculated as the
interval between the year of surgery and the date of the last follow-up (December
2011) or the date of death. Tissue samples of 207 patients suffering from breast
carcinoma were included on the TMA. For 175 (84.5%) of these patients, data were
available regarding all clinical parameters assessed in this study. Patients were
divided into groups suffering from early (112 patients, 64%) and late stage
carcinoma (63 patients, 36%), using the UICC staging [88] (Table 2). Significant
differences in tumor size, nodal status and distant metastases are expected, as
these factors are used to divide patient groups into early and late stage carcinomas.
Additionally, patient age was found to be significantly higher in the late stage
carcinoma group (p=0.012). While the mean age in the early stage carcinoma was
59.74 years (x 14.38 years), patients in the late stage carcinoma group had a mean
age of 65.62 years (x 14.71 years). Besides age, disease recurrence was
significantly higher in the late stage carcinoma group (p=0.001). 16 patients (25.4%)
suffered from disease recurrence in the late stage carcinoma group, while only 8
patients (7.8%) in the early carcinoma group relapsed.
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uicc o-ll

uiCccC lll-Iv

Clinical (early stage) (late stage)
Parameters Subgroups No. of p\;tien%s (%) | No. of patients (%) p-Value
112 (64) 63 (36)
Years 59.74 + 14.38 65.62 + 14.71
Age Range 30-93 31-90 0.012
DCIS/LIN 5 (4.5%) 0(0)
Invasive
. ductal 92 (82.1) 51 (81)
Histopathology carcinoma 0.161
Other 15 (13.4) 12 (19)
carcinoma
. Right 52 (48.6) 28 (50)
Location Left 55 (51.4) 28 (50) 0.871
Tis 1(0.9) 0(0)
T1 47 (42) 2(4.1)
Tumor size T2 62 (55.4) 15 (19.5) < 0.001
T3 2(1.8) 6 (9.8)
T4 0(0) 38 (62.3)
NO 70 (63.1) 9 (18.4)
Nodal status N1 41 (36.9) 23 (46.9) < 0.001
N2 0(0) 17 (34.7)
Distant MO 112 (100) 44 (69.8) < 0.001
metastases M1 0 (0) 19 (30.2) )
G1 6 (5.6) 0(0)
Grading G2 82 (75.9) 48 (80) 0.177
G3 20 (18.5) 12 (20)
Disease No recurrence 104 (92.9) 47 (74.6) 0.001
recurrence Recurrence 8 (7.1) 16 (25.4) '
Luminal A 45 (47.4) 26 (50)
Luminal B
Her2 negative 11(11.6) 6(11.5)
Intrinsic Luminal B
classification Her2 positive 7(7.4) 3(58) 0.92
Her2 positive 7(7.4) 2 (3.8)
Triple 25 (26.3) 15 (28.8)
negative
Ki 67 (20% Negative 99 (88.4) 55 (87.3) 0813
cutoff) Positive 13 (11.6) 8 (12.7) )
Estrogen Negative 44 (40) 26 (42.6) 0748
receptor status Positive 66 (60) 35 (57.4) )
Progesterone Negative 43 (39.4) 21 (34.4) 0.621
receptor status Positive 66 (60.6) 40 (65.6) )
Negative 95 (85.6) 55 (88.7)
Her2 neu status 5 0o 16 (14.4) 7 (11.3) 0.646

Table 2 Comparison of clinical parameters in early and late stage carcinoma patients. In
some cases, the tissue present in the sample differed from the TNM classification in the
original pathology report as described in the following section. The p-Value was calculated
with Chi? test, Fisher’s exact test or non parametric tests (Mann-Whitney U test, Kruskal-

Wallis test), as appropriate.

2.2 ldentification and retrieval of specimens

Tissue sections that had been stained at the Institute of Pathology at the University
of Libeck with Meyer’s Hematoxylin and Eosin (H&E) for the primary diagnosis were

retrieved from the archive of the Institute.
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One senior pathologist (Prof. Christoph Thorns, M.D.) evaluated and scored all
specimens stained with H&E as well as the staining for routine markers, Ki67 and
the cancer stem cell markers described hereafter. The sections with H&E staining
were reviewed and for each patient the tissue samples with the highest amount of
neoplastic or normal tissue were determined and retrieved from the tissue archive
of the Institute of Pathology. In case tissue of different types of neoplasms was
available in one patient, a representative sample of every tissue type was retrieved
from the archive. Additionally, a normal tissue sample was gathered for every
patient, if available. The tissue had been fixed in 4% normally buffered formalin and
had subsequently been embedded in paraffin.

Slices of 4 um thickness were cut from the tissue specimens and mounted on glass
slides in the Laboratory for Surgical Research. They subsequently were stained with
H&E and assessed by the senior pathologist to confirm the primary diagnosis.
Samples that did not contain any normal epithelial or neoplastic tissue were not
further included into the study. In case the diagnosis in our assessment differed from
the entity described in the primary histological diagnosis, the diagnosis made by the
pathologist for this study was considered for further analysis. However, the UICC
stage and grading described in the primary diagnosis were used for analysis in this
study. Tissue samples were available for 245 patients and included in a tissue
microarray (TMA). The mean observation time of the patients, calculated as
described above, was 11.8 years (Table 3).

Benign

DCIS Carcinoma Total
tumors

(n = 31) (n=7) (n =207) (n = 245)

Age at Mean 42 +17 60 + 14 62 +15 60 +16
E'(ayge';‘r’:)' Range 18 - 82 41-75 30 - 93 18 - 93
Follow Mean 18+4 1715 1118 12+£8

up i i i i

(years) Range 8-21 7-21 0-23 0-23

Table 3 Clinical parameters of the patients included in the TMA.
2.3 Methods

2.3.1 Tissue Microarray construction

The concept of constructing a TMA goes back to the multitumor tissue block
developed by Battifora [18]. The first TMA was constructed more than ten years later
[111].
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This TMA described by Kononen et al. contains up to 1,000 tissue cores retrieved
from so called donor tissue blocks. These cores are punched out of the donor blocks
using a tissue arrayer and punches with a diameter from 0.6 mm to 2.0 mm.
Subsequently these punches are integrated into previously prepared holes in a
blank paraffin block. Up to 300 sections of 4 um thickness can be cut from such a
TMA providing a large amount of tissue samples from one block. To determine the
area of interest on the tissue samples, the pathologist marked and labeled the
neoplastic and normal tissue areas on the HE stained slides that were produced for
this study. The paraffin embedded tissue samples of the patients included in this
study were marked accordingly. Using a tissue arrayer (Tissue arrayer, Pathology
Devices Inc., Westminster, USA) punches with a diameter of 1.5 mm were taken out
of these marked areas and inserted into a blank paraffin block. All together, 406
tissue punches were included into 3 TMAs, containing 129, 137 and 140 tissue
cores respectively. For one poor quality tissue sample two cores were placed in the
TMA to ensure an adequate amount of tissue for analysis in one of the cores. Only
one of these cores was used for analysis, hence 405 tissue cores were included in
further analysis (Table 4). To enable macroscopic identification of the different
TMAs, the layout was varied and tissue cores from human liver were included in
distinctive locations on the array.
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Histopathology
Main groups °
(n of samples) Subgroups Samples (% of total)
Normal tissue :
(n = 101) Normal tissue 101 (24.9)
Benign neoplasia Usual Ductal Hyperplasia 8 (2)
(n = 43) Papilloma 2 (0.5)
Fibroadenoma 33 (8.1)
Phylloides tumor Phylloidestumor 2 (0.5)
(n=2)
Noninvasive malignant Ductal Carcinoma in Situ 35 (8.6)
neoplasia Lobular intraepithelial
(n=37) Neoplasia 1(0.3)
Atypical Ductal Hyperplasia 1(0.3)
Ductal carcinoma 173 (42.7)
Lobular carcinoma 9 (2.2
. . Mucinous carcinoma 3(0.7)
Invasme_c;;cz:l)noma Medullary carcinoma 2 (0.5)
- Tubular carcinoma 10 (2.5)
Carcinoma, not further 25 (6.2)
specified '
Total 405 (100)

Table 4 Number of tissue cores representing the respective histopathological groups

After completion of the tissue microarrays, the blocks were incubated for 12 hours
at 36°C to improve adhesion of the tissue punches to the paraffin. Afterwards,
protruding tissue punches were carefully leveled by gently pressing on a glass slide
onto the microarray block. Subsequently, the blocks were incubated at 36°C for
another 30 minutes and finally stored at 4°C. This protocol, similar to the so called
tempering, improves the performance of the tissue microarray during sectioning
significantly [89]. In addition to established protocols, an automated rotating
microtome (Hyrax M 55, Carl Zeiss, Jena, D) with a cool clamp (Cool Cut UKK, Carl
Zeiss, Jena, D) and a water-driven retrieval system (Hyrax STS Section-Transfer-
System, Carl Zeiss, Géttingen, D) for the sections were used in this study. These
lead to additionally improved performance of the tissue microarray during
sectioning. After cutting, the sections were mounted on glass slides, baked over
night at 60°C and thereupon dried at room temperature for 48 hours. Finally, the
slides were stored at 4°C until further processing (Figure 1).
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2.3.2 IHC staining and FISH on the tissue microarray

Hormone and Her2neu receptors where not routinely assessed at the time, when
the tumor specimens of the patients of this cohort where initially examined at the
Institute of Pathology. Hence, most of the tissue samples were not stained for these
markers during the primary assessment. In order to be able to compare the cancer
stem cell markers examined in this study to nowadays gold standard of pathological
diagnosis of breast cancer, the tissue microarray was stained for estrogen (ER) and
progesterone receptors (PR) as well as Her2-neu receptor (Her2). As a marker of
proliferation, the expression of Ki67 was assessed as well. The staining for these
markers was conducted at the Institute of Pathology at the UKSH, Campus Libeck;
ER, PR, Her2 and Ki67 were detected with immunohistochemistry using protocols
established in the Institute of Pathology for analysis in clinical routine
(Verfahrensanweisungen VA-033, VA-050, VA-015, Institute of Pathology, UKSH,
Campus Llbeck).

In order to assess the status of Her2 expression in the tissue samples, a
fluorescence in situ hybridization (FISH) with a commercially purchased
Her2/CEP17 probe was completed for all cases in addition to the
immunohistochemistry staining. Protocols of clinical routine assessment of the
Institute of Pathology were used to evaluate the staining.

For the immunohistochemistry staining of cancer stem cell markers, the TMA slides
were deparaffinized in Xylene and then rehydrated in a descending Ethanol series.
For antigen retrieval, slides were heated in retrieval buffers Table 5 Primary antibodies
used in immunohistochemistry staining of cancer stem cell markers.(Table 5) in a
microwave oven. To block endogenous peroxidase in the breast tissue, the slides
were treated with 3% hydrogen peroxide in methanol for 10 minutes. Subsequently,
the slides were incubated with normal serum in PBS to prevent unspecific binding
of the secondary antibodies to binding sites in the tissue. Thereafter, the TMAs were
incubated overnight with primary antibodies, distinctively diluted in Antibody Diluent,
at 4°C (Table 5, Table 13). All primary antibodies used were monoclonal mouse
antibodies. After the primary antibodies were washed off, the slides were incubated
with biotinylated secondary antibodies (Table 14).
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Primary antibodies Dilution Antigen retrieval Secondary antibodies
CD 133 .
Miltenyi Biotec Inc. 5 minutes at 900 watts Horse Anti-Mouse
_ and 14 minutes at 300 : .
Clone AC133 1:10 L Vectastain® Elite ABC
watts in citrate buffer ; ;
Monoclonal IgG 1 Universal Kit
Mouse (PH 6)
CD 44 .
BD Biosciences gr:glqit(rar?ir?lztigoa\{vggg Horse Anti-Mouse
Clone G44-26 1:150 watts in citrate buffer Vectastain® Elite ABC
Monoclonal IgG 2b Universal Kit
Mouse (PH6)
EpCAM :
Dako Cytomation A/S 20 minutes at 900 Horse Anti-Mouse
) : watts in Antigen : :
Clone Ber-EP4 1:50 . . Vectastain® Elite ABC
Monoclonal IgG 1 Retrieval SOIUt.'On Universal Kit
Mouse (Dako Cytomation)
fbl?:;r?le(;@ 5 minutes at 900 watts
Clone MOG/07 1100 and 14 minutes at 300 Goat Anti-Mouse
Monoclonal IgG 2a ' watts in citrate buffer Dako Cytomation
Mouse (PH 6)

Table 5 Primary antibodies used in immunohistochemistry staining of cancer stem cell

markers.

Following the secondary antibodies, the slides were incubated with streptavidin-
biotin-peroxidase solution. Binding to the biotin on the secondary antibodies, the
streptavidin-biotin-peroxidase forms a complex that is attached to the secondary
antibodies. As a substrate for the peroxidase, 3-Amino-9-Ethylcarbazole (AEC) or
3-3’-Diamino-benzidine (DAB) were subsequently added onto the slides. In the
presence of peroxidase AEC and DAB are oxidized and generate a red or brown
precipitate, respectively. Finally, the slides were counterstained with Haematoxylin
and covered with Aquatex® and a cover glass (Supplemental Figure 1-4). All TMA
slides were analyzed by a senior pathologist who was blinded for all clinical data.

The TMA slides stained with antibodies against ER and PR were analyzed
according to the standards of the breast cancer guidelines of the American Society
[79]. The

immunohistochemistry staining for Her2 was assessed according to the ASCO/CAP

of Clinical Oncology/College of American Pathologists
guidelines as well [207]. The expression of Ki67 was assessed as the percentage
of neoplastic cells that contained stained nuclei. Tumors harboring more than 20%
positive cells were rated as positive [58].

The FISH for Her2 was detected with a fluorescence microscope and the

appropriate imaging software. The pathologist determined the areas of invasive
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carcinoma that were to be imaged for each carcinoma case and subsequently
analyzed the Her2 and CEP17 signals for 60 tumor cells in this area. Tumors were
determined as Her2 positive when the Her2/CEP17 ratio exceeded 2.2 [207].

