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Summary  

Lung cancer is a devastating disease with a dismal prognosis [1]. Non-small-cell 

lung cancer (NSCLC) represents nearly 85% of primary lung cancer malignancies, 

and is the leading cause of cancer deaths worldwide [2]. Despite the potential 

benefits of improved diagnostic modalities, approximately 50% of patients with 

NSCLC present with advanced disease [3]. Small-cell lung cancer (SCLC) is the 

most aggressive type of all lung cancers and in spite of recent decline in frequency, 

it still accounts for 12-15% of new lung cancer cases [3]. SCLC is a neuroendocrine 

tumor that displays a high rate of metastatic dissemination and although initially 

responsive to therapy, resistance and tumor relapse are inevitable [4].  

 

In most of the cases cancer patients succumb to the disease due to metastases 

rather than their primary tumors. Currently, the process of metastasis remains poorly 

understood due to its complexity [5]. It involves several steps such as local invasion 

of cancer cells into surrounding tissues, transport through microvasculature of lymph 

and blood system towards distal organs where they colonize at distant tissues and 

form metastases [6]. Tumor cells within a primary tumor are heterogeneous in 

nature and hierarchically ordered. The cancer stem cell (CSC) model suggests that 

within a tumor bulk a subset of tumor cells exist that reside at the apex of hierarchy 

and possess the capacity of self-renewal, multilineage differentiation and therapy 

resistance and are thought to play a critical role in the formation of metastasis [7]. 

Recent evidence also implicates a role for Epithelial to Mesenchymal transition 

(EMT) in primary tumors for being instrumental in early metastasis [8]. In this 

process, tumor cells shed their epithelial characteristics and attain more invasive 

and migratory mesenchymal phenotypes [9]. These tumor cells detach from the 

primary site and enter the blood circulation, termed as “circulating tumor cells” 

(CTCs) [10]. CTCs can exhibit properties of both epithelial and mesenchymal 

phenotypes and their detection has been associated with patient’s survival and 

treatment prediction in solid tumors including lung cancer [11].  

 

Characterization of CTCs is currently a major focus of translational cancer research 

and expression of several CSC and EMT markers has been demonstrated in CTCs 

[12]. Induction of EMT also has been suggested to enhance CSC properties in 

breast and lung cancer [13,14]. Thus a better understanding of the correlation 

between EMT, CTCs and CSCs may yield vital clues for developing better 

diagnostic markers and novel therapeutic strategies that will lead to better 

management of lung cancer.  
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In this thesis we focused on the role of CSC, EMT and CTC in lung cancer 

progression, metastasis, and therapy resistance.  
 

Summary of thesis:  

In chapter 1, a general introduction is given on lung cancer, its subtypes and 

pathophysiology. Moreover, an introduction on CSC, EMT and CTCs is provided 

together with the scope and aim of this thesis and outline of the subsequent 

chapters.  

 

In chapter 2 the possible involvement of EMT and CSCs in resistance to therapy 

and metastasis was investigated in a unique longitudinal SCLC model consisting of 

three cell lines previously derived from one SCLC patient. Cell lines were derived 

from different biopsies obtained prior to any treatment (GLC14), after treatment, at 

first recurrence (GLC16) and at second recurrence with a more clinically resistant 

stage of disease (GLC19) respectively. These cell lines did not show significant 

differences in chemosensitivity for different chemotherapeutics previously [15,16]. 

We hypothesized that EMT and enrichment of CSC characteristics would occur 

during disease progression. All three cell lines expressed the epithelial markers 

EpCAM and E-cadherin whereas none of the cell lines displayed expression of the 

mesenchymal markers Vimentin and Fibronectin. The GLC14 cell line, with cells 

derived from a metastatic lymph node biopsy instead of the primary tumor, showed 

the strongest invasive capacity and spheroid forming potential of all tested cell lines 

