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Aa                              Amino acid 

Acc. No                     Accession number 

AE                             Arginine esterase  

ß-act                          Beta-actin  

bcl-2                          B-cell lymphoma 2 

bp                              Base pair  
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CD                             cluster of differentiation 

CD133                       Pentaspen transmembrane glycoprotein (Prominin1) 

CD34                         Cluster of differentiation molecule of glycosylated protein 
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CSC                           Cancer stem cell  
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DDX5                        DEAD box protein 5 

EGFP                         Enhanced Green Fluorescent Protein 

FACS                         Fluorescence-activated cell sorting  

FCS                            Fetal calf serum   

FL                              Fluorescent Light 

gFMI                         Geometric fluorescence intensities 

HMGA2                    High-mobility group AT-hook 2 

HPET                        Human prostate epithelial /hTERT  

HPRT                        Hypoxanthine guanine phophoribosyltransferase 

IgG                            Immunoglobulin G 

ITGA6                       Integrin alpha-6 

KLF4                         Kruppel-like factor 4
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1. Introduction 
 
 
1.1 Prostate cancer in man and in the dog 

 

Prostate cancer is a common disease in men and a major cause of cancer related death 

in western societies (Ferlay et al. 2013).  In Germany, it is the most common cancer occurring 

in men (http://www.krebsdaten.de/Krebs/EN/Content/Cancer_sites/Prostate_cancer/prostate_ 

cancer_node.html). While a considerable part of the tumors in men is castration-sensitive and 

thus responds to androgen-deprivation therapy, metastatic carcinoma inaccessible to such 

therapy hardly leaves any treatment options (Cookson et al. 2013). Currently, many hopes 

therefore reside on the promising research on new therapeutic strategies (Liu et al. 2010). 

The corresponding tumor of the prostate gland in dogs is less common, nevertheless biology 

and treatment options are of great interest considering the much debated role of the canine 

prostate carcinoma as a naturally occurring model of this tumor type (Waters et al. 1998, 

Waters et al. 2005, Leroy and Northrup 2009, Langdon 2012).  

 

1.2 Cancer stem cells 

 

During the last few years, the concept of cancer stem cells (CSCs) has gained 

increasing attention in both canine and human cancer research (Clarke et al. 2006, Nemoto et 

al. 2011, Visvader and Lindeman 2012). CSCs are considered to play a pivotal role in the 

formation of metastasis and relapsing disease in cancer.  However, in order to identify a cell 

as cancer stem cell, two prerequisites must be proven: self-renewal and the capacity to 

develop into all cell types constituting the tumor (Clarke et al. 2006).   

!
Different ways of identifying cancer stem cells have been proposed, including 

immunophenotyping using cell surface markers, presence within the SP fraction defined by 

Hoechst dye efflux properties, genetic and epigenetic signatures, and cultivation of cells in 

different, serum-containing and serum-free media (Clarke et al. 2006, Richard et al. 2013). 

However, the gold standard to prove that a given cell indeed is a cancer stem cell remains the 

demonstration of its ability to i) induce tumor formation in a suitable animal model and ii) 

self-renewal after engraftment of putative stem cells isolated from this tumor into a second 

recipient (Clarke et al. 2012). 
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Studies on cancer stem cells from prostate tumors have shown the successful fulfilment of 

these requirements by cells found in the Hoechst dye-excluding side population (SP) cells, 

and cells expressing CD44 (Clarke et al. 2006, Liu et al. 2010, Visvader et al. 2012). During 

the last decade, quite a few studies have been published either referring to data gathered from 

human cell lines of prostate carcinomas, or from clinical specimens (Kasper 2009).  

Summarising the results found by several study groups, it is fairly common for the putative 

prostata carcinoma stem cells to express the surface antigens CD44 (Collins et al. 2005, Tang 

et al. 2007), Sca-1 (Burger et al. 2005), Cd133/prominin-1 (Castellon et al. 2012), and the 

ATP-binding cassette transporter/breast cancer resistance protein ABCG2/BCRP, which has 

been found to be highly expressed by SP cells (Castellon et al. 2012, Richard et al. 2013), and 

integrins (Lawson et al. 2007).  

However, one must always bear in mind that there is not “the cancer stem cell”. Besides that 

fact that CSCs from different tumors have distinct properties, emerging evidence suggests that 

there are probably multiple CSC pools in an individual tumor, which can be distinguished by 

variable expression of surface antigens, genetic and epigenetic signatures of “stemness” and 

other criteria, such as presence within the SP fraction defined by Hoechst dye efflux 

properties (reviewed in Clarke et al. 2006). 

Guzman-Ramirez et al. (2009) presented an experimental model where putative malignant 

cells isolated from human prostate cancer specimens derived from radical prostatectomy were 

proven to have clonogenic and self-renewing potential in the prostasphere assay. Cells were 

analyzed further by functional analysis of gene expression of TMPRSSw/ERG gene fusion.  

