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1 INTRODUCTION 

1.1 ENDOMETRIAL CANCER 
In developed countries, endometrial cancer is the most common gynaecological 
cancer and the fourth most common malignancy in women after breast, lung, and 
colorectal cancers [97, 125]. Endometrial cancer in general has a good prognosis, 
with 5-year survival rates around 80% in the developed world [125]. However, 
patients with deep myometrial invasion, poor tumor differentiation and advanced 
disease have a poorer prognosis and are at higher risk for disease recurrence [67, 
68, 86]. Endometrial carcinomas can be divided on clinical and prognostic grounds 
into two main subgroups [16, 75, 80]. The first group consists of estrogen-dependent 
tumors that are typically well-differentiated endometrioid carcinomas (EECs). EECs 
usually develop in pre- and perimenopausal women and coexist with or are preceded 
by complex and atypical endometrial hyperplasia. The second group are the high-
grade non-endometrioid carcinomas (NEECs) – mainly papillary serous and clear cell 
carcinomas – that occur predominantly in postmenopausal women. They are 
aggressive tumors, independent of estrogen exposure, occasionally arising in 
endometrial polyps or from precancerous lesions that develop in atrophic 
endometrium. Although risk factors and molecular pathogenesis are different for 
EECs and NEECs [3, 75, 80, 122] recent immunohistochemical analyses have 
indicated that decreased expression of the Ca2+-dependent cell adhesion molecule 
E-cadherin on the tumor cellular membrane is correlated with known adverse 
prognostic features, e.g. tumor dedifferentiation and deep myometrial invasion, and 
lower overall survival in both types of endometrial cancer [53, 69, 76, 123, 124]. 

1.2 OVARIAN CANCER 
Epithelial ovarian cancer is the second most common gynaecological cancer and the 
leading cause of death among female genital malignancies in the developed world 
[97, 125]. It is widely accepted that a strong family history of ovarian and breast 
cancer as well as nulliparity is associated with an increased risk of ovarian cancer, 
whereas oral contraceptive use, pregnancy (regardless of gestational length or 
outcome), and lactation are associated with a reduced risk [20, 153]. More than two 
thirds of patients with ovarian cancer are diagnosed with advanced-stage disease, 
because ovarian cancer is often asymptomatic in its early stages [95]. The degree of 
peritoneal dissemination is related to the poor prognosis in patients with advanced-
stage ovarian cancer. The molecular mechanisms that allow ovarian cancer cells to 
detach from the primary tumor, invade the peritoneal surfaces, and regrow at this site 
are not yet well understood. Previous studies have shown that reduced expression of 
the cell adhesion molecule E-cadherin in ovarian cancer is associated with the 
invasive phenotype, advancing tumor stage, lower 5 year survival rate and poor 
recurrence-free survival [36, 58, 78, 147] but not much is known about the underlying 
mechanisms of E-cadherin down-regulation in ovarian cancer cells. 
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1.3 PLACENTATION 
A natural model for migration and invasion which shows many similarities to the 
growth of cancer cells, is placental development during embryo implantation. This 
highly complex but coordinated process relies fundamentally upon the differentiation 
and organisation of different trophoblastic cell populations with specific functions [28, 
73]. While villous trophoblast cells remain in the fetal compartment and undergo 
terminal differentiation and fusion to form the multinucleate syncytiotrophoblast, 
extravillous trophoblast cells extensively infiltrate the endomyometrium, anchoring the 
placenta and modifying maternal spiral arteries [70, 108]. Aberrant differentiation and 
resulting shallow interstitial and vascular invasion of extravillous cytotrophoblast cells 
are thought to be associated with complications of pregnancy such as preeclampsia 
(PE), intrauterine growth restriction (IUGR) and in severe cases second trimester 
miscarriage [107]. 
Expression of the cell adhesion molecule E-cadherin in normal placentas was shown 
to be high in cytotrophoblast stem cells of anchoring villi and is considered to be 
down-regulated or absent in invading extravillous trophoblast cells in normal 
pregnancies [4, 165]. Floridon et al. described a temporary down-regulation of E-
cadherin expression in extravillous trophoblast cells during interstitial and 
endovascular invasion with the potential to restore E-cadherin expression after 
completion of migration [37]. It was further shown that E-cadherin expression was up-
regulated in interstitial and vascular extravillous trophoblasts in placental bed 
biopsies from patients with preeclampsia [164]. 

1.3.1 Preeclampsia 

Preeclampsia, i.e. hypertension and proteinuria, in pregnancy is amongst the leading 
causes for maternal and perinatal morbidity and mortality [87, 115, 133, 150]. The 
etiologic factors causing this disease are still not clear although different risk factors 
for preeclampsia are known including primiparity, obesity, (family) history of 
preeclampsia, multiple pregnancies, and chronic medical conditions such as long-
term hypertension or diabetes [33]. About 6% to 8% of pregnancies are complicated 
by preeclampsia and women with early onset disease show a severer form of 
preeclampsia than women with later onset disease [87, 133]. Preeclampsia can not 
be prevented and treatment of preeclampsia patients often requires immediate 
delivery, with consequent iatrogenic fetal prematurity [115]. 

1.3.2 HELLP Syndrome 

As described by Weinstein in 1982 [151], HELLP syndrome is a variant of severe 
preeclampsia recognized as a serious, life-threatening disease characterized by 
hemolysis, elevated liver enzymes, and low platelets. The incidence of HELLP 
syndrome is reported as being 0.17% to 0.85% of all live births with a reported 
perinatal death rate ranging from 7.4% to 20% [116, 132]. The associated liver 
disease may be severe and in rare cases rupture of the liver can require maternal 
liver transplantation [128]. The pathogenesis of the HELLP syndrome is still quite 
unclear. It is thought that inadequate placental development is followed by placental 
ischemia, leading to endothelial damage with release of vasoconstrictors into the 
maternal circulation [65]. Multiple genetic, immunologic and coagulative disorders 
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seem to contribute to the endothelial damage [65]. As for preeclampsia, treatment of 
HELLP syndrome patients often requires immediate delivery for maternal or fetal 
indications, with the neonate being exposed to all risks as a preterm born [115, 116]. 

1.4 EPITHELIAL-MESENCHYMAL-TRANSITION (EMT) 
Predominantly epithelial-mesenchymal-transition (EMT) is a key process in normal 
embryonic development during gastrulation movements and neural crest formation. It 
can be defined as a process that produces complete loss of epithelial traits by the 
former epithelial cells accompanied by total acquisition of mesenchymal 
characteristics (Figure 1-1) [49, 50, 140, 141]. The cells become able to dissociate 
from the epithelial tissue from which they originate without undergoing apoptosis or 
anoikis. Instead, these cells have the ability to invade and migrate through the 
extracellular matrix (ECM) [49]. EMT is essential during embryonic development, 
where these transient genetic changes are closely regulated and associated with 
several morphogenetic events. Epithelium is the tissue phenotype of early embryos 
and primitive adults of the chordate phylum. A second tissue type is produced by 
EMT in higher chordates, such as vertebrates. During gastrulation the primary 
mesenchymal cells in vertebrates migrate from the primitive streak to differentiate 
into the mesodermal and endodermal epithelia to set up the three germ layers [49, 
50]. 
 
 

 
 
Figure 1-1: During epithelial-mesenchymal-transition epithelial cells loose their 
epithelial characteristics and gain mesenchymal markers leading to migratory 
and invasive abilities. Modified from Nieto et al. [88]. 
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Besides being essential during early development, it is known that EMT is also an 
important mechanism during early steps of tumor progression where tumor cells 
disseminate from the primary tumor [45, 139-141]. Local invasion can be considered 
an initial and essential step in the malignancy of carcinomas, leading to the 
generation of usually fatal distant metastases. The process of acquisition of the 
invasive phenotype by epithelial tumors can be regarded as a pathologic version of 
the EMT in embryogenesis. 
The epithelial tissue forms sheets of cells closely attached to each other by cell-cell 
adhesions, e.g. adherens junctions and desmosomes, showing an apical-basal 
polarity. Therefore, a hallmark of EMT, promoting tumor cell migration and invasion, 
is the loss of this cellular organization prior to migration. One of the key events during 
EMT is the functional loss of the homophilic cell adhesion molecule E-cadherin, 
which is known to be a suppressor of invasion during carcinoma progression [14]. In 
particular, transcriptional repression has recently emerged as a fundamental 
mechanism for the dynamic silencing of the E-cadherin gene during tumor 
progression. 

1.5 E-CADHERIN 
E-cadherin, a 120kDa transmembrane glycoprotein, belongs to the family of 
classical/type I cadherins [89, 113], with its gene (CDH1, GenBank Accession 
DQ090940) mapped to human chromosome 16q22.1 [13]. Members of this family 
exhibit calcium-dependent homophilic interactions and are involved in selective cell-
cell recognition and adhesion [136]. E-cadherin, a caretaker of the epithelial 
phenotype, is located in the adherens junctions of epithelia and its function is 
required for the maintenance of stable cell-cell adhesion and epithelial cell polarity 
[103, 137]. 
As mentioned above, loss of E-cadherin is a key process during EMT in embryonic 
development by which cells loose their epithelial features and become motile, so as 
to leave the epithelium and move through the extracellular matrix. 
Cadherin mediated cell adhesion also plays a critical role in the suppression of tumor 
invasion, its loss of function coincides with increased tumor malignancy. Down-
regulation or inactivation of E-cadherin, which is observed in most epithelial cancers, 
results in marked phenotypic changes and leads to increased tumor malignancy. 
There are many examples of carcinomas, e.g. breast, uterine cervix or gastric 
carcinomas, in which the occurrence of altered E-cadherin expression has been 
correlated with low histological differentiation, increased risk of local invasion and 
metastatic disease, recurrence and poor prognosis [40, 55, 61, 62, 85]. Several 
research groups have shown that regain of functional E-cadherin suppresses 
invasion in many tumor cell types [52, 54]. Cavallaro and Christofori recently 
suggested that down-regulation of E-cadherin might even actively participate in the 
induction of tumor progression by transducing specific signals which, in turn, support 
tumor invasion [25]. 
There are multiple mechanisms leading to functional inactivation of E-cadherin during 
tumor progression, such as gene mutations [12], chromatin rearrangements [27], 
promoter hypermethylations [135, 152], posttranslational truncation [114] or 
modification [43], as well as direct transcriptional repression [5, 21, 26, 51]. 
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The human E-cadherin promoter (Figure 1-2) has been analyzed in several studies 
[9, 19, 21, 104, 119] in which different regulatory elements were described in the 5’ 
proximal sequence of the promoter. One of the key elements in the E-cadherin 
promoter is the E-pal element containing the E-box. The E-pal element acts as a 
strong repressor of transcription and can even overcome the effects of positive 
factors acting on the proximal promoter [119]. The zinc finger transcription factor 
Snail (see below) was shown to bind to the E-pal element in the proximal E-cadherin 
promoter, thereby leading to repression of E-cadherin transcription [21, 101]. 
 
 

 
 
Figure 1-2: The human E-cadherin promoter with putative binding sites for 
transcription factors and transcription start site (position +1) indicated. Shown 
are the E-pal element, the CCAAT-box, a Sp-1 consensus sequence, and the 
SIP1 high-affinity binding sites (two CACCT sequences spaced by 45 
nucleotides). The nucleotide sequence of the 5’ region of the E-cadherin gene 
is deposited in the GenBank database (Accession L34545). 

1.6 SNAIL 
Most prominent EMT-inducing developmental regulators are the Snail-related zinc-
finger transcription factors (Snail and Slug) [51, 88]. Snail was first described in 
Drosophila melanogaster as a regulator of mesoderm formation [46], but 
subsequently Snail homologues were found in other species as well, including mouse 
and human. It was shown that the Snail family of zinc transcription factors plays a 
central role in mesoderm formation from flies to mammals and is associated with the 
appearance of the neural crest [24, 72, 88]. 
The human Snail gene (SNAI1, GenBank Accession AF155233) was isolated and 
characterized by Twigg and Wilkie in 1999 [143]. The gene spans approximately 
6.4kb, contains 3 exons, and has a CpG island upstream of the coding sequence. 
The Snail gene was mapped, by fluorescence in situ hybridization and radiation 
hybrid analysis, to human chromosome 20q13.1. 
Twigg and Wilkie [143] reported the detection of a single transcript of 1.8kb 
(GenBank Accession NM_005985) in several human fetal tissues, with the highest 
expression in kidney, but also in a number of adult tissues, particularly lung and 
placenta. The Snail open reading frame encodes a protein of 264 amino acids, 
containing four zinc-finger motifs, with a predicted molecular weight of 29083 Dalton 
(Swiss-Prot). The zinc-fingers, located in the C-terminal part of the protein, 
correspond to the C2H2 type (two conserved cysteines and histidines coordinate the 
zinc ion) and function as specific DNA binding motifs. 
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Snail represses the transcription of E-cadherin by binding to E-box elements found in 
the 5’ proximal sequence of the E-cadherin promoter, which corresponds to a core of 
six bases (CANNTG, [5, 21, 82]), thereby triggering a complete EMT with the 
acquisition of invasive and tumorigenic properties [5, 21, 30, 99]. The repressor 
activity of Snail not only depends on the zinc-finger motifs, but also on the N-terminal 
Snail/Gfi-1 (SNAG) domain (Figure 1-3). Peinado et al. [99] showed that mammalian 
Snail requires histone deacetylase (HDAC) activity to repress E-cadherin promoter 
activity. They demonstrated that an interaction between Snail, histone deacetylase 1 
(HDAC1) and HDAC2, and the corepressor mSin3A. This interaction was shown to 
be dependent on the SNAG domain of Snail, indicating that the Snail transcription 
factor mediates the repression by recruitment of chromatin-modifying activities, 
forming a multimolecular complex to repress E-cadherin expression [99]. 
Snail is considered to be a key regulator of EMT by directly down-regulating not only 
E-cadherin expression but also the epithelial marker genes occludin and claudins 
[57, 90], which define tight junction components. Hereby the epithelial cells will loose 
their characteristics, namely cell polarity and cell adhesion. On the molecular level 
down-regulation of the tight junction components is independent of E-cadherin down-
regulation, however, one has to speculate that both components will influence each 
other. Additionally, transfection of Snail results in down-regulation of other epithelial 
markers like desmoplakin [21] and MUC-1 as well as cytokeratin-18 [48]. On the 
other hand, the expression of mesenchymal markers, such as vimentin and 
fibronectin, is induced [21]. 
More recently, Snail has been implicated in the progression of human tumors due to 
its regulatory action promoting the induction of EMT. In humans, Snail mRNA 
expression has been detected in biopsies or resected tissue samples from patients 
with breast cancer [15], gastric cancer [120], hepatocellular carcinoma [64], oral 
squamous cell carcinoma [158], ovarian carcinoma [35], and in melanoma cell lines 
[110]. 
 
 

 
 
Figure 1-3: Scheme of the main structural domains found in mammalian Snail. 
Modified from Peinado et al. [100]. NES, nuclear export sequence; S-P, serine-
proline; SNAG domain, Snail/Gfi-1 domain 

1.6.1 Regulation of Snail 

Cellular localization and phosphorylation 
Control of the nuclear localization of specific proteins is an important mechanism in 
the regulation of many signal transduction pathways. Transcription factors can not 
function until they are translocated to the nucleus in response to specific signals 
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[144]. The translocation of proteins through nuclear pore complexes is mediated by a 
selective mechanism that is controlled by saturable receptors and specific signals, 
which are termed nuclear localization signals (NLSs) and nuclear export signals 
(NESs) [81, 159]. Nuclear localization is essential for Snail’s transcriptional function 
on target genes, e.g. E-cadherin. Yamasaki et al. [155] proposed that the zinc-finger 
domain of Snail, containing all four zinc-fingers, is necessary and sufficient for the 
nuclear localization of the Snail protein whereas the N-terminal region, containing the 
SNAG domain, is not. They further demonstrated that Snail binds directly to importin 
(karyopherin) β in a zinc-finger domain-dependent manner. Ko et al. [71] reported 
two nuclear localization motifs embedded within the Snail sequence. One typical 
bipartite NLS motif is located at the N-terminal of Snail, where it overlaps with the 
SNAG domain (residues 8-16), while a basic cluster NLS motif is found proximal to 
the zinc-finger domains (residues 151-152). Mutational inactivation of these NLS 
motifs resulted in a decrease of nuclear and total Snail protein levels as well as 
attenuated Snail repressor activity on an E-cadherin promoter construct. Additionally, 
Yang et al. [157] could show that p21-activated kinase 1 (Pak1) regulates the 
repressor activity of Snail by phosphorylating on Ser246. Pak1 phosphorylation of 
Snail supports Snail’s accumulation in the nucleus as well as its repressor functions. 
Nuclear export of a transcription factor can be regulated, in some cases, by 
phosphorylation of Ser/Thr residues [60, 92, 162]. Phosphorylation is an ideal 
mechanism for controlling events during migration and metastasation, as it can be 
switched on or off almost immediately. Domínguez et al. [32] reported that the Snail 
protein contains a NES (Figure 1-3) in its N-terminal half and an adjacent serin-rich 
domain, which makes the NES sterically accessible after phosphorylation. Zhou et al. 
[163] could show that Snail is phosphorylated by glycogen synthase kinase-(GSK) 3β 
at two consensus motifs to dually regulate the function of this protein. 
Phosphorylation of the first motif regulates its β-Trcp mediated ubiquitination, 
whereas phosphorylation of the second motif controls its subcellular localization 
(Figure 1-4). 
Protein stability and functional activity of Snail are therefore tightly regulated by its 
subcellular localization and its phosphorylation status. Therefore, when studying 
Snail expression in tissue samples or cell lines, it is necessary to analyze the active, 
i.e. nuclear localized, Snail protein, as mRNA levels of Snail might not correlate to the 
active protein. 
 