in vitro. Expression of the known CSC markers (CD44 and SOX2) increased from 

GLC14 to GLC19 cells. Interestingly, GLC14 cells displayed the highest spheroid 

forming potential amongst the three cell lines, indicating that this lymph node 

derived cell line has different properties than GLC16 and GLC19 cells. GLC19 

showed an increased spheroid forming potential compared to GLC16 suggestive of 

enhanced CSC properties during disease progression. Moreover, CD44+ sorted 

cells showed enhanced SOX2 expression and increased spheroid forming potential 

compared to CD44- sorted cells in all three cell lines upon growth in serum-free 

neurobasal media (NBM). To conclude, we could not demonstrate differences in 

EMT marker expression in this cell line panel reflecting disease progression, 

however observed an increase in several CSC properties. Taken together, our 

results suggest that SCLC cells acquire enhanced CSC properties during disease 

progression and that more distant lesions differ in invasive capacity compared to the 

primary tumor.   
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In chapter 3 we used the well-known TGF-β inducible A549-NSCLC EMT model to 

study the possible effects of EMT on chemosensitivity, migration potential, invasive 

capacity and CSC properties. EMT was confirmed in TGF-β treated A549 cells with 

cells showing fibroblast like cell morphology, loss of the epithelial markers EpCAM 

and E-cadherin and upregulation of the mesenchymal markers Fibronectin and 

Vimentin. Mesenchymal cells displayed somewhat enhanced chemoresistance 

towards cisplatin and an increased migration and invasive potential compared to 

epithelial A549 cells. Spheroid forming assays of A549 cells in the presence of TGF-

β showed higher spheroid forming potential in TGF-β treated cells. Moreover these 

cells also showed elevated expression of the CSC markers OCT4 and SOX2. We 

used stably transfected luciferase labeled A549 (A549-luc) cell line to set up an 

orthotopic mouse model to compare metastatic spread of epithelial and 

mesenchymal cells. Bioluminescent imaging (BLI) and pathological examination in 

preliminary experiments confirmed massive tumor growth at the primary site, in the 

adjacent lung and metastatic lesions in the liver of all animals. Also in both groups 

distant metastases were detected at kidneys, brain and adrenal glands. Attempts to 

detect CTCs by BLI in blood samples of the mice were not successful possibly due 

to low sensitivity of the detection system. In conclusion, mesenchymal A549 cells 

displayed enhanced migration, invasion, chemoresistance and increased CSC 

properties compared to epithelial counterparts. The pilot experiment using the lung 

orthotopic mouse model showed tumor growth and metastatic spread in both 

epithelial and mesenchymal cells. Further optimization is required to monitor 

possible differences in metastatic spread between these phenotypes.  

 

In chapter 4 we described a multicenter clinical study with 59 SCLC patients. The 

aim of this study was to investigate the prognostic and predictive value of CTCs in 

patients with SCLC. For this purpose CTC levels were detected at baseline, after 1 

cycle and after 4 cycles of chemotherapy using the Veridex CellSearch platform. At 

baseline, lower numbers of CTCs were observed in 21 patients with limited disease 

(median = 6, range 0–220) compared with 38 patients with extensive disease 

(median = 63, range 0–14 040). Lack of measurable CTCs (27% of patients) was 

associated with prolonged survival (HR 3.4; P ≤ 0.001). CTCs decreased after one 

cycle of chemotherapy; this decrease was not associated with tumor response after 

four cycles of chemotherapy. CTC count after the first cycle of chemotherapy was 

the strongest predictor for overall survival (HR 5.7; 95% CI 1.7–18.9; P = 0.004). We 

conclude that CTC levels are useful prognostic marker in SCLC; patients with lower 

initial CTC count live longer than those with high CTC count. Furthermore, CTC 
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count after 1st cycle of chemotherapy is a strong predictor for response to 

chemotherapy and survival.  

 

In chapter 5 we used the biopsy material from patients that enrolled in the clinical 

study described in chapter 4 in order to examine a possible correlation between 

CSC or EMT marker expression, CTC levels and prognosis. We hypothesized that 

high levels of CSC and EMT markers would be associated with high CTC levels and 

poor prognosis in patients. Biopsies of 38 SCLC patients at diagnosis were used for 

marker evaluation by immunohistochemistry. Expression of the CSC markers CD44 

and SOX2 and EMT markers E-cadherin, EpCAM, c-MET, Vimentin and Cytokeratin 

8, 18,19 was evaluated. High expression of c-MET (c-METH) and low expression 

level of E-cadherin (E-cadL) showed a trend towards better prognosis (p=0.07 and 

p=0.09 respectively). When these markers were combined (c-METHE-cadL) a 

significant correlation towards better survival was found (p=0.007).  No correlation of 

the tested markers with baseline CTC count was observed. However, there was a 

trend for c-METHE-cadL (p=0.09) with low baseline CTC count. CSC markers SOX2 

and CD44 were not associated with overall survival in this patient cohort. Our results 

suggest that SCLC with a mesenchymal-like phenotype (c-METHE-cadL) is 

associated with longer survival and showed a trend towards lower baseline CTCs. 