The model presented by the cited authors has the advantage of allowing analysis of the self-

renewal capacity of cells without the need of serial in vivo passaging, which makes it more 

practicable and considerably faster.  

In conclusion, in order to verify the stem cell character of a tumor cell, it is necessary to prove 

that it has the potential of self-renewal, capability of differentiating into various cell types 

(multipotency), and of malignancy.  

!
In the present work, cell lines derived from canine prostate tissues were evaluated for the 

expression of pluripotency marker genes in a first study, and in a second study the canine 

prostate cell line CT1258 was cultivated in serum-free medium in order to enrich putative 

CSCs in spherical form for further analysis.  

Genes analysed were: 
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CD34 

This membrane-spanning, surface glycophosphoprotein is expressed on 

developmentally early hematopoietic cells but also found on embryonic fibroblasts and 

endothelial cells of small vessels, and in quite a few more nonhematopoietic tissues, such as 

muscle satellite cells and corneal keratocytes (Sidney et al. 2014). CD34 positive bone 

marrow cells are able to reconstitute all hematologic lineages after complete myeloablative 

therapy, and are thus widely used in transplantation and gene therapy studies (Krause et al. 

1996). The presence on endothelial cells underlines its function in the homing process and 

during inflammation, so the main roles attributed to the protein are those of stem/progenitor 

cells and cell localization and adhesion in the bone marrow (Fina et al. 1990, Sutherland et al. 

1992, Baumhueter et al. 1993, Baumhueter et al. 1994, Krause et al. 1994).   The human gene 

is located on 1p32 and has 8 exons coding a gene product of 67 kDa (Krause 1996, Li et al. 

2001), whereas the canine gene on chromosome 7 is composed of 9 exons with a protein 

product of 42 kDa (acc.no: ENSCAFT00000018621) (Ensembl Canine CD34).  

 

CD44  

CD44 is an adhesion molecule important in cell-cell and cell-matrix interactions. One 

critical function is the homing of cells through migration (Naor et al. 2008), besides this, 

several signaling pathways can be directly influenced through these interactions. Its multiple 

functions include regulation of cell adhesion, proliferation, growth, survivial, motility, 

migration, angiogenesis and differentiation (reviewed in Jagupilli and Elkord 2012). 

Through binding its main ligand hyaluronic acid which is especially concentrated in the 

osteoblastic niche in the bone marrow, stem cells are homed in the marrow (Sackstein et al. 

2008). A large number of cells have been shown to express CD44, including stem cells 

derived from various tumors. It has therefore been propagated as a target for isolating cancer 

cells and cancer stem cells in particular (Li et al. 2007). Hence, CD44 is extensively used as a 

surface marker for isolating CSCs from breast, prostate, pancreas, ovarian, and colorectal 

cancers (Du et al. 2008, Bapat 2010). The CD44 gene can undergo alternative splicing to 

encode different proteins in different cancer subtypes (Rangaswami et al. 2006), a fact that 

stresses its multifaceted expression such as self-renewal and differentiation. 

Canine CD44 is homologous to its human counterpart, which is located on chromosome 

11p13 (acc. no: ENSCAFT00000043407). Whereas the human gene is composed of 19 exons, 

it comprises 20 exons in the dog (acc. no: ENSCAFP00000040302) (Milde et al. 1994, Serra 

et al. 2004).   
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CD133 

CD133, or prominin, is a member of the pentaspan transmembrane glycoprotein 

family. The gene coding for it is located on human chromosome 4p15 and dictates generation 

of a 120kD protein (Miraglia et al. 1997). Although not precisely defined yet, most authors 

attribute its predominant role to “organizing” the plasma membrane topology (Mizrak et al. 

2008). First found on the surface of hematopoietic stem cells, it was later demonstrated by 

several groups as a marker of murine neuroepithelial cells, several other embryonic epithelia, 

and later on endothelial, lymphangiogenic, and myeoangiogenic progenitors (Irollo and 

Pirozzi 2013). CD133 has been demonstrated in a broad variety of tumors including 

pancreatic carcinoma, and was subsequently used for identifying and isolating the stem cell 

fraction of these tumors (Richardson et al. 2004, Tirino et al. 2012).  

However, Irollo and Pirozzi have pointed out that, through the fact that alternative splicing 

because of variations in promoter activity can lead to different forms of epitopes, may be the 

cause for irritating findings in some studies (reviewed in Irollo and Pirozzi 2013).  

The canine homologue was assigned to the canine chromosome 3 (accession number: 

ENSCAFT00000044445), is composed of 23 exons and has a molecular weight of 94.5 kDa 

(acc. no: ENSCAFP00000038815) (Ensembl canine CD133). It was found by 

immunohistochemistry on various canine tumors, such as brain, liver and mammary (Stoica et 

al. 2009, Cogliati et al. 2010, Michishita et al. 2011). 