The analysis of the immunohistochemistry staining of the cancer stem cell markers
was done together with a senior pathologist as described above. The samples were
evaluated according to a score established in the Laboratory for Surgical Research
at the University of Libeck. Samples containing less than 1% positive cells received
a score of 0, samples with up to 20% positive cells were scored as 1 and samples
containing up to 50% and more than 51%, respectively, were scored as 2 and 3
(Figure 2).
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ALCAM EpCAM
(CD166) (CD326)

Score 0

Score 1

Score 2

Score 3

Figure 2 Immunohistochemial staining of mammary TMA sections: The quantity of immune-
reactive cells was estimated as a three category score: score 0 (1% of total cells), score 1
(2—20%), score 2 (21-50%) and score 3 (51—-100%). For the staining of CD133, no sample
with high expression was detected (score 3). For statistics, expression of CD133, CD44 and
CD166 scored with 0 was assessed as "low" and expression of score 1-3 was summarized
as "high". For EpCAM expression, a scoring of 0 and 1 was evaluated as "low" compared
to scoring of 2 and 3 as "high". Staining evaluation assessed only epithelial cells.
(Magnification 100x); (ALCAM: activated leucocyte adhesion molecule, CD: cluster of
differentiation, EpCAM: epithelial cell adhesion molecule)

Marker expression was considered high for CD166, CD44 and CD133 at a score of
1 to 3, for EpCAM expression was considered high with a score of 2 to 3.

Due to partly harsh conditions during IHC staining, numerous tissue cores on the
TMA sections were lost. Patients with missing date were excluded from the
respective analysis regarding said data.

Therefore, the number of patients differs in each analysis regarding traditional IHC
markers, Her2 neu as well as the cancer stem cell markers (Figure 3).
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360 probes with
405 Probes of 245 patients assembled on the data available
TMA for at least on

l stem cell marker

200 carcinoma patients with data available for
at least on stem cell marker

/N N\

184 patients 186 patients 176 patients 181 patients

with data with data with data with data
available for available for available for available for
CD166 CD44 CD133 EpCAM

4

158 patients with data for all
stem cell markers available

Figure 3 Number of patients included for statistical analysis of the respective cancer stem
cell marker. (TMA: tissue microarray, CD: cluster of differentiation molecule, EpCAM:
epithelial cell adhesion molecule)

Patients suffering from breast carcinoma comprised 207 patients (84.5%) out of 245
patients whose tissue samples were included on the TMA. For 200 cancer patients
(96.6% of all cancer patients included) at least one tissue core stained for a cancer
stem cell marker remained available. CD133 was the cancer stem cell marker with
the least amount of tissue cores available for analysis with 176 cancer patients (85%
of all cancer patients included) being eligible for statistical analysis. Data regarding
all four cancer stem cell markers were available for 158 patients (76.3% of all cancer
patients included). Hence, statistical analysis for the different cancer stem cell

markers involved slightly diverging numbers of patients.

2.3.3 Statistical analysis

Associations between the cancer stem cell marker expression and clinical
parameters were statistically evaluated by Chi® test or Fisher's exact test, as
appropriate. Non parametric tests (Mann-Whitney U test, Kruskal-Wallis test) were
used to compare cancer stem cell marker expression levels to continuous variables
such as age. Correlations between marker expressions and between all clinical

measures mentioned above were assessed by Spearman’s rank correlation
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coefficient (p). Disease-free-survival at five and 22 years of follow-up was calculated
using Kaplan-Meier estimator and evaluated by log-rank test for differences due to
potential influencing factors. To uncover dependencies between variables and to
determine the prognostic value of the stem cell markers upon survival time, simple
and multivariable Cox regression analysis was conducted. The model selection
procedure was carried out by stepwise backward regression using the likelihood
ratio criterion. Clinical parameters were included into the Cox model when the log-
rank test yielded an association with survival with p-values less than 0.1. Statistical
analyses were performed using SPSS Statistics version 22 (IBM Corporation,
Somer, NY) and visualized using additionally GraphPad Prism 4.0 software© (San
Diego, CA, USA). P-values of < 0.05 were regarded as statistically significant.
Sandra Freitag-Wolf, Ph.D., of the Institute of Medical Informatics and Statistics at
the Christian-Albrechts-University Kiel, supervised statistical calculations for this
project.
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3 Results

3.1 Cancer stem cell marker expression in normal tissue and benign

neoplasia compared to carcinoma tissue

Tissue samples were examined regarding the intensity and distribution of cancer
stem cell marker expression as described above. The normal and benign tissue
samples were comprised of normal breast tissue, benign neoplasia and phyllodes
tumors. The group of carcinoma tissue included samples of DCIS and invasive
carcinoma. The overviews of the stained TMA sections are presented in
Supplementary Figures 1-4. The samples for analysis of CD133 expression were
comprised of 105 samples (34.4%) that contained normal tissue and benign
neoplasia and 200 samples (65.6%) contained carcinoma tissue. 62 normal and
benign tissue samples (59.1%) stained CD133M"d" while 52 carcinoma samples
(26%) displayed a CD133M9" staining (OR 0.24 (Cl 0.15-0.4), p<0.001, Figure 4).
In the analysis of CD44 expression, 101 (32.1%) were normal or benign tissue
samples, 214 (67.9%) contained malignant tissue. 18 (17.8%) of the normal and
benign tissue samples stained CD44"" while 62 (29%) of the carcinomas
expressed CD44Md" (OR 1.9 (Cl 1.0-3.4), p=0.038, Figure 4).

In the analysis of EpCAM expression, 51 (24.8%) carcinoma tissue samples were
EpcAMMa" while 17 (16.3%) of the normal and benign tissues stained EpCAMMa",
There was no statistically significant difference in EpCAM expression between
normal and benign tissue and carcinomas (OR 1.7 (Cl1 0.9-3.1), p=0.11, Figure 4).
In the samples analyzed for CD166 expression, 211 samples (67.2%) containing
carcinoma tissue of which 104 samples (49.3%) were CD166"9". 68 (66%) of the
normal tissue and benign neoplasia samples were CD166"9" (OR 0.5 (Cl 0.3-0.8),
p=0.006, Figure 4).
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Figure 4 Cancer stem cell marker expression in association with histopathology (normal
and benign in black and malignant, DCIS and carcinoma in grey); a) EpCAM, b) CD133,
c) CD44, and d) CD166. (FFPE: formalin fixed, paraffin embedded, EpCAM: epithelial cell

adhesion molecule, CD: cluster of differentiation molecule)
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3.2 Association between cancer stem cell marker expression and

clinical parameters

3.2.1 CD133 expression compared to clinical parameters

The associations described in the following paragraph are presented in Figure 5 and
Table 6. The high expression of CD133 was significantly associated with non-
invasive histopathology. Only 36 samples of invasive carcinoma (21.3%) stained
CD133hdh while 133 invasive carcinomas (78.7%) were CD133"°%. On the other
hand, five DCIS samples were CD133"9" (71.4%), while two (28.6%) were CD133
low (OR 0.11 (CI 0.02-0.58), p=0.01). In contrast, CD133"¢" carcinomas were
associated with more invasive intrinsic subtypes (p=0.009). Of 40 triple negative
carcinomas, 17 carcinomas (42.5%) were CD133"d", compared to 11 (15.9%) out
of 69 luminal A carcinomas. CD133"9" expression was less common in ten luminal
B (Her2-neu positive) (1, 10%) and 23 luminal B (Her2-neu negative) carcinomas
(4, 17.4%).

Ki-67"9" carcinomas were more often CD133Md" than Ki-67'°% carcinomas: nine
(42.9%) out of 21 Ki67"9" carcinomas expressed high CD133. Only 32 (20.6%) out
of 155 Ki67'°" carcinomas expressed CD133"9" (OR 2.88 (Cl 1.12-7.44), p=0.029).
CD133 expression was shown to have an inverse correlation with the ER (OR 0.34
(C10.17-0.72), p=0.004). Of the 172 samples included in this analysis, 39 (22.7%)
were CD133Md", 16 ER positive samples (15.2%) were CD133"9" while 89 (84.8%)
ER positive samples were CD133'o%.

The correlation of CD133 expression and PR positivity was equally inverse (OR 0.27
(C10.13-0.57), p=0.001). Of 102 PR positive carcinomas 14 (13.7%) were CD133"ig"
and 88 (86.3%) were CD133'"°w.
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Figure 5 Boxplots of the significant associations of CD133 expression with clinical
parameters. a) DCIS were significantly more common with CD133"d9" expression,
compared to invasive carcinoma (p = 0.01). b) CD133"9" expression was significantly
associated with PR negative receptor status (p = 0.001). ¢) CD133"9" expression was
significantly associated with Ki-67 expression (p = 0.029). d) CD133"" expression was
significantly associated with ER negative receptor status (p = 0.004). e) CD133"dh
expression was significantly associated with Her2 neu positive and triple negative intrinsic
subtypes (p = 0.009). (DCIS: ductal carcinoma in situ, PR: progesterone receptor, ER:
estrogen receptor, Her2: human epidermal growth receptor 2)
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_ CD133high CD133low " . p-Value
(a:rlg:rlgzer Subgroups (% of (% of p-Value O(ggf} rgtll)o (logistic
P subgroup) | subgroup) ° regression)
58.8 +
Age (years) Mean 1476 | 92515171 470 o 92'19_?4007) 0.172
Range 32 -89 30 -93 ) ’
Mean 11.42+84 | 1114762 1 005
Follow up Range oo 0-2245 0856 | (0 958-1.055) 0.825
atholo I'J"c‘:’lfél'-‘:g 356((721 122;)) 123(2(;67/2) 0.008 | (o 002'-100231) 0.01
P 9y Carcinoma e e : .
. T <2cm 16 (32%) 34 (68%) 0.55
Tumorsize < oem | 22 (20.6%) | 85 (794%) | 6" | (0.258-1.172) 0.122
Negative | 18 (25.4%) | 53 (74.6%) 0.775
Nodal status 5 citive | 15 (20.8%) | 57 (79.2%) | %7 | (0.355-1.691) 0.522
Distant Negative | 37 (23.3%) | 122 (76.7%) 1 1.015 0.981
metastases Positive 4(23.5%) | 13(76.5%) (0.312-3.3) '
Low o o
_ rading 26 (20.3%) | 102 (79.7%) 1783
Grading _gHigh 0.236 (0.753-4.225) 0.189
grading 10 (31.2%) | 22 (68.8%)
uvicC Early stage | 28 (26.7%) | 77 (73.3%) 0.22 0.656 0.312
classification Late stage 8 (16.7%) 40 (83.3%) ’ (0.289-1.487) ’
Disease Negative | 36 (22.8%) | 122 (77.2%) 0769 1.303 0.636
recurrence Positive 5(27.8%) | 13(72.2%) ' (0.435-3.901) '
Luminal A | 11 (15.9%) | 58 (84.1%)
Luminal B,
Her2 4 (17.4%) | 19 (82.6%)
negative
Intrinsic Luminal B, 0.009
classification Her2 1 (10%) 9 (90%) .
positive
Her2-neu 4 (44.4%) 5 (55.6%)
Triple o o
negative 17 (42.5%) | 23 (57.5%)
Ki67 (20% Negative 32 (20.6%) | 123 (79.4%) 0.05 2.883 0.029
cutoff) Positive 9(42.9%) | 12(57.1%) ' (1.117-7.437) )
Estrogen Negative 23 (34.3%) 44 (65.7%) 0.005 0.344 0.004
receptor Positive 16 (15.2%) | 89 (84.8%) ) (0.165-0.716) ’
Progesterone Negative 26 (371%) 44 (629%) < 0.001 0.269 0.001
receptor Positive 14 (13.7%) | 88 (86.3%) ) (0.128 - 0.566) )
Negative | 35 (23.2%) | 116 (76.8%) 1.243
Her2 neu Positive | 6(27.3%) | 16(72.7%) | °'% | (0.452:3.418) 0.674
Low 20 (24.1%) | 63 (75.9%) 0.921
CD166 High 10 (22.6%) | 65 (77.4%) | 280 | (0.449-1.886) 0.822
Low 27 (22.5%) | 93 (77.5%) 1.418
CD44 High 14 (29.0%) | 34 (70.8%) | °*?7 | (0.666-3.019) 0.365
Low 24 (19.5%) | 99 (80.5%) 2139
EpCAM : 0.086 0.058
High 14 (34.1%) | 27 (65.9%) (0.976-4.687)

Table 6 Association of clinical parameters and CD133 expression. Binary logistic regression

was calculated for dichotomized parameters. Significant correlations are highlighted in bold.

*The p-Value was calculated with Chi? test, Fisher's exact test or non parametric tests

(Mann-Whitney U test, Kruskal-Wallis test), as appropriate.
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3.2.2 CDA44 expression compared to clinical parameters

In the analysis of CD44 expression, 56 patients (30.1%) suffered from CD44bhigh
carcinomas. The associations described in the following paragraph are presented
in Figure 6 and Table 7. CD44"9" expression was associated with a tumor size of
more than 2 cm in this study (OR 2.36 (Cl 1.04-5.36), p=0.039). 38 carcinomas
(83.6%) larger than 2 cm were CD44"sh, while 9 carcinomas (17.6%) smaller than
2 cm were CD44Md" In multiple regression analysis, CD44"d" expression was an
independent predictor for tumor size of more than 2 cm (OR 2.46 (Cl 1.01 - 6.02), p
= 0.048). The only other independent predictor for larger tumor size were lymph
node metastases (OR 3.71 (Cl 1.76 — 7.82), p=0.001).