  

In chapter 6 we investigated the potential of CSC enrichment of esophageal 

adenocarcinoma (EAC) cells in an in vitro three dimensional spheroid cell culture 

model. The EAC cell line OE19, when cultured as spheroids under serum free 

conditions (OE19S), showed enhanced CSC properties as determined by spheroid 

formation and chemoresistance assays in vitro. This enrichment for CSC 

characteristics was not seen in another spheroid-cultured EAC cell line, OE33S, 

when compared to monolayer OE33 cells. However, following implantation in 

NOD/SCID mice spheroid-cultured OE19S, but also spheroid cultured OE33S cells 

displayed enhanced tumor growth compared to monolayer-derived xenografts. 

mRNA expression of spheroid and monolayer cultures of OE19 and OE33 cells, as 

well as their xenografts, was determined using an Illumina array. Expression of the 

stem cell associated genes KLF2 and C-FOS was significantly and at least 2-fold 

increased in spheroid cultures of both the cell lines compared to their monolayer 

counterpart. No significant differences in gene expression were seen between 

OE19S and OE33S derived xenografts models. qRT PCR results were in 

concordance with the microarray data, except for KLF2 for the OE33 model. Gene 

Set Enrichment analysis showed alterations in DNA regulation and cell adhesion 
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pathways between monolayer and spheroid cultured cells. To conclude, the OE19 

spheroid model could be used to study CSC characteristics in EAC and deserves 

further validation. However, not all EAC spheroid cell line models appear to follow 

the predictions of the CSC model, and caution should be taken when interpreting 

results. The genes that we found differentially expressed between monolayer and 

spheroid-cultured EAC cells warrant further investigation for their possible role in 

CSC in EAC. 

 

In chapter 7 we conducted a literature study on current and novel methods of 

targeting apoptosis pathways in lung cancer as therapeutic strategies. We included 

approaches aimed at targeting tumor necrosis factor (TNF)-related apoptosis-

inducing ligand (TRAIL) receptors, BCL-2 family members and apoptosis-inhibitory 

proteins (IAPs). Therapeutics that modulate apoptosis are more effective when used 

in combination with traditional cytotoxic chemotherapy. We also discussed 

preclinical and clinical trials that were conducted or ongoing and the future 

perspectives. We propose that it would be beneficial to test the combination of 

apoptosis targeting agents such as BCL-2 inhibitors with the TRAIL receptor 

targeting agents or BCL-2 inhibitors with EGFR inhibitors. Novel biomarkers that can 

predict the responses towards these drugs have yet to be identified.  

 

Summarizing Discussion and Future Perspectives 
CSCs and EMT in SCLC 

Our study in the longitudinal SCLC model representing disease progression showed 

no correlation with EMT marker expression, whereas some association with an 

increase in CSC properties was seen. SCLC cells derived from metastatic biopsies 

(GLC14) showed different invasive and CSC properties compared to the cells 

derived from primary endobronchial biopsies possibly indicative of altered properties 

in metastasized SCLC cells. In earlier studies CSCs have been isolated from SCLC 

patient’s tumor biopsies on the basis of cell surface marker expressions such as 

CD133, CD44 and by side population (SP) analysis [17]. However, there are no 

comparative studies as yet between CSC populations isolated from primary and 

metastatic biopsies, though it is likely that these populations will differ. This seems 

to be reflected by GLC14, derived from a metastasized lymph node, displaying the 

highest invasive and spheroid forming potential. Thus, CSC properties may be 

dependent on the site from which they are derived (i.e. primary tumor vs metastatic 

site). In line with that, it has been suggested that two different kinds of CSC 

populations exist namely stationary CSCs and migrating CSCs in colorectal cancer 
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[18]. Perhaps GLC14 cells are derived from migratory CSCs, which have enhanced 

invasive potential.  