 

C-KIT 

c-kit (also called CD117) is a transmembrane protein belonging to the tyrosine kinases 

(Pawson 2002). It is a homodimer composed of 976 amino acids with a molecular weight of 

ca. 110 kDa which can be found in the cell membrane of various tissues, such as 

hematopoietic stem cells, multipotent and myeloid progenitor cells (Yarden et al. 1987). 

Being a receptor protein, c-kit can be activated by autophosphorylation through its ligand, the 

so-called stem cell factor (SCF). C-kit plays a central role in the proliferation and 

differentiation of stem cells and was also found to be important in skin pigmentation, enteral 

function and spermatogenesis (reviewed in Lennartson and Rönstrand 2012).  

So called “gain-of-function” mutations were demonstrated to play key roles in different forms 

of cancer, such as germ cell tumors, melanomas, leukemias, mastocytosis and mast cell 

tumors (Kitamura and Hirotab 2004). This has raised much attention to c-kit as the target of 

novel antibody-based therapies using tyrosine kinase inhibitors (Lennartsson and Rönstrand 

2006). Loss of function mutants usually are lethal during the embryonic phase– in 
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heterozygotes, fertility disorders, leukemia and skin pigmentation disorders can occur 

(Lennartsson et al. 2005).  

Canine c-kit is located on chromosome 13, consists of 21 exons and has a molecular weight of 

approximately 109 kDa (acc.no: ENSCAFT00000049830) (Ensembl Canine C-KIT). 

 

ITGA6 

ITGA6, also called integrin or alpha 6, has two isoforms (α6β1 and α6β4), which are  

receptors for the laminin family of extracellular matrix proteins, playing  essential roles in 

strengthening and stabilising skin tissue by forming hemidesomosomes (Sonnenberg et al. 

1991, Dowling et al. 1996, Sterk et al. 2000). Consequently, a lethal mutation in ITGA6 leads 

to a rare autosomal recessive genetic disease, epidermolysis bullosa, with variable 

involvement of skin, nails and mucosa (Chung and Uitto 2010). 

Besides epithelial cells, α6β4 is also expressed on thymocytes, fibroblasts and Schwann cells, 

and α6β1 is found in platelets, leukoytes and many epithelial cells 

(http://atlasgeneticsoncology.org/Genes/GC_ITGA6.html).  

Integrins have been found to be associated predominantly with the progression of a variety of 

epithelial cancers, but very recently studies have also suggested their role in initial formation 

of these tumors (Haraguchi et al. 2013). Located on the human chromosome 2q31.1 

(corresponding to the canine gene on chromosome 36), the protein synthesized has a 

molecular mass of 119.5 kDa or 120 kDa in the dog, respectively (acc.no: 

ENSCAFT00000046049) (Ensembl Canine ITGA6). 

 

OCT4  

The octamer-binding transcription factor 4 or OCT-4, also referred to as POU domain, 

class 5, transcription factor 1 (POU5F1) is important in regular embryonic development, 

whereas in adult organisms it is only detectable in germ cells (Schöler et al. 2004). Schöler et 

al. demonstrated that viability of mice was directly correlated with an exact expression of the 

protein: under-, but also overexpression within narrow borders both led to mortification of the 

embryonal tissue. Yamanaka and Blau (2010) reported that through expression of only 4 

genes, pluripotency can be reinduced into differentiated somatic mammalian cells. 

Sterneckert et al. therefore suggested Oct4 to be the gatekeeper into a reprogramming 

expressway (Sterneckert et al. 2012). 

The Oct-4 gene resides on the human chromosome 6, locus p21.33 and dictates transcription 

of two possible isoforms of either 45 kDa or 33 kDa products. The known gene in the dog is 
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on chromosome 12 and the protein product has a molecular mass of 38 kDa (acc.no: 

ENSCAFT00000000768) (Ensembl Canine OCT4). 

 

DDX5 

DDX5 belongs to the large family of so-called DEAD-box proteins that are all 

characterized by the conserved amino acid motif ASp-Glu-Ala-Asp and are thought to be 

RNA helicases (Ford et al. 1988, Iggo and Lane 1989). The p68 RNA helicase is expressed by 

dividing cells of different vertebrates and also by cancer cells, where its expression is 

increased (Causevic et al. 2001). 

The gene was demonstrated to produce two mRNA transcripts through alternative splicing, 

2,3kb and 4,4kb size (Rossler et al. 2000). Gene mapping localized DDX5 to the human 

chromosome 17q23.3 (dog: chromosome 9), and the protein produced has a molecular weight 

of 69 kDa and 76 kDa, respectively (acc.no: ENSCAFT00000018595) (Ensembl Canine 

DDX5). 