Furthermore, CD44Md" expression was associated with the triple-negative intrinsic
subtype (p=0.012). Out of the tissue samples of 42 patients with triple negative
carcinomas, 19 tissue samples (45.2%) were CD44"d" In comparison, no Her2 neu
positive, two Luminal B, Her2 neu positive (20%), three Luminal B, Her2 neu
negative (13.6%) and 18 Luminal A (24.7%) tissue samples were CD44"ia",

CD44 "idhexpression was inversely correlated with ER expression (OR 0.49 (C1 0.25-
0.94), p=0.032), with 25 ER positive carcinomas (22.7%) being CD44"s"and 85 ER
positive carcinomas (77.3%) being CD44'°v,
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Figure 6 Boxplots of the significant associations of CD44 expression with clinical
parameters.

a) CD44 hish expression was significantly higher in Tumors larger than 2 cm (p = 0.039). b)
CD44 Migh expression was significantly higher in triple negative carcinomas (p = 0.012). c¢)
ER expression was significantly reduced in CD44 "igh carcinomas (p = 0.032). (Her2: human
epidermal growth receptor 2, ER: estrogen receptor)
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- CD44high CD44low . p-Value
:r"al:rllc:tl(ler Subgroups (% of (% of p-Value* o(ggf/ rgtll)o (logistic
P subgroup) subgroup) ° regression)
Mean 62.81 +17.69 | 62.3 + 13.82 1.002
Age (years) ™ Range 31-93 3090 0.73 | (0.981-1.024) | 0833
Mean 9.60+7.67 | 11.57+7.77 0.967
Follow up Range 0-20.45 0-21.45 0105 | h903.1.013) | 0163
o anr-ar RN
P 9y Carcinoma 7o oo : :
. Left 24 (28.6%) 60 (71.4%) 0.927
Location Right 23 (2714%) | 62(72.9%) | 2% | (0437.1.818) | 0826
T<2cm 9 (17.6%) 42 (82.4%) 2.364
Tumor size T - 2em 38 (33.6%) 75 (66.4%) 0.041 (:_’ .gzé?é)- 0.039
Negative 18 (24%) 57 (76%) 1.552
Nodal status —p citive | 25 (32.9%) | 51 (67.1%) | 220 (0.76-3.17) 0.227
Distant Negative 49 (29.2%) 119 (70.8%) 0.784 0.694 0537
metastases Positive 4 (22.2%) 14 (77.8%) ' (0.218-2.213) '
Low o o
_ | grading 36 (26.7%) 99 (73.3%) 1315
Grading High 0.525 (0.583-2.967) 0.509
grading 11 (32.4%) 23 (67.6%)
Early o o
claslsjilf(i:cc;tion stage D kil 0.348 (0] 6S13.2?i23804) 0.353
Late stage 17 (34%) 33 (66%) ' ’
Disease Negative 44 (26.8%) 120 (73.2%) 0.208 1.888 0.175
recurrence Positive 9 (40.9%) 13 (59.1%) ' (0.754-4.726) '
Luminal A | 18 (24.7%) 55 (75.3%)
Luminal B,
Her2 3(13.6%) 19 (86.4%)
negative
Intrinsic Luminal B, 0.012
classification Her2 2 (20%) 8 (80%) :
positive
Her2-neu 0 (0%) 9 (100%)
Triple o o
negative 19 (45.2%) 23 (54.8%)
Ki67 (20% Negative 44 (27%) 119 (73%) 0.21 1.872 0.18
cutoff) Positive 9 (40.9%) 13 (59.1%) ' (0.748-4.687) '
Estrogen Negative 27 (37.5%) 45 (62.5%) 0.044 0.49 0.032
receptor Positive 25 (22.7%) 85 (77.3%) ) (0.255-0.942) )
Progesterone Negative 21 (29.20/0) 51 (70.80/0) 0.856 0.903 0.763
receptor Positive 29 (27.1%) 78 (72.9%) ' (0.465-1.753) '
Negative 50 (30.9%) 112 (69.1%) 0.336
Her2 neu Positive 3 (13%) 20 (87%) 0.088 | 095.1.183) | 0-089
Low 28 (30.8%) 63 (69.2%) 0.75
CD166 High 22 (25%) 66 (75%) 041 | (0.389-1.446) 0.39
Low 34 (26.8%) 93 (73.2%) 1.418
CD133 High 14 (34.1%) | 27(66.9%) | °**" | (0.666:3.019) | 0-6°
Low 33 (25.8%) 95 (74.2%) 1.599
EpCAM - 0.239 0.217
High 15 (35.7%) 27 (64.3%) (0.759-3.369)

Table 7 Association of clinical parameters and CD44 expression. Binary logistic regression
was calculated for dichotomized parameters. Significant correlations are highlighted in bold.
*The p-Value was calculated with Chi? test, Fisher's exact test or non parametric tests
(Mann-Whitney U test, Kruskal-Wallis test), as appropriate.

30



3.2.3 Association of EpCAM expression with clinical parameters

In the analysis of EpCAM expression, 43 carcinoma patients (23.8%) suffered from
carcinomas with high EpCAM expression. The associations described in the
following paragraph are presented in Figure 7 and Table 8. EpCAM"9" expression
was inversely associated with nodal status (OR 0.31 (Cl 0.14-0.7), p=0.004). While
11 patients (14.5%) with lymph node metastases had EpCAM"9" carcinomas, 65
patients (85.5%) with lymph node metastases had EpCAM°" carcinomas.
Conversely, EpCAMNd" expression was significantly associated with higher grading
and less differentiated carcinomas (OR 3.62 (Cl 1.58-8.29), p=0.002). While 14 high
grade carcinomas (42.4%) were EpCAM"a" only 22 low grade carcinomas (16.9%)
were EpCAMPMigh,

EpCAM"9" carcinomas were more common in patients with disease recurrence (OR
3.06 (Cl 1.17-8), p=0.022). Of 20 patients suffering from disease recurrence during
the follow up period, 9 patients (45%) had EpCAMPM9" carcinomas. In contrast, of the
161 relapse free patients, only 34 (21.1%) had EpCAMMNI" carcinomas.
Furthermore, EpCAMPN9" expression was significantly associated with triple-negative
carcinomas (p=0.002). While 18 triple-negative carcinomas (45%) were EpCAMHigh,
one Her2-neu positive (14.3%), three Luminal B (Her2-neu positive) (30%), seven
Luminal B (Her2-neu negative) (31.8%) and nine Luminal A carcinomas (12%) were
EpCAMNigh,

Correspondingly, EpCAMPM9h expression was significantly associated with Ki-67
expression (OR 3.85 (Cl 1.48-10.02), p=0.006). 10 Ki-67°° carcinomas (50%) were
EpCAMMa" while 33 Ki-67"9 carcinomas (20.6%) out of 160 Ki-67"%9 carcinomas
were EpCAMPMigh,

On the other hand, EpCAMN9" was inversely correlated with ER (OR 0.46 (Cl 0.22-
0.93), p=0.03) and PR (OR 0.29 (Cl 0.14-0.59), p=0.001) expression. 20 ERP°s
carcinomas (17.9%) were EpCAM"a" while 92 ERP°s carcinomas (82.1%) were
EpCAM"°", 16 PRPos carcinomas (15.1%) presented EpCAMPMs" whereas 90 PRPos
carcinomas (84.9%) were EpCAM®",
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Figure 7 (Previous page) Boxplots of the associations of EpCAM expression with clinical
parameters. a) EpCAMM" expression is higher in carcinomas without lymph node
metastases (p = 0.004). b) EpCAM"9" expression is higher in high-grade carcinomas (p =
0.002). c) EpCAMM9" expression is higher in patients with disease recurrence (p = 0.022).
d) The proportion of triple negative carcinomas was higher in EpCAMM" tumors than any
other intrinsic subtype (p = 0.002). e) EpCAM"" expression was associated with Ki-67
expression (p = 0.006). f) EpCAMM" expression was inversely correlated with ER
expression (p = 0.03). g) EpCAM"9" expression was inversely correlated with PR expression
(p = 0.001). (LN: lymph node, Her2: human epidermal growth receptor 2, CD: cluster of
differentiation molecule, ER: estrogen receptor, PR: progesterone receptor)
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. EpCAMPigh EpCAMow . p-Value
pgl!::\:c:tl:e r Subgroups (% of (% of p-Value* o(ggf/o rgtll)o (logistic
subgroup) subgroup) regression)
63.01
Age (years) Mean | 59.77£17.31 14.43 0247 | o 9249-?6009) 0.221
Range 30 -90 31-93 ) )
Mean 10.24£8.31 | 11.32+7.62 0.982
Follow up Range 0-21.45 0-2045 | 249 | (0935.1.031) 0.468
Histo- RSl B GO SRR ) o 0761
pathology | orvasie | 41(23.6%) | 133 (76.4%) (0.144-4.122)
: T < 2cm 15 (30%) 35 (70%) 0.617
Tumor size ™ 5m 23 209%) | 87 (794%) | %% | (0.289-1.319) 0.213
Negative 5 (35.2%) | 46 (64.8%) 0.311 (0.139 -
Nodal status ' —pitive 1(14.5%) | 65(85.5%) | °-004 0.695) 0.004
Distant Negative 38 (233%) | 125(67%) | . 1265 067
metastases Positive 5 (27.8%) 13 (72.2%) ' (0.424-3.776) '
r';%‘i"l’1 22 (16.9%) | 108 (83.1%) 3.617
Grading |9 ok 9 0.004 (1.579 — 0.002
g 14 (42.4%) | 19 (57.6%) 8.285)
grading
Early
30 (28.8%) | 74 (71.2%
clasgilf(i:cition stage ( ! ! ' | o7 © 22%? 118) 0.091
Late stage 8 (15.1%) 45 (84.9%) ’ ’
Disease Negative | 34(21.1%) | 127 (789%) | . 3.056 0022
recurrence Positive 9 (45%) 1 (55%) ' (1.172-7.972) '
Luminal A | 9 (12%) 66 (88%)
Luminal B,
Her2 7(31.8%) | 15 (68.2%)
clail:;:;?ci:;on L:?r?i?\t;\llg, 0.002
Her2 3 (30%) 7 (70%)
positive
Her2-neu 1 (14.3%) 6 (85.7%)
Basal-like | 18 (45%) 22 (55%)
; o Negative 33 (20.6%) 127 (79.4%) 3.848
Ki67 (20% — 0.009 (1.479- 0.006
cutoff) Positive 10 (50%) 10 (50%) 10.016)
Estrogen Negative 21 (32.3%) 4 (67.7%) 0.041 0.455 0.03
receptor Positive | 20 (17.9%) 2 (82.1%) ' (0.224-0.926) '
Negative | 26 (38.2%) 2 (61.8%) 0.287
Progesterone — 0.001 (0.139 - 0.001
receptor Positive | 16 (15.1%) 0 (84.9%) 0.,591)
Negative | 37 (23.3%) | 122 (76.7%) 1413
Her2 neu Positive 6 (30%) 14(70%) | %9 | (0.507-3.937) 0.508
Low 21 (24.1%) | 66 (75.9%) 0.952
CD166 High 20 (23.3%) | 66 (76.7%) 1 (0.472-1.920) 0.891
Low 35 (22.4%) | 121 (77.6%) 1,599
Ch44 High 7 (50%) 7 (50%) 0239 | (4 759-3.369) 0.217
D133 Low 37 (23.6%) | 120 (76.4%) | 5139 0056
High 4 (57.1%) 3 (42.9%) ' (0.976-4.687) '

Table 8 Association of clinical parameters and EpCAM expression. Binary logistic
regression was calculated for dichotomized parameters. Significant correlations are
highlighted in bold. *The p-Value was calculated with Chi? test, Fisher’s exact test or non
parametric tests (Mann-Whitney U test, Kruskal-Wallis test), as appropriate.
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3.2.4 Association of CD166 expression with clinical parameters

The associations described in the following paragraph are presented in Figure 8 and
Table 9. The expression of CD166 was significantly associated with lower tumor
grading in the examined carcinoma patients (OR 0.37 (Cl 0.16-0.82), p=0.015). 70
low grade carcinomas (52.2%) were CD166M"9" while 64 low grade carcinomas
(47.8%) were CD166°%.

CD166 "dh carcinomas were significantly associated with luminal intrinsic subtypes
(p=0.034). 37 patients (50%) with luminal A carcinomas, eleven patients (50%) with
luminal B (Her2-neu negative) carcinomas and eight patients (80%) with luminal B
(Her2-neu positive) carcinomas were CD166"9". In comparison, four patients with
Her2-neu positive carcinomas (44.4%) and 12 patients with triple-negative
carcinomas (28.6%) were CD166 Mah,

Finally, CD166 M¢" expression was significantly associated with PR expression (OR
2 (Cl 1.09-3.69), p=0.026). 59 PR Pos carcinomas (55.1%) were CD166 "9" while 48
PR Pos carcinomas (44.9%) were CD166 oV,
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Figure 8 Boxplots of the associations of CD166 expression with clinical parameters.

a) CD166"9" carcinomas were more often low-grade carcinomas (p = 0.015). b) CD166 "
carcinomas were more common among luminal subtypes while triple negative carcinomas
were predominantly CD166 ¥ (p = 0.034). ¢) The majority of CD166 "9" carcinomas were
PR positive (p = 0.026). (CD: cluster of differentiation molecule, ER: estrogen receptor, PR:
progesterone receptor)
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L CD166Migh CD166'°" - . p-Value
;:rlalz:::z:ar Subgroups (% of (% of Value* O(ggf} rgtll)o (logistic
P subgroup) subgroup) ° regression)
61.22 % 62.61
Age (years) Mean 14.94 15.44 0518 | (o o, 3 0.535
Range 31-90 30 -93 ) )
Mean 1252 +7.56 | 9.85+7.8 1.046
Follow up Range 0-21.45 0-2145 | %932 | (1.003-1.091) 0.035
Histo- ?nci'fs’h'? > (65-5%) L O8.%) 0.112 0.183 0.124
pathology Carcinoma (47 8%) 93 (52.2%) (0.021-1.596)
. Left 9 (45.3%) 7 (54.7%) 0.717
Location Right (53 7%) | 38 (46.3%) | °°°* | (0.39-1.315) 0.282
. T<2cm 0 (58.8%) 1 (41.2%) 0.517
Tumorssize < 5cm 8 (42.5%) | 65(57.6%) | °9%% | (0.264-1.011) 0.054
Negative 5 (46.7%) 0 (53.3%) 0.877
Nodal status 5 iiive 3(43.4%) | 43(56.6%) | °7*° | (0.462-1.666) 0.689
i Negati 48.2% 6 (51.8%
Distant egf\ _lve ( ) ( ) 0.624 1.344 0.554
metastases Positive 0 (55.6%) 8 (44.4%) (0.505-3.574)
Low
. 0(52.2%) | 64 (47.8%) 0.366
Grading —gﬁ%'t']‘g 0.014 (0.163 — 0.015
grading 0 (28.6%) 5 (71.4%) 0.820)
Early st 4(49.1% 6 (50.9%
uice arly siage (49.1%) (0.9%) | 500 0.86 0.647
classification Late stage 2 (43.1%) 9 (56.9%) (0.452-1.637)
Disease Negative 0 (49.4%) 2(50.6%) | oo 0.854 073
recurrence Positive 0 (45.5%) 12 (54.5%) ' (0.349-2.088) ’
Luminal A | 37 (50%) 37 (50%)
Luminal B,
Her2 11 (50%) 11 (50%)
negative
Intrinsic Luminal B, 0.034
classification Her2 8 (80%) 2 (20%) '
positive
Her2-neu 4 (44.4%) 5 (55.6%)
Triple- o o
negative | 12 (286%) 0 (71.4%)
i 0 Negati 82 (50.9% 9 (49.1%
Ki67 (20% egé _Ive ( ) ( ) 0.113 0.45 0.099
cutoff) Positive 7 (31.8%) 5 (68.2%) (0.174-1.161)
Estrogen Negative 29 (40.8%) 2 (59.2%) 0.130 1.615 0.119
receptor Positive 58 (52.7%) | 52 (47.3%) ' (0.884-2.953) '
Negative 7 (38%) 44 (62%) 2.003
Progesterone — 0.032 (1.086 — 0.026
receptor Positive 9 (55.1%) 48 (44.9%) 3.694)
Negative 6 (47.5%) | 84 (52.5%) 1.596
Her2 neu Positive 3(69.1%) | 9(40.9%) | °3%® | (0.646-3.945) 0.311
Low 6 (51.2%) | 63 (48.8%) 0.75
CD44 High 22 (44%) 28 (56%) 041 1 (0.389-1.446) 0.39
Low 65 (50.8%) | 63 (49.2%) 0.921
CD133 High 19 (48.7%) | 20 (51.3%) | % | (0.449-1.886) 0.822
Low 66 (50% 66 (50%
EpCAM _ (50%) (50%) 1 0.952 0.891
High 20 (48.8%) 1 (51.2%) (0.472-1.92)

Table 9 Association of clinical parameters and CD166 expression. Binary logistic regression

was calculated for dichotomized parameters. Significant correlations are highlighted in bold.