 

 
 
Figure 1-4: GSK-3β phosphorylation consensus sites in human Snail. Site I 
contains two serine residues that overlap with a destruction box (Figure 1-3) 
recognized by β-Trcp. Site II contains four serine residues and lies next to a 
NES. Modified from Schlessinger and Hall [126].aa, amino acid 
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Estrogen receptor alpha (ERα) signaling and MTA3 expression 
The temporal and tissue-specific actions of estrogen are mediated by estrogen 
receptors (ERs) α and β. The ERs are steroid hormone receptors that modulate the 
transcription of target genes when bound to ligand [6]. The estrogen-ER dimer 
complex binds to specific DNA sequences, the estrogen response elements (EREs), 
which are located in the regulatory regions of estrogen-sensitive genes [98]. The ERs 
mediate transcriptional regulation of a range of genes, leading to modulation and 
regulation of multiple physiological processes, such as reproductive organ 
development and function, bone density. Unfortunately, a range of ER regulated 
genes are, directly or indirectly, associated with proliferation and invasion in breast 
and endometrial cancer [98]. At least for breast cancer, ERα rather than ERβ 
appears to be the predominant regulator of estrogen-induced genes [98]. 
The metastasis associated protein 3 (MTA3) is a member of a small protein family in 
mammals. All three members of this family, MTA1, MTA2, and MTA3, have been 
reported as subunits of MI-2/NuRD [41, 56, 142, 148, 154]. The vertebrate Mi-
2/NuRD complex is a multi-subunit protein complex containing both histone 
deacetylase (HDAC) and nucleosome-dependent ATPase subunits [142, 149, 154, 
161]. Current models predict that this complex functions primarily in transcriptional 
repression after recruitment by site-specific DNA binding proteins. 
Fujita et al. showed that MTA3 expression is tightly linked to ERα activation and they 
found that ERα directly binds to and regulates the MTA3 promoter [41, 42]. 
Additionally, they identified a regulatory pathway that explains how ERα status 
controls EMT in human breast cancer cell lines, which might contribute to elucidation 
of how ERα-negative breast carcinomas become metastatic and why they have a 
generally poor prognosis [74]. They demonstrated that the absence of ERα or of 
MTA3 leads to aberrant expression of Snail, resulting in loss of E-cadherin 
expression (Figure 1-5) [41]. Repression of Snail is seen after MTA3 or ERα 
transfection, restoring E-cadherin expression. They found evidence that MTA3 
associates with the Snail promoter through unidentified DNA-binding proteins, 
repressing Snail expression in a HDAC-dependent manner [41]. These results may 
explain how ERα status controls EMT and invasive growth in human breast cancer 
and possibly other estrogen-dependent cancers. 
 
 

 
 

Figure 1-5: Schematic model of the pathway leading from activation of ER to 
the transcription of E-cadherin. Modified from Fujita et al. [41]. 
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Other regulatory pathways 
Several other regulatory pathways of Snail expression have been proposed and 
analyzed during the last years. 
One of the main molecules controlling EMT steps is transforming growth factor-β 
(TGF-β). TGF-β can have both positive and negative effects on tumorigenesis, acting 
early as a tumor suppressor, but later as a stimulator of tumor invasion [1]. Peinado 
et al. [102] demonstrated that TGF-β1 induces the activity of Snail promoter. They 
proposed that MAPK and phosphatidylinositol 3-kinase (PI3K) signaling pathways are 
implicated in TGF-β1-mediated induction of Snail promoter, probably through Ras 
activation and its downstream effectors. 
Also downstream targets of receptor tyrosine kinases (RTK) are supposed to regulate 
Snail expression. One example is Akt, a downstream target of PI3K, which was 
shown to be frequently activated in human cancers. Grille et al. [47] found evidence 
that Snail is induced by constitutively active Akt. However, the mechanisms by which 
Akt activates the Snail promoter remain unclear. 
Highly aggressive tumors rapidly outgrow their blood supply, leaving the cells starved 
of oxygen – a condition known as hypoxia [11]. Hypoxia is known to stabilize 
hypoxia-inducible factor-1α (HIF-1α) [160], which binds to the hypoxia-response 
elements of various target genes, inducing gene transcription. Imai et al. [59] 
demonstrated that hypoxia induces down-regulation of E-cadherin, via up-regulation 
of the transcriptional repressor Snail. However, the molecular mechanism how Snail 
responds to hypoxia is not yet clear. 
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1.7 AIM OF THE STUDY / THESIS 
The zinc-finger transcriptional repressor Snail is considered as an important regulator 
of invasiveness during tumor progression due to its inhibitory action on E-cadherin 
expression. Due to a lack of Snail specific antibodies to reveal protein expression in 
tumor samples a direct cellular comparison between E-cadherin down-regulation and 
endogenous nuclear Snail expression at the protein level in cancer tissues has not 
been possible until now. The Snail specific antibody which was recently established 
in our lab allows a direct cellular comparison between E-cadherin down-regulation 
and endogenous nuclear Snail expression at the protein level in sections of formalin-
fixed, paraffin-embedded tissues. The aim of this work was to analyze for the first 
time the active, i.e. nuclear localized, Snail protein in tissue samples of human 
gynaecological cancers. 
In a first study I intended to gain further insight into the role of Snail in the 
progression of endometrial cancer, the most common gynaecological cancer. I 
examined the expression of E-cadherin, Snail and estrogen receptor alpha (ERα), 
which was shown to be involved in the regulation of Snail, in primary tumors and 
metastases of estrogen-related endometrioid carcinomas, using immunohisto-
chemical analysis. In in vitro studies on endometrial carcinoma cell lines I focused on 
the putative regulatory pathway of Snail expression via ERα signaling and MTA3 
expression. 
In a second immunohistochemical study I wanted to elucidate the role of Snail in E-
cadherin down-regulation and cancer progression in ovarian carcinomas, the leading 
cause of death among gynaecological malignancies. 
In a third study I analyzed Snail expression in a natural model for migration and 
invasion, human placental development. Not much is known so far about the 
expression pattern of Snail or its role in regulating E-cadherin expression in invading 
extravillous trophoblast cells. Aim of this subproject was to investigate the expression 
pattern of E-cadherin and Snail in placental tissue derived from pregnancies 
complicated by preeclampsia or HELLP syndrome compared to placentas from 
normal pregnancy courses. 
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2 MATERIALS AND METHODS 

2.1 BUFFERS AND SOLUTIONS 
The following list specifies common buffers used consistently throughout the 
manuscript. For special buffers, refer to the end of the corresponding section. 
Addresses of providers of the material used are listed in section 2.12. 
 
Citrate Buffer 
4.2g Citric Acid Monohydrate (#1.00244.1000, Merck KGaA) 
in 2l aqua dest. 
pH = 6.0 (NaOH) 
 
PBS 
137mM NaCl (#1.06404.5000, Merck KGaA) 
8.2mM Na2HPO4 x 2H2O (#1.06580.1000, Merck KGaA) 
1.8mM KH2PO4 (#1.04873.1000, Merck KGaA) 
pH=7.4 
A 20x solution was prepared, autoclaved and stored at room temperature. 
 
SDS-polyacrylamide gel 
Separating gel (10%, 10ml) 
4.88ml aqua dest. 
2.5ml 1M Tris (#75825, UBS Corporation) pH 8.8 
2.5ml 40% Acrylamide/Bis solution 37.5:1 (#161-0148, BioRad Lab.) 
50µl 20% SDS (#A0675,1000, AppliChem) 
60µl 10% APS (#A7460, Sigma-Aldrich) 
6µl TEMED (#161-0801, BioRad) 
Assemble gel (5ml) 
3.05ml aqua dest. 
1.25ml 0.5M Tris (#75825, UBS Corporation) ph 6.8 
0.63ml 40% Acrylamide/Bis Solution 37.5:1 (#161-0148, BioRad Lab.) 
25µl 20% SDS (#A0675,1000, AppliChem) 
40µl 10% APS (#A7460, Sigma-Aldrich) 
4µl TEMED (#161-0801, BioRad) 
 
Laemmli loading buffer 
60mM Tris (#75825, UBS Corporation) pH=6.8 
8.7% v/v glycerol (#1.04092.1000, Merck KGaA) 
0.72M 2-mercaptoethanol (#M7154, Sigma-Aldrich) 
80µg/ml bromphenol blue (#B5525, Sigma-Aldrich) 
2% w/v SDS (#A0675,1000, AppliChem) 
The buffer was prepared 5x concentrated and stored in aliquots at 4°C. 

 
 
 



MATERIALS AND METHODS 
 

16 

SDS running buffer 
193mM glycine (#1.04201.1000, Merck KGaA) 
25mM Tris (#75825, UBS Corporation) 
0.05% w/v SDS (#A0675,1000, AppliChem) 
A 10x buffer was prepared and stored at room temperature. 
 
Blot-buffer 
192mM glycine (#1.04201.1000, Merck KGaA) 
25mM Tris (#75825, UBS Corporation) 
0.2% w/v SDS (#A0675,1000, AppliChem) 
20% v/v methanol (#1.06009.1000, Merck KGaA) 
The buffer was stored at 4°C. 
 
Stripping buffer 
10% v/v methanol (#1.06009.1000, Merck KGaA) 
10% v/v acetic acid (glacial) (#1.00063.1000, Merck KGaA) 
in aqua dest. 
The buffer was stored at room temperature. 
 
TBS 
20mM Tris (#75825, UBS Corporation) 
137mM NaCl (#1.06404.5000, Merck KGaA) 
pH=7.3 
A 10x buffer was prepared, autoclaved, and stored at room temperature. 
 
TBST 
TBS supplemented with 0.1% v/v Tween-20 (#8.22184.1000, Merck KGaA). 
The buffer was stored at room temperature. 
 
TBST-M 
TBST containing 2.5-5% w/v non-fat dried milk (#60219, Töpfer) 
The buffer was prepared freshly before use and stored at 4°C. 

2.2 TISSUE SAMPLES 

2.2.1 Endometrial cancer 

113 formalin-fixed, paraffin-embedded tissue specimens, consisting of 87 primary 
endometrial adenocarcinomas (endometrioid subtype, WHO) and 26 unrelated 
metastases, diagnosed between 1991 and 2003 were selected from the files of the 
Institute of Pathology, Technical University of Munich, Germany. Some cases were 
obtained during intrauterine curetting. Metastases were located in the retroperitoneal 
area (n=13), distant lymph nodes (n=4), lungs (n=3), central nervous system (n=3), 
peritoneal cavity (n=2), or other locations (n=1). Except two cases (clear cell type), all 
metastases were classified as endometrioid subtype. Grading and staging of the 
primary carcinomas were ascertained according to the proposals of the WHO and the 
UICC [134, 138]. 
Formalin-fixed, paraffin-embedded specimens of the primary endometrial tumors and 
the metastases were immunohistochemically analyzed for expression of E-cadherin, 
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Snail, and ERα. Additionally, 11 primary tumors, 5 ERα positive and 6 ERα negative 
cases according to the IHC results, were analyzed for expression of E-cadherin, 
Snail, MTA3 and ERα using a recently established method [8] of protein extraction 
from formalin-fixed, paraffin-embedded tissue specimens following Western Blot 
analyses. 

2.2.2 Ovarian cancer 

51 patients who had undergone primary surgery for newly diagnosed advanced stage 
(FIGO IIIC and IV) ovarian cancer between 1998 and 2001 at the University Hospital 
of the Technical University of Munich, Germany were eligible for this retrospective 
analysis. Exclusion criteria were a second malignancy, or chemotherapy or 
radiotherapy within the last 6 months prior to surgery. Follow-up data was available 
for all patients, with a median follow-up time of 55 months. In 47 cases, specimens of 
the primary tumor as well as the corresponding metastases were available, in 1 case 
only the primary tumor was present, and in 3 cases only specimens of metastases 
were available. Metastases were located in the peritoneum (n=17), omentum (n=25), 
distant lymph nodes (n=6) and uterus (n=2). 
Formalin-fixed, paraffin-embedded specimens of the primary ovarian tumors and 
corresponding metastases were immunohistochemically analyzed for expression of 
E-cadherin and Snail. 

2.2.3 Placenta 

Placental tissues were obtained from 19 women who underwent delivery at the 1st 
Department of Obstetrics and Gynaecology of the LMU Munich, Germany. 
Specimens were collected immediately after delivery from five patients with HELLP 
syndrome (mean date of delivery: 33.8±2.9 weeks of gestation), seven patients with 
preeclampsia (mean date of delivery: 33±3.2 weeks of gestation) and seven patients 
following a normal course of pregnancy (mean date of delivery: 38.2±3 weeks of 
gestation). The study had the approval of the local ethical committee of the LMU 
Munich, Germany (No. 158/00) and informed consents from the patients were 
obtained. 
Formalin-fixed, paraffin-embedded specimens of the placental tissues were 
immunohistochemically analyzed for expression of E-cadherin and Snail. 

2.3 IMMUNOHISTOCHEMISTRY 
4µm sections of formalin-fixed and paraffin-embedded material were analyzed. 
Deparaffination of the sections was done using xylene and graded alcohol series. 
After antigen retrieval by boiling in citrate buffer in a pressure cooker for 4 minutes, 
sections were incubated in either 1% hydrogen peroxide (for E-cadherin) for 15 
minutes to block endogenous peroxidase or in 3% normal goat serum (#S-1000, 
Vector) (for Snail) for 20 minutes to reduce non-specific background staining. In case 
of 1% hydrogen peroxide blocking, sections were washed afterwards 3 x 2 minutes in 
PBS. For detection of specific immunoreactivity, the specimens were incubated with 
either a monoclonal anti-E-cadherin antibody (mouse, 1:1500) (#610182, BD 
Biosciences Pharmigen) at room temperature for 1 hour or a monoclonal anti-Snail 
antibody (rat, 1:20) (hybridoma supernatant Sn9H2, Dr. Kremmer, GSF, Munich 
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[121]) at room temperature for 2 hours. Antibodies were diluted in freshly prepared 
1%BSA/PBS. Afterwards, slides were washed 3 x 2 minutes in PBS. Both antibodies 
were detected using the avidin-biotin-complex (ABC) peroxidase method (#PK-6102 
(anti-mouse), #PK-6104 (anti-rat) ABC Elite Kit, Vector). Final staining was 
developed with the Sigma FAST DAB peroxidase substrate kit (#D-4293, Sigma-
Aldrich). Nuclei were counterstained with haematoxylin for 10 seconds and rinsed 
briefly with tap water. Finally, tissue sections were dehydrated through graded 
alcohol series, mounted with pertex balm and covered with glass slips. 
ERα immunohistochemistry was performed using the automated slide preparation 
system Benchmark® XT from Ventana Medical Systems. The monoclonal anti-ERα 
antibody (#EI629C01, DCS Innovative Diagnostik-Systeme) was used at a 1:20 
dilution. Detection of the primary antibody and development of final staining was 
done using the Enhanced V-Red (Alk. Phos. Red) Detection Kit (#760-031) from 
Ventana Medical Systems for automated slide preparation. 
 
Albumin from bovine serum (BSA) (#A3912-100G, Sigma-Aldrich) 

2.3.1 Immunohistochemical evaluation 

Tumor tissue (endometrial and ovarian cancer): 
E-cadherin immunoreactivity was evaluated as following: 
Expression of E-cadherin was assessed using a semiquantitative scoring system, 
ranging from 0, 1+, 2+, 3+. Only membranous staining was evaluated. 
E-cadherin expression was scored as follows: 

• 0, no immunoreactivity, or immunoreactivity of <10% of tumor cells 
• 1+, low intensity immunoreactivity of ≥ 10% of tumor cells 
• 2+, medium intensity immunoreactivity of ≥ 10% of tumor cells 
• 3+, high intensity immunoreactivity of ≥ 10% of tumor cells 

All cases were summarized in two groups, showing preserved E-cadherin expression 
(Score 3+) or reduced E-cadherin expression (Scores 0, 1+, 2+). 
Snail immunoreactivity was evaluated as following: 
For Snail immunoreactions, staining was graded as negative (no immunoreactivity, or 
immunoreactivity of <1% of tumor cells), or positive (immunoreactivity of ≥1% of 
tumor cells). Snail staining was graded as positive only when nuclear staining was 
detectable. 
ERα immunoreactivity was evaluated as following: 
Intensity and distribution pattern of the specific immunostaining was evaluated using 
a semi-quantitative immunoreactivity score (IRS) (score 0-12), which was described 
by Remmele and Stegner in 1987 and was used in previous investigations on 
estrogen alpha and beta receptor expression in the normal human endometrium 
[118]. The IRS score was calculated by multiplying staining intensity (SI) and 
percentage of positivity (PP); in detail SI is graded as 0 = no staining, 1 = weak 
staining, 2 = moderate staining, 3 = strong staining). Counting approximately 200 
cells the PP is graded as 0 = no stained cells, 1 = less or equal 10% of stained cells, 
2 = between 11 and 50% of cells are stained, 3 = 51 – 80% of cells are stained, 4 = 
more than 80% of cells are stained. 
Score values from 4-12 were considered as ERα positive, 0-3 as ERα negative. 
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Placental tissue: 
Snail and E-cadherin immunoreactivity was evaluated as following: 
To monitor the differences of E-cadherin and Snail immunoreactivity in normal 
placental tissue compared to pathologic placental tissue, the semi-quantitative 
immunoreactivity score (IRS) (score 0-12) was used for evaluating Snail and E-
cadherin immunoreactivity in this tissue type. As described above, the IRS score was 
calculated by multiplying staining intensity (SI) and percentage of positivity (PP). For 
E-cadherin only membranous staining and for Snail only nuclear staining was 
evaluated. 