 

We used several known CSC markers, however, additional CSC markers and 

functional assays such as ALDH activity and SP analysis could be used to further 

characterize this longitudinal SCLC cell line model for CSC properties. In addition, 

the GLC cells and sorted fractions could be tested for tumorigenicity and CSC 

enrichment by limiting dilution assays in NOD/ SCID mouse. Although several CSC 

specific markers have been identified in SCLC their role in disease relapse and 

resistance has not yet been firmly demonstrated. There are conflicting results with 

candidate CSC markers, their prognostic relevance and their use as novel 

therapeutic targets. Most of these studies in SCLC rely on cell line models and in 

vitro assays, which likely do not fully represent tumor heterogeneity in the actual 

tumor. Moreover most of the CSC markers used in lung cancer including SCLC 

were identified in other types of solid tumors and leukemia and their utility for lung 

needs to be thoroughly investigated. Future experiments employing primary tumor 

material and an experimental setup mimicking the natural tumor microenvironment 

such as orthotopic xenografts or three dimensional organoid models [19] may lead 

to new insights in identifying lung CSC properties.  

 

We could not demonstrate indigenous occurrence of EMT in this longitudinal SCLC 

cell line model that was limited to the detection of only a number of EMT markers. 

Perhaps the biopsies from which the cell lines were derived may not represent the 

cells that were able to undergo EMT or in vitro culturing might have selected only 

one type of phenotype (epithelial) to dominate over other with time.  

 

EMT and CTCs in SCLC  
We found that CTC levels determined by the Veridex CellSearch platform are good 

prognostic and possible predictive markers in SCLC. Our findings indicate that 

patients with low levels of CTCs and with limited disease (LD) have a better overall 

survival compared to patients with high CTCs and with extensive disease (ED). 

Moreover CTC count after 1st cycle of chemotherapy showed a strong predictive 

value for response to chemotherapy and survival.  

 

Our results are in line with several clinical studies that correlated high CTC values 

with worse prognosis. The first large clinical study on CTCs was carried out in breast 

cancer [20]  and subsequently high CTC values were correlated with bad prognosis 
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in other tumor types such as colorectal [21], prostate [22] and in NSCLC [23]. In line 

with our study described in chapter 4 [24], Hou et al demonstrated that CTCs in 

SCLC are prognostic and predictive markers [25]. Moreover they reported the 

presence of large CTC clusters, termed circulating tumor microemboli (CTM). These 

CTM did not show the presence of apoptotic cells in contrast to single CTCs, which 

may implicate that cell-cell interactions in CTM prevent anoikis leading to higher 

levels of vital CTCs able to metastasize. In many of the mentioned clinical studies, 

CTC levels were used to predict the treatment efficacy of solid tumors. This could be 

relevant, implying that if there is no reduction in CTC levels following one course of 

treatment, patients could be withdrawn from administrating the same therapeutic 

regime, which would be cost effective and avoid unnecessary side effects to the 

patients. Interestingly, a recent study by Smerage et al demonstrated that early 

switching to an alternative therapy based on persistent CTCs did not improve the 

overall survival in metastatic breast cancer patients. This suggests that there is a 

need for more effective treatments than the current standard chemotherapy regimen 

[26].  

 

Veridex CellSearch is currently the only FDA approved CTC detection method. 

Apart from CellSearch several other methods use EpCAM for capturing the CTCs 

such as microfluidic devices like the CTC-chip, Herringbone chip, iCHIP (All 

Massachusetts General hospital center USA), IsoFlux (Fluxion USA), MagSweeper 

(Stanford University, USA) and GILUPI Nanomedezin (Germany) [27]. However not 

all CTCs express epithelial markers; cells that have undergone EMT or partial EMT 

lose their epithelial markers and attain more mesenchymal markers and will escape 

detection by EpCAM-based CTC capturing methods. Thus other technologies that 

are independent of cell surface marker expressions and which are based on 

physical properties such as size and density are gaining more attention. This 

includes isolation by size of tumor cells (ISET), Dean Flow Fractionation, isolation by 

density (OncoQuick) and isolation by membrane capacitance like Dielectropheretic 

filed- flow fractionation. Other methods are based on functional assays such as 

EPithelial Immuno SPOT (EPISPOT), density gradient centrifugation followed by 

growing cells to Chick Chorioallantoic Membrane (CAM) for short-term culture, high-

throughput fluorescent scanning that includes red blood cell lysis and density 

gradient centrifugation and DEPArray which is based on single cell sequencing 

technology [27]. Although these techniques are efficient, limited clinical evidences 

are currently available to confirm their advances over FDA approved CellSearch 

technology.  
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We also performed an immunohistochemical study for the detection of EMT and 