*The p-Value was calculated with Chi? test, Fisher's exact test or non parametric tests

(Mann-Whitney U test, Kruskal-Wallis test), as appropriate.
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3.3 Overall, five-year and disease-free survival

Survival data was available for 164 carcinoma patients (79.2%) included in the TMA.
Clinical characteristics examined in early- and late-stage carcinomas were
examined for their impact on patient survival. Clinical parameters significantly
associated with a shorter overall survival were advanced age (p<0.001), large tumor
size (p<0.001), lymph node (p=0.01) and distant metastases (p=0.004) as well as
advanced UICC stage (p<0.001) and disease recurrence (p=0.001) (Table 10).
Reduced five-year survival was significantly associated with large tumor size
(p<0.001), lymph node metastases (p=0.012), high tumor grading (p=0.029),
advanced UICC stage (p<0.001), triple-negative intrinsic subtype (p=0.032) and Ki-
67 expression (p=0.001) while ER- (p=0.049) and PR- (p=0.006) expression were
associated with higher five-year survival rate (Table 11). Disease free survival was
reduced in patients suffering from distant metastases (p<0.001) and late UICC stage
(p<0.001) while ER expression was associated with higher disease-free survival
(p=0.007) (Table 12).
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(0.686-1.708)

. Number . p-Value
Clinical . . p-Value Hazard Ratio
parameters Patients oLz::Lesnt (Log Rank) (95% Cl) Reg(rce::ion)
2.455
Age 164 116 < 0.001 (1.664-3.621) < 0.001
Histopathology 164 116 0.095 o 81245?23071) 0.108
Location 147 103 0.843 o Sg'ﬁ?% ) 0.843
Tumor size 2.419
(</> 2cm) 146 101 < 0.001 (1.504-3.892) < 0.001
1.72
Nodal status 133 90 0.01 (1.134-2.609) 0.011
Distant 2.174
metastases 164 116 0.004 (1.256-3.762) 0.006
Grading 148 105 0.215 " San o 81) 0.217
UICC stage 2958
(early and late 142 97 < 0.001 R 98;5- 4.488) < 0.001
stage) ) )
Disease 2.25
recurrence 164 116 0.001 (1.351-3.746) 0.002
Intrinsic 1.056
classification 139 99 0.316 (0.938-1.188) 0.369
. . 1.508
Ki67 expression 163 115 0.176 (0.828-2.746) 0.179
Estrogen 0.91
receptor 159 12 0.631 (0.618-1.339) 0.631
Progesterone 0.91
receptor 156 11 0.628 (0.621-1.334) 0.628
0.696
Her2-neu 161 114 0.233 (0.382.1.267) 0.236
0.728
CD166 151 105 0.104 (0.496-1.069) 0.106
CD44 152 108 0.176 0 817'3_22901) 0.178
0.927
CD133 148 104 0.743 (0.587-1.463) 0.743
CD326 150 105 0.732 1,083 0.732

Table 10 Analysis of overall survival in association with clinical parameters and cancer

stem cell markers.
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Clinical Patients Number of p-Value Hazard Ratio p-(\éa:)l:e
parameters deaths (Log Rank) (95% CI) Regression)
Age 164 52 0.134 o 8;45_39673) 0.137
. 21.769
Histopathology 164 52 0.094 (0.091-5194.956) 0.27
Location 147 52 0.755 (0 50(2?11 645) 0.755
Tumor size 6.86
(>/< 2cm) 146 4 <0001 | (5.123-22.166) 0.001
Nodal status 133 38 0.012 (17ea92) 0.015
Distant 1.865
metastases 164 52 0.1 (0.877-3.964) 0.105
Grading 148 47 0.029 y 02'19;181 " 0.032
UICC stage 4.042
(early and late 143 43 < 0.001 @ 17;‘_7 515) < 0.001
stage) ) )
Disease 1.855
recurrence 164 52 0.087 (0.903-3.811) 0.092
Intrinsic 1.28
classification 139 45 0.032 (1.083-1.512) 0.004
Ki67 3.077
expression 163 51 0.001 (1.536-6.163) 0.002
Estrogen 0.576
receptor 159 50 0.049 (0.33-1.004) 0.052
Progesterone 0.462
receptor 156 48 0.006 (0.262-0.816) 0.008
Her2-neu 161 51 0.909 o 4;'29‘2‘8326) 0.909
CD166 151 48 0.068 o A ) 0.071
CD44 152 50 0.273 o s " 0.275
CD133 148 49 0.39 © 7(1);53_’121438) 0.392
CD326 150 47 0.307 o s " 0.310

Table 11 Analysis of five-year survival in association with clinical parameters and cancer

stem cell markers.
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Age 164 24 0.966 o s 02) 0.967
Histopathology 164 52 0.866 (0_116'_15385) 0.868
Location 149 23 0.83 o 4;'292_2476) 0.833
T(l:r/zozrcs;:nz)e 147 24 0.064 (0.8356:;1693) 0.08
Nodal status 135 22 0.235 (0_78'363‘3‘?862) 0.25
mt?tiasst?anstes 164 24 < 0.001 (g:ggg- < 0.001
20.167)
Grading 148 23 0.478 o 5;'7‘%.1828) 0.488
UICC stage 5.125
(early and late 143 24 < 0.001 (2.172- < 0.001
sta!ge? 12.094)
cIaI:stirfI:::salt(;on 143 18 0.076 (1 _011'2.211_72) 0.039
Ki67 expression | 163 24 0.121 (0_762392_2?633) 0.139
E::t::aﬁirr] 160 23 0.007 (0.1491.?01785) 0.012
Prcr,gges;?g:ne 157 24 0.644 (O.32£??867) 0.65
Her2-neu 162 24 0937 | o ol o7y | 0998
CD166 150 22 0.555 (0_33%_718_806) 0.562
CcD44 152 22 0.075 (0.8391_2.6936) 0.086
CD133 145 18 0726 | o 42;_';367) 0.729
CD326 149 20 0.01 (12357091 | 0015

Table 12 Analysis of disease-free survival in association with clinical parameters and

cancer stem cell markers.

3.4 Influence of cancer stem cell markers on overall, five-year and

disease-free survival

3.4.1 Overall and five-year survival of patients with CD133 "¢" carcinomas

There was no influence of CD133 expression on survival, when analyzed in the
whole cohort. Nevertheless, in patients with tumors larger than 2 cm, CD133 high
expression was shown to negatively influence overall survival (HR 2.13 (Cl 1.14-3-
96), p=0.017) (Figure 9 a).
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The median survival in CD133'°" carcinomas was 7.3 years (Cl 3.8-10.8) compared
to 3.21 years (Cl 1.48-4.94) in patients with CD133 "9" carcinomas. In line, the five-
year survival was equally reduced in patients with CD133 "9" tumors (HR 2.503 (ClI
1.15-5.43), p=0.02) (Figure 9 b). In multiple regression analysis, CD133 expression
was identified as an independent predictor of overall survival in patients suffering
from tumors larger than 2 cm (HR 2.397 (Cl 1.29-4.47), p=0.006) (Figure 13).
Additional negative prognostic factors in this subgroup were age over 58 years at
surgery (HR =2.16 (Cl 1.26 - 3.71), p = 0.005) and UICC stage higher than Illb (HR
= 2.273 (Cl 1.34 - 3.85), p = 0.002). Similarly, CD133"d9" was an independent
predictor for five-year survival in patients with tumors larger than 2 cm (HR 2.79 (ClI
1.28-6.08), p=0.01). Here, the only other negative prognostic factor was the UICC
stage higher than IIB (HR = 2.49 Cl (1.23 - 5.08), p = 0.002).
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Figure 9 CD133 expression and association to survival. The p-value was calculated with
the log-rank test. a) and b) Overall and five-year survival in patients with tumors > 2 cm in
association with CD133 expression. CD133 expression is associated with shorter survival.
(CD: cluster of differentiation molecule)
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3.4.2 Overall, five-year and disease-free survival of patients with CD44"igh
carcinomas

There was no significant association of CD44 on survival in the overall cohort.
However, in patients with lymph node metastases, CD44 expression had a
significant association with overall survival (HR 2.02 (Cl 1.04-3.92), p=0.038)
(Figure 10 a). While median survival was 9.13 years (Cl 1.25-17.01) in CD44'ov
carcinomas, patients with CD44"9" carcinomas had a median survival of 2.5 years
(C10.76-4.27).

In the subgroup of triple-negative carcinomas, CD44"9" expression was an
independent predictor of reduced overall survival (HR 2.224 (Cl 1-4.94), p=0.05)
(Figure 10 b, Figure 13). The median survival in patients with CD44"3" carcinomas
was 2.32 years (Cl 1.25-3.38), while patients with CD44'°" carcinomas had a median
survival of 7.93 years (Cl 2.84-13.02). Five-year survival was equally reduced in
patients with CD44"d" triple-negative carcinomas (HR 3.11 (Cl 1.17- 8.3), p=0.023).
In the subgroup of patients with ER positive carcinoma, CD44 expression was
associated with a reduced disease-free survival in Cox regression analysis (HR 4.99
(C11.11-22.34), p=0.036).
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Figure 10 CD44 expression and association to survival. The p-value was calculated with
the log-rank test. a) Overall survival in patients with lymph node metastases in association
to CD44 expression. CD44 expression is associated with shorter survival. b) Overall survival
in patients with triple-negative carcinomas in association with CD44 expression. CD44
expression is associated with shorter survival. (CD: cluster of differentiation molecule)
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3.4.3 Disease-free survival of patients with EpCAM"9" carcinomas

Cox regression analysis showed a reduced disease-free survival for patients with
EpCAM"d" carcinomas in the overall cohort (HR 2.98 (Cl 1.23-7.19), p=0.015)
(Figure 11 a). The ten-year disease-fee survival probability of patients with
EpCAMNigh breast cancer was 0.71 (Cl 0.55-0.87), while EpCAM"¥ patients had a
disease-free survival probability of 0.90 (Cl 0.84-0.96). In multiple regression
analysis, EpCAM proved to be an independent predictor of reduced disease-free
survival in patients with breast carcinoma (HR 3.08 (Cl 1.27-7.48), p=0.013) (Figure
13). The only additional negative prognostic factor next to high EpCAM expression
was distant metastasis (HR = 10.452(Cl 4.28 - 25.51), p < 0.001).

In patients with tumors larger than 2 cm, EpCAM expression was associated with
disease-free survival in Cox regression analysis (HR 4.08 (Cl 1.43-11.7, p=0.009)
(Figure 11 b). The ten-year disease-free survival probability for patients with an
EpCAMNigh carcinoma was 0.54 (Cl 0.28-0.81), while the ten-year disease-free
survival probability in patients with EpCAM!®" tumors was 0.87 (Cl 0.77-0.97). In
patients with lymph node metastases, EpCAM expression was associated with a
shorter disease-free survival in Cox regression analysis, as well (HR 6.18 (Cl 1.58-
24.15), p=0.009). The ten-year survival probability was reduced in patients with
EpCAM positive carcinomas (0.44 (Cl 0.03-0.86)) compared to patients with EpCAM
negative carcinomas (0.86 (Cl 0.78-1)).
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Figure 11 EpCAM expression and association to disease-free survival. The p-value was
calculated with the log-rank test. Data of patients who died were censored. a) EpCAMMah
carcinomas were associated with reduced disease-free survival. b) EpCAM expression in
patients with large tumors was association with reduced disease-free survival. (CD: cluster
of differentiation molecule, EpCAM: epithelial cell adhesion molecule)
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3.4.4 Overall survival of patients with CD166"9" carcinomas

In the group of ER positive carcinoma patients, those patients with CD166 positive
carcinomas had a longer overall survival in Cox regression analysis (HR 0.56 (Cl
0.32-0.98), p=0.04) (Figure 12 a). The median survival in patients with CD166"9"
carcinomas was 16.36 years (Cl 8.5-24.22) while patients with CD166'°" carcinomas
had a median survival of 6.58 years (Cl 2.21-10.95). In patients with ER positive
carcinomas, the expression of CD166 was an independent predictor of longer
survival in multiple regression analysis (HR 0.48 (Cl 0.26-0.89), p=0.02) (Figure 13).
One further independent but negative prognostic factors was UICC stage higher
than llb (HR = 3.922 (CI 2.03-7.59), p = 0.001).