2.3.2 Statistical analysis 

For statistical evaluation the primary tumors of endometrial cancer were divided into 
two groups with either 1-5% Snail positive cells or >5% Snail positive cells. This 
classification was done because nearly half of the cases was found with very high 
percentages of Snail positive carcinoma cells while the rest displayed only low 
percentages of Snail positive carcinoma cells. These discrepancies might be 
explained by the fact that EMT is a local event and therefore, Snail is often only 
locally expressed. 
For metastases of endometrial cancer as well as for primary tumors and 
corresponding metastases of ovarian cancer these discrepancies were not observed. 
Therefore, they were classified as either Snail-positive or Snail-negative for statistical 
evaluation. 
 
Continuous variables are reported as median with range and categorical data are 
expressed as frequencies and percentages. Chi-Square test and if appropriate Fisher 
Exact test were applied to test for bivariate associations of categorical parameters. 
Analysis of survival times was performed using the method of Kaplan-Meier and 
comparison of survival between patient subgroups was done by Log-Rank test and 
Cox-proportional hazard regression. Hazard ratios and median survival were reported 
with 95% confidence intervals. All tests were performed two-tailed at a 5% level of 
significance. Analyses were conducted using SPSS version 14.0 (SPSS Inc.). 

2.4 PROTEIN EXTRACTION FROM FFPE TISSUE 
Full length proteins from 10µm sections of formalin-fixed, paraffin-embedded tissues 
were extracted as recently described [8]. 
Tumor cell areas (more than 80% tumor cells) were selected according to ERα 
immunoreactivity (positive or negative) and marked on the ERα stained reference 
slide. 10µm FFPE sections were cut of the chosen cases and deparaffination of the 
sections was done using xylene and graded alcohol series. The unstained sections 
were rehydrated in aqua dest. for 10 minutes. The area of interest was scratched 
from the wet, unstained slide (according to the marked area on the ERα stained 
reference slide) with a needle and transferred to a 1.5ml tube containing appropriate 
amounts of Qproteome FFPE tissue kit (#37623, Qiagen) buffer. The samples were 
incubated on ice for 5 minutes and mixed by vortexing carefully. Thereafter, the 
samples were transferred to a 100°C hot waterbath and incubated for 20 minutes. 
Afterwards, the tubes were incubated at 80°C for 2 hours in a thermomixer with 
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agitation at 750rpm. The samples were then transferred on ice and centrifuged at 
4°C and 14000 x g for 15 minutes. The supernatant, containing the extracted 
proteins, was transferred to a fresh 1.5ml tube and stored at –20°C. Western Blots 
were performed as described below (refer to section 2.11). 

2.5 IMMUNOFLUORESCENCE DOUBLE STAINING 
For the identification of E-Cadherin and Snail expressing cells in placental tissue, 
cryosections of placenta were examined by immunofluorescence. All samples were 
fixed in 5% buffered formalin. Antibodies and antibody dilution used in the experiment 
are listed in Table 2-1. All antibodies were diluted in Antibody Diluent with 
Background Reducing Components (#S3022, DakoCytomation). Primary antibodies 
were incubated with the slides overnight at 4°C. After washing with PBS three times 
for 2 minutes, Cy3-labeled goat anti-mouse IgG or Cy2-labeled goat anti-rat IgG 
served as secondary antibody. Alternatively, Cy2-labeled goat anti-mouse IgG was 
used as secondary antibody in some cases. After secondary antibody incubation 
slides were washed again with PBS three times for 2 minutes. The slides were finally 
embedded in mounting buffer containing 4’,6-Diamino-2-phenylindole (DAPI) 
(#H1200, Vector) resulting in staining of the nuclei. Slides were examined with a 
Zeiss Axiophot photomicroscope. Digital images were obtained with a digital-camera 
system (Axiocam, Zeiss) and saved on computer. 
 
 
Table 2-1: Antibodies and antibody dilutions used for immunofluorescence double 
staining. 
 

Primary Antibody Species Dilution 
Snail 

(Dr. Kremmer, GSF, Munich [121])  
Rat 1:60 

E-Cadherin 
(#205601, Calbiochem) 

Mouse 1:800 

Cytokeratin 7 
(#CK7-OVTL-CE, Novocastra) 

Mouse 1:30 

Cytokeratin-Cy3-labeled 
(Clone A45-B/B3, Micromet) 

Mouse 1:1000 

   

Secondary Antibody   
anti-mouse IgG-Cy3-labeled 

(#115-167-003, Dianova) 
Goat 1:200 

anti-mouse IgG-Cy2-labeled 
(#115-227-003, Dianova) 

Goat 1:200 

anti-rat IgG-Cy2-labeled 
(#112-227-003, Dianova) 

Goat 1:200 
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2.6 CELL CULTURE 

2.6.1 Cell culture conditions 

Cells were grown at 37°C in an atmosphere of 5% CO2 using a Heraeus CO2 
incubator (type BBK 6220, Kendro Laboratory Products). 

2.6.2 Cell lines and growth media 

The following cell lines were used: Ishikawa (Human Asian endometrial 
adenocarcinoma, European Collection of Cell Cultures (ECACC) No. 99040201), 
Ishikawa ER- (Human endometrial adenocarcinoma, ECACC No. 98032302), HEC-1-
A (Human endometrial adenocarcinoma, American Type Culture Collection (ATCC) 
No. HTB-112) and HEC-1-B (Human endometrial adenocarcinoma, ATCC No. HTB-
113). 
All cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, #31966-021, 
Gibco), 10% fetal calf serum (FCS, #3302-P260317, PAN Biotech) and 2.5 ml 
penicillin/streptomycin (10,000 units/ml penicillin G sodium/10,000 µg/ml 
streptomycin sulphate; #15140-122, Gibco). 

2.6.3 Passaging of cells 

Cells were washed with 10ml prewarmed PBS (37°C), trypsinized for approximately 5 
minutes (1ml trypsin per 25cm2 tissue culture flask, 37°C), harvested in prewarmed 
culture medium (37°C), splitted in an appropriate ratio and seeded in 25cm2 tissue 
culture flasks. 
 
Dulbecco’s PBS (#H15-002, PAA Laboratories) 
 
Trypsin-EDTA (#L11-004, PAA Laboratories) 

2.6.4 Preparation of frozen stocks 

Cells grown to 80% confluency in a 75cm2 tissue culture flask were washed with 
PBS, trypsinized, harvested in 10ml culture medium (4°C) and transferred to a 15ml 
Falcon tube (on ice). After centrifugation at 258 x g and 4°C for 3 minutes they were 
resuspended in 5ml freezing medium and aliquoted into 1ml freezing vials. The vials 
were placed at –20°C for 4 hours and then transferred to –80°C. On the following day 
the vials were placed in liquid nitrogen for long time storage. 
 
Freezing medium 
90% v/v FCS (#3302-P260317, PAN Biotech) 
10% v/v DMSO (#20385, SERVA) 
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2.6.5 Starting cultures from frozen stocks 

15ml Falcon tubes containing 9ml culture medium (37°C) were prepared before 
thawing. Vials with frozen cells were transferred to a 37°C water bath. After thawing, 
cells were transferred to the medium containing tubes, centrifuged at 258 x g for 3 
minutes, resuspended in fresh medium, and seeded in 25cm2 tissue culture flasks. 
The medium was changed the following day. 

2.7 WOUND-HEALING ASSAY 
Wound-healing assays were used to determine cell migration. 

2.7.1 Ishikawa and Ishikawa ER- cells 

1 x 106 Ishikawa or Ishikawa ER- cells per well of a 6-well plate were seeded in 2ml 
culture medium and were grown to confluence. Triplicate wells of Ishikawa or 
Ishikawa ER- cells were grown 24 hours without serum before wounding to minimize 
cell proliferation. A scrape was made in the cell layer with a 200µl pipette tube 
followed by three washing steps with serum free medium. The cells were kept in the 
absence of serum for 48 hours followed by microscopy (Axiovert 135 microscope, 
Zeiss, Jena, Germany) to monitor the advance of the cells into the wound. Pictures of 
the same site of the wound were taken directly (0 hours), 24 hours, and 48 hours 
after scraping. Digital images were obtained with a digital-camera system (Axiocam 
MRc5, Zeiss, Jena, Germany) and saved on computer. The two borders of the wound 
were marked by lines on the digital images. Quantification was done by counting the 
cells that had migrated into the wound. 

2.7.2 Ishikawa cells untreated and treated with fulvestrant 

Ishikawa cells were cultured in penicillin/streptomycin-free DMEM medium containing 
10% FCS and treated with either 1µM fulvestrant (#1047, Tocris Bioscience) (solved 
in EtOHabsolute) or, as a control, with an equal volume of EtOHabsolute (#1.00983.1000, 
Merck KGaA). After two days of treatment, 1 x 106 Ishikawa cells per well of a 6-well 
plate were seeded in 2ml of penicillin/streptomycin-free DMEM medium containing 
10% FCS and either 1µM fulvestrant or an equal volume of EtOHabsolute. The cells 
were grown to confluence for approximately 24 hours. On day three of fulvestrant 
treatment, the medium was aspirated from the cells and replaced by 2ml 
penicillin/streptomycin- and serum free DMEM containing either 1µM fulvestrant or an 
equal volume of EtOHabsolute. Triplicate wells of fulvestrant-treated and control 
Ishikawa cells were grown 24 hours under these serum-free conditions before 
wounding to minimize cell proliferation. On day four of fulvestrant treatment, a scrape 
was made in the cell layer with a 200µl pipette tube followed by three washing steps 
with serum free medium. The cells were kept in the absence of serum, but with either 
1µM fulvestrant or with an equal volume of EtOHabsolute, for 48 hours followed by 
microscopy (Axiovert 135 microscope, Zeiss, Jena, Germany) to monitor the advance 
of the cells into the wound. Pictures of the same site of the wound were taken directly 
(0 hours), 24 hours, and 48 hours after scraping. Digital images were obtained with a 
digital-camera system (Axiocam MRc5, Zeiss, Jena, Germany) and saved on 
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computer. The two borders of the wound were marked by lines on the digital images. 
Quantification was done by counting the cells that had migrated into the wound. 

2.8 siRNA ASSAY 

2.8.1 Transfection of short interfering RNA (siRNA) using 
Lipofectamine 2000 

The day before transfection 4 x 104 Ishikawa cells per well of a 12-well plate were 
seeded in 1ml of penicillin/streptomycin-free DMEM medium containing 10% FCS. 
Cells were grown to 50% confluency for approximately 24 hours. 
For preparation of solution A 40pmol of siRNA oligomer were diluted in 50µl Opti-
MEM (#51985, Gibco) for each transfection and mixed gently. 
The Lipofectamine 2000 reagent (#11668-019, Invitrogen) was mixed gently before 
use. For preparation of solution B 3µl of Lipofectamine 2000 reagent were diluted in 
50µl Opti-MEM for each transfection and mixed gently. 
Solution A and B were combined after an incubation time of 5 minutes at room 
temperature and mixed gently. An incubation step of 20 minutes at room temperature 
allows the formation of RNA-liposome complexes. The RNA-Lipofectamine 2000 
complexes were then added to each well containing cells and medium and mixed 
gently by rocking the plate back and forth. 
The cells were incubated with the complexes for 16 hours at 37°C, 5% CO2. 
Following the incubation, the medium was replaced by normal growth medium 
without antibiotics. 
Cells were harvested on day 3 to day 7 after transfection. They were lysed in T-PER 
buffer (refer to section 2.11.1) and analyzed by Western Blot (2.11.). 
As an ERα-specific siRNA a commercially available pre-designed siRNA from 
Ambion (#AM16708) was used, targeting exons 1, 2 of human ERα. 
As a control siRNA a commercially available non-targeting siRNA from Dharmacon 
(#D-001220-01-05) was used. 

2.9 FULVESTRANT ASSAY 
7 x 104 Ishikawa cells per well of a 6-well-plate were seeded in 2ml penicillin/ 
streptomycin-free DMEM medium containing 10% FCS. 
After 24 hours fulvestrant (#1047, Tocris Bioscience) (solved in EtOHabsolute) was 
added to a final concentration of 1µM. Control cells were treated with an equal 
volume of EtOHabsolute (#1.00983.1000, Merck KGaA). 
Treatment of cells was performed for six days. Cells were harvested at approximately 
80% confluency on day 3 to day 6 after the first application of fulvestrant and 
EtOHabsolute, respectively. They were lysed in T-PER buffer (refer to section 2.11.1) 
and analyzed by Western Blot (2.11.). 
To avoid high cell densities, cells were passaged, whenever necessary, in an 
appropriate ratio into penicillin/streptomycin-free DMEM medium containing 10% 
FCS and either 1µM fulvestrant or EtOHabsolute. 
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2.10 17β-ESTRADIOL ASSAY 
5 x 104 Ishikawa cells per well of a 6-well-plate were seeded in 2ml penicillin/ 
streptomycin-free DMEM medium containing 10% FCS. 
After 24 hours 17β-estradiol (#E4389, Sigma-Aldrich) (solved in aqua dest.) was 
added to a final concentration of 1µM. Control cells were treated with an equal 
volume of aqua dest.. 
Treatment of cells was performed for eight days. Cells were harvested at 
approximately 80% confluency on day 4 to day 8 after the first application of 17β-
estradiol and aqua dest., respectively. They were lysed in T-PER buffer (refer to 
section 2.11.1) and analyzed by Western Blot (2.11.). 
To avoid high cell densities, cells were passaged, whenever necessary, in an 
appropriate ratio into penicillin/streptomycin-free DMEM medium containing 10% 
FCS and either 1µM 17β-estradiol or aqua dest.. 

2.11 WESTERN BLOT 

2.11.1 Cell lysis 

The cell monolayer was washed with 10ml prechilled PBS (4°C). After washing, ice-
cold T-PER buffer was added (200µl/confluent 6-well tissue culture plate, 
100µl/confluent 12-well tissue culture plate), cells were scraped of and transferred 
into a 1.5ml tube. Cell lysates were incubated on ice for 10 minutes and centrifuged 
at 4°C and 13000 x g for 15 minutes. The supernatant fluid, which is the total cell 
lysate, was transferred to a fresh tube and stored at –80°C. 
 
T-PER Tissue Protein Extraction Reagent (#78510, PIERCE) 
Protease inhibitor cocktail was added before use: 1 tablet Complete Mini (#1836153, 
Roche)/10ml T-PER buffer. 

2.11.2 Protein quantitation by the method of Bradford 

Protein Assay Dye Reagent Concentrate (#500-0006, BioRad) was diluted 1:5 in 
aqua dest.. Protein Standard II (1.48 mg BSA/ml, #500-0007, BioRad) was diluted 
1:10 in aqua dest.. Samples for the standard curve were prepared as shown in Table 
2-2 and transferred into half microcuvettes. 995µl of the diluted Protein Assay Dye 
Reagent Concentrate were aliquoted in half microcuvettes and 5µl of unknown test 
samples were added (dilution 1:200). After vortexing, all samples were incubated at 
room temperature for 1 minute. The absorbance was measured at 595nm vs. water 
reference, a standard curve was established, and the sample protein concentration 
was calculated. 
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Table 2-2: Sample preparation for protein standard curve. 
 
Sample 

# 
 

Protein Assay Dye Reagent 
Concentrate 

(1:5 dilution in aqua dest.) 

Protein Standard II 
[1.48mg BSA/ml] 

(1:10 dilution in aqua dest.) 

Protein 
[µg] 

1 
 

990µl 
 

10µl 
 

1.48 
 

2 
 

970µl 
 

30µl 
 

4.44 
 

3 
 

950µl 
 

50µl 
 

7.4 
 

4 
 

930µl 
 

70µl 
 

10.36 
 

2.11.3 SDS Gel electrophoresis 

Samples were supplemented with Laemmli buffer and separated on a suitable SDS-
polyacrylamide gel in SDS running buffer. 