 

MELK 

Maternal embryonic leucine zipper kinase (Melk) is a serine/threonine-protein kinase 

involved in various processes such as cell cycle regulation, self-renewal of stem cells, 

apoptosis and splicing regulation (Seong et al. 2002). It has a broad substrate specificity and  

phosphorylates BCL2L14, CDC25B, MAP3K5/ASK1 and ZNF622. MELK acts as an 

activator of apoptosis by phosphorylating and activating MAP3K5/ASK1, as a regulator of 

cell cycle, notably by mediating phosphorylation of CDC25B, promoting localization of 

CDC25B to the centrosome and the spindle poles during mitosis (Blot et al. 2004, Le Page et 

al. 2011). It also plays a key role in cell proliferation and carcinogenesis (Gray et al. 2005). 

MELK, among various other functions, is required for proliferation of embryonic and 

postnatal multipotent neural progenitors.  

The chromosomal allocation of MELK is on chromosome 9p13.2. The gene generates 

multiple variants of m-RNAs, and the full-length protein built is a 651 amino acids enzyme 

with an estimated molecular weight of 74.5 kDa (Tassan 2011).  

Expression of MELK is high in oocytes, spermatogonia and embryos and thus believed to 

have a key role in germ-cell development, but also in a large panel of cancers (Gray et al. 

2005).  Expression is dependent on cell-cycle, and undetectable on cells who have exited the 

cycle (Badouel et al. 2010).  
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C-MYC 

C-myc represents the cellular variant of the avian myelocytomatosis viral oncogene 

(Vennstrom et al. 1982). It is located on human chromosome 8q24.21 (Dalla-Favera et al. 

1982). Numerous studies have demonstrated its role as a transcriptional regulatory factor in 

cell proliferation and apoptosis (Evan et al. 1992, Boxer and Dang 2001). Mutations, 

overexpressions and translocations lead to a variety of especially hematopoietic tumors in 

man, including Burkitt’s lymphoma (Dalla-Favera et al.  1982). In the canine genome, c-myc 

was found to be located on chromosome 13 and to be composed of three exons dictating the 

generation of a 439 amino acid protein (molecular weight 48 kDa) (acc.no: 

ENSCAFT00000001656) (Ensembl Canine C-MYC). Besides hematological cancers, 

abnormal expression of c-myc was also found in a variety of other cancers, such as 

melanoma, mammary, cervical and ovarian (Tansey 2014). 

 

KLF4 

Krüppel-like factor 4 or KLF-4 is a zinc finger-type transcription factor which is 

expressed on several tissues, such as intestinal and dermal epithelium, and it was shown to 

bey a key player in cell differentiation and cell cycle arrest (Evans and Liu 2008). In this 

context, it was demonstrated to be able to turn differentiated fibroblasts into inducible 

pluripotent stem cells (Takahasi and Yamanaka 2006). It can exert both activating and 

repressing activity on transcription, depending on which gene is targeted by its activity. 

Moreover, in different scenarios KLF-4 functions as an oncogene or a tumor suppressor gene, 

respectively (Rowland and Peeper 2006, Wei et al. 2006, McConnell et al. 2007). 

The gene resides on human chromosome 9q31, producing a protein product of 54.7 kDa 

(acc.no ENSG00000136826) (Ensembl Human KLF4). The canine homologue on 

chromosome 11 with a similar size of 53 kDa (acc.no: ENSCAFT00000004467) (Ensembl 

Canine KLF4). 

 

SOX2 

The protein encoded by the SOX2 gene plays a critical role in the formation of a 

variety of different organs and tissues during embryonic development. It belongs to a group of 

genes officially called “SRY (sex-determining region Y) – box 2”, which in turn are members 

of the so-called “high mobility group proteins” that have been highly conserved during 

phylogenesis and function as transcription factors (Laudet et al. 1993). SOX-2 was found to 

be of special importance regarding the development of the eyes: mutations in the gene cause 
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an anophthalmia syndrome by either completely preventing production of the SOX2 protein, 

or by producing only a short and nonfunctional version of the protein (Fantes et al. 2003). The 

gene is located on the long arm of human chromosome 3 (3q26.3-q27).  

Canine SOX-2 maps to chromosome 34, contains one exon and generates a 35 kDa protein 

(acc.no ENSCAFT00000018476) (Ensembl Canine SOX2). 