In patients with PR positive carcinomas, the expression of CD166 was significantly
associated with prolonged overall survival as well (HR 0.52 (Cl 0.29-0.92), p=0.025)
(Figure 12 b). The median survival in patients with CD166M9" carcinomas was 15.69
years (Cl 10.31-21.06) while median survival in CD166"°% carcinomas was 6.58
years (Cl 2.68-10.48). In patients with PR positive carcinomas, CD166 expression
was an independent positive predictor of survival in multiple regression analysis (HR
0.495 (Cl 2.7-0.92). p=0.027) (Figure 13). Other independent negative prognostic
factors in this analysis were age over 58 years (HR = 3.512 (Cl 1.82 — 6.76), p =
0.001) and carcinomas larger than 2 cm (HR = 2.568 (Cl 1.14 — 5.77), p = 0.022).
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Figure 12 CD166 expression and association to survival. The p-value was calculated with
the log-rank test. a) Expression of CD166"9" was associated with prolonged survival in
patients with ER positive carcinomas. b) CD166M"9" expression in patients with PR positive
carcinomas was associated with longer overall survival. (CD: cluster of differentiation

molecule)
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Figure 13 Multiple Cox regression analysis in the overall cohort and four subgroups where
CSC marker expression was found to be an independent predictor of overall survival. a)
EpCAM was associated with a reduced disease-free survival in the overall cohort. b) CD133
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prolonged overall survival in the respective subgroups. (HR: hazard ratio, Cl: confidence
interval, EpCAM: Epithelial cell adhesion molecule, UICC: Union for International Cancer
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4 Discussion

4.1 Overview of experimental results

The aim of this study was to further elucidate the association of cancer stem cell
markers with clinical parameters and survival of breast cancer patients. All cancer
stem cell markers were significantly associated with several clinical parameters and
either overall, five-year or disease-free survival in the cohort as a whole or in various
subgroups. These associations underline the importance of cancer stem cells not
only as possible drivers of carcinogenesis. Moreover, cancer stem cell markers have
a significant role for the determination of patients’ individual prognosis and as
possible therapeutic targets. Nevertheless, cancer stem cells and their respective
markers have been shown to influence tumor biology and the clinical course in
variable ways due to their plasticity, depending on the different tumor types and the
tumor microenvironment [113]. Accordingly, varying results have been presented in
the literature describing the impact of cancer stem cells on carcinoma prognosis. In
this study, cancer stem cell markers were further evaluated in a well characterized
cohort of 254 breast cancer patients with a minimum follow-up of 18 years for their
clinical applicability. Here, only statistically significant associations of cancer stem

cell expression with clinical parameters or survival are discussed.

4.2 Comparison of cancer stem cell marker expression to clinical

parameters and survival

4.2.1 CD133 expression vs clinical parameters and survival

4.2.1.1 CD133 in normal tissue/benign neoplasia vs carcinoma

CD133Mdh expression was associated with normal and benign tissue samples rather
than malignant tissue (OR 0.24, (Cl 0.15-0.4), p<0.001). While 26% of carcinoma
tissue samples showed a positive CD133 expression, 59% of normal and benign
tissue samples were CD133Mdh. Other studies, however, have shown a reduced
CD133 expression in tumor-adjacent normal tissue [80]. When CD133 was first
discovered by immunohistochemistry it was found to be situated on hematopoietic
stem cells and leukemic cells. While protein expression detected with
immunohistochemistry was limited to normal tissue in the bone marrow and

leukemic cells, its MRNA was detected in a variety of normal tissues [139].
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CD133 expression has also been described in normal mouse mammary epithelia
[59, 180]. Atkinson et al. looked at the expression of a stem cell marker panel
including CD133 in normal tissue adjacent to human breast cancer. Hereby, the
expression of the stem cell markers was found to be significantly elevated in tissue
adjacent to triple-negative carcinomas. The authors hypothesized that these normal
cells could either represent cancer stem cells as tumor initiating cells leading to
breast cancer or a cell population of the microenvironment necessary for the
development of breast cancer [13]. Finally, Martin et al. also found increased
expression of stem cell markers in tumor adjacent normal breast tissue, including
CD133 expression in a large cohort of invasive breast cancer samples [135]. This is
in line with the results of this work, which shows an increased expression of CD133
in tumor adjacent tissue suggesting that normal cells expressing stem cell markers

might play an important role in tumor development in breast tissue.

4.2.1.2 CD133 in carcinoma tissue vs clinical parameters

When comparing the expression of CD133 in invasive carcinoma and DCIS, the
latter were significantly more often CD133"9" (21.3% of invasive carcinomas, 71,4%
of DCIS). In one other study the expression of CD133 was assessed in DCIS
associated with invasive carcinomas and was found to be positive in only 14% of
DCIS [42]. While the DCIS tissues in our study were from different patients than the
carcinoma samples, Currie et al. examined DCIS samples associated with an
invasive carcinoma by immunohistochemistry. While both comparisons have their
advantages, the DCIS samples in our study - not accompanied by invasive
carcinoma - might potentially reflect overall cell populations with an increased
malignant potential. This could be the reason why the DCIS samples in our cohort
show a much higher level of CD133 expression, interestingly accompanied by an
equally high level of CD44 expression (71.4% of the DCIS samples). However, due
to the small number of DCIS samples in our study these results have to be
interpreted with caution and further research is warranted to elucidate the role of
cancer stem cell markers in early stages of breast cancer. Furthermore, even though
CD133 expression was assessed by immunohistochemistry in both studies, its
evaluation is depending on several factors such as protocols and antibodies applied,
age and storage of samples or the experience of the evaluator.

When examining the relation of CD133 expression and intrinsic subtypes in invasive
cancers, 42.5% of triple-negative carcinomas were found to be CD133"9", while only
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15.9% of Luminal A carcinomas were CD133 Mdh (p=0.009). In contrast, some
studies associate triple-negative breast carcinomas with low CD133 expression
(20% and 22% respectively) [38, 55]. On the other hand, Liu et al. presented a high
CD133 expression in 71% of triple-negative breast cancers [129]. They postulated
CD133 expression to be associated with an increased self-renewal capacity of
tumor cells and increased vascular mimicry, both signs of malignant potential and
cancer stem cell characteristics. In addition, Liu et al. found CD133 expression to
be associated with lymph node metastases and high tumor grade. In a similar study,
Zhao et al. detected CD133 expression in 43.3% of triple negative breast cancers
which was associated with shorter overall- and disease-free survival [214]. One
explanation for these diverging results is the use of different antibodies. While
Collina and Di Bonito et al. used monoclonal antibodies, Zhao et al. used polyclonal
antibodies to detect CD133 expression. Nevertheless, we detected a high CD133
expression in triple-negative breast cancer using the same monoclonal antibody as
the first two studies described. The reason that CD133 is not associated with overall-
and disease-free survival in our study might be due to a smaller samples size and
patients with less advanced disease compared to the study by Zaho et al. Overall,
CD133 expression seems to be associated with triple-negative breast cancer, and
hence a clinically more aggressive phenotype [30, 159, 167].

Furthermore, CD133 expression was positively associated with Ki-67 expression
(OR 2.88, (Cl 1.12-7.44), p=0.029) and negatively associated with ER and PR
expression (OR 0.34, (C10.17-0.72), p=0.004 and OR 0.27, (C1 0.13-0.57), p=0.001,
respectively). Also Di Bonito et al. observed a significant association of CD133 with
Ki-67 expression in twelve breast cancer patients [56]. Ki-67 has been described as
a marker for increased cellular proliferation in breast cancer [73, 74, 171] and its
expression is associated with a reduced disease-free and overall survival [51, 97,
153].

Results regarding ER, PR and CD133 expression in this study and the association
of CD133 expression with triple-negative breast cancer and hence ER and PR
negative cancers, has been discussed above. In normal breast tissue, ER and PR
was found to be mainly expressed in mature luminal cells [124]. Interestingly, normal
mouse mammary epithelia was described to mainly express CD133 on ER and PR
positive, luminal cells forming a hormone sensing compartment with low colony

forming, and hence, low stem cell activity [180].
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On the other hand, when examining breast cancer cells and cell lines, CD133 is
associated with a low ER expression and loss of ER expression, respectively. When
culturing those cells in mammospheres to select for cells with cancer stem cell
properties, this phenomenon was maintained [44, 189]. This effect of increased
expression of CD133 and loss of ER in breast cancer cells was also demonstrated
after neoadjuvant hormonal therapy, probably as cause of metastatic relapse after
hormonal therapy [165]. Apart from ER negativity being an indicator for a stem-cell
like phenotype in cancer cells [134], it also limits the therapeutic options and
therefore the prognosis [60, 119, 147]. As described above, CD133 expression was
negatively associated with ER and PR expression and further confirms the previous
findings [42, 105]. Overall, this work suggests an association of CD133 expression
with a hormone negative, aggressive breast cancer phenotype with cancer stem cell

characteristics.

4.2.1.3 CD133 in carcinoma tissue vs survival in patients with advanced

tumors

CD133 expression was shown to negatively influence survival in patients with
tumors larger than 2 cm (HR 2.13 (Cl 1.14-3-96), p=0.017). The five-year survival
was equally reduced in patients with CD133M9" tumors (HR 2.5 (Cl 1.15-5.43),
p=0.02). Most importantly, CD133 expression was identified as an independent
predictor of overall survival (HR 2.4 (Cl 1.29-4.47), p=0.006) and five-year survival
(HR 2.79 (CI 1.28-6.08), p=0.01) in patients with large tumors in multiple regression
analysis. Although, there was no significant association of CD133 expression and
the size of a tumor, the results presented above distinguish CD133 as a prognostic
marker in advanced carcinomas. Liu et al. described a correlation of CD133 with
larger tumors in breast cancer patients [128]. However, the cohort of 74 patients
analyzed by Liu et al. was smaller yet representing a larger group of patients with
large tumors. The first study associating high CD133 expression with reduced
overall- and disease-free survival was published by Zhao et al. [213]. Kim et al. were
able to show that CD133 expression was associated with larger tumors as well as
overall- and disease-free survival in breast cancer patients [105].

Finally, Zhao et al. also demonstrated the association of CD133 expression and
tumor size as well as overall- and disease-free survival in patients suffering from

triple negative breast cancer [214].
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However, none of the studies mentioned above, illustrated a connection of CD133
expression and a reduced overall- and five-year survival in patients suffering from
large tumors as outlined in our study. Interestingly, two phase | trials in
hepatocellular, pancreatic and colorectal carcinomas [199] and glioblastomas
(NCT02049489) target CD133. Our results indicate high CD133 expression to be a

potential therapeutic target also for breast cancer patients.
4.2.2 CDA44 vs clinical parameters and survival

4.2.2.1 CDA44 in normal tissue and benign neoplasia vs carcinoma

The expression of CD44 was significantly more common in DCIS and invasive
breast carcinomas compared to normal tissue and benign tumors (OR 1.9 (Cl 1.0-
3.4), p=0.038). While 17.8% of normal and benign tumor tissue showed high CD44
expression, 29 % of carcinoma samples were high for CD44. Expression of CD44
in normal breast tissue has been described early on [47], with myoepithelial cells
being positive for CD44 while the luminal epithelial cells did not express CD44. In
samples of atypical epithelial proliferation, DCIS and breast carcinomas, CD44
continued to be present, although the prevalence of splice variants changed. Similar
results were presented by Bankfalvi et al. [17] with CD44 splice variant expression
being associated with carcinoma grading and steroid receptor expression. Later
studies associated the number of cells expressing CD44 in normal tissue and breast
carcinomas with a majority of normal cells being CD44Md". Afify et al. found up to
100% of normal cells, DCIS and invasive carcinoma to express CD44 [4], while Da
Cruz Paula et al. detected CD44 expression in non-malignant cells in 81% and in
DCIS and invasive carcinoma in 95% and 81%, respectively [46]. The studies had
included only a small number of samples or did not present any clinical data, hence
rendering the interpretation of the results difficult. Nevertheless, further studies also
present high expression rates of CD44 in carcinoma tissue [14, 101], however no
comparison with CD44 expression in normal tissue was presented.

4.2.2.2 CDA44 in carcinoma tissue vs clinical parameters

When comparing the frequency of CD44 expression in breast cancer patients to the
clinical characteristics, CD44Md" expression was significantly associated with a
tumor size of 2 cm or larger (OR 2.36, Cl 1.04 — 5.36, p=0.039). The size of breast
carcinomas is a parameter significantly associated with survival and part of the
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UICC classification [10, 33, 67, 112]. The association of CD44 expression in breast
cancer has been evaluated with conflicting results: a large number of studies did not
find an association of CD44 expression or any splice variants with tumor size [35,
53, 69, 85, 101, 141, 164, 172, 193]. Several of these studies were conducted on
smaller patient cohorts and with varying techniques and antibodies. Nevertheless,
a larger study performed by Joensuu et al. [101] did show an association of CD44
expression with lymph node metastases, high histopathological grade, higher
mitotic counts and ER negativity. After the study by Al-Hajj et al. [8] the focus shifted
from identifying the relevant CD44 isoform expression to evaluating the impact of
CD44+/CD24- expression patterns on prognosis and tumor biology. Despite
convincing evidence from in vitro experiments, the association of CD44+/CD24-
expression patterns to clinical parameters such as tumor size remained to be difficult
to prove [14, 52, 57, 98, 103, 142, 146, 152, 192, 195]. Abraham et al. did not find
CD44+/CD24- cell containing tumors to be associated with tumor size or survival
and argued that CD44+/CD24- cells could be a subset of tumorigenic cells as Al-
Hajj et al. did find a subgroup with CD24+ cells to have tumorigenic potential [2].
Honeth et al. made a similar discovery describing CD44+/CD24- cells to be enriched
in basal like tumors while other breast cancer subtypes did not express
CD44+/CD24- cells at all, suggesting that tumorigenic cells might have a
CD44+/CD24- expression pattern without this pattern being exclusive for breast
cancer stem cells [92]. On the other hand, several studies have indeed shown a
relation between CD44 expression and clinical parameters such as tumor size.
While our study shows a higher frequency of CD44"9" tumors to be larger than 2
cm, Friedrichs et al. associated CD44 expression to tumors smaller than 5 cm [70].
Other groups did show an association of larger tumors with a higher frequency of
CD44 or CD44 isoform expression [20, 108, 133, 145].

As described above, breast cancer can be divided into molecular subtypes which
are associated to survival and clinical aggressiveness of the tumor [31, 151, 156,
157]. For the evaluation of such molecular subtypes, defined markers have been
published [77]. The group of basal-like tumors is of special interest due to reduced
survival and clinically aggressive phenotype [115, 170]. 80% of basal-like tumors
are triple-negative carcinomas. Therefore, the triple-negativity is considered to be
the clinicopathological substitute for the basal-like molecular subtype when

molecular assessment of tumors is not available [77].
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When comparing the CD44 expression in our cohort to the substitute subtype
definition, CD44"sh expression was significantly associated with triple-negativity and
inversely correlated to the luminal A subtype (p=0.012). Rabinovich et al. presented
that CD44+/CD24- tumors were associated with the ErbB2 overexpressing subtype
while no association with the basal-like subtype was found [158]. Reasons for the
diverging results found in our study and the work of Rabinovich et al. might be the
smaller sample size and the different staining methods used. On the other hand, a
number of studies have shown a similar association of CD44 expression and triple-
negative carcinomas or cell lines as was found in our study [6, 15, 34, 66, 75, 76,
92, 95, 109, 149, 162, 176]. These many confirmatory studies as well as our results
strongly suggest an association of CD44"9" tumors with the triple-negative or basal-
like subtype and hence a clinically aggressive phenotype.