CSC markers in the samples from the same SCLC patients that enrolled in the CTC 

clinical study. We concluded that the patients with a mesenchymal-like phenotype 

(c-METHE-cadL) were associated with significantly better prognosis and showed a 

trend towards low baseline CTC counts. Our results are contradictory with previous 

evidences regarding the expression of EMT markers and their association with 

prognosis in SCLC and other solid tumors. Most of the current literature suggests 

that an epithelial phenotype is associated with better prognosis whereas a 

mesenchymal phenotype reflects the presence of high migratory and invasive tumor 

cells, that is associated with worse outcome [28]. Previously, expression of the 

epithelial marker E-cadherin was associated with a better prognosis in SCLC [29], 

whereas amplification of the EMT transcription factor ZEB1 was associated with 

bone metastasis in SCLC patients [30]. In the same study, siRNA knockdown of 

ZEB1 in a SCLC bone metastasis derived cell line inhibited the migration and 

invasive potential of these cells as well reduced bone metastasis. Overexpression of 

c-MET has been associated with worse outcome in SCLC and c-MET inhibition with 

a small molecular inhibitor PHA-665752 resulted in survival benefit to SCLC patients 

[31]. However our results are in line with in vitro findings in a SCLC cell line H69, 

where floating aggregates expressing high epithelial characters resulted in 

enhanced in vivo tumorigenicity in subcutaneous mouse model [32]. SCLC shows 

both neuroendocrine and non- neuroendocrine/ epithelial differentiation suggesting 

that SCLC tumors may have a common epithelial ancestor [33]. Earlier, presence of 

both these phenotypes has been demonstrated in SCLC patient blood, moreover 

neuroendocrine phenotype as measured by Pro-opiomelanocortin (POMC) was 

correlated with worse prognosis, liver metastasis and epithelial positive CTCs [34].  

As mentioned previously, CTC detection by Veridex CellSearch platform will fail to 

detect EpCAM low/negative mesenchymal CTCs and, in addition, may also miss 

circulating neuroendocrine SCLC cells that may remain undetected. Recent study 

showed that microcavity array (MCA) system, a novel CTC isolation method based 

on cell size could detect CTCs and CTC clusters from SCLC patients that were 

missed by Veridex technology [35]. 

 

Interestingly, a new and contradictory “epithelial-mesenchymal co-operation model” 

has been suggested recently in SCLC [27]. In mice it was demonstrated that 

subcutaneous injections of mixed epithelial and neuroendocrine SCLC cells are 

required for liver metastasis. Neither of the cell types resulted in metastasis if 

injected alone or separately at opposite flanks [36]. In another study subcutaneous 



502135-L-sub01-bw-Pore502135-L-sub01-bw-Pore502135-L-sub01-bw-Pore502135-L-sub01-bw-Pore

Chapter 8 

	
150 

injections of epithelial and mesenchymal cells of hamster oral keratinocytes resulted 

in intravasation of both types of tumor cells, however, only epithelial cells resulted in 

lung metastasis suggesting that mesenchymal cells may facilitate the invasion of 

both type of tumor cells but only epithelial cells result in distant metastasis [37]. Hou 

et al found that that CTCs and CTM isolated by ISET from SCLC patients displayed 

heterogeneous expression of E-cadherin and Vimentin, however, none of them 

expressed both the markers suggestive of a mixed population of epithelial and 

mesenchymal circulating SCLC cells [11]. Anyway, regardless of the underlying 

mechanisms it will be important in future to count CTCs using a marker-independent 

method such as ISET in a large SCLC patient cohort in order to corroborate the 

association between EMT markers expression, CTC counts and prognosis in SCLC.  