 

NANOG 

This transcription factor was shown to be essential for embryonic stem cell renewal 

(Mitsui et al. 2003). The human gene is located on chromosomal region 12p13.31 and is 

composed of 4 exons which encode a protein of 305 amino acids and a molecular weight of 

34.6 kDa (Chambers et al. 2003). The protein facilitates binding of the RNA polymerase on 

the DNA during transcription. The NANOG gene is active in embryonal stem cells and is one 

of the known key factors maintaining cellular pluripotency besides Oct-4, c-myc, Sox-2 and 

lin-28. While overexpression leads to self-renewal in murine embryonic stem cells, ESC 

deprived of the protein differentiates into endoderm-like parietal cells (Chambers et al. 2003, 

Mitsui et al. 2003). The canine homologue of NANOG was mapped to the canine 

chromosome 10. It is composed of 1 exon encoding for 112 acids with a molecular weight of 

12 kDa (acc.no ENSCAFT00000043548) (Ensembl Canine NANOG).  

 
HMGA2 

The high mobility group protein A2 is a architectural transcription factor associated 

with non-histone proteins which regulate the expression of different target genes by changing 

the conformation of DNA by binding to ATrich regions, thus enabling binding of various 

transcriptions factors (Bustin and Reeves, 1996). HMGA2 is involved in various biological 

cellular processes such as cell growth, proliferation, differentiation, and apoptosis. It is 

overexpressed during embryogenesis while its expression in adult tissues is barely detectable 

(Cleynen and Van de Ven, 2008). The human HMGA2 gene is located on chromosome 

12q1415. It was described to be overexpressed in many human cancers such as breast, lung, 

pancreas, prostate, thyroid and non small cell lung cancer (Cleynen and Van de Ven, 2008). 

In canine, it was demonstrated to be overexpressed in canine prostate carcinoma (Winkler et 

al., 2007; Beuing et al., 2008).!
However, in this study the additional aim by using HMGA2 is describing the effect of the 

vector encoding for EGFP or EGFP-HMGA2 fusion protein (Willenbrock el, 2014) on the 
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expression of selected stem cell marker genes in the transfected cell line compared to the 

native cell line CT1258.  

 

Prostate cancer remains a major challenge especially in terms of metastatic, castration-

resistant cancer. Cookson et al. (2013) in their comprehensive article therefore underlined the 

need for future research with special focus on new candidate targets.    

Predictive biomarkers that are able to sort out patients who will benefit from new therapeutic 

options are urgently needed to personalize therapy.  

 

Defining the characteristics of cancer stem cells, identifying them in an individual patient and 

then tailoring a therapy aiming at destroying the cancer cell population responsible for disease 

recurrence and metastasis is the distant goal in this battle (Visvader and Lindeman 2012). The 

present study was undertaken to analyze putative prostatic cancer stem cells in the dog, 

representing an attractive animal model for human cancerous conditions (Langdon 2012).  

 
 

This work is summarized in the presented work in two separate studies: 

 

1. Characterization of three cell lines derived from canine prostate tissue (DT08/40, 

DT08/46, CT1258 and two derivatives of CT1258 stably transfected with either 

expression vector encoding for EGFP or EGFP-HMGA2 fusion protein by evaluating 

the expression of stem cell pluripotency marker genes as well as surface markers.  

 

2. Cultivation of CT1258 canine prostate cell line in serum-free medium to enrich CSC 

or cancer initiating cells in spherical form, and further analysis of the molecular 

characteristics of the expressed stem cell markers in these cells. 
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2. Materials and methods  
 

2.1 Cultivated cell lines  

The canine prostate transitional cell carcinoma DT08/40 cell line, prostate cyst 

DT08/46 cell line, canine adenocarcinoma CT1258 cell and the two derived CT1258 cell line 

CT1258-EGFP and CT1258-EGFP-HMGA2 fusion protein cell lines were provided by the 

small Animal Clinic, University of Veterinary Medicine Hannover, Germany. The cultivation 

of cell lines were performed in medium 199 (Gibco, Karlusruhe, Germany), 10 % fetal calf 

serum (FCS) (PAA Laboratories GmbH, Coelbe, Germany), 200 U/ml penicillin and 200 

ng/ml streptomycin (Biochrom AG, Berlin, Germany), incubated in 5 % CO2 and 95 % air in 

37 °C.   

 
2.2 Generation of fluorescent CT1258 cell lines 

cDNA of canine HMGA2 was ligated in the pEGFP-C1 vector plasmid (BD 

Bioscience Clontech, Palo Alto, CA, USA) which leads to the expression of  a recombinant 

EGFP-HMGA2 fusion protein which is expected to be localised in the nucleus. The 

transfection of CT1258 cells was performed according to the manufacturer’s instructions 

using 7.5ml Mirus TransIT-2020 reagent (Mirusbio LLC, Madison, WI, USA). After 

cultivation in 199 medium (Gibco, Karlusruhe, Germany) for 24 hours, the CT1258 cells 

were cultivated in 250 ml serum-reduced Opti-MEMI medium (Life Technologies, 

Darmstadt, Germany) containing 2.5 mg of pEGFP-C1 (BD Bioscience Clontech, Palo Alto, 