As the association of CD44"9" tumors with the triple-negative subtype suggests,
CD44ndh carcinomas where inversely correlated to ER expression in our study (OR
0.49 (Cl 0.25-0.94), p=0.032). Only a few studies with conflicting results exist,
associating CD44Md" expression with ER positivity [57, 70]. In both studies, tumor
samples were examined for the CD44 standard isoform and CD44 variant exon
expression, while ours and most other studies investigated CD44 expression
overall. These studies show an inverse association of CD44 expression and positive
ER status [69, 101, 104, 193].

A metanalysis by Xu et al. including 23 studies demonstrated the association of
CD44Mi9h expression to negative ER expression in line with our results [209]. This
also suggests that CD44 is associated with less differentiated cell types. Hebbard
et al. linked CD44 to cell differentiation [84] and Wei et al. demonstrated a reduction
of CD44 positive cells with increased ERa expression [200], thus linking CD44

expression with less differentiated cells and stem cell characteristics.

4.2.2.3 CDA44 expression and survival in breast cancer patients with lymph-

node positive carcinoma, triple-negative and ER positive carcinoma

Since CD44 expression has been linked to less differentiated tumors in our study,
we then examined the association of CD44"9" expression and survival in this cohort.
CD44 expression had a significant association with overall survival in patients with
lymph-node metastases (HR 2.02 (Cl 1.04-3.92), p=0.038). Adamzcyk et al.
investigated this association as well and did not find any significant association of
CD44 expression with survival in patients with lymph-node metastases.
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When looking at CD44+/CD24- cells, however, this phenotype associated with
improved outcome [3]. Dan et al. described a significantly longer survival in patients
with lymph-node metastases and CD44"9" tumors. While the study comprised an
extensive follow-up period, the number of patients with lymph-node metastases (n
= 29) was rather small, potentially impacting on the results [48]. An extensive study
by Joensuu et al., on the other hand, demonstrated CD44 expression to be
associated with a significantly shorter survival [101]. Thus, these two studies by
Joensuu et al. and ours, both with larger patient cohorts and extensive follow-up
periods, strongly suggest that CD44 expression is associated with worse survival in
patients with lymph-node metastases.

When investigating patients with triple-negative carcinomas and the impact of CD44
expression on survival in this subgroup, we found a reduced overall (HR 2.22 (Cl 1-
4.94), p=0.05) and five-year survival (HR 3.11 (Cl 1.17- 8.3), p=0.023). CD44hig"
expression even proved to be an independent predictor of reduced overall survival
(HR 2.22 (Cl 1-4.94), p=0.05) in triple-negative carcinomas. When comparing the
expression of CD44 and CD24 to overall survival, Giatromanolaki et al., on the other
hand, described an association of the CD44+/CD24- as well as CD44-/CD24-
phenotype with a reduced overall survival in triple negative carcinomas [76].
Nevertheless, due to the very small sample size of the CD44-/CD24- tumor sample,
these results must be interpreted with caution. Wang et al. reported a reduced
overall survival in CD44+/CD24-, triple-negative carcinomas [198] and Collina et al.
presented results demonstrating an association of CD44 expression and disease-
free survival [38]. These results support our finding, that CD44"e", triple-negative
breast cancer is associated with a reduced five-year and overall survival.

When comparing survival of patients suffering from CD44"9" tumors to patients with
CD44'v disease in the subgroup of ER positive carcinomas, CD44 expression was
significantly associated with a reduced disease-free survival of these patients (HR
4.99 (Cl 1.11-22.34), p=0.036). Horimoto et al. on the other hand found tumors with
a CD44+/CD24- subtype to be associated with a prolonged disease-fee survival in
ER positive cancers while ER negative patients experienced shorter overall survival
[93]. The discrepancy of these results and our study might be due to small samples
sizes in our and Horimoto’s cohort. Nevertheless, the follow up period in our study
is remarkedly longer. Apart from these two studies, no other investigation found an

association of CD44 expression, ER positivity and survival.
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Two studies showed increased and reduced overall survival in ER negative tumors,
respectively [104, 215].

The vast heterogeneity of the results regarding the association of CD44 and clinical
parameters as well as survival is striking. Technical reasons might be attributable to
this, such as differing antibodies used, varying staining technics and clinically
distinct and variable patient cohorts. Nevertheless, the biological variability of CD44
expression [130] due to possible changes of CD44 expression during epithelial-
mesenchymal transition [134, 177] or varying functions depending on epigenetic
variations and splice variants [132, 137, 182] might play additional important roles
in obscuring its influence on breast cancer outcome. Nonetheless, we were able to
demonstrate an association of CD44"d" expression with less differentiated, clinically
aggressive tumors and a reduced survival in subpopulations with triple-negative and

lymph node positive cancers.
4.2.3 High-level EpCAM expression vs clinical parameters and survival

4.2.3.1 High-level EpCAM expression in carcinoma tissue vs clinical

parameters

When comparing high-level EpCAM expression to the presence of lymph node
metastases in breast cancer patients, EpCAM expression was inversely associated
with nodal metastases (OR 0.31 (Cl 0.14-0.7), p=0.004). Today there is only limited
evidence for the involvement of EpCAM expression and its association to lymph
node metastases. Two studies revealed a significant association between
EpCAMPigh expression and lymph-node metastases [188, 191].

Gastl et al. on the other hand did not find an association of EpCAM expression and
lymph node involvement [71]. When considering the available data on EpCAM
function and its role in supporting cell-cell adhesion [127], a dual function of EpCAM
depending on the microenvironment and epigenetic changes has to be considered
[150, 196]. Hence, despite the overall negative impact of high-level EpCAM
expression on outcome in our cohort, a negative association of EpCAM expression
and local lymph node involvement is shown here.

Conversely, high-level EpCAM expression was significantly associated with higher
grading and less differentiated carcinomas (OR 3.62 (Cl 1.58-8.29), p=0.002). This
is in line with several other studies [1, 5, 71, 168, 188].
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As the association of EpCAM expression and high grade suggests, high-level
EpCAM expression was inversely associated with ER (OR 0.45 (Cl 0.22-0.93),
p=0.03) and PR (OR 0.29 (Cl 0.14-0.59), p=0.001) expression. Schmidt et al. found
the same association between EpCAM expression and ER negativity [168]. When
examining the relation of EpCAM expression and Ki-67 positive tumors, EpCAM
was significantly associated with Ki-67 expression (OR 3.84 (Cl 1.48-10.02),
p=0.006). The high expression of Ki-67 has been conclusively linked to an adverse
outcome in breast cancer in multiple retrospective evaluations of randomized trials
and meta-analyses [51, 153, 210]. As a marker for cell proliferation, Ki-67 is
associated with clinically aggressive and less differentiated breast cancer.

The findings described above support the hypothesis that high-level EpCAM
expression is associated with hormone receptor negative carcinomas. In this study,
EpCAM expression was significantly associated with triple-negative carcinomas
(p=0.002) while high-level EpCAM expression was barely present in luminal A
breast cancer. A previous study by Soysal et al. came to the same conclusion when
investigating a large cohort of breast cancer patients [185]. These results lead to the
conclusion that high-level EpCAM expression is indeed associated with high-
proliferative breast cancers. It is thus in line that patients with high-level EpCAM
expressing carcinomas present more frequently with disease recurrence (OR 3.06
(C11.17-8), p=0.022); which has been described by Tandon et al. as well [191].

4.2.3.2 High-level EpCAM expression and disease-free survival in breast
cancer patients

High-level EpCAM expression was significantly associated with disease-free
survival in our cohort (HR 2.98 (Cl 1.23-7.19), p=0.015). In multiple regression
analysis, EpCAM proved to be an independent predictor of reduced disease-free
survival (HR 3.08 (Cl 1.27-7.48), p=0.013). Several other studies have described an
association of high-level EpCAM expression with disease-free [187] and overall
survival [71, 168, 169, 186, 188, 191]. Thus, EpCAM expression seems to have a
very strong association with disease-free survival and most likely exerts its impact
on overall survival through evoking disease recurrence in breast cancer patients.
Our cohort might be too small to detect this impact on overall survival. Nevertheless,
when examining subgroups for the impact of high-level EpCAM expression on
survival, in carcinoma patients with tumors larger than 2 cm and high-level EpCAM
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expression, disease-free survival was significantly reduced (HR 4.08 (Cl 1.43-11.7,
p=0.009).

In patients with carcinomas with lymph node metastases, EpCAM expression was
significantly associated with a shorter disease-free survival as well (HR 6.18 (Cl
1.58-24.15), p=0.009). Spizzo et al. found high-level EpCAM expression to be
associated with reduced overall survival in the subgroup of breast cancer patients
with positive lymph nodes [188]. Due to the much larger cohort in their study, Spizzo
et al. were able to find an association with overall survival. Nevertheless, since one
of the most important determinants of survival in breast cancer patients is disease
recurrence, one can assume that our results are in line with the study of Spizzo et
al..

Interestingly, EpCAM expression was associated with a reduced number of lymph
node metastases. When considering the negative impact of EpCAM on the survival
in node positive patients, this finding supports the notion of EpCAM having a dual
role in cancer progression and metastases as discussed above. EpCAM’s clinical
importance is further underlined by the fact that treating malignant ascites by

targeting EpCAM (Catumaxomab) has been approved for clinical use [173].
4.2.4 CD166 expression vs clinical parameters and survival

4.24.1 CD166 expression in normal tissue and benign neoplasia vs

carcinoma

When examining the expression of CD166 on normal breast tissue and benign
neoplasia compared to DCIS and carcinoma, CD166 expression was found to be
primarily positive in normal and benign tissue. Of the carcinoma samples 104
(49.3%) were CD166"9" (OR 0.5 (C1 0.3-0.8), p=0.005). On the other hand, 68 (66%)
of the normal tissue and benign neoplasia samples were found to be CD166M9",
Only two studies show contradictory results [28, 204]: while Wiiger et al. only
examined four normal tissue specimens, Burkhardt et al. studied a larger cohort.
Nevertheless, Burkhardt et al. do not present any statistics whether the difference
of CD166 expression was indeed statistically significant between normal and cancer
tissue in their cohort.

On the other hand and in line with our results, two studies have shown a significantly
increased CD166 expression in normal breast tissue in comparison with breast
cancer cells [50, 106].
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These results together with our data suggest a loss of CD166 expression in breast
carcinomas as cells become less differentiated and obtain a more malignant

phenotype.

4.2.4.2 CD166 expression in carcinoma tissue vs clinical parameters

We found CD166 expression to be associated with lower tumor grading in our cohort
(OR 0.37 (C1 0.16-0.82), p=0.015). Only a few publications describe the association
of CD166 expression and tumor grading. Burkhardt et al. showed cytoplasmic
staining for CD166 to be significantly associated with high grade tumors. When
examining membranous staining, there were no significant associations with clinical
characteristics [28].

King et al. on the other hand have demonstrated a significant association of CD166
expression to low grade tumors [106]. Burkhardt et al. argue that the high
concentration of the Anti-CD166 antibody in the study by King et al. may have
resulted in overstaining. Here, we present a study using the same antibody as the
authors mentioned above, using the same dilution as Burkhardt et al.. Nevertheless,
we can confirm the findings by King et al. showing a significant association of CD166
expression to less malignant and higher differentiated breast cancer cells.
CD166"9" carcinomas were associated with luminal intrinsic subtype while triple-
negative carcinomas showed less CD166 expression (p=0.034). Tan et al. found
CD166 expression to be significantly lower in triple-negative compared to non-triple-
negative breast carcinomas [190]. Nevertheless, Ferragut et al. observed increased
tumor growth of triple-negative cell lines in a xenograft, when silenced for CD166
expression [65]. These results have not been confirmed in clinical studies, though.
Since CD166 expression seems to be associated to low grade tumors, it seems
rational that luminal type carcinomas, that are known to be less aggressive and
more differentiated [23, 63, 86], exhibit a higher CD166 expression.

Finally, CD166 expression was associated with PR expression (OR 2 (Cl 1.09-3.69),
p=0.026). Two earlier studies have shown a positive relation between CD166
expression and the positivity for hormone receptors in breast cancer [100, 190]. As
mentioned above, breast cancers with luminal subtype and hormone receptor
expression have a more differentiated phenotype and a better prognosis due to their
tumor biology and the possibility of endocrine treatment [37]. Overall, these results
associate CD166 expression to better differentiated, less proliferative and less
malignant disease in breast cancer patients.
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4.2.4.3 CD166 expression and overall survival in hormone receptor positive
breast cancer

In the subgroup of patients with ER positive carcinomas, the expression of CD166
was an independent predictor of prolonged overall survival in multiple regression
analysis (HR 0.48 (Cl 0.26-0.89), p=0.02). In patients with PR positive carcinomas,
CD166 expression was an independent positive predictor of survival in multiple
regression analysis as well (HR 0.5 (Cl 2.7-0.92). p=0.027).

As Darvishi et al. report in their review, the results regarding the association of
CD166 and survival are inconclusive [49]. Our study reports on an association of
shortened survival in hormone receptor positive breast cancer with CD166
expression. Burkhardt et al. have shown a significant association between high
CD166 expression and reduced overall and disease-free survival in their cohort of
breast cancer patients. In multivariate analysis, only cytoplasmic CD166 expression
was significantly associated with reduced disease-free survival [28]. King et al. on
the other hand described an increased time to event, defined as diagnosis of distant
metastases, disease recurrence or death, in their cohort of breast cancer patients
[106]. Burandt et al. examined CD166 expression in a cohort of 2,100 breast cancer
patients [27]. Here, loss of CD166 was associated with increased malignancy and
reduced survival. Despite conflicting reports in the literature, CD166 recruitment to
the epithelium and epithelial CD166 expression seem to reduce cell migration in
cancer cells due to cell clustering [107, 136]. The correlation of cytoplasmic CD166
expression with worse prognosis shown by Burkhard et al. might thus reflect the
loss of epithelial CD166 expression. Hence, expression of CD166 on breast cancer
cells appears to be a favorable prognostic factor.
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5 Summary

Breast cancer is the most common cancer in women. Surgery in conjunction with
chemo- and radiotherapy remain the main therapeutic options. One major obstacle
in the treatment of breast cancer has been and still is the therapy resistance of a
small minority of cancer cells, capable of eliciting disease recurrence. These cells
have been identified as tumor initiating or cancer stem cells. These cancer stem
cells are understood as the basis for tumor heterogeneity, proliferation, metastasis
formation and therapy resistance. The identification of cancer stem cells has
become possible by using cell surface markers, expressed by cells capable of tumor
initiation and proliferation in mouse models, even after multiple passages. Despite
major efforts, it has been difficult to connect these cancer stem cell markers to the
clinical course of breast cancer patients including prognosis or therapeutic options.
This study was undertaken to further elucidate the association of four stem cell
markers with clinical parameters and survival in 245 patients. Using a tissue
microarray for immunohistochemical analysis, 405 normal, benign and
carcinomatous tissue specimens were stained and analyzed for the expression of
CD133, CD44, EpCAM and CD166.