 

Recently CTC derived explant (CDX) mouse model have been developed that mimic 

the donor patient’s response to therapy. These CDX models also show similarity in 

genomic analysis with their originating CTCs and can be used to study the 

resistance mechanism and testing new therapeutics in SCLC [38]. Further research 

using advanced technologies such as single cell sequencing, next generation 

sequencing (NGS) and whole genome analysis (WGA) may provide new insights to 

identify the metastatic initiating cells or therapy resistant phenotypes that may help 

to design novel therapeutic strategies for better management of lung cancer 

progression. Finally, CTC capturing with novel biomarkers such as actin-bundling 

protein plastin 3 which can capture both epithelial and mesenchymal CTCs as well 

as novel detection methods that allows characterization and their in vitro culturing 

are currently underway [39,40].  

 

EMT in NSCLC 

Our data conclude that TGF-β treated A549 (mesenchymal) cells display enhanced 

chemoresistance, migration and invasion potential as well as CSC properties 

compared to the untreated A549 (epithelial) cells. Our in vitro results are in 

accordance with previous studies. Earlier, acquired docetaxel resistance in A549 

cells displayed mesenchymal features [41] and EMT induction in A549 cells resulted 

in resistance to gefitinib and erlotinib and enhanced migration and invasion potential 

[42]. In A549 cells activation of EMT by TGF-β showed transcriptional upregulation 

of Sonic Hedgehog pathway that was associated with increased migration, invasion, 

and in vitro colony forming potential [43]. Most of the evidences for EMT come from 

in vitro studies and from immunohistochemical staining studies of patient material 

where expression of EMT markers is monitored and compared with patient’s 
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clinicopathological features. In NSCLC the presence of E-cadherin has been 

associated with longer overall and disease free survival [44] and expression of 

Vimentin has been associated with poor disease free survival [45] suggesting that 

the epithelial phenotype associates with better outcome.  

 

Recently induction of EMT has been associated with enhanced CSC properties in 

breast cancer [13]. In NSCLC cell line models, TGF-β induced EMT showed 

elevated expressions of CSC specific markers OCT4, NANOG, SOX2 and CD133 

[14]. In another study, the same group demonstrated that CD133 positive as well as 

side population (SP) A549 cells had enhanced motility [46]. EMT has been also 

demonstrated in preclinical mouse models. For example, in a breast cancer mouse 

model EMT occurring in the primary tumor was associated with enhanced 

intravasation and generation of CTCs where characterization of CTCs displayed 

high expression of Vimentin [47].  

 

Targeting EMT seems an attractive anti-cancer strategy. There are at least four 

stages where EMT can be targeted using pharmacological drugs [48]. First, EMT 

can be inhibited using antagonists of extracellular EMT-inducing stimuli. For 

example blocking of EGF receptor kinase using small molecular inhibitor AG1478 

and TGF-β receptor kinase using SB431542 have been reported to inhibit EMT in 

endometrial carcinoma and pancreatic cancer cells [49,50] A second approach is 

the specific targeting of signaling pathways mediating EMT like signal transducer 

and activator of transcription-3 (STAT3) using inhibitors such as Stattic and S3I-201 

[51,52]. Thirdly, direct targeting of a mesenchymal marker such as Vimentin with 

weithaferin-A that is able to prevent Vimentin assembly and functioning lead to 

inhibition of cell migration and invasion in lung and breast cancer cells and also 

inhibited metastasis formation in vivo [53,54]. Inhibition of other mesenchymal 

markers such as N-cadherin using monoclonal antibodies has been reported [55]. A 

fourth approach is the targeting of Mesenchymal to Epithelial transition (MET) 

thought to be required for tumor colonization at secondary sites using the FGF 

receptor isoform FGFR2IIIc as was reported for a bladder carcinoma cell line [56]. 

 

Each of the above mentioned strategies have their own advantages and limitations. 

For example inhibiting mesenchymal markers/ EMT markers may lead to 

epithelialisation of disseminated tumor cells leading to metastasis, whereas 

targeting MET may lead to mesenchymalisation and therapy resistance. Inhibiting 

mesenchymal cells may lead to alternative forms of cell migration like amoeboid 
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migration which may be the reason for failure of the phase III protease inhibitor 

clinical trial in breast cancer [57].  Most of times at diagnosis tumor cells have 

already metastasized and inhibiting EMT is no more an option at that stage, 

although it may prevent further dissemination. Further research on each of these 

approaches is required to examine if targeting specific stages of EMT will be 

beneficial. 