CA, USA) or recombinant pEGFPC1-HMGA2 plasmid. After treatment, the cells were 

incubated for 24 hours in the culture media. The transfected cells were selected with the 

antibiotic G418 (Life Technologies, Darmstadt, Germany). The uptake and expression of 

DNA was verified by fluorescence microscopy using a Leica DMI 6000B fluorescence 

microscope (Leica Microsystems GmbH, Wetzlar Germany) 

  

2.3 Cultivation in suspension medium  

 The cultivation of canine prostate adenocarcinoma CT1258 cell line in sphere form 

was performed in the serum-free DMEM/F12 medium supplemented with 2 mM of L-

glutamine (Sigma-Aldrich, Seelze, Germany), 5 µg/ml insulin (Sigma-Aldrich), 2 % B27 

supplement Minus Vitamin A (Life Technologies GmbH, Darmstadt, Germany), also 20 
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ng/ml EGF (Biochrom AG, Berlin, Germany) and 20 ng/ml bFGF (Invistrogen, Darmstadt, 

Germany). During 15 days, the cells were handly shaked 

 and incubated in 37 °C with 5 % CO2. 

 

2.4 Flow cytometry 

Cells were washed with Phosphate-buffered saline (PBS), trypsined and the 

suspension adjusted to total number 2 x 106 cells using a cellometer Auto T4 (Seqlab, 

Göttingen, Germany). The samples were incubated either with antibodies of specific markers, 

or specific isotype antibodies as negative control. The samples were incubated for 30 min in 4 

°C, washed with 1 % Albumin Serum Blocking Buffer (Sigma-Aldrich, Seelze, Germany) and 

centrifuged 850 rpm for 10 min in 4 °C. The cells labelled with the respective isotype controls 

were considered as a minimal positive fraction. TO-PRO-3 iodide (Life Technologies GmbH, 

Frankfurt, Germany) staining was performed to discard the selected dead cells fraction for 

further discrimination. The data were analysed by flowjo software. 

    

2.5 RNA isolation 

The cells were homogenised using QIAshredder spin columns (Qiagen, Hilden, 

Germany) according to the manufacturer’s protocol. Using RNeasy Mini Kit (Qiagen), RNA 

was isolated following the Purification of Total RNA from animal cells using Spin 

Technology protocol which stated in the RNeasy Mini handbook (pages: 23-28). Additional 

on-column DNase digestion was performed to eliminate the genomic DNA (Qiagen).  

 

2.6 cDNA synthesis 

cNDA synthesis was carried out using the QantiTect Reverse Transcription Kit 

(Qiagen) according to Reverse Transcription with Elimination of Genomic DNA Quantitative, 

Real-Time PCR  protocol with stated in the QantiTect Reverse Transcription handbook 

(pages: 11-13). 

 

2.7 Polymerase chain reaction (PCR) 

 

2.7.1 Conventional PCR  

 

PCR reactions were carried out with forward and reverse primers of specific gene and 

GoTaq DNA polymerase (Promega, Mannheim, Germany) following to the manufacturer’s 
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protocol. PCR reactions were carried out using the Thermoblock T-Gradient (Biometra 

GmbH, Goettingen, Germany) and the thermoblock Mastercycler Gradient (Eppendorf AG, 

Hamburg, Germany). PCR conditions were adjusted accordingly to the annealing temparature 

of primer pairs used also to the size of amplicon of the targeted PCR product.  

 

2.7.2 Relative real-time PCR  

250 ng of total RNA were used as template for cDNA synthesis and 2 µl of each 

cDNA according to 25 ng RNA was used as template in final volume of 25 µl using the 

Universal PCR master mix and TaqMan Gene Expression assays for the selected genes 

(Applied Biosystems). PCR conditions were described as: 2 min at 50°C, 10 min at 95°C, 40 

cycles with 15 sec at 95°C and 1min at 60°C. 

All samples were triplicated including non-template and non-reverse transcriptase controls for 

each run of real-time PCR assay. 

The efficiency analyses of the respective real-time PCR assays were carried out before 

performing expression analyses, thus, 2 µg of RNA were reverse transcribed and diluted in 

serial of 1:1. The resulting concentrations corresponded to 200, 100, 50, 25, 12.5, 6.25, 3.125 

and 1.56 ng of RNA.   

 

The amplifications of real-time PCR were carried out with the Eppendorf Mastercycler ep 

realplex PCR system (Applied Biosystems, Darmstadt, Germany). 