The expression of the cancer stem cell marker CD133 was significantly higher in
normal and benign tissues compared to carcinomas. In triple-negative breast
cancer, however, CD133 expression was more frequent compared to other intrinsic
subtypes. Accordingly, CD133 was associated with a high Ki-67 and low ER and PR
expression, overall suggesting an association with an undifferentiated and highly
proliferative phenotype. CD133 expression was also shown to be an independent
predictor for a reduced five-year- and overall-survival in patients suffering from
breast tumors larger than two cm. Overall, CD133 expression showed to be
associated with a cancer stem cell like phenotype with reduced overall und five-year
survival.

CD44 expression was significantly more frequent in DCIS and carcinoma samples
as opposed to normal or benign tissue. Furthermore, CD44 expression was
associated with larger tumor size, triple-negativity and accordingly, negative
estrogen receptor status. Thus, CD44 expression is a marker for less differentiated,
clinically more aggressive breast cancers. This is reflected in the survival analysis
showing CD44 expression to be a predictor for (i) reduced survival in lymph-node

positive and triple-negative breast carcinomas as well as (ii) reduced disease-free
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survival in ER positive carcinomas. While the impact of CD44 expression on breast
cancer is still a matter of debate, we and others have been able to show a striking
association of CD44 expression in breast cancer with an aggressive tumor biology
and a reduced overall and disease-free survival.

EpCAM expression was present in patients without lymph-node metastases.
Conversely, breast carcinomas with high grading, hormone receptor negativity,
triple-negative subtype and high Ki-67 expression were associated with EpCAM as
well. While the inverse association of EpCAM with lymph-node metastases suggests
a more inhibitory role towards invasiveness and carcinoma progression, EpCAM
expression was associated with disease recurrence and an independent predictor
of reduced disease-free survival. These results suggest a dual role of EpCAM
expression in breast cancer, potentially depending on the microenvironment and
epigenetic changes.

CD166 expression is the only marker in our panel associated with low grade tumors,
luminal subtypes and positive hormone receptor expression. Most remarkable is the
positive association of CD166 expression with a prolonged survival in patients with
hormone positive breast carcinomas. This phenomenon has been reported
previously and suggests a protective role of CD166 expression regarding carcinoma
cell invasion and metastases.

As a novel finding we have shown that CD133 is an independent predictor of poor
survival in breast cancers larger than two cm. Additionally, our results demonstrate
the importance of EpCAM, CD133, and CD44 as potential markers of poor and
CD166 as a potential marker of good prognosis in breast cancer. These markers
should be further evaluated for their prognostic means in prospective trials.
Regarding the impact of cancer stem cell marker expression on effectiveness of
neoadjuvant chemotherapy and the therapy of triple-negative carcinomas further
prospective clinical trials are warranted as well. Using CD133, CD44 and EpCAM
expression to guide treatment decisions in personalized therapy or even as targets
for specific pathway inhibitors is a possibility to improve the outcome of breast

cancer patients.
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6 Zusammenfassung

Mammakarzinome sind die haufigsten Karzinome und die haufigste
karzinomassoziierte Todesursache bei Frauen weltweit. Trotz groBer
Anstrengungen in der praklinischen und klinischen Forschung haben viele
Brustkrebspatienten nach wie vor eine sehr eingeschrankte Prognose. Die
Diagnose wird in der Regel durch eine Mammographie oder Sonografie gestellt und
durch eine Biopsie und anschlieBende histologische Untersuchung bestatigt. Die
operative Resektion, zusammen mit Chemotherapie und Bestrahlung, stellen die
wesentlichen therapeutischen MaBnahmen dar. Die genauen Mechanismen der
Entstehung des Mammakarzinoms sind unklar, allerdings gibt es eine Reihe an
Risikofaktoren, wie etwa exogene Ostrogene oder Adipositas. Eine wesentliche
Hurde in der Behandlung des Brustkarzinoms ist die ausgepragte Heterogenitat der
Zellen innerhalb eines Tumors und der Tumore untereinander. Als eine Ursache flr
diese Heterogenitat gelten Krebsstammzellen. Diese Krebsstammzellen scheinen
die Basis der Proliferation, der Metastasierung und der Therapieresistenz zu sein.
Sie sind in der Lage, sich asymmetrisch zu teilen und eine groBe Zahl an
heterogenen Zellklonen hervorzubringen. Die ldentifizierung von Krebsstammzellen
wurde durch die Nutzung von Zelloberflachenmarkern mdglich. Trotz groBer
Anstrengungen ist es bisher nur zum Teil gelungen diese Krebsstammzellmarker
mit dem klinischen Verlauf und der Prognose von Brustkrebspatientinnen zu
verknipfen. CD44 wurde, ebenso wie CD133, bei Mammakarzinomen im
Zusammenhang mit einer schlechteren Prognose beschrieben. EpCAM wurde eine
Schlisselrolle in Bezug auf die Zellmigration und Metastasierung zugeschrieben
wahrend fir die CD166 Expression in der aktuellen Literatur eher eine Assoziation
mit einer verbesserten Prognose beschrieben ist. Viele Untersuchungen brachten
allerdings widerspriichliche Ergebnisse zu Tage. Daher war das Ziel dieser Studie,
die Expression dieser vier Krebsstammzellmarker (CD133, CD44, EpCAM und
CD166) und ihren Einfluss auf die Prognose von Brustkrebspatientinnen zu
untersuchen.

Far diese Studie wurden die Daten von 245 Patientinnen mit benignen und malignen
Neoplasien der Brust erhoben und Gewebeproben aller Patientinnen auf einem
Lissue microarry” (TMA) flr die immunhistochemische Analyse zusammengefasst.
Um die Uberlebenszeiten berechnen zu kédnnen wurden die Todeszeitpunkte der

verstorbenen Patientinnen bei den jeweiligen Standesamtern erhoben.
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SchlieBlich konnten 207 Patientinnen mit einem Brustkarzinom, sieben Patientinnen
mit einem DCIS und 31 Patientinnen mit einer benignen Neoplasie in die Analyse
eingeschlossen werden. Zur Evaluation der Gewebeprobe und zur Auswahl einer
reprasentativen Region fir die Entnahme einer Gewebestanze zum Einschluss in
den TMA, wurden Schnitte der Gewebeproben erstellt, mit Haematoxylin und Eosin
gefarbt und gemeinsam mit einem erfahrenen Pathologen analysiert. Dann wurden
Gewebstanzen mit 1,5 mm Durchmesser aus den in Paraffin eingebetteten
Gewebeproben entnommen und in den TMA integriert. Nach der Fertigstellung der
TMAs wurden Schnitte erstellt und zur immunhistochemischen Farbung vorbereitet.
405 normale, benigne und maligne Gewebeproben wurde immunhistochemisch
gefarbt und in Bezug auf die Expression von CD133, CD44, EpCAM und CD166 hin
analysiert. Fir die Farbungen wurden monoklonale Primarantikérper eingesetzt,
anschlieBend wurden die Gewebeproben mit biotinylieten Sekundarantikdrpern
inkubiert. Die Farbung erfolgte mittels eines Streptavidin-Biotin-Peroxidase-
Komplexes, als Substrate der Peroxidase wurden 3-Amino-9-Ethylcarbazole (AEC)
oder 3-3’-Diamino-benzidine (DAB) eingesetzt. Neben den immunhistochemischen
Farbungen fir CD133, CD44, EpCAM und CD166 wurden auch
immunhistochemische Farbungen fiir Ostrogen- und Progesteronrezeptoren sowie
Her2neu und Ki-67 durchgefihrt. Die Analyse der Her2neu Expression wurde durch
eine  Fluoreszenz-in-situ-Hybridisierung  vervollstandigt. Die Analyse der
Krebsstammzellmarker-Expression sowie der Hormonrezeptor-, Her2neu- und Ki-
67 Expression erfolgte erneut gemeinsam mit einem erfahrenen Pathologen. Die
statistische Analyse beinhaltete die Untersuchung der Assoziation von
Krebsstammzellmarker-Expression mit den klinischen Parametern mit Chi? oder
Fisher’'s Exact Test. Nicht parametrische Tests (Kruskal-Wallis- und Mann-Whitney-
U Test) wurde flr die Untersuchung der kontinuierlichen Variablen eingesetzt. Die
Uberlebenszeitanalysen ~ wurden  mittels  Kaplan-Meier-Test und  Cox
Regressionsanalysen durchgefihrt.

Die Expression des Krebsstammzellmarkers CD133 war in normalem und
benignem Gewebe signifikant héher als in Karzinomen. In trippel-negativen
Karzinomen hingegen war CD133 haufiger exprimiert als in anderen intrinsischen
Subtypen. Dazu passend war die CD133 Expression mit der hohen Expression von
Ki-67 und einer niedrigen Ostrogen- und Progesteronrezeptor Expression

assoziiert, was eine Assoziation mit einem gering differenzierten und hoch
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proliferativen Phanotyp nahelegt. Es konnte auch gezeigt werden, dass die CD133
Expression einen unabhangigen Pradiktor flr ein reduziertes Flnfjahres- und
Gesamtuberleben bei Patientinnen mit Brusttumoren gréBer als zwei cm darstellte.
Die CD44 Expression war in DCIS und Karzinomgewebe deutlich haufiger als in
normalem und benignem Gewebe. Zudem war die CD44 Expression assoziiert mit
groBen Tumoren, dreifach negativen Karzinomen und dazu passend mit einem
negativen Ostrogenrezeptor-Status. Daher kann CD44 als ein Marker angesehen
werden, der mit weniger differenzierten, klinisch aggressiveren Brustkarzinomen
assoziiert ist. Dies zeigt sich auch in der Uberlebensanalyse, in der die CD44
Expression mit () reduziertem Uberleben bei Patientinnen  mit
Lymphknotenmetastasen und dreifach-negativen Karzinomen, sowie (i)
reduziertem erkrankungsfreien Uberleben bei Patientinnen mit Ostrogenrezeptor
positiven Karzinomen asoziiert ist.

Die EpCAM Expression war assoziiert mit Tumoren bei Patientinnen ohne
Lymphknotenmetastasen. Im Gegensatz dazu war die EpCAM Expression
allerdings auch mit Tumoren mit hoher Graduierung, negativem Hormonrezeptor-
Status, trippel-negativem intrinsischem Subtyp und Tumoren mit einer Ki-67
Expression assoziiert. Wahrend die negative Assoziation mit Metastasierung und
Tumorprogression eine inhibitorische Rolle von EpCAM in diesen Qualitdten nahe
legt, zeigte sich allerdings auch eine Assoziation von EpCAM Expression mit
Erkrankungsrezidiven sowie einem reduzierten erkrankungsfreien Uberleben.
CD166 ist der einzige Stammzellmarker, dessen Expression mit einer niedrigen
Tumorgraduierung, dem luminalen intrinsischen Subtyp und einer positiven
Hormonrezeptor-Expression einhergeht. Besonders bemerkenswert ist die
Assoziation der CD166 Expression mit einem verlangerten Uberleben bei
Patientinnen mit einem Hormonrezeptor positiven Tumor.

Wie oben beschrieben, zeigte sich CD133 assoziiert mit einem den
Krebsstammzellen &hnlichen Phanotyp und einem reduzierten Flnfjahres- und
Gesamtuberleben. In dieser Arbeit zeigen wir zum ersten Mal, dass CD133 ein
unabhangiger Pradiktor fiir ein reduziertes Uberleben bei Patientinnen mit
Mammakarzinomen ist, deren Tumoren gréBer als zwei cm sind. Zusatzlich zeigen
unsere Ergebnisse die Bedeutung der Expression von EpCAM, CD133 und CD44
als Marker fir eine schlechte und CD166 als Marker flr eine verbesserte Prognose

von Brustkrebspatientinnen.
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Wahrend der Einfluss der CD44 Expression auf das Mammakarzinom nach wie vor
debattiert wird, konnten wir in dieser Studie eine deutliche Assoziation der CD44
Expression mit einer aggressiven  Tumorbiologie und reduziertem
erkrankungsfreien und Gesamtiberleben zeigen. Diese Daten entsprechen den
Ergebnissen, die in der aktuellen Literatur bereits beschrieben sind. Die Assoziation
der EpCAM Expression mit Karzinomen ohne Lymphknotenmetastasen auf der
einen Seite und reduziertem erkrankungsfreien Uberleben auf der anderen Seite
legen nahe, dass EpCAM eine duale Rolle in der Proliferation und Metastasierung
von Mammakarzinomen spielt. Diese duale Rolle ist Mdglicherweise abhangig von
der Mikroumgebung der Zellen und epigenetischen Veranderungen. Die
Assoziation der Expression von CD166 mit einer verbesserten Prognose wurde
bereits in der Vergangenheit beobachtet und Iasst einen protektiven Effekt der
CD166 Expression in Bezug auf Invasivitat und Metastasierung vermuten.

Die hier untersuchten Marker sollten in prospektiven Studien weiter auf ihre
potentielle prognostische Bedeutung hin untersucht werden. Um eine Korrelation
der Expression von Krebsstammzellmarkern und der Effektivitadt von neoadjuvanter
Chemotherapie sowie der Therapie tripple-negativer Karzinome zu untersuchen
empfehlen sich ebenfalls weitere prospektive, klinische Studien. Die Nutzung der
Expression von EpCAM, CD133 und CD44, um Behandlungsentscheidungen in der
personalisierten Therapie zu treffen oder gar als Ziele fur spezifische
Signalweginhibitoren  stellt eine  Mdglichkeit dar, die Prognose von
Brustkrebspatientinnen zu verbessern.
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8 Appendix

8.1 Ethics permit

The study was approved by the local ethical review board (Universitat zu Libeck)
on March 12t 2008; Aktenzeichen Nr. 08-012: ,Erforschung von Brustkrebs fiir

verbesserte (Frih-)Diagnose, Therapie, Nachsorge und Prognose®.