 

CSCs in Esophageal Adenocarcinoma (EAC) 
In this thesis we described three-dimensional spheroid culturing of the EAC cell line 

OE19 in serum-deprived medium displaying enhanced CSC characteristics. This 

model may be useful to further explore the CSC model in EAC, including limited 

dilution assays in vivo. We found upregulation of C-FOS and KLF2 in the spheroid 

model and RNA interference-based knockdown of these genes and subsequent 

testing the effect on spheroid formation in vitro and tumor forming ability in mice, will 

establish their possible involvement in cancer stemness. However, we observed that 

spheroid growth does not always enrich for CSC properties, because spheroids 

grown from the OE33 cell line did not show significant enhancement of such 

characteristics in vitro. Perhaps medium-induced reprogramming will not be possible 

in all cancer cells, and/or cells may already have a CSC phenotype that cannot be 

enhanced further. Therefore caution should be taken when using spheroid models 

as enriched CSC models and each spheroid model should be characterized 

independently. A better understanding of the CSC model in esophageal 

oncogenesis and disease progression may provide new leads for targeted therapy. 

While several markers have been reported to associate with esophageal CSCs, a 

definitive characterization of CSCs in EAC has not yet been clearly established. 

CD44, CD90 and p75NTR have been suggested to enrich for CSC-like cells in 

esophageal cancer [58–60]. A broad panel of possible CSC markers, including 

CD44 and CD24, were tested using primary patient material however neither of 

these markers enriched for cells with enhanced tumorigenicity in vivo [61]. Besides 

the use of markers, functional assays can also enrich for CSCs. The side-population 

assay, based on Hoechst exclusion assay, enriched for EAC cells with CSC-

characteristics demonstrated by enhanced tumorigenicity in vivo [62].  

 

To further explore the CSC model in EAC, the use of primary tumor cells derived 

from fresh patient material might provide a better model system. An alternative 

approach to study CSCs in EAC could involve mouse models that mimic EAC 

development. In a transgenic Barrett esophagus mouse model overexpressing 
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interleukin-1-β (IL-1-β) and crossed with a Lgr5- Cre-ERT/Rosa-LacZ reporter 

mouse, Lgr5 positive cells were shown to migrate from the cardia and were found in 

the metaplastic Barrett’s epithelium [63]. The combination of lineage tracing of 

labelled stem or progenitor cells in the normal squamous epithelium together with an 

inducer of malignant progression (such as IL-1-β overexpression), could be another 

approach to identify potential mechanisms in CSCs driving EAC development. 

 

Conclusions 
EMT, CSC and CTCs are thought to play an important role in cancer progression 

and metastatic spread of disease. However, the relationship between these 

processes remains poorly understood. In this thesis we have addressed the 

association between these processes and their role in disease progression and 

prognosis. We provided in vitro support for an increase in CSC but not EMT features 

in SCLC during disease progression, and found that induction of EMT in A549 cells 

enhanced CSC properties. CTC counts were found to reflect disease status in SCLC 

patients and to be prognostic predictors for response to chemotherapy. However, 

we could not link a mesenchymal status with higher CTC levels in part of the same 

cohort of patients. Therefore, these findings do not justify the drawing of firm 

conclusions on the possible connection between CSC, EMT and CTCs.  In vitro the 

mechanisms driving EMT and CSCs need to be studied in more detail, which will 

also reveal the overlaps in pathways.  Furthermore, many issues are still not clear, 

for example, how EMT guides dissemination of tumor cells from primary site to 

blood, how CTCs are protected from anoikis, and if CTCs have CSC properties that 

are implicated in metastatic spread of disease. In vivo imaging techniques allowing 

the monitoring of the actual behavior of specific tumor cells in mice will be important 

in this respect. Ultimately, research on mechanisms controlling EMT and CSC may 

provide new therapeutic targets. Genomic and proteomic characterizing of CTCs at 

single cell level will yield vital clues for identifying the mechanisms behind drug 

resistance, metastasis initiating cells and tumor recurrence. Monitoring of CTCs as a 

non-invasive liquid biopsy could be integrated in cancer treatment for diagnostic 

purposes, and in vitro culturing of CTCs may provide a means to test drug efficacy 

that could then be translated to the clinic.  
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