 

2.7.3 Absolute real-time PCR 

 Absolute real-time PCR reactions were performed according to the described protocol 

of manufacturer’s QuantiTect SYBR Green RT-PCR (Qiangen, Hilden, Germany). The 

experiments were performed by using the amplicons of selected genes. Standard curves were 

created using 10 fold dilutions of standard DNA sequence from 1010 to 103 and were 

performed in triplicate. The total RNA concentration of each sample was measured with 

specific amplified standard curve and determined as the number of copies per 150 ng total 

RNA. The program selected for absolute qPCR started at 50 °C for 30 min then 95 °C 

denaturation at 15 min, followed for 40 cycles, at 94 °C denaturation for 15 sec, annealing 

step at 61 °C for 30 sec, elongation at 72 °C 30 sec afterwards melting curve analysis were 

performed. 
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Abstract. 

 Background/Aim: In human prostate cancer cells with a stem cell-like character (cancer 

stem cells, CSC) are considered to play a major role in disease development, progression 

and relapse. Aim of the study was to evaluate if similar cells are present and active in 

canine prostate cancer providing a naturally-occurring mammalian model for the 

development of therapeutic approaches targeting CSC. Materials and Methods: Stem cell 

marker expression of CD133, CD44, C-KIT, CD34, ITGA6, OCT4, DDX5 and MELK in 

canine prostate carcinomas and prostate cyst cell lines were screened by Polymerase 

Chain Reaction (PCR), quantitative Polymerase Chain Reaction (qPCR) and partially 

analysed by flow cytometry. Results: Marker analyses by PCR and qPCR, revealed a 

complex expression pattern for the analysed marker genes, providing a characteristic 

marker pattern for the studied cell lines. Thereby CD44, CD133, ITGA6 and DDX5 

showed the most prominent expression in the analysed cell lines. Conclusion: The results 

revealed a characteristic stem cell marker expression in the analysed cell lines, indicating 

the presence of CSC in canine prostate cancer. 

!
Key Words: Prostate cancer, cancer stem cells, stem cell marker, canine, CT1258, 

CT1258-EGFP, CT1258-EGFP-HMGA2 cell lines. 
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4.1 Abstract 

Prostate cancer is one of the major cancer related challenges affecting men. The dog 

represents a spontaneous animal model for human prostate cancer mimicking the human 

counterpart. In humans the presence of cells with stem cell like character also referred to as 

cancer stem cells (CSCs) is considered to play a major role in resistance and relapse of the 

disease. Consequently, the characterisation and isolation of these CSCs is considered to be of 

significant value for development of tools allowing a directed CSC targeting. Thereby, the 

identification of characteristic marker genes allowing a CSC identification or selection is 

essential. Herein we characterise the marker expression of 12 stem cell marker genes in 

canine prostate cancer CSC populations. Materials and methods: The canine prostate 

adenocarcinoma cell line CT1258 was cultivated in suspension for 10 and 15 days 

respectively using serum-free DMEM/F12 medium in order to generate spheroid cell clusters. 

Quantitative real time PCR (qPCR) was used to screen the expression of CSC markers genes: 

CD44, CD133, C-KIT, CD34, ITGA6, C-MYC, NANOG, DDX5, KLF4, SOX2, MELK and 

OCT4 comparatively in adherent non enriched CT1258 cells and in the respective 10 and 15 

days cultivated CT1258 spheroid cell clusters. Additionally, the expression of CD44 and 

CD133 were analysed in the enriched spheres by flow cytometry using monoclonal 

antibodies. Results: qPCR results revealed a complex expression of CSC markers in CT1258 

spheroids compared to adherent CT1258 cells. CD44, ITGA6 and MELK were shown to be
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distinctly expressed in the spheroid cells. The spheroid cells and adherent CT1258 were both 

negative for CD133, C-KIT, CD34 and OCT4. The markers DDX5, SOX2, KLF4, C-MYC 

and NANOG appeared to be weakly expressed on mRNA level. Flow cytometric analyses 

showed a high expression of CD44 while CD133 remained negative in all analyzed cells.  

Conclusion: Spheres of canine prostate cancer derived cell line CT1258 could be 

successfully generated by selective cultivation. The evaluation with selected stem cell 

markers showed that ITGA6 and C-MYC are distinctly expressed in these generated spheres 

when compared to conventionally cultivated cells indicating a specifically enriched sub cell 

population.    

Keywords: prostate cancer, canine cancer stem cells, spheroid cell clusters, cancer stem cell 

markers. 

 

4.2 Introduction 

Prostate cancer is -after lung cancer - considered to be the second leading cause of cancer 

related death in men in western society [1]. Commonly, the disease is relatively slow-growing 

taking usually years to be diagnosed. Besides man, the dog is the only domesticated 

mammalian species where this malignancy also occurs spontaneously [2, 3]. In both species a 

comparable progression with local invasive growth, a similar metastatic behaviour and 

histopathology can be observed [2, 4-6]. Unlike the situation in men, the risk of prostate 

cancer development in dogs was found to be significantly lower with an estimated rate of 0.2- 

0.6% [7, 8]. In dogs the prognosis is poor as the disease is highly aggressive and mostly 

diagnosed at a very late stage [9, 10]. The average age at diagnosis in dogs is ten years and 

thus, predominantly elderly individuals are affected as reported also in men [3, 5, 11]. Taken 

together, despite some differences, the dog represents an appropriate, natural complementary 

animal model, especially for late stage human prostatic carcinoma [12-18]. Consequently, the
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evaluation of new diagnostic and therapeutic regimens would be of benefit for the cure of 

both, human and dogs [13, 19].  