2.11.4 Protein transfer from SDS gels to a PVDF-membrane 
(Western Blotting) 

The PVDF-membrane (#162-0184, BioRad) was preincubated in methanol 
(#1.06009.1000, Merck KGaA) for 15 minutes and equilibrated in blot-buffer for 5 
minutes at room temperature. Fiber pads and gel blotting papers (#10426693, 
Schleicher&Schuell Bioscience) were soaked in blot-buffer. The blot sandwich was 
prepared as follows: A fiber pad was laid on the black part of the blotting cassette. 
The SDS gel was carefully detached from the glass plate of the gel electrophoresis 
unit by a dry gel blotting paper, put on the fiber pad and covered with the PVDF-
membrane. Air bubbles were removed by rolling a Falcon tube over the membrane. 
The membrane was then covered with another gel blotting paper and a fiber pad. 
Together with a cooling unit the cassette was placed in the buffer tank, completely 
covered with ice-cold blot-buffer and placed on top of a magnet stirrer. The transfer 
was carried out with a constant voltage of 100V for 60 minutes. Following the 
transfer, the membrane was subjected to the blocking procedure. 

2.11.5 Immunological detection of immobilized proteins 

The non-specific sites on the membrane were blocked in blocking solution (Table 2-
3) for 2 hours at 4°C. The membrane was incubated with primary antibody (Table 2-
3) diluted in blocking solution for 16 hours at 4°C on a shaker. After incubation the 
membrane was washed 3 x 10 minutes with TBST. Incubation with secondary 
antibody (Table 2-3) was performed for 2 hours at 4°C in blocking solution. 
Afterwards the membrane was washed again 3 x 10 minutes in TBST. Detection of 
horseradish peroxidase (HRP) activity was performed using the ECL-Plus Western 
Blotting Detection System (#RPN2132, GE Healthcare) according to the 
manufacturers instructions. A film (#RPN 3103K, Amersham Biosciences) was 
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exposed to the membrane in a film cassette for an appropriate period of time, 
developed and fixed in red light. 
 
 
Table 2-3: Antibodies, antibody dilutions and blocking conditions used for Western 
Blot. 
 

Primary Antibody Species Dilution Blocking/ Diluent
Snail 

(Dr. E. Kremmer, GSF, Munich [121])  
Rat 1:50 0.5% BSA/ 

2.5% TBST-M 
E-Cadherin 

(#610182 BD Biosciences Pharmigen) 
Mouse 1:10000 5% TBST-M 

ERα 
(#E-0646, Sigma-Aldrich) 

Rabbit 1:3000 5% TBST-M 

MTA3 
(#A300-160A, Bethyl Lab.) 

Rabbit 1:3000 5% TBST-M 

β-actin 
(#A 5441, Sigma-Aldrich) 

Mouse 1:10000 5% TBST-M 

    

Secondary Antibody    
anti-mouse IgG HRP-conjugated 
(#NA931-1ML, GE Healthcare) 

Sheep 1:10000 5% TBST-M 

anti-rabbit IgG HRP-conjugated 
(#7074, Cell Signaling Technologies) 

Goat 1:5000 5% TBST-M 

anti-rat IgG HRP-conjugated 
(#NA9350, GE Healthcare) 

Goat 1:5000 0.5% BSA/ 
2.5% TBST-M 

2.11.6 Stripping 

After washing the membrane 3 x 10 minutes in TBST it was incubated 3 x 10 minutes 
in Stripping buffer at room temperature. Afterwards it was washed again 3 x 10 
minutes in TBST. The stripped membrane was stored at 4°C or subjected to 
immunological detection of immobilized proteins (as described in 2.11.5). 

2.12 LIST OF PROVIDERS 
Ambion, Austin, TX, USA 

Amersham Biosciences, Buckinghamshire, UK 

AppliChem, Darmstadt, Germany 

BD Biosciences Pharmigen, San Diego, CA, USA 

Bethyl Laboratories, Montgomery, TX, USA 

BioRad Laboratories, Hercules, CA, USA 

Calbiochem, San Diego, CA, USA 

Cell Signaling Technologies, Danvers, MA, USA 

DakoCytomation, Glostrup, Denmark 
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DCS Innovative Diagnostik-Systeme, Hamburg, Germany 

Dharmacon, Lafayette, CO, USA 

Dianova, Hamburg, Germany 

GE Healthcare, Buckinghamshire, UK 

Gibco, Paisley, Scotland/UK 

Invitrogen, Karlsruhe, Germany 

Kendro Laboratory Products GmbH, Langenselbold, Germany 

Merck KGaA, Darmstadt, Germany 

Micromet, Munich, Germany 

Novocastra, Newcastle Upon Tyne, UK 

PAA Laboratories, Pasching, Austria 

PAN Biotech, Aidenbach, Germany 

PIERCE, Rockford, IL, USA 

Qiagen, Hilden, Germany 

Roche Diagnostics, Mannheim, Germany 

Schleicher&Schuell Bioscience, Dassel, Germany 

SERVA Electrophoresis GmbH, Heidelberg, Germany 

Sigma-Aldrich, Munich, Germany 

SPSS Inc., Chicago, IL, USA 

Tocris Bioscience, Bristol, UK 

Töpfer GmbH, Dietmannsried, Germany 

USB Corporation, Cleveland, OH, USA 

Vector Laboratories, Burlingame, CA, USA 

Ventana Medical Systems, Tucson, AZ, USA 

Zeiss, Jena, Germany 
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3 RESULTS 

3.1 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
ENDOMETRIAL CANCER 

A total of 87 specimens of primary tumors and 26 specimens of independent 
metastases of endometrioid adenocarcinomas (EEC) were examined for E-cadherin, 
Snail and ERα immunoreactivity (Figure 3-1). A summary of the histopathological 
and immunohistochemical features is given in Table 3-1. 
 
 

 
 
Figure 3-1: (A-C) Consecutive immunostainings of a poorly differentiated 
endometrial adenocarcinoma (case no. 45): 
A: The tumor cells show nuclear immunoreactivity for Snail without 
cytoplasmatic staining. Note that the nuclear positivity is scattered throughout 
the tumor. Inset: For comparison, a negative Snail immunostaining is shown in 
another, higher differentiated tumor (case no. 28) (immunoperoxidase staining, 
x400). B: Immunostainings with antibodies against E-cadherin show a mostly 
negative staining. Inset: Note that E-cadherin expression is preserved in better 
differentiated parts of the same tumor (case no. 45) (x400). C: Immunostainings 
with antibodies against ERα show a complete negative reaction. Inset: For 
comparison, a positive ERα staining is shown in a different, well differentiated 
case (case no. 76) (x400). 
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Table 3-1. Summary of histopathological and immunohistochemical features in 
primary tumors and metastases of EECs. 
#Staging and grading according to UICC classification [134, 138]; †Tx represents cases 
of diagnostic curetting, lost in follow up 
 
 Primary tumors (n=87) 

n(%) 

Metastases (n=26) 

n(%) 

Stage# 
I 

II 

III 

IV 

Tx† 

Grade# 
1 

2 

3 

E-cadherin immunoreactivity 
Preserved (score 3+) 

Reduced ( score 0, 1+, 2+) 

Snail immunoreactivity 
Positive 

Negative 

ERα immunoreactivity 
Preserved ( score 4-12) 

Reduced (score 0-3) 

 
55(63.2%) 

12(13.8%) 

11(12.6%) 

1(1.1%) 

8(9.3%) 

 
22(25.3%) 

48(55.2%) 

17(19.5%) 

 
48(55.2%) 

39(44.8%) 

 
25(28.7%) 

62(71.3%) 

 
38(43.7%) 

49(56.3%) 

 
- 

- 

- 

- 

- 

 
6(23.1%) 

12(46.2%) 

8(30.7%) 

 
9(34.6%) 

17(65.4%) 

 
14(53.8%) 

12(46.2%) 

 
15(57.7%) 

11(42.3%) 

3.1.1 E-cadherin immunoreactivity in primary and metastatic 
endometrial cancer 

E-cadherin immunoreactivity was preserved (score 3+) in 55.2% of primary 
endometrial cancers and in 34.6% of the metastatic lesions. 44.8% of primary tumors 
showed a reduced E-cadherin immunoreactivity (score 0, 1+, 2+) (Table 3-1) but no 
association was seen between reduced E-cadherin immunoreactivity and tumor 
stage or tumor grade. Nevertheless, a statistically significant correlation was seen to 
reduced ERα immunoreactivity in primary tumors of EECs (p=0.01) (Table 3-2). 
The frequency of cases with abnormal E-cadherin immunoreactivity was higher in the 
metastatic lesions of EECs. 65.4% of the metastases showed a reduced E-cadherin 
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immunoreactivity with a statistically significant correlation to a higher tumor grade 
(p=0.003). In contrast to the primary tumors no association was seen between 
reduced E-cadherin immunoreactivity and reduced ERα immunoreactivity in 
metastatic lesions of EECs (Table 3-1 and Table 3-2). 
 
 
Table 3-2: Statistical correlation between E-cadherin immunoreactivity and 
histopathological features in primary tumors and metastases of EECs. 
*statistically significant (p<0.05); #Staging and grading according to UICC 
classification [134, 138]; †Tx represents cases of diagnostic curetting, lost in follow up 
 
 Primary Tumors Metastases 

 E-cadherin 

Preserved  

(score 3+)  

(n=48) 

E-cadherin 

Reduced  

(score 0-2+)

(n=39) 

P E-cadherin

Preserved

(score 3+)

(n=9) 

E-cadherin 

Reduced 

(score 0-2+) 

(n=17) 

P 

Stage# 
I 

II 

III 

IV 

Tx† 
 

Grade# 
1 

2 

3 
 

ERα 
Preserved  
(score 4-12) 

Reduced  
(score 0-3) 
 

 
31(64.6%) 

7(14.6%) 

5(10.4%) 

0 

5(10.4%) 
 

 
14(29.2%) 

26(54.2%) 

8(16.6%) 
 

 
33(67.3%) 

 

15(39.5%) 
 
 

 
24(61.5%) 

5(12.8%) 

6(15.4%) 

1(2.6%) 

3(7.7%) 
 

 
8(20.5%) 

22(56.4%) 

9(23.1%) 
 

 
16(32,7%) 

 

23(60.5%) 
 
 

 
 

 

 

 

 
0.843

 
 

 

 
0.574

 
 
 

 
 

0.010*

 
- 

- 

- 

- 

- 
 

 
5(55.6%) 

4(44.4%) 

0 
 

 
6(50%) 

 

3(21.4%) 
 
 

 
- 

- 

- 

- 

- 
 

 
1(5.8%) 

8(47.1%) 

8(47.1%) 
 

 
6(50%) 

 

11(78.6%) 
 
 

 
 

 

 

 

 
- 

 
 

 

 
0,003*

 
 
 

 
 

0.218 

3.1.2 Snail immunoreactivity in primary and metastatic 
endometrial cancer 

Positive Snail immunoreactivity was seen in 28.7% of primary tumor specimens 
(Table 3-1) but no association was seen between Snail positive immunoreactivity and 
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tumor grade or tumor stage. No statistical correlation was observed between positive 
Snail immunoreactivity and reduced E-cadherin immunoreactivity but there was a 
statistically significant correlation between positive Snail immunoreactivity and 
reduced ERα immunoreactivity in primary tumors of EECs (p=0.047) (Table 3-3). 
53.8% of the metastases of EECs showed a positive staining for Snail (Table 3-1). 
Positive Snail immunoreactivity in metastatic lesions was significantly correlated to a 
higher tumor grade (p=0.003) and to reduced E-cadherin immunoreactivity (p=0.003) 
whereas no association was observed with reduced ERα immunoreactivity (Table 3-
4). In both, primary tumors and metastases, stromal cells were detected showing a 
positive immunoreactivity for Snail. 
 
 
Table 3-3: Statistical correlation between Snail immunoreactivity and histopathological 
and immunohistochemical features in primary tumors of EECs. 
*statistically significant (p<0.05); #Staging and grading according to UICC 
classification [134, 138]; †Tx represents cases of diagnostic curetting, lost in follow up 
 
 Snail negative 

(n=62) 

Snail positive 

(1-5% of tumor 

cells) (n=15) 

Snail positive 

(>5% of tumor 

cells) (n=10) 

P 

Stage# 
I 

II 

III 

IV 

Tx† 
 

 

Grade# 
1 

2 

3 
 

 
42(67.7%) 

6(9.7%) 

9(14.5%) 

1(1.6%) 

4(6.5%) 
 

 

 
18(29.0%) 

35(56.5%) 

9(14.5%) 
 

 
7(46.7%) 

5(33.3%) 

1(6.7%) 

0 

2(13.3%) 
 

 

 
2(13.3% 

10(66.7%) 

3(20.0%) 
 

 
6(60.0%) 

1(10.0%) 

1(10.0%) 

0 

2(20.0%) 
 

 

 
2(20.0%) 

3(30.0%) 

5(50.0%) 
 

 
 

 

 

 

 
0.264 

 

 
 

 

 
0.104 

 



RESULTS 
 

32 

 

 
 
Table 3-4: Statistical correlation between Snail immunoreactivity and histopathological 
and immunohistochemical features in metastases of EECs. 
*statistically significant (p<0.05); #Grading according to UICC classification [134, 138] 
 
 Snail negative 

(n=12) 

Snail positive 

(n=14) 

P 

Grade# 

1 

2 

3 

 

E-cadherin 
Preserved  
(score 3+) 

Reduced  
(score 0, 1+, 2+) 
 

 

5(41.7%) 

7(58.3%) 

0 

 

 
8(66.7%) 

 

4(33.3%) 
 
 

 

1(7.1%) 

5(35.7%) 

8(57.2%) 

 

 
1(7.1%) 

 

13(92.9%) 
 
 

 

 

 

 

0.003* 

 
 
 

 
 

0.003* 

 

 
E-cadherin 
Preserved  
(score 3+) 

Reduced  
(score 0, 1+, 2+) 
 

ERα 
Preserved  
(score 4-12) 

Reduced  
(score 0-3) 
 

 
 

34(54.8%) 
 

28(45.2%) 
 
 

 
37(59.7%) 

 

25(40.3%) 
 
 

 
8(53.3%) 

 

7(46.7%) 
 
 

 
10(66.7%) 

 

5(33.3%) 
 
 

 
6(60.0%) 

 

4(40.0%) 
 
 

 
2(20.0%) 

 

8(80.0%) 
 
 

 
 
 

 
 

>0.999 

 
 
 

 
 

0.047* 
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ERα 
Preserved  
(score 4-12) 

Reduced  
(score 0-3) 
 

 

 
4(33.3%) 

 

8(66.7%) 
 
 

 

 
7(50.0%) 

 

7(50.0%) 
 
 

 

 
 
 

 
 

0.453 

3.1.3 ERα immunoreactivity in primary and metastatic endometrial 
cancer 

ERα immunoreactivity was preserved (score 4-12) in 43.7% of primary endometrial 
cancers and in 57.7% of the metastatic lesions. 56.3% of primary tumors showed 
reduced ERα immunoreactivity (score 0-3) (Table 3-1). As mentioned above, 
reduced ERα immunoreactivity in primary tumors was significantly associated with 
reduced E-cadherin immunoreactivity and positive Snail immunoreactivity (Tables 3-
2 and 3-3). Additionally, a significant correlation between reduced ERα 
immunoreactivity and a higher tumor grade (p<0,001) in the primary tumors of EECs 
was observed. 42.3% of the metastases showed reduced levels of ERα but with no 
correlation to reduced E-cadherin immunoreactivity, positive Snail immunoreactivity, 
or higher tumor grade. 

3.1.4 Western Blot analysis of E-cadherin, Snail, ERα, and MTA3 
expression with protein lysates from FFPE tissues 

To analyze E-cadherin, Snail, and ERα immunoreactivities in the same tissue areas, 
Western Blots with proteins extracted from formalin-fixed, paraffin-embedded tissues 
were performed, using a recently established technique [8]. In addition, this method 
made it possible to analyze MTA3 expression in human tissues. The MTA3 antibody 
used in this study did not work for immunohistochemistry, although different antibody 
dilutions, antigen retrieval procedures and blocking procedures were tested (data not 
shown). 5 ERα positive and 6 ERα negative primary tumors were selected for this 
analysis. Figure 3-2 shows the result. The Western Blot for ERα confirmed the 
immunohistochemical results, i.e. all 5 ERα immunohistochemically positive cases 
showed a clear band at appr. 67 kDa; for the 6 immunohistochemically negative 
cases only one (#6) showed a very faint band. E-cadherin is often seen in this series 
of ERα positive primary tumors. Snail expression may be associated - at least in 
some cases - with reduced ERα expression. These results are in line with the 
immunohistochemical results. Unexpectedly, MTA3 was found to be expressed in 
every tumor analyzed, independently of ER status. In one case (#6) a smaller variant 
of the MTA3 protein was observed in the Western Blot while the intensity of the 
correct band was reduced. The functional significance of this abnormal MTA3 variant 
is not clear at present. 
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Figure 3-2: Western Blot analysis of E-cadherin, Snail, MTA3 and ERα 
expression in the same tissue areas of 11 formalin-fixed, paraffin-embedded 
primary endometrial cancers. Equal volumes (10µl) of protein extracts, as 
protein quantification was not practicable due to high amounts of SDS in the 
sample buffer, were separated by 10% SDS-PAGE and analyzed using 
monoclonal antibodies against E-cadherin, Snail, MTA3 and ERα. Molecular 
weights of the proteins are indicated. Loading of total protein was analyzed by 
Western Blot analysis of β-actin. The 11 formalin-fixed, paraffin-embedded 
tissues for protein sample preparation were selected according to ERα 
immunohistochemistry (5 positive – left panel and 6 negative cases – right 
panel). 