8.2 Material

Instruments

Hyrax M55, Carl Zeiss, Jena, D

Cool Cut UKK.....cviiiiiiiieee, Carl Zeiss, Jena, D

Hyrax STS Section-Transfer-System. Carl Zeiss, Géttingen, D

Tissue Arrayer......ccoeviiiiiiiiennns Pathology Devices Inc., Westminster, USA

Pannoramic DESK ....................... 3DHISTECH, Budapest, H

Phase microscope .........cccevvvnennnnn. Carl Zeiss Microscopy, LLC, Thornwood,
USA

Incubator.......ccooovviiii Melag, Berlin, D

Jung SM2000R.....ccoiiiin, Leica Instruments GmbH, Wetzlar, D

Paraffin water bath........................ Medax GmbH, Kiel, D

EMB 2000-2....c.ccciieiiiiiiiieiiiieens Kern & Sohn GmbH, Balingen, D

Mettler PM 3000..........cccovvvvnnnnn.. Mettler-Toledo-Inc., Columbus, USA

Custom Pipette Eppendorf

Reference........ccoooviviiiiiiiiiiin, Eppendorf AG, Hamburg, D

10, 100, 1000, 2500

PIPETMAN Classic™..................... Gilson S.A.S., Villiers le Bel, F

Centrifuge 5417 R.....oiiiiiiains Eppendorf AG, Hamburg, D

Avanti® J-25........cccoevviiiiii, Beckman Coulter Inc., Brea, USA

Consumables

SuperFrost® plus..........cccoeeenenenn.e. Gerhard Menzel GmbH, Braunschweig, D

SuperFrost ultra Plus®................... Gerhard Menzel GmbH, Braunschweig, D

Cover glass 24x60 mm, 24x40mm..... Gerhard Menzel GmbH, Braunschweig, D

Reactiontube 1.5 ml..................... Greiner Bio-One BVBA/SPRL, Wemmel,
BE

Pipette tips......ovviiii Greiner Bio-One BVBA/SPRL, Wemmel,
BE

Tubes 5ml, 15ml, 50 ml................. Greiner Bio-One BVBA/SPRL, Wemmel,
BE

Dako Pen.....ccooovviiiiiiiiiiiiee Dako Cytomation A/S, Glostrup, DK
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Chemicals

Meyer’'s Hamalaun, soure............... Waldeck GmbH+Co. KG, Minster, D
Eosin G-solution 0.5%, diluted......... Merck KGaA, Darmstadt, D
Xylene 100%.....cccveeeeeiiiiiiieee e J.T. Baker®, Avantor Performance

Materials BV,
Deventer, NL

Ethanol 100%........ccooveiiiiiieee Pharmacy, UKSH, Campus Libeck
BUKI®. ..., O. Kindler GmbH, Freiburg, D
Aquatex®.........coceiiiiiiii Merck KGaA, Darmstadt, D
Paraffin...........ocooi Merck KGaA, Darmstadt, D

Buffer and Solutions

Dulbecco’s PBS pH 7.0-7.5

(without Ca & M@)....cvviniiiiiieennn. PAA Laboratories GmbH, Pasching, AT
Target Retrieval Solution
Ready-to-use........cccoevvviiiiiiinnn. Dako Cytomation A/S, Glostrup, DK
Antibody Diluent with Background
Reducing Components................... Dako Cytomation A/S, Glostrup, DK
3% H202 in Methanol

9.9 ml 30% H200.......cevvveeeennnn. Merck KGaA, Darmstadt, D

91.1 ml Methanol...................... Merck KGaA, Darmstadt, D

3% H202 in Antibody Diluent
9.9 ml 30% H2O2....ovviniienn. Merck KGaA, Darmstadt, D
91.9 ml Antibody Diluent with
Background Reducing
Components........ccocveveveininnnnn. Dako Cytomation A/S, Glostrup, DK

Citrate-buffer, 10 mM, pH 6.0
2.1 g Tri- Natriumcitrat-Dihydrat... Merck KGaA, Darmstadt, D
1000 ml deionized water

Blocking solution:

10% Goat Serum in PBS pH 7.4
40 pl Goat Serum (normal)......... Dako Cytomation A/S, Glostrup, DK
360 UIPBS....oi PAA Laboratories GmbH, Pasching, AT

Streptavidin-Horseradish-peroxidase-solution:

1% Streptavidin-Horseradish-peroxidase in Antibody Diluent
4 ul Streptavidin/HRP................ Dako Cytomation A/S, Glostrup, DK
396 ul Antibody Diluent with
Background Reducing
Components.........ccceeveieininnnnn. Dako Cytomation A/S, Glostrup, DK

Kits

Vectastain® Elite ABC Universal Kit.. Biologo, Dr. Hartmut Schultheif3,
Kronshagen, D
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Universal Farbekit AEC
Biotin/Streptavidin-System

Liquid DAB+ Substrate Chromogen..

Kronshagen, D
.... Biologo, Dr. Hartmut Schultheif3,
Kronshagen, D

Biologo, Dr. Hartmut Schultheif3,

Dako Cytomation A/S, Glostrup, DK

System
Software
NEXUS/PAS
NEXUS/Pathologie........................ NEXUS AG, Villingen-Schwenningen, D
Microsoft® Office Excel®................ Microsoft® Corporation, Redmond, USA
IBM® SPSS®.......ccceviiiiiiiiann. IBM®, Armonk, USA
Antibodies
Primary Antibody Clone Host Specificity Manufacturer
monoclonal Dako Cytomation
Anti-CD 326 (IgG1) Ber-EP4 ’ Mouse Human A/S, Glostrup, DK
(M0804)
monoclonal Abcam®,
Anti-CD 166 (IgG2a) ’ Mouse Human Cambridge, UK
MOG/07
(ab49496)
monoclonal Miltenyi Biotec
CD 133 (IgG1) AC133 ’ Mouse Human Inc., Auburn, USA
(130-090-422)
monoclonal BD Biosciences,
CD 44 (IgG2b) G44-26 ’ Mouse Human Franklin Lakes,
USA (550392)

Table 13 Primary antibodies used in the immunohistochemistry staining

Secondary I e s

Antibody Dilution Host Specificity Manufacturer
Dako

Goat Anti . i Cytomation

Mouse-lgG 1:100 Goat Mouse - 19G A/S, Glostrup,

DK
Horse Anti . i Biologo,
Mouse-lgG 1:50 Horse Mouse - IgG Kronshagen, D

Table 14 Secondary antibodies used in the immunohistochemistry staining.
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8.3 Protocols

Protocol No.1: Haematoxylin and Eosin staining

1)
2)

LI LX

9)
10)

3x Xylene, 5 min. each

Descending ethanol series: 2x 100 % each 3 min.
2x 96 % each 3 min.
1x 70 % 3 min.

Wash with deionized water

Mayer’s Haematoxylin 5 min.

Wash with running tab water 10 min.

Eosin 0,5% 20-40 sec.

Wash briefly with tab water

Ascending ethanol series: 1x 70 % for 1 min
2x 96 % each 3 min.
2x 100 % each 3 min.

Wash briefly 3x in Xylene

Cover with Eukitt

Protocol No. 2: Immunohistochemistry staining for estrogen and
progesterone receptors, Her2-neu and Ki67

10)
11)
12)

3x Xylene, 10 min. each
Descending ethanol series: 2x 99.9%, wash briefly
1x 96%, wash briefly
1x 70%, wash briefly
Wash for 5 min. with Tris-buffer (pH 7.2-7.6) + Tween 0.3%
Heat samples in antibody specific buffer in microwave oven at 850 watts for 5
min. and 2x at 150 watts for 15 min.
Wash in Tris-buffer
Automated stainer (Dako Stainer) is loaded with primary and secondary
antibodies, blocking reagent, haematoxylin and chromogen
Start the automated staining program and wait for completion of the process
Briefly wash with tab water
Ascending ethanol series: 1x 70%, wash thoroughly
1x 96%, wash thoroughly
2x 99.9%, wash thoroughly
1x 100% isopropyl alcohol
Wash thoroughly 3x in xylene
Start automated covering program and wait for completion of the process

Protocol No. 3: Fluorescence in-situ hybridization for Her2-neu

2x Xylene, 10 min. each
2x Xylene, 5 min each
Wash thoroughly in 100% ethanol

Descending ethanol series: 1x 100%, 2 min.
1x 85%, 2 min.
1x 70%, 2 min.

Wash in distilled water for 5 min.
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9)

10)
11)
12)

13)
14)
15)
16)
17)

Heat samples in boiling 1mM EDTA-buffer in pressure cooker at maximum
pressure for 2 min.
Cool with tab water and wash samples in distilled water for 2 min.
Samples are incubated for 30 min. at 37°C in 200 ml of 1% HCL solution +
1ml
pepsin
Wash in distilled water for 1 min.
Fix samples in 1% paraformaldehyde/PBS for 2 min.
Wash in distilled water for 1 min.
Ascending ethanol series: 1x 70%, 2 min.
1x 85%, 2 min.
1x 100%, 2 min.
Dry for 10 min.
Add 2 pul Vysis probe to area of interest
Cover with cover glass and seal with rubber cement
Incubate in wet chamber at 80°C for 30 min.
Incubate at 37°C for 72 h

Protocol No. 4: Inmunohistochemistry staining for CD166 (ALCAM)
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3x Xylene, 10 min. each
Descending ethanol series: 2x 100%, 3 min.
2X 96%, 3 min.
1x 70%, 3 min.
Wash 3x in deionized water for 3 min. each
Heat in citrate-buffer in a microwave oven at 900 watts for 5 min. and at 360
watts for 2x 7 min.
Let samples cool down and wash 3x in deionized water for 3 min. each
Incubate samples with 3% H202 in Antibody Diluent at room temperature for
10 min.
Wash 3x in PBS for 5 min. each
Incubate with 10% goat serum for 30 min.
Incubate with CD166 antibody (1:100) at 4°C for 12 h in wet chamber
Wash 3x in PBS for 5 min.
Incubate with secondary antibody (goat-anti-mouse) for 30 min. at room
temperature
Wash 3x in PBS for 5 min.
Incubate with streptavidin-horseradish-peroxidase solution for 30 min. at
room
temperature
Wash 3x in PBS for 3 min.
Incubate with Universal Farbekit AEC chromophore for 6 min.
Wash with tab water for 10 min.
Stain with Haematoxylin for 1.5 min.
Wash with tab water for 10 min
Cover with cover glass



Protocol No. 5: Inmunohistochemistry staining for CD44

13)
14)
15)
16)
17)
18)

3x Xylene, 10 min. each
Descending ethanol series: 2x 100%, 3 min.
2x 96%, 3 min.
1x 70%, 3 min.
Wash 3x in deionized water for 3 min. each
Heat in citrate-buffer in a microwave oven at 900 watts for 5 min. and at 360
watts for 2x 7 min.
Let samples cool down and wash 3x in deionized water for 3 min. each
Incubate samples with 3% H202 in methanol at room temperature for 10 min.
Wash 3x in PBS for 3 min. each
Incubate with blocking solution of Vectastain® Elite ABC Universal Kit for 30
min.
Incubate with CD44 antibody (1:150) at 4°C for 12 h in wet chamber
Wash 3x in PBS for 3 min.
Incubate with secondary antibody (horse-anti-mouse) of Vectastain® Elite
ABC Universal Kit for 30 min. at room temperature
Wash 3x in PBS for 3 min.
Incubate with streptavidin-horseradish-peroxidase solution of Vectastain®
Elite ABC Universal Kit for 30 min. at room temperature
Wash 3x in PBS for 3 min.
Incubate with Universal Farbekit AEC chromophore for 6 min.
Wash with tab water for 10 min.
Stain with Haematoxylin for 1.5 min.
Wash with tab water for 10 min
Cover with cover glass

Protocol No. 6: Inmunohistochemistry staining for CD133

2x Xylene, 5 min. each
Descending ethanol series: 2x 100%, 2 min.
2X 96%, 2 min.
2x 80%, 2 min.
2x 70%, 2 min.
Wash in PBS for 5 min.
Heat in citrate-buffer in a microwave oven at 900 watts for 5 min. and at 360
watts for 2x 7 min.
Let samples cool down and wash in deionized water for 5 min.
Wash in PBS for 5 min.
Incubate samples with 3% H202 in Antibody Diluent at room temperature for
10 min.
Wash 2x in PBS for 3 min. each
Incubate with blocking solution of Vectastain® Elite ABC Universal Kit for 20
min.
Incubate with CD133 antibody (1:10) at 4°C for 12 h in wet chamber
Wash 2x in PBS for 3 min.
Incubate with secondary antibody (horse-anti-mouse) of Vectastain® Elite
ABC Universal Kit for 30 min. at room temperature
Wash 2x in PBS for 3 min.
Incubate with streptavidin-horseradish-peroxidase solution of Vectastain®
Elite ABC Universal Kit for 30 min. at room temperature
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15)
16)
17)
18)
19)
20)

Wash 2x in PBS for 3 min.

Incubate with Liquid DAB for 10 min.
Wash with tab water for 10 min.
Stain with Haematoxylin for 1.5 min.
Wash with tab water for 10 min.
Cover with cover glass

Protocol No. 7: Inmunohistochemistry staining for CD326 (EpCAM)

14)
15)
16)
17)
18)
19)

3x Xylene, 10 min. each
Descending ethanol series: 2x 100%, 3 min.
2x 96%, 3 min.
1x 70%, 3 min.
Wash 3x in deionized water for 3 min.
Heat in Antibody Retrieval solution in a microwave oven at 900 watts for 4x 5
min.
Let samples cool down and wash in PBS 3x for 3 min.
Incubate samples with 3% H202 in Antibody Diluent at room temperature for
10 min.
Wash 3x in PBS for 3 min. each
Incubate with blocking solution of Vectastain® Elite ABC Universal Kit for 10
min.
Incubate with CD326 antibody (1:50) at 4°C for 12 h in wet chamber
Wash 3x in PBS for 3 min.
Incubate with secondary antibody (horse-anti-mouse) of Vectastain® Elite
ABC Universal Kit for 30 min. at room temperature
Wash 3x in PBS for 5 min.
Incubate with streptavidin-horseradish-peroxidase solution of Vectastain®
Elite ABC Universal Kit for 30 min. at room temperature
Wash 3x in PBS for 3 min.
Incubate with Universal Farbekit AEC for 7 min.
Wash with tab water for 10 min.
Stain with Haematoxylin for 1.5 min.
Wash with tab water for 10 min.
Cover with cover glass

8.4 Supplementary Figures

Supplementary Figure 1 Overview of the three TMA sections stained for CD133. The

scale measures 5000 pum.
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Supplementary Figure 2 Overview of the three TMA sections stained for CD44. The
scale measures 5000 pum.

Supplementary Figure 3 Overview of the three TMA sections stained for EpCAM. The
scale measures 5000 pm.

Supplementary Figure 4 Overview of the three TMA sections stained for CD166. The
scale measures 5000 pum.
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