3.1.5 Expression of E-cadherin, Snail, MTA3 and ERα in 
endometrial adenocarcinoma cell lines 

To analyze a functional effect of Snail, several endometrial carcinoma cell lines were 
characterized. The expression of E-cadherin, Snail, ERα, and MTA3 in four 
endometrial adenocarcinoma cell lines was analyzed by Western Blot (Figure 3-3). A 
high expression of E-cadherin was seen in Ishikawa and HEC-1-A cells, in contrast to 
Ishikawa ER- and HEC-1-B cells where no expression of E-cadherin was detected. In 
Ishikawa and HEC-1-A cells the high expression levels of E-cadherin were correlated 
to low expression levels of Snail. In Ishikawa ER- cells the loss of E-cadherin 
expression was correlated to high expression levels of Snail whereas HEC-1-B cells 
showed only a very low expression of Snail. Ishikawa was the only ERα expressing 
cell line. Ishikawa ER-, HEC-1-A, and HEC-1-B showed no expression of ERα. All 
four cell lines showed expression of the MTA3 protein without correlation to ERα 
expression status. 
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Figure 3-3: Western Blot analysis of E-cadherin, Snail, MTA3 and ERα 
expression. 20µg of total protein from four different endometrial cancer cell 
lines, Ishikawa, Ishikawa ER-, HEC-1-A and HEC-1-B, were separated by 10% 
SDS-PAGE and analyzed using monoclonal antibodies against E-cadherin, 
Snail, MTA3 and ERα. Molecular weights of the proteins are indicated. Loading 
of total protein was analyzed by Western Blot analysis of β-actin. 

3.1.6 Wound-healing assay with Ishikawa and Ishikawa ER- cells 

Cell migration is important for tumor cell invasion. As Ishikawa and its estrogen 
receptor negative variant Ishikawa ER- cells show an opposed expression profile of 
E-cadherin and Snail, the motility of these cells was analyzed by using a traditional 
wound-healing assay. The results shown in Figure 3-4 are representative for three 
independent wound-healing assays. Both cell lines showed a visible increase in cell 
density over time. 24h and 48h after scraping the wound in the cell layer of the 
Ishikawa cells narrows a little because of the increasing cell density but even 48h 
after scraping no cells have migrated into the wound (Figure 3-4A). In contrast, the 
Ishikawa ER- cells started to migrate into the wound 24h after scraping the cell layer. 
After 48h, the wound is almost closed due to the migration of the Ishikawa ER- cells 
(Figure 3-4B). Quantification (Material and Methods 2.7) showed that after 24h about 
92 Ishikawa ER- cells and after 48h approximately 284 Ishikawa ER- cells had 
migrated into the wound. 
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Additionally a growth curve was performed for both cell lines which showed a similar 
proliferation rate for Ishikawa and Ishikawa ER- cells (data not shown). This 
confirmed that the differences in the wound-healing assay are due to a different 
migration potential of the cells and not because of a higher proliferation rate of 
Ishikawa ER- cells. 
 
 

 
 
Figure 3-4: Confluent cell monolayers of Ishikawa (A) and Ishikawa ER- (B) 
cells were subjected to a wound-healing assay to monitor cell motility. 
Triplicate wells of Ishikawa or Ishikawa ER- cells were grown 24 h without 
serum before wounding to minimize cell proliferation. Wounding was 
performed, still in serum-free medium, using a standard 200µl pipette tip. The 
wounded areas were marked and cells were photographed at the time points 
indicated. This figure shows a typical result of wound closure ability of cells 
displaying a very low Snail expression (Ishikawa) versus cells with high protein 
levels of Snail (Ishikawa ER-). (magnification x100) 

3.1.7 Knock down of ERα in Ishikawa cells by siRNA 

Snail expression levels are supposed to be regulated indirectly through ERα 
signaling via MTA3 expression. To further analyze this regulatory pathway I 
examined silencing of ERα in the endometrial adenocarcinoma cell line Ishikawa by 
RNA interference with a commercially available siRNA (Ambion). This pre-designed 
siRNA targets the coding region of ERα mRNA as described in Material and Methods 
(2.8). In all transfection experiments cells were transfected with target specific siRNA 
and a non-targeting control siRNA as a negative control. 
Silencing was monitored on protein level from day 3 to day 7 after transfection of 
siRNAs. Figure 3-5 shows a representative Western Blot for two independent siRNA 
transfection assays in Ishikawa cells. Silencing of ERα by transfection of the target 
specific siRNA was successful as protein expression was markedly reduced at day 3 
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and 4 after transfection. ERα protein levels slowly increased again from day 5 to day 
7 after transfection. No reduction in the protein levels of MTA3 as well as no increase 
in Snail protein levels was seen in Ishikawa cells transfected with ERα-specific siRNA 
compared to Ishikawa cells transfected with control siRNA. Moreover, the reduction 
of ERα protein levels had no effect on the expression of E-cadherin. 
 
 

 
 

Figure 3-5: Western Blot analysis of E-cadherin, Snail, MTA3 and ERα 
expression in Ishikawa cells days 3 to 7 after transfection with ERα specific 
siRNA and non-specific control siRNA, respectively. 15µg of total protein were 
separated by 10% SDS-PAGE and analyzed using monoclonal antibodies 
against E-cadherin, Snail, MTA3 and ERα. Molecular weights of the proteins are 
indicated. Loading of total protein was analyzed by Western Blot analysis of β-
actin. 

3.1.8 Treatment of Ishikawa cells with the ER antagonist 
fulvestrant (‘Faslodex’) 

Another way to modulate ERα signaling is the treatment of cells with so called 
selective estrogen receptor modulators (SERMs), which have agonist and/or 
antagonist functions depending on the target promoters and tissues. Fulvestrant 
(‘Faslodex’) is a pure steroidal anti-estrogen without displaying partial agonist activity. 
Fulvestrant binds to ER monomers thereby inhibiting receptor dimerization and 
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functional activation. Instead of being translocated to the nucleus degradation of the 
ER is accelerated. To investigate the effect of fulvestrant on ERα and the putative 
regulatory pathway of Snail expression via ERα signaling and MTA3, Ishikawa cells 
were treated with 1µM fulvestrant for 6 days. The effect of fulvestrant treatment was 
monitored on protein level from day 3 to day 6 after the application of the ER 
antagonist. Figure 3-6 shows a representative Western Blot for two independent 
fulvestrant treatment assays in Ishikawa cells. ERα protein levels are considerably 
reduced in Ishikawa cells treated with fulvestrant compared to untreated cells, 
reflecting the increased degradation of ERα. Despite the antiestrogenic effects of 
fulvestrant neither a reduction of MTA3 nor an increase of Snail could be detected on 
the protein level. E-cadherin protein expression was unaffected by fulvestrant 
treatment as well. 
 
 

 
 

Figure 3-6: Western Blot analysis of E-cadherin, Snail, MTA3 and ERα 
expression in Ishikawa cells. Cells were treated as described in “Material and 
Methods” with 1µM fulvestrant or control (neg. CTRL) containing media for the 
indicated times. 20µg of total protein were separated by 10% SDS-PAGE and 
analyzed using monoclonal antibodies against E-cadherin, Snail, MTA3 and 
ERα. Molecular weights of the proteins are indicated. Loading of total protein 
was analyzed by Western Blot analysis of β-actin. 
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3.1.9 Wound-healing assay with untreated Ishikawa cells and 
Ishikawa cells treated with fulvestrant 

Although no differences were found in the protein expression profile of MTA3, Snail 
and E-cadherin in fulvestrant-treated Ishikawa cells compared to untreated cells, it 
was analyzed if there is an effect of the ER antagonist on the migratory potential of 
the cells. Therefore a traditional wound-healing assay was performed with 
fulvestrant-treated Ishikawa cells compared to untreated ones. The results shown in 
Figure 3-7 are representative for three independent wound-healing assays. 1µM 
fulvestrant was added to the Ishikawa cells 4 days before scraping the wound. At this 
time point it had been shown by Western Blot analysis that ERα protein levels were 
markedly down-regulated. Fulvestrant-treated as well as untreated Ishikawa cells 
showed a visible increase in cell density over time. Nevertheless neither the 
fulvestrant-treated (Figure 3-7A) nor the untreated Ishikawa cells (Figure 3-7B) had 
migrated into the wound 24h or 48h after scraping. No differences could be observed 
in the migratory potential of fulvestrant-treated compared to untreated Ishikawa cells. 
 
 

 
 
Figure 3-7: Confluent cell monolayers of Ishikawa cells were subjected to a 
wound-healing assay to monitor cell motility. Cells were treated as described in 
“Material and Methods” with 1µM fulvestrant (A) or control (B) containing 
media. Triplicate wells of Ishikawa cells, fulvestrant-treated or untreated, were 
grown 24 h without serum before wounding to minimize cell proliferation. 
Wounding was performed, still in serum-free medium, using a standard 200µl 
pipette tip. The wounded areas were marked and cells were photographed at 
the time points indicated. There were no detectable differences in the migration 
potential of fulvestrant-treated and untreated Ishikawa cells. (magnification 
x100) 
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3.1.10 Long time treatment of Ishikawa cells with 17β-estradiol 

Ligand binding is known to modulate ER levels by altering transcription and stability 
of the resulting mRNA and the turnover of the protein. For the breast cancer cell line 
MCF7 it was shown [109] that exposure to estrogens cause a decrease of ER mRNA 
and protein levels indicating a feedback inhibition of steady-state ER levels as a 
primary response to an estrogenic stimulus. To analyze the regulation of ERα protein 
expression in Ishikawa cells by 17β-estradiol, also regarding the protein expression 
levels of MTA3, Snail and E-cadherin, a long time treatment of Ishikawa cells with 
1µM 17β-estradiol was performed for 8 days. The response to the estrogen exposure 
was monitored on protein level from day 4 to day 8 after the application of 17β-
estradiol. Figure 3-8 shows a representative Western Blot for two independent long 
time stimulation assays with 17β-estradiol in Ishikawa cells. ERα protein levels were 
markedly reduced in estrogen stimulated cells when compared to control cells. No 
differences were found in the protein expression of MTA3 in treated and untreated 
Ishikawa cells, respectively. Nevertheless, Snail protein levels showed an increase 
over time in the 17β-estradiol-treated Ishikawa cells. This change in protein 
expression was not seen in control cells. However, E-cadherin protein levels 
remained unaffected by estrogen stimulation and increasing cellular Snail protein 
levels. There were no differences in the expression of E-cadherin in 17β-estradiol 
treated or untreated Ishikawa cells. 
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Figure 3-8: Western Blot analysis of E-cadherin, Snail, MTA3 and ERα 
expression in Ishikawa cells. Cells were treated as described in “Material and 
Methods” with 1µM 17β-estradiol (E2) or control (neg. CTRL) containing media 
for the indicated times. 20µg of total protein were separated by 10% SDS-PAGE 
and analyzed using monoclonal antibodies against E-cadherin, Snail, MTA3 
and ERα. Molecular weights of the proteins are indicated. Loading of total 
protein was analyzed by Western Blot analysis of β-actin. 
 
 
 

3.2 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
OVARIAN CANCER 

A total of 48 specimens of primary tumors and 50 specimens of metastases of 
ovarian carcinomas were examined for E-cadherin and Snail immunoreactivity, of 
which 47 cases were matched pairs of primary tumors and their corresponding 
metastases (Figure 3-9). A summary of the clinicopathological characteristics of the 
patients is given in Table 3-5. 
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Table 3-5: Clinicopathological characteristics of the ovarian cancer patients. 
*includes 3 mucinous, 2 Muellerian, 1 Brenner and 1 clear cell 
 
Characteristic n  % 

Age, years 
Median 
Range 

Histological grade 
1 
2 
3 

FIGO stage 
III 
IV 

TNM staging 
T 
1 (1a+1c) 
2 (2b+2c) 
3 (3b+3c) 

N 
0 
1 
x 

M 
0 
1 
x 

Histological type 
Serous 
Endometrioid 
Others* 

End state 
Dead 
Alive 

 

 
 

 

3 
11 
37 

 

39 
12 

 

 

3 
2 

46 

 

6 
22 
23 

 

38 
11 
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Figure 3-9: (A, B) Consecutive immunostainings for E-cadherin and Snail of 
two ovarian cancer cases, showing the primary tumors and the corresponding 
metastases. 
A: An ovarian cancer case showing reduced E-cadherin immunostaining in the 
primary tumor, while E-cadherin immunoreactivity is preserved in the 
corresponding metastasis. Snail immunoreactivity is positive for both, primary 
tumor and metastasis (immunoperoxidase staining, x200). B: An ovarian 
cancer case showing preserved E-cadherin immunostaining in primary tumor 
and corresponding metastasis, respectively. Snail immunoreactivity is negative 
in the primary tumor whereas it is positive in the corresponding metastasis. 
Note that also tumor-associated stromal cells show nuclear staining for Snail 
(indicated by arrow heads) (immunoperoxidase staining, x200). 
PT, primary tumor; MET, corresponding metastasis 
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3.2.1 E-cadherin immunoreactivity in primary and metastatic 
ovarian cancer 

E-cadherin immunoreactivity was preserved (Score 3+) in 75% of primary ovarian 
cancers and 78% of the corresponding metastases. A reduced E-cadherin 
immunoreactivity (Score 0, 1+, 2+) was found in 25% of primary tumors and 22% of 
metastases (Table 3-6).  
There was a significant correlation between E-cadherin immunoreactivity in ovarian 
cancers and their corresponding metastases (p<0.001). Out of 35 primary tumors 
with preserved E-cadherin immunoreactivity, 33 (94.3%) also showed preserved 
immunoreactivity in the corresponding metastases. Out of 12 primary tumors with 
reduced E-cadherin immunoreactivity, 8 (66.7%) also showed reduced 
immunoreactivity in the corresponding metastases (Table 3-7).  
No association was found between E-cadherin immunoreactivity and 
clinicopathological factors including patient age, tumor grade, histological subtype, 
and FIGO-stage in primary ovarian cancers, nor in the corresponding metastases. 
 
 
Table 3-6: E-cadherin and Snail immunoreactivity in primary ovarian cancer and 
corresponding metastases. 
* for n=47 cases, matched pairs of primary tumors and their corresponding 
metastases were available for analysis; n, number of patients 
 

 Primary Tumors (n=48)* Metastases (n=50)* 

E-cadherin (n) (%) (n) (%) 

Reduced (score 0, 1+, 2+) 12 25.0 11 22.0 

Preserved (score 3+) 36 75.0 39 78.0 

Snail (n) (%) (n) (%) 

Positive 18 37.5 26 52.0 

Negative 30 62.5 24 48.0 

3.2.2 Snail immunoreactivity in primary and metastatic ovarian 
cancer 

Positive immunoreactivity for Snail was detected in 37.5% of primary ovarian cancers 
and in 52% of corresponding metastases (Table 3-6). There was a significant 
correlation between Snail immunoreactivity in ovarian cancers and their 
corresponding metastases (p<0.001). Out of 17 primary tumors with positive Snail 
immunoreactivity, 16 (94.1%) also showed Snail immunoreactivity in the 
corresponding metastases. Out of 30 primary tumors with negative Snail 
immunoreactivity, 21 (70.0%) were also negative for Snail in the corresponding 
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metastases (Table 3-7). No association was found between Snail immunoreactivity 
and clinicopathological factors including patient age, tumor grade, histological 
subtype, and FIGO-stage in primary ovarian cancers, nor in the corresponding 
metastases. 
There was no statistically significant correlation between E-cadherin and Snail 
immunoreactivity, neither in primary ovarian cancers nor in their metastases. Out of 
36 primary tumors with preserved E-cadherin immunoreactivity, 13 (36.1%) showed 
positive Snail and 23 (63.9%) negative Snail immunoreactivity (p=0.743). Out of 39 
metastases with preserved E-cadherin immunoreactivity, 21 (53.8%) showed positive 
Snail and 18 (46.2%) negative Snail immunoreactivity (p=0.623). Occasionally tumor-
associated stromal cells were observed showing nuclear immunoreactivity for Snail. 
 
 
Table 3-7: Correlation of E-cadherin and Snail immunoreactivity in primary ovarian 
cancer compared to the corresponding metastases*. 
* n=47 cases for which both the primary tumors and their corresponding metastases 
were available. 
Primary, primary ovarian cancer 
Metastasis, corresponding metastases of primary ovarian cancers 
positive, preserved immunoreactivity for E-cadherin (3+) or Snail positive 
negative, reduced immunoreactivity for E-cadherin (0, 1+, 2+) or Snail negative 
 

 E-cadherin 

(n) 

Snail 

(n) 

Primary positive  35 17 

Primary negative  12 30 

Primary positive, Metastasis positive 
 

33 
(94.3% of n=35) 

16 
(94.1% of n=17) 

Primary positive, Metastasis negative 
 

2 
(5.7% of n=35) 

1 
(5.9% of n=17) 

Primary negative, Metastasis negative 
 

8 
(66.7% of n=12) 

21 
(70.0% of n=30) 

Primary negative, Metastasis positive 
 

4 
(33.3% of n=12) 

9 
(30.0% of n=30) 

3.2.3 E-cadherin and Snail expression and overall survival 

There were significant differences in patients’ overall survival with regard to E-
cadherin expression in primary ovarian cancer (p(log-rank)=0.008) (Figure 3-10). 
Patients with a reduced E-cadherin immunoreactivity (n=12) had a median overall 
survival of 17.9 months (95% CI [5.8-30.0]) compared to 48.8 months (95% CI [24.0-
73.6]) in patients with preserved E-cadherin immunoreactivity (n=36). The 
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corresponding hazard ratio was 2.82 (95% CI [1.3-6.3]). In metastases, no significant 
differences were found in overall survival when examining E-cadherin expression. 
There was a borderline significant difference in the overall survival of patients with 
positive Snail expression in metastases of ovarian cancer compared to patients with 
negative Snail expression (p(log-rank)=0.047) (Figure 3-11), whereas these differences 
were not found in primary tumors. Patients with positive Snail immunoreactivity in 
their metastases (n=26) had a lower median overall survival of 17.9 months (95% CI 
[12.2-23.7]) with a hazard ratio of 2.10 (95% CI [1.0-4.4]). The median overall survival 
of patients with Snail negative metastases (n=24) has not yet been reached at 55 
months of median follow-up time. 
 
 

 
 
Figure 3-10: Kaplan-Meier survival curve for ovarian carcinoma patients 
according to E-cadherin immunoreactivity in primary ovarian cancers. 
Discontinuous line represents preserved E-cadherin immunoreactivity. 
Continuous line represents reduced E-cadherin immunoreactivity. Patients 
with reduced E-cadherin immunoreactivity had a significantly shorter overall 
survival (p=0.008). 
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Figure 3-11: Kaplan-Meier survival curve for ovarian carcinoma patients 
according to Snail immunoreactivity in metastases of ovarian cancer. 
Discontinuous line represents negative Snail immunoreactivity. Continuous 
line represents positive Snail immunoreactivity. Patients with positive Snail 
immunoreactivity had a significantly shorter overall survival (p=0.047). 
 
 
To analyze the patients’ overall survival with regard to different combinations of E-
cadherin and Snail expression profiles the patients were divided in four different 
groups which are shown in Table 3-8A and B. The comparison of survival between 
the different groups was done by Cox- proportional hazard regression. Since normal 
non-cancerous epithelial tissue is characterized by preserved E-cadherin and 
negative Snail expression, this expression profile served as a reference standard. 
When analyzing the protein expression profile in primary ovarian tumors with regard 
to patient survival, only patients with the expression profile “E-cadherin reduced and 
Snail positive” showed a significantly (p=0.002) higher risk for the occurrence of 
death with a hazard ratio of 5.98 (95% CI [1.9-18.0]) when compared to the reference 
group (Table 3-8A). In case of the corresponding metastases, a significantly 
(p=0.022) higher risk for the occurrence of death was seen in patients with the same 
expression profile of “E-cadherin reduced and Snail positive” with a hazard ratio of 
4.36 (95% CI [1.2-15.4]) when compared to the reference group (Table 3-8B). 
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Table 3-8A: Comparison of survival in patient groups with different expression profiles 
of E-cadherin and Snail in primary ovarian cancer using Cox- proportional hazard 
regression. 
# was set as the reference group; * statistically significant (p<0.05) 
+, preserved immunoreactivity for E-cadherin (3+) or Snail positive 
-, reduced immunoreactivity for E-cadherin (0, 1+, 2+) or Snail negative 
HR, hazard ratio for the occurrence of death; CI, confidence interval; n, number of 
patients 
 

95% CI for HR Primary ovarian cancer 

(n=48) 

 

p 

 

HR Lower Upper 

Ecadherin+/Snail- (n=23)#  1.00   

Ecadherin+/Snail+ (n=13) 0.590 1.28 0.521 3.149 

Ecadherin-/Snail- (n=7) 0.166 2.12 0.731 6.155 

Ecadherin-/Snail+ (n=5) 0.002* 5.98 1.981 18.043 

 
 
Table 3-8B: Comparison of survival in patient groups with different expression profiles 
of E-cadherin and Snail in metastases of ovarian cancer using Cox- proportional 
hazard regression. 
# was set as the reference group; * statistically significant (p<0.05) 
+, preserved immunoreactivity for E-cadherin (3+) or Snail positive 
-, reduced immunoreactivity for E-cadherin (0, 1+, 2+) or Snail negative 
HR, hazard ratio for the occurrence of death; CI, confidence interval; n, number of 
patients 
 

95% CI for HR Metastases of ovarian 

cancer (n=50) 

 

p 

 

HR Lower Upper 

Ecadherin+/Snail- (n=18)#  1.00   

Ecadherin+/Snail+ (n=21) 0.077 2.26 0.917 5.546 

Ecadherin-/Snail- (n=6) 0.329 1.85 0.537 6.396 

Ecadherin-/Snail+ (n=5) 0.022* 4.36 1.232 15.417 
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3.3 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
PLACENTAL TISSUE OF NORMAL, PREECLAMPTIC 
AND HELLP PREGNANCIES 

A natural model for migration and invasion is placental development during embryo 
implantation. Fetally-derived extravillous trophoblast cells are supposed to undergo 
epithelial to mesenchymal transition and it was shown, that Snail is expressed in this 
cell type [121]. A total of 7 specimens of normal placenta, 7 specimens of 
preeclamptic placenta, and 5 specimens of HELLP syndrome placenta were 
examined for E-cadherin and Snail immunoreactivity. A summary of the clinical 
details of the cases are shown in Table 3-9. 
 
 
Table 3-9: Clinical details on the patients and newborns in the HELLP, preeclamptic 
and normal control group. The data are presented as mean values. 
SD: standard deviation 
 
 HELLP Preeclampsia normal control

week of gestation at 

delivery 

33.8 (SD 2.8) 33.18 (SD 0.83) 38.2 (SD 3.9) 

neonatal birthweight (g) 1796.2 (SD 689.1) 1409 (SD 547) 3435 (SD 412.2)

pH umbilical artery 7.332 (SD 0.09) 7.29 (SD 0.06) 7.27 (SD 0.09) 

Apgar score at 5 min 9.2 (SD 0.84) 9.36 (SD 0.67) 9.4 (SD 0.9) 

Apgar score at 10 min 9.8 (SD 0.5) 9.73 (SD 0.47) 10 (SD 0) 

3.3.1 Snail and E-Cadherin immunoreactivity in placental tissue 

A moderate Snail immunoreactivity in extravillous trophoblast (EVT) cells was found 
in the decidua of normal control placentas (Figure 3-12A). The immunoreactivity of 
Snail was significantly increased in EVTs of preeclamptic placentas (Figures 3-12B, 
3-14A, p=0.019). The increase in Snail immunoreactivity was accompanied by a 
significant reduction of E-cadherin immunoreactivity in preeclamptic EVTs compared 
to normal control placentas (Figures 3-13A and B, 3-14B, p=0.016). 
An increase of Snail immunoreactivity and concomitant reduction of E-cadherin 
immunoreactivity was also observed in EVTs of HELLP placentas compared to 
normal control placentas although not statistically significant (Figures 3-12C, 3-13C, 
3-14A and B).  
For Snail immunoreactivity the semi-quantitative immunoreactivity score (IRS) was 
4.07 in normal, 6.71 in preeclamptic and 6.8 in HELLP placentas. This corresponds 
to an increase of Snail immunoreactivity of approximately 65% in preeclamptic and 
67% in HELLP placentas. The IRS score for E-cadherin immunoreactivity was 7.29 in 
normal, 3.86 in preeclamptic and 5.5 in HELLP placentas. This corresponds to a 
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reduction of E-cadherin immunoreactivity of about 47% in preeclamptic and 25% in 
HELLP placentas. 
Additionally, the villous trophoblast was examined for Snail and E-cadherin 
immunoreactivity. There was a slight increase seen for E-cadherin immunoreactivity 
in the villous trophoblast cells of preeclamptic and HELLP placentas compared to the 
normal control placenta (data not shown). A weak Snail immunoreactivity in villous 
trophoblast cells was observed in very few cases of normal, preeclamptic and HELLP 
placentas and showed a slight increase in the pathologic forms of placentas 
compared to normal control placenta (data not shown). The changes in Snail and E-
cadherin immunoreactivity in the villous trophoblast cells of preeclamptic and HELLP 
placentas compared to normal control placentas showed no statistical significance. 
 
 

 
 
Figure 3-12: (A-D) Snail immunoreactivity in extravillous trophoblast cells 
(arrows) 
A: normal placenta (immunoperoxidase staining, x250). B: preeclampsia 
(immunoperoxidase staining, x250). C: HELLP (immunoperoxidase staining, 
x250). D: negative control (primary antibody was replaced with pre-immune 
mouse serum) (immunoperoxidase staining, x250). 
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Figure 3-13: (A-D) E-cadherin immunoreactivity in extravillous trophoblast cells 
(arrows) 
A: normal placenta (immunoperoxidase staining, x250). B: preeclampsia 
(immunoperoxidase staining, x250). C: HELLP (immunoperoxidase staining, 
x250). D: negative control (primary antibody was replaced with pre-immune 
mouse serum) (immunoperoxidase staining, x250). 
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Figure 3-14: (A,B) Staining intensity of Snail and E-cadherin in normal term 
placenta, preeclamptic and HELLP syndrome extravillous trophoblast cells 
determined by the semi-quantitative immunoreactivity score on the different 
tissue slides. Data shown represent means ± SEM. 
A: Differences in Snail immunoreactivity in normal term placenta and 
preeclamptic extravillous trophoblast cells (*) are statistically significant 
(p=0.019). B: Differences in E-cadherin immunoreactivity in normal term 
placenta and preeclamptic extravillous trophoblast cells (*) are statistically 
significant (p=0.016). 

3.3.2 Characterisation of Snail and E-cadherin expressing cells in 
decidual tissue 

To prove that the Snail- and E-cadherin-expressing cells in the decidual tissue of 
normal, preeclamptic and HELLP placentas are indeed EVTs, fluorescence double 
staining with a cell marker (cytokeratin 7 for trophoblast cells) and with either a Snail- 
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or an E-cadherin-specific antibody was performed. The staining with the monoclonal 
anti-E-cadherin antibody in combination with the Cy3-labeled anti-cytokeratin 7 
antibody showed that the E-cadherin-expressing cells were positive for cytokeratin 7 
(Figure 3-15A). Cytokeratin 7 positivity was also shown for Snail-expressing cells 
(Figure 3-15B). Thereby E-cadherin- and Snail-expressing cells were identified as 
EVTs. 
 
 

 
 
Figure 3-15: Immunofluorescence double staining in cryosections of normal 
control placenta. 
A: Immunofluorescence double staining for cytokeratin 7 and E-cadherin. B: 
Immunofluorescence double staining for cytokeratin 7 and Snail. 
Cy2 staining is colored in green, whereas Cy3 staining is colored in red, 
(magnification x400). 
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4 DISCUSSION 

Loss of E-cadherin expression and/or function is thought to be one of the most 
important events during carcinoma progression [14]. During tumor progression, E-
cadherin can be functionally inactivated by different mechanisms, including gene 
mutations [12], promoter hypermethylations [135, 152] and direct transcriptional 
repression [5, 26, 51]. The zinc-finger transcription factor Snail is one of the 
repressors involved in E-cadherin down-regulation and a master molecule of 
epithelial-mesenchymal transition (EMT) [21]. Additionally, Snail is considered as an 
important regulator of invasiveness during tumor progression [21]. Up to now, more 
than 2000 cases from at least nine different tumor types reported in more than 21 
studies have been analyzed for Snail expression, including carcinomas from breast, 
stomach, colon, liver, ovary, oesophagus, head and neck, and synovial sarcomas [7]. 
These studies have provided a wealth of information on the biology of EMT in human 
tumors and point out a critical role for Snail in tumor dedifferentiation, at least in some 
types of cancer. Almost all of these studies have analyzed Snail’s mRNA expression. 
However, mRNA levels may not correspond to the active Snail protein, which was 
shown to be highly unstable with a short half-life of about 25 minutes [163]. A 
monoclonal antibody, which was established recently in our group [121], now allows 
to detect the active, i.e. nuclear localized, Snail protein in formalin-fixed, paraffin-
embedded specimens of human tumors. In the meantime, another group reported the 
establishment of another Snail-specific monoclonal antibody [39]. 

4.1 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
ENDOMETRIAL CANCER 

4.1.1 Cancer tissue 

In a first study, I have analyzed the active, i.e. nuclear localized, Snail protein and its 
target E-cadherin by immunohistochemistry in a series of primary tumors and 
metastases of estrogen-dependent EECs. It was of special interest to analyze Snail 
expression in this kind of cancer since Snail has been proposed to be repressed by 
Metastasis Tumor Antigen 3 (MTA3) expression. MTA3 in turn is supposed to be 
indirectly regulated through ERα signaling [41]. The results showed a significant 
association of reduced ERα expression in primary endometrial cancer with reduced 
E-cadherin immunoreactivity and positive Snail immunoreactivity, respectively. 
Reduced E-cadherin immunoreactivity and positive Snail immunoreactivity, 
respectively, were significantly correlated to a higher tumor grade in metastases of 
EECs. Positive Snail immunoreactivity was associated to reduced E-cadherin 
immunoreactivity only in metastatic lesions of endometrial cancer. 

Reduced ERα expression was seen in 56.3% of the primary tumors, where it was 
significantly correlated to positive Snail (p=0.047) and to reduced E-cadherin 
immunoreactivity (p=0.01). 42.3% of the metastases showed reduced levels of ERα 
but no correlation was seen to Snail immunoreactivity and E-cadherin 
immunoreactivity. Nevertheless, a tendency for down-regulation or loss of ERα 
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expression was seen in Snail positive parts of the metastases, although it was 
statistically not significant. Reduced ERα immunoreactivity was found to be 
additionally correlated to a higher tumor grade in primary tumors but not in 
metastases of EECs. The lack of significance in the latter might be due to the smaller 
number of analyzed cases in the group of metastases. For the primary tumors these 
findings are in accordance to earlier reports which correlated estrogen receptor 
status to tumor stage and tumor grade [22, 75]. 
The role of E-cadherin in endometrial cancer has already been analyzed in previous 
studies where reduced E-cadherin expression was correlated to higher tumor grade 
[53, 123, 124], lower overall survival and tumor progression [69, 83]. In my study I 
found reduced E-cadherin expression in 44.8% of the primary tumors and in 65.4% of 
metastases of EECs. I observed a statistically significant correlation between E-
cadherin down-regulation and higher tumor grade in the metastatic lesions (p=0.003) 
but not in the primary tumors. Abnormal E-cadherin expression was mainly seen in 
the more dedifferentiated parts of the tumors. Moreover, Holcomb et al. found that 
EECs were 23 times more likely to express E-cadherin than NEEC tumors when 
tumor grade was considered [53], and Scholten et al. reported negative E-cadherin 
expression to be significantly more often observed in NEECs than in EECs [127]. As 
mentioned above, reduced E-cadherin immunoreactivity was correlated to reduced 
ERα immunoreactivity in primary tumors of EECs but not in metastatic lesions. This 
finding maybe due to the smaller number of metastases analyzed. These results are 
in accordance to Fujita et al. [41] who showed an estrogen-dependent transcriptional 
regulation of E-cadherin through MTA3 expression which in turn represses Snail 
transcription in breast cancer cell lines. 
Nothing is known so far about the expression of the E-cadherin repressor Snail in 
endometrial cancer. To my knowledge, this is the first study reporting 
immunohistochemical analysis of Snail in a series of endometrioid endometrial 
carcinomas. I found that 28.7% of the primary tumors and 53.8% of the metastases 
showed a positive nuclear staining for Snail. In addition to Snail positive carcinoma 
cells I also found stromal cells showing a positive immunoreactivity for Snail. Snail 
positive stromal cells have been described previously by Francí et al. [38] in colon 
cancer. This raises the question whether these Snail positive stromal cells represent 
former tumor cells that have undergone mesenchymal transition. On the other hand, 
a de novo expression of Snail in tumoral stroma might suggest a key role for stromal 
cells in promoting tumor progression. Several reports on breast cancer have provided 
evidence for the hypotheses that tumor stroma is cooperating in tumor progression 
and/or that these stromal cells might have been originated from the tumor [44, 84, 93, 
105, 129]. Nevertheless, the role of Snail in tumor-associated stromal cells needs to 
be established in additional studies. 
Snail immunoreactivity was significantly correlated to higher tumor grade in 
metastases (p=0.003) but not in primary tumors. I found positive Snail 
immunoreactivity mainly in the dedifferentiated solid parts of the primary tumors and 
rarely in the glandular areas. Taken together, these observations suggest that Snail 
may play a role in tumor dedifferentiation and progression. A statistically significant 
correlation between Snail up-regulation and E-cadherin down-regulation was also 
found in the metastases of EECs (p=0,003) but not in primary tumors. Snail 
expression did not lead to E-cadherin down-regulation in 56% of primary tumors. 
These results are in accordance with previous studies on colon cancer [38], although 
it is not yet understood why Snail expression does not lead to E-cadherin down-
regulation in these cases. One hypothesis proposed by Francí et al. [38] is that Snail 
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and E-cadherin co-expressing cells are at the initial stages of the EMT process where 
the E-cadherin protein is still present, whereas Snail has already switched off E-
cadherin gene expression. Another assumption is that Snail cofactors might be 
needed or a certain threshold must be reached for a successful down-regulation of E-
cadherin. Recently, Peinado et al. [101] proposed a participation of different EMT 
regulators, e.g. Snail, Slug and SIP1, in E-cadherin down-regulation during tumor 
invasion, possibly complementing each other’s action. 
As mentioned above, positive Snail immunoreactivity was significantly correlated to 
reduced ERα expression in primary tumors but not in metastases of EECs. The latter 
might be due to the smaller number of cases analyzed in this group. The results 
gained by immunohistochemical analyses lead to the assumption that the reduction 
or loss of ERα signaling might be involved in the initial expression of Snail in primary 
tumors of the endometrium, but is not necessarily needed for the ongoing Snail 
expression. Nevertheless, reduced ERα expression was mainly seen in Snail positive 
parts of the metastatic lesions of EECs. As discussed above, Fujita et al. [41] already 
proposed a regulatory pathway through which Snail expression levels are indirectly 
influenced by ERα signaling. To address this question in more detail it might be of 
certain interest to compare Snail and ERα protein levels in the usually estrogen-
related EECs to the hormone receptor negative NEECs. 
 
 

 
 
Figure 4-1: Schematic diagram of the regulatory mechanisms found in primary 
tumors and metastases of EECs. In primary tumors preserved ERα expression 
was correlated to preserved E-Cadherin expression, negative Snail expression 
and lower tumor grade. Neither E-cadherin nor Snail expression had an 
influence on the tumor grade. Snail expression was not correlated to reduced 
E-cadherin expression. In metastases ERα expression had no influence on the 
expression of E-cadherin or Snail nor on the tumor grade. Snail expression 
was correlated to a reduced E-cadherin expression and a higher tumor grade 
whereas preserved E-cadherin expression was associated with a lower tumor 
grade. 
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In addition to immunohistochemistry, I used Western Blot analysis for comparison of 
E-cadherin, Snail, and ERα protein expression in the same tissue areas in 11 
formalin-fixed, paraffin-embedded primary human cancers, with 5 cases positive and 
6 cases negative for ERα in immunohistochemistry. The technique of extracting high 
amounts of full length and immunoreactive proteins from formalin-fixed, paraffin-
embedded tissues [8] enabled me to examine MTA3 in human tissues since the 
antibody used did not work for immunohistochemistry. 
For ERα, the results obtained by Western Blot were concordant with the 
immunohistochemical findings. There was a single band of 67kDa for ERα in all 5 
cases with positive ERα status in immunohistochemistry whereas the 6 cases with 
negative ERα status in immunohistochemistry showed no or in one case a very faint 
signal in the Western Blot experiments. Snail protein expression was seen in one 
ERα negative case but not in the ERα positive cases. Although these data have to be 
confirmed in a study with more tumor samples, this result underlines the 
immunohistochemical finding that Snail expression in primary tumors of EECs might 
be associated – at least in some cases – with reduced ERα expression. No 
significant differences were seen in the expression pattern of E-cadherin in ERα-
negative compared to ERα-positive cases. Unexpectedly, I found expression of 
MTA3 in all 11 cases analyzed, independent of ERα status. Although my results have 
to be confirmed in a study comprising more endometrial cancer tissue samples, they 
are not concordant with the findings of Fujita et al. [42]. These authors investigated 
the molecular basis for estrogen and ER-dependent expression of MTA3 in breast 
cancer cell lines. They identified an estrogen response element (ERE) half-site in the 
MTA3 promoter and demonstrated loss of MTA3 transcript due to depletion of ERα 
by RNA interference. 
In one case I observed a smaller variant of the MTA3 protein while expression of the 
expected form was reduced. The functional significance of this observation is yet not 
clear and has to be addressed in future experiments. 
Taken together, these results (Figure 4-1) are in line with a proposed role for Snail in 
endometrial tumor progression, since Snail expression was correlated to higher 
tumor grade and reduced E-cadherin expression in metastases of EECs. Additionally, 
our results suggest that Snail expression may be in part influenced by the reduction 
or loss of ERα signaling. Nevertheless, it is questionable whether MTA3 is involved in 
this mechanism as MTA3 expression in the investigated tumor cases was 
independent of ERα status. 

4.1.2 Endometrial cancer cell lines 

In addition to the immunohistochemical analysis, I characterized four different 
endometrial carcinoma cell lines by Western Blot for the expression of E-cadherin, 
Snail, MTA3 and ERα. In three of the four endometrial carcinoma cell lines, namely 
Ishikawa, HEC-1-A and Ishikawa ER-, I found a correlation of low expression levels 
of Snail to high expression levels of E-cadherin and vice versa. This is in accordance 
to previous findings in other carcinoma cell lines [5, 64, 158], where Snail expression 
was shown to be inversely correlated to E-cadherin expression. The HEC-1-B 
endometrial carcinoma cell line showed neither E-cadherin expression nor high 
expression levels of Snail, suggesting that other repressor molecules, such as Slug, 
or another mechanism, e.g. protein destabilization, promoter methylation, is involved 
in E-cadherin down-regulation. 
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The results of the traditional wound-healing assay, which was performed to monitor 
cell motility, showed that the Snail-positive and E-cadherin-negative cell line Ishikawa 
ER- had a much higher migration potential than the Snail-negative and E-cadherin-
positive cell line Ishikawa. These results are in agreement with earlier findings that 
Snail expression leads to the acquisition of invasive and migratory properties by 
down-regulating epithelial and up-regulating mesenchymal markers [21, 30]. 
Additional studies using siRNA knockdown of Snail in the Ishikawa ER- cells may be 
performed in the future to confirm the results. 

Interestingly, only one of the two E-cadherin-positive cell lines showed ERα 
expression, whereas all four cell lines showed expression of MTA3 independent of 
the ERα expression status. This is again in contrast to the results of Fujita et al. [41], 
as mentioned above, who showed that in different breast cancer cell lines and in 
several breast tumor samples ERα signaling indirectly up-regulated the expression of 
MTA3, which in turn repressed the expression of Snail and therefore stabilized E-
cadherin expression. Loss or down-regulation of ERα was associated with increased 
Snail expression and E-cadherin down-regulation. In a later study on breast cancer 
cells they linked MTA3 expression to ERα signaling by identifying a ERE half-site in 
the MTA3 promoter [42]. 

To further analyze this proposed regulation of Snail through ERα signaling and MTA3 
expression in endometrial cancer cell lines I modulated ERα expression and 
signaling in the ERα-positive cell line Ishikawa. 
A first attempt was knock-down of ERα expression by RNA interference (RNAi). RNAi 
has become widely used as an experimental tool to analyze the function of 
mammalian genes, both in vitro and in vivo [2]. Transfection of Ishikawa cells with 
ERα-specific siRNA led to a successful down-regulation of ERα expression as protein 
levels of ERα were markedly reduced on days 3 and 4 slowly re-increasing from day 
5 to day 7 after siRNA transfection. However, the expression levels of Snail, MTA3, 
and E-cadherin remained totally unaffected by the altered ERα expression. 
In a second attempt, I treated Ishikawa cells with the anti-estrogen fulvestrant. 
Fulvestrant is a 7α-alkylsulphinyl of 17β-estradiol belonging to a group of ligands 
called selective estrogen receptor modulators (SERMs). Unlike other non-steroidal 
members of this group, e.g. tamoxifen and raloxifene, fulvestrant is lacking partial 
agonistic activity [94]. Fulvestrant disrupts ER dimerisation and nuclear localization, 
completely blocking ER-mediated transcriptional activity and accelerating receptor 
degradation [23]. Indeed, ERα expression levels where markedly reduced in Ishikawa 
cells treated with fulvestrant over a time span of 6 days. No change in expression 
levels was seen for Snail, MTA3, and E-cadherin. Additionally, no change in the 
migration potential of the fulvestrant-treated Ishikawa cells was seen as monitored by 
a traditional wound-healing assay. 
A third way to modulate ERα activity was a long time treatment of Ishikawa cells with 
17β-estradiol (E2). E2 has been shown to lead to a rapid reduction in the steady-state 
levels of ER mRNA and protein in different breast cancer cell lines [66, 109]. This 
ligand-induced down-regulation of ER levels might contribute to the control of cell 
response to an estrogenic stimulus. To analyze this mechanism in endometrial 
carcinoma cells, Ishikawa cells were subjected to a long time treatment assay with 
E2. During this treatment with E2, ERα down-regulation in Ishikawa cells was 
observed which was ,surprisingly, accompanied by an up-regulation of cellular Snail 
protein levels. It is unlikely that the loss of ERα led to the induction of Snail 
expression as this was not the case when ERα was decreased due to RNA 
interference or treatment with the anti-estrogen fulvestrant. A possible explanation is 
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an effect of E2 independent of ERα. Ding et al. described Snail mRNA up-regulation 
after E2 treatment in the ERα-negative ovarian clear cell adenocarcinoma ES-2 cell 
line. They proposed a participation of ERβ or another, yet unknown, mechanism 
independent of the participation of ERα [31]. 
Taken together, the results of my cell culture studies suggest that MTA3 expression 
in the analyzed endometrial adenocarcinoma cell lines is independent of ERα 
expression status. Additionally, I could not confirm the proposed regulatory pathway 
through which Snail expression is supposed to be repressed by ERα signaling via 
MTA3 expression. Down-regulation of ERα expression in the endometrial cell line 
Ishikawa did not lead in two out of three examined cases to an up-regulation of Snail 
and did not affect MTA3 and E-cadherin expression, respectively, nor did it change 
the migratory properties of the cell line. 

4.2 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
OVARIAN CANCER 

In a second study, I analyzed Snail and its target E-cadherin by 
immunohistochemistry in a series of primary ovarian carcinomas and corresponding 
metastases. The results show a significant association of reduced E-cadherin 
expression in primary ovarian cancer and positive Snail expression in corresponding 
metastases, respectively, with shorter overall survival of the patients. For both E-
cadherin and Snail no significant differential expression between primary tumors and 
their corresponding metastases was observed. 
E-cadherin has already been described to be involved in tumor dedifferentiation and 
poor recurrence free survival in ovarian cancer [58, 147]. In my study I found reduced 
E-cadherin immunoreactivity in 25% of primary ovarian tumors and in 22% of 
metastases. There was a significant correlation between E-cadherin expression in 
primary ovarian tumors and their corresponding metastases (p<0.001). Re-
expression of E-cadherin at the metastatic site of the tumor has been observed in 
breast cancer metastases [18, 96] and metastases of ovarian carcinomas [58]. It is 
thought to enable tumor growth at the new site although the underlying mechanism is 
still unclear. These observations could not be confirmed for ovarian cancer in my 
study, as the majority (66.7%) of cases with reduced E-cadherin levels in the primary 
tumor also showed reduced E-cadherin immunoreactivity in the corresponding 
metastases. Nevertheless, 33.3% of cases with reduced E-cadherin immunoreactivity 
in primary tumors and 94.3% of cases with preserved E-cadherin immunoreactivity in 
primary tumors were E-cadherin positive in the corresponding metastases. This 
finding is in line with the hypothesis that E-cadherin is down-regulated during 
intermediate steps of metastasation, without being detected by immunohistochemical 
analysis, and re-expressed at the metastatic site. 
No correlation was seen between reduced E-cadherin immunoreactivity and higher 
tumor grade or FIGO stage. This might be due to the fact that my study only included 
samples from patients with advanced ovarian cancer FIGO stages IIIC and IV, 
comprising 72.5% grade 3 tumors but only 21.6% grade 2 and 5.9% grade 1 tumors. 
No association was found between E-cadherin immunoreactivity and patient age or 
tumor subtype. However, I could show that reduced E-cadherin immunoreactivity in 
primary ovarian tumors was significantly associated with a lower overall survival of 
the patients (p=0.008). No association was found between E-cadherin expression in 
metastases of ovarian cancer and survival. These findings are in accordance to the 
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results of Faleiro-Rodrigues et al. [36] who analyzed 104 primary ovarian cancers for 
E-cadherin expression. They found no correlation between E-cadherin 
immunoreactivity and standard clinicopathological parameters, e.g. tumor grade, 
stage and patient age, but a significantly lower 5-year survival rate of patients with 
negative E-cadherin expression. 
The expression of the transcription factor Snail has already been analyzed in 
previous studies. Nevertheless, these studies mainly focused on Snail mRNA 
expression and not on the subcellular localization of the protein. In a study which was 
published in 2005 Elloul et al. [34] evaluated the expression of E-cadherin, Snail, 
Slug and SIP1 mRNA in peritoneal and pleural effusions of 78 ovarian carcinomas 
and 23 breast carcinomas. Using RT-PCR they found Snail mRNA in 87% (68/78) 
ovarian carcinoma effusions and in 96% (22/23) breast carcinoma effusions, with 
significantly lower expression in ovarian carcinoma. In a more recent study, Elloul et 
al. [35] analyzed the expression of E-cadherin and its transcriptional regulators Snail, 
Slug and SIP1 in fresh, non-fixed material of ovarian primary carcinomas, solid 
metastases, and malignant peritoneal and pleural effusions by RT-PCR and Western 
Blot. The authors reported positive Snail expression in the majority of the analyzed 
tumor specimens. Snail mRNA expression was detected in 93% (38/41) of primary 
tumors, 93% (14/15) of metastases and 87% (68/78) of effusions. Snail protein 
expression determined by Western Blot analysis was found in 100% (30/30) of 
primary tumors, 100% (10/10) of metastases and 97% (72/74) of effusions. The 
authors found that mean expression levels of Snail protein were lower in effusions, 
with expression of 17% of control levels in effusions compared to 118% in primary 
tumors and 127% in metastases [35]. These discrepancies between Snail mRNA and 
protein expression levels may be explained by potential post-transcriptional and post-
translational regulation mechanisms. Besides being tightly regulated at the 
transcriptional level, Snail´s activity is also influenced by its subcellular localization. In 
ovarian tumor cells derived from effusions, Elloul et al. found Snail protein to be 
exclusively localized in the cytoplasm [35], which may reflect an inactive form of the 
protein [32]. Snail can cycle between the nucleus and the cytosol by virtue of a 
nuclear export sequence (NES). At least two kinases, glycogen synthase kinase-3β 
(GSK3β) and p21-activated kinase 1 (PAK1), are known to govern Snail’s localization 
[32, 157, 163]. In addition, the zinc-finger transporter LIV-1 seems to be involved in 
this level of regulation, as shown for zebrafish [156]. The complexity of Snail’s 
functional activation makes clear that it is a shortcoming of Western Blot analysis that 
only total protein expression is reflected, which does not necessarily correlate to the 
amount of active Snail. Although not yet available, phospho-specific anti-Snail 
antibodies may be used in the future to determine the functional status of the EMT 
regulator. 
In my study on ovarian cancer, I analyzed the expression of nuclear localized active 
Snail by immunohistochemistry. I found that 37.5% of the primary tumors and 52% of 
the corresponding metastases showed a positive nuclear staining for Snail. As for 
endometrial cancer, I also found tumor-associated stromal cells showing a positive 
immunoreactivity for Snail in addition to Snail positive carcinoma cells. As discussed 
above, expression of Snail in tumor-associated stromal cells might indicate a 
conversion of tumor cells into stromal cells by EMT and/or a possible role for these 
stromal cells in promoting tumor progression. However, the role of Snail in stromal 
cells is still unclear and needs further evaluation. 
I found a significant correlation between Snail expression in primary ovarian tumors 
and their corresponding metastases (p<0.001). 94.1% of cases with a positive Snail 
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immunoreactivity in primary tumors were also Snail-positive in the corresponding 
metastases. On the other hand, 70% of cases with Snail-negative primary tumors 
were also Snail-negative in the corresponding metastases, yet 30% showed a 
positive Snail immunoreactivity. In previous studies, it was shown that Snail not only 
induced tumor invasion but also blocked the cell cycle and confers resistance to cell 
death [145]. My results indicate that these or other, yet unknown, features of Snail 
might be of special importance for the establishment or maintenance of metastases 
at the new invasion site in ovarian cancer possibly leading to preserved Snail 
expression. Additionally, I demonstrated that positive Snail immunoreactivity in 
metastases of ovarian cancer was significantly associated with a lower overall 
survival of the patients (p=0.047). No association was found between Snail 
expression in primary ovarian cancer and survival. Interestingly, in endometrial 
cancer I also observed the tumor progression promoting effects of Snail, i.e. E-
cadherin down-regulation and correlation to a higher tumor grade, in the metastases 
of EECs but not in primary tumors. These findings might additionally underline a 
possible important role for Snail in metastatic lesions. 
There was no correlation between Snail immunoreactivity and other 
clinicopathological parameters, including patient age, tumor subtype, or grade of 
differentiation. The last might be due to the small numbers of low-grade and low-
stage cases as discussed above. Snail expression has already been correlated to 
tumor dedifferentiation in some cancers, e.g. in breast carcinomas [15]. For a better 
comparison regarding Snail expression and tumor grade and stage in ovarian cancer 
more cases comprising lower tumor grades and FIGO stages should be included in a 
future study. 
In the analyzed ovarian cancer cases, there was no correlation between Snail up-
regulation and E-cadherin down-regulation, neither in primary tumors nor in 
corresponding metastases. I found co-expression of E-cadherin and Snail in 36.1% of 
primary tumors and in 53.8% of metastases. These results are in accordance with my 
observations in primary tumors of EECs and with the findings of Francí et al. in colon 
cancer [38]. As discussed above, it is not clear why Snail and E-cadherin are co-
expressed in these cases. It can only be speculated that this is due to Snail cofactors 
needed or because of a missing participation of other EMT regulators such as Slug or 
SIP1 as proposed by Peinado et al. [101]. 
I also asked whether specific combinations of E-cadherin and Snail protein 
expression had a prognostic value. I found that a profile of reduced E-cadherin 
expression and nuclear Snail expression was associated with a significantly 
increased risk of death. Patients showing an “E-cadherin-reduced and Snail-positive” 
profile, in either the primary tumors or corresponding metastases, respectively, had a 
6-fold and 4.2-fold increased risk of death (p=0.002 and p=0.022, respectively) when 
compared to the patient group with a “normal epithelial” expression profile of “E-
cadherin-positive and Snail-negative”. Additionally, patients with a profile of 
preserved E-cadherin and positive Snail expression in metastases were at an 
increased risk of death (p=0.077), although this association was not statistically 
significant. 
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Figure 4-2: Schematic diagram of the influence of Snail and E-cadherin in 
primary tumors and metastases of ovarian carcinomas on the overall survival 
of patients. In primary tumors Snail expression had neither an influence on the 
expression of E-cadherin nor on the overall survival. However, preserved E-
cadherin expression in primary tumors led to a significant longer overall 
survival of the patients. In metastases the expression of Snail was correlated to 
a significant shorter overall survival but not to reduced E-cadherin expression. 
In contrast to the primary tumors, the E-cadherin status in metastases had no 
effect on the survival of the patients. In both, primary tumors and metastases, 
patients showing the expression profile “E-cadherin-reduced and Snail-
positive” had a significantly higher risk of death compared to patients with a 
“normal epithelial” expression profile of “E-cadherin-positive and Snail-
negative”. 

A schematic diagram of the results of this study is shown in Figure 4-2. Taken 
together, these observations indicate that Snail might be an independent prognostic 
factor for clinical outcome in ovarian cancer. Snail may be important for the 
establishment and maintenance of metastases in ovarian cancer, while loss of E-
cadherin expression might be crucial in primary tumors, e.g. for tumor invasion, both 
leading to an adverse clinical outcome for ovarian cancer patients. 

4.3 E-CADHERIN AND ITS REPRESSOR SNAIL IN 
PLACENTAL TISSUE OF NORMAL, PREECLAMPTIC 
AND HELLP PREGNANCIES 

It has often been said that the penetrative nature of human placentation mimics that 
of highly invasive tumors, the main difference being that there is a strict control in the 
extent of invasion. During the early stages of placental development trophoblastic 
cells adhere to, detach from, penetrate into, and finally adhere again to deeper 
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stromal tissues of the uterine wall. It has already been described that in course of the 
placental development these fetally-derived extravillous trophoblast (EVT) cells 
undergo epithelial to mesenchymal transition (EMT) [146]. This transition in human 
EVTs from the adherent to the invasive phenotype correlates with a change of cell 
surface adhesion molecule expression such as E-cadherin and integrins [29, 130, 
165]. However, not much is known about Snail expression in EVTs. Especially its role 
in pathologic placental development, e.g. preeclampsia and HELLP syndrome, where 
the invasion potential of EVTs seems to be impaired, remains to be elucidated. To 
further analyze the role of Snail in placental development, I performed a third 
immunohistochemical study on tissue specimens of third trimester normal control, 
preeclamptic and HELLP syndrome placentas. 
In the decidua of normal control placentas a strong E-cadherin immunoreactivity and 
a moderate Snail immunoreactivity was identified in EVTs. To prove that Snail- and 
E-cadherin-expressing cells in the decidual tissue are EVTs, I performed a 
fluorescence double staining with a cell marker (cytokeratin 7 for trophoblast cells, 
[77, 131]) and with either a Snail- or an E-cadherin-specific antibody. The staining 
with the monoclonal anti-E-cadherin antibody or the monoclonal anti-Snail antibody in 
combination with the anti-cytokeratin 7 antibody showed that the E-cadherin-/Snail-
expressing cells were also positive for cytokeratin 7 and therefore of trophoblast 
origin. E-cadherin in third trimester placental villi (PV) anchoring to the superficial 
basal plate has already been described by Floridon et al. [37]. They showed that in 
the maternal–fetal junction zone E-cadherin-positive EVTs are found within areas of 
maternal cells and fibrinoid and were mainly grouped in large aggregates in the third 

trimester specimens [37]. In the maternal–fetal junction zone I found a significant 
reduction of E-cadherin immunoreactivity in preeclamptic EVTs compared to normal 
control placentas. A reduction of E-cadherin immunoreactivity was also observed in 
EVTs of HELLP placentas compared to normal control placentas although there was 
no statistical significance which might be due to the smaller case numbers analyzed 
in this group. Interestingly, in addition to the reduced E-cadherin immunoreactivity, I 
also identified a significant increase in Snail immunoreactivity in preeclamptic EVTs 
compared to the normal control. A similar increase in Snail immunoreactivity was 
seen in HELLP EVTs but without statistical significance. The immunohistochemical 
staining patterns of monoclonal antibodies against Snail and E-cadherin, 
respectively, are inversely correlated and therefore in good agreement with the above 
mentioned theory of a repression of E-cadherin by the transcription factor Snail. 
Nevertheless, this expression pattern is controversial to a speculation that the 
invasion of preeclamptic and HELLP syndrome EVTs may be limited due to an 
impaired EMT. In contrast to my results, Zhou et al. showed that in preeclamptic 
placental tissue cytotrophoblasts in both the villi and decidua showed strong reactivity 
with anti-E-cadherin, and staining remained strong even on cytotrophoblasts that had 
penetrated the superficial portions of uterine arterioles [164]. They claimed that a 
corresponding shallow interstitial and vascular invasion is the result in this condition 
[164]. Shallow invasion in preeclampsia is nonetheless a controversial finding [106]. 
The use of different anti-E-cadherin antibodies may at least in part explain the 
discrepancies in decidual staining. 
On the other hand, I could also show that E-cadherin expression in the preeclamptic 
and HELLP villous trophoblast is elevated. For preeclamptic placental tissue this 
finding is in agreement with the results of Brown et al. [17] and Benian et al. [10]. 
These results suggest that enhanced immunoreactivity of E-cadherin in preeclamptic 
villous trophoblasts is accompanied by reduced immunoreactivity of this antigen in 
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the EVTs. Dysregulation of adhesion molecules that are involved in phenotypic 
changes associated with epithelial cell transformation are already known from other 
pathologic forms of pregnancy. Marzioni et al. [79] described down-regulation and/or 
dysregulation in expression of ZO-1 and occludin in normal human placenta and in 
hydatidiform moles. These molecules are also key molecules in cell-cell contacts like 
E-cadherin. In villous trophoblast cells a weak Snail immunoreactivity was observed 
in 1 out of 7 cases in normal placentas, 2 out of 7 cases in preeclamptic placentas 
and 2 out of 5 cases in HELLP placentas. Therefore it is difficult to speculate whether 
Snail is a key molecule for E-cadherin regulation in preeclamptic or HELLP villous 
trophoblasts. 
Impaired invasion of uteroplacental arteries by EVTs is a key pathogenic mechanism 
of preeclampsia. Reister et al. previously demonstrated that reduced trophoblast 
invasion into uteroplacental spiral arteries was associated with an excess of 
macrophages in and around these arteries. Macrophages, residing in excess in the 
placental bed of preeclamptic women, are able to limit EVT invasion of spiral arterial 
segments through apoptosis mediated by the combination of TNFα secretion and 
tryptophan depletion [117]. However, the mechanisms by which macrophages are 
activated and recruited to the placental bed are presently unknown but are likely 
central to the pathogenesis of preeclampsia. Jeschke et al. reported a significantly 
reduced expression of glycodelin protein in decidual cells of preeclamptic and HELLP 
syndrome placentas, respectively [63]. Glycodelin is known to possess 
immunosuppressive properties, i.e. inhibition of natural killer (NK) cell [91] and T cell 
[112] activity as well as induction of T cell apoptosis [111]. Reduced expression of 
glycodelin in the maternal-fetal interface might therefore be accompanied by an 
increased activation of the maternal immune response. 
 
 

 
 
Figure 4-3: Schematic diagram of the proposed regulatory mechanisms found 
in EVTs of preeclamptic and HELLP syndrome placentas. Up-regulation of 
Snail expression in preeclamptic and HELLP EVTs was accompanied by 
reduced E-Cadherin expression in the same cells suggesting a direct 
regulation of E-Cadherin by Snail in EVTs. The migratory and invasive 
properties of preeclamptic and HELLP EVTs might therefore be reduced by an 
altered maternal immune response independent of EMT. 
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The data obtained in my study show that in preeclamptic and HELLP syndrome EVTs 
Snail is up-regulated and E-cadherin is down-regulated. This expression scheme 
suggests that migration of EVTs is not disturbed in preeclampsia and HELLP 
syndrome (Figure 4-3). Invasion may be limited, independent of EMT, by an altered 
maternal immune response, e.g. by activated macrophages in preeclamptic 
placentas and induction of apoptosis in EVTs. Further investigations on migration of 
preeclamptic EVTs are necessary to proof these speculations. 

4.4 CONCLUSIONS 
During my work I have performed the first studies in which the subcellular expression 
of the E-cadherin repressor Snail has been analyzed in a series of EECs, ovarian 
carcinomas and normal and pathologic placental tissue. 
In conclusion, the results of my studies show that the transcription factor Snail is 
differentially expressed in primary tumors and metastases of EECs and provide new 
evidences for a role of Snail in tumor progression of endometrioid adenocarcinomas. 
The findings concerning a participation of ERα signaling in Snail regulation are 
controversial. The results in cancer tissue specimens indicate a possible role for ERα 
in Snail regulation – at least in primary tumors – whereas the cell culture experiments 
do not confirm these findings. In both, endometrial cancer tissue and cell lines, MTA3 
could neither be shown to be regulated by ERα signaling nor to influence Snail 
expression levels. 
In ovarian cancer, Snail is associated with lower overall survival of the patients. The 
results indicate that Snail plays a role as a prognostic factor for adverse clinical 
outcome in this kind of cancer. 
In a physiological model for migration and invasion, i.e. placental development during 
embryo implantation, I detected Snail expression in normal and pathologic EVTs. Up-
regulation of Snail expression in preeclamptic and HELLP syndrome EVTs is 
accompanied by reduced E-cadherin expression in the same cells suggesting a direct 
regulation of E-cadherin by Snail in EVTs. These results suggest that the invasion 
potential of preeclamptic and HELLP syndrome EVTs might be reduced by other 
mechanisms, e.g. maternal immune responses, independent of EMT. 
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5 SUMMARY 

This work elucidates the role of the epithelial-mesenchymal transition (EMT) regulator 
Snail in tumors of the feminine genital tract and reports the first studies in which the 
active, i.e. nuclear localized, Snail protein has been analyzed in a great variety of 
gynaecological patient tissue specimens. In addition, functional analyses were 
performed in four cell lines. 
In a first study on endometrial cancer I analyzed 113 tissue samples of primary 
tumors and metastatic lesions of endometrioid adenocarcinomas. By focussing on 
this type of estrogen-related endometrial cancer, I intended to gain further insight into 
the role of Snail in cancer progression and elucidate a proposed regulatory 
mechanism of Snail via estrogen receptor α (ERα) signaling. 28.7% of primary tumor 
specimens and 53.8% of the metastases showed a positive Snail immunoreactivity. 
This was correlated to reduced ERα immunoreactivity (p=0.047) in primary tumors 
and to both higher tumor grade (p=0.003) and abnormal E-cadherin expression 
(p=0.003) in metastatic lesions. Taken together, these data are in line with a 
proposed role for Snail in endometrial tumor progression.  In addition, I analyzed 
four different endometrial adenocarcinoma cell lines. A Snail-expressing cell line 
showed a higher migration potential than a variant of this cell line with low levels of 
Snail. Down-regulation of ERα in an ERα- and E-cadherin-positive and Snail-
negative endometrial adenocarcinoma cell line did not result in up-regulation of Snail 
or down-regulation of E-cadherin. A long-time stimulation with 17β-estradiol did result 
in up-regulation of Snail. 
In a second study on ovarian cancer, I analyzed 98 tissues of primary ovarian 
carcinomas and their corresponding metastases. I found a significant correlation of E-
cadherin expression in primary cancers (p=0,008) and Snail expression in 
corresponding metastases (p=0.047), respectively, with overall survival of the 
patients. Additionally, patients showing positive Snail and reduced E-cadherin 
expression in primary tumors and corresponding metastases, respectively, had a 
significantly higher risk for the occurrence of death (p=0.002 and p=0.022, 
respectively) when compared to the reference group with the normal epithelial 
expression profile, i.e. E-cadherin-positive and Snail-negative. 
A physiological model for migration and invasion which shows many similarities to the 
growth of cancer cells, is placental development during embryo implantation. 
Therefore, in addition to tumor tissues, I included specimens of normal placenta and 
placenta from pregnancies complicated with preeclampsia and HELLP syndrome. 
These complications in pregnancy are thought to be associated with incomplete 
invasion of extravillous trophoblasts (EVTs). In preeclamptic and HELLP EVTs Snail 
immunoreactivity was increased, accompanied by a reduction of E-cadherin 
immunoreactivity. These results suggest that the invasion potential of preeclamptic 
and HELLP syndrome EVTs might be reduced by other mechanisms, e.g. maternal 
immune responses, independent of EMT.  
Taken together, the data of my studies underline a role for Snail in tumor progression 
and adverse clinical outcome for patients with gynaecological cancers, although 
regulation of Snail through ERα signaling, as proposed by others, could not be 
confirmed in vitro, and indicate a possible involvement of Snail in placental 
development during embryo implantation. 
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7 ABBREVIATIONS 

aa amino acid 
aqua dest. (aqua destillata) distilled water 
BSA bovine serum albumin 
CI confidence interval 
Cy2 carbocyanin 
Cy3 indocarbocyanin 
DAB 3,3’-diaminobenzidine 
DMEM Dulbecco’s Modified Eagle’s Medium 
DMSO dimethylsulfoxide 
E2 17β-estradiol 
EDTA ethylenediaminetetraacetic acid 
EEC endometrioid carcinoma of the endometrium 
E-cad. E-cadherin 
EMT epithelial-mesenchymal transition 
ER estrogen receptor 
ERE estrogen response element 
EtOHabsolute ethanol (purity ≥ 99.9%) 
EVT extravillous trophoblast 
FCS fetal calf serum 
FFPE formalin-fixed, paraffin-embedded 
FIGO International Federation of Gynecology and Obstetrics 
GSK-3β glycogen synthase kinase-3β 
HELLP hemolysis, elevated liver enzymes, low platelets 
HR hazard ratio 
HRP horseradish peroxidase 
IHC immunohistochemistry 
IRS immunoreactivity score 
MTA3 metastasis associated protein 3 
NEEC non-endometrioid carcinoma of the endometrium 
neg. CTRL negative control 
NES nuclear export sequence 
PAGE polyacrylamid gel electrophoresis 
Pak1 p21-activated kinase 1 
PBS phosphate buffered saline 
PCR polymerase chain reaction 
PE preeclampsia 
PVDF polyvinylidenfluorid 
RNAi RNA interference 
RT-PCR reverse transcriptase polymerase chain reaction 
SEM standard error of the mean 
SERM selective estrogen receptor modulator 
SIP1 Smad-interacting protein 1 
siRNA short interfering RNA 
TEMED N,N,N’,N’-tetramethylethylene diamine 
TNF tumor necrosis factor 
UICC International Union Against Cancer 
WHO World Health Organization 
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8 ANNOTATION 

Parts of this work have been published in: 

„Virchows Archiv“ (Blechschmidt, K., Mylonas, I., Mayr, D., Schiessl, B., Schulze, S., 
Becker, K.-F., Jeschke, U (2007) Expression of E-cadherin and its repressor Snail in 
placental tissue of normal, preeclamptic and HELLP pregnancies. Virchows Arch. 
450:195-202) 

„Diagnostic Molecular Pathology“ (Blechschmidt, K., Kremmer, E., Hollweck, R., 
Mylonas, I., Höfler, H., Kremer, M., Becker, K.-F. (2007) The E-cadherin repressor 
Snail plays a role in tumor progression of endometrioid adenocarcinomas. Diagn Mol 
Pathol. 16:222-228) 

„British Journal of Cancer“ (Blechschmidt, K., Sassen, S., Schmalfeldt, B., Schuster, 
T., Höfler, H., Becker, K.-F. (2008) The E-cadherin repressor Snail is associated with 
lower overall survival of ovarian cancer patients. Br J Cancer 98:489-495) 
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