In general, therapeutic failure after chemotherapeutic regimens was lately suspected to be 

caused by a minor highly drug resistant cell population with stem cell like character 

commonly referred to as cancer stem cells (CSCs). Consequently these cells are assumed to 

play a major role in tumour relapse and metastasis in advanced stages of the disease [20-23]. 

However, these cell populations usually represent a rather small percentage of the total 

tumour burden constituting minor percentages of the cancer cells [24].  

Several stem cell markers are described to be expressed in CSCs allowing to screen the 

respective cells and isolate them [25]. Despite the fact that some of these genes are also 

expressed in no-neoplastic cells, the expression of CD44 [26], CD133 [27], C-KIT [28], CD34 

[29], ITGA6 [30, 31], C-MYC [32], NANOG [33, 34], DDX5 [35], KLF4 [36], SOX2 [26], 

MELK [37] and OCT4 [38] has been widely considered as a potent tool to affirm the presence 

of CSCs in different human cancers like breast, hematopoietic, lung, brain and prostate 

cancers [39]. In human prostate cancer, CSCs can be selected by sorting CD44 and CD133 

double positive prostate cancer cells [40]. As the amount of these cells in the total tumour cell 

population is rare, a sorting and detection by fluorescence activated cell sorting can be 

challenging [40] and thus cultivation based enrichment strategies are employed [20, 40-42].  

Considering the missing therapeutic options in dogs, the characterisation of potential CSCs in 

a canine prostate cancer model could be of significant value for the development of 

therapeutic approaches. In previous studies we could show that the phenotype of canine 

prostate adenocarcinoma cell line CT1258 provides a constantly stable cell line model [43]. In 

the present study, we showed that serum-free suspension culture (completed with growth 

factors) could induce the formation of cell spheres from the canine prostate adenocarcinoma 

cell line CT1258. Flow cytometric analyses and qPCR characterising the presence of a 
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selected stem cell marker panel in CT1258 spheroids cultivated for 10 days (s10d) and 15 

days (s15d) revealed a partially distinct marker expression when compared to non-enriched 

CT1258 cells.  

 

4.3 Results  

 

4.3.1 CT1258 sphere cultivation  

After a few days of cultivation in serum-free medium, cells started to grow in spheroid 

clusters (Figure 1). At the beginning of cultivation we observed a significant number of cells 

to be non-vital. Viable cells growing in floating spheres began to arise after a cultivation 

period of five days. The formation of new floating spheres increased until day 10. Thereafter, 

the number of formed spheres stayed stable until day 15 (Figure 1). The images of forming 

spheres were taken with 100x magnification in days 1, 5, 10 and 15 successively (Figure 1). 

 

 

 

 

 

 

 

 

Figure 1 Sphere-formation of CT1258 cells in serum-free suspension culture medium. 
CT1258 sphere-forming cells were imaged with indicated day of culture. Day 1: After trypsinisation, a defined 

number of 10000 CT1258 cells/ml was transferred in suspension medium. Day 5: Few floating cells started to 

construct spheroids and the majority of cells were dead. Day 10: The dead cells reduced compared to day 5 and 

the number of spheres increased. Day 15: The volume of the formed spheres increased, while a low number of 

dead cells could be observed. 
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4.3.2 Quantitative relative real-time PCR  

The results of qPCR in spheroid cells showed an expression level of stem cell markers 

comparable to previous analyses of the adherent CT1258 cell line [43].  

The expression of CD133, C-KIT, CD34 and OCT4 was undetectable in analysed spheroid 

CT1258 cells after 40 cycles.  

CD44 was shown to be strongly expressed in spheroid cells s10d (expression 1, SDs +0.11/-

0.049) and s15d (expression 0.835, SDs +0.071/-0.066) (Figure 2). 

C-MYC was shown to be downregulated in s10d (expression 0.327, SDs +0.037/-0.033) and 

s15d (expression 0.723, SDs +0.023/-0.02) when compared to the calibrator CT1258 cell line 

(Figure 2). 

MELK was shown to be slightly increased in s10d (expression 1.05, SDs +0.1/-0.09), and was 

downregulated in s15d (expression 0.723, SDs +0.034/-0.032) compared to the calibrator 

adherent CT1258 cells. 

DDX5 showed decreased expression in s10d (expression 0.566, SDs +0.073/-0.065) and in 

s15d (expression 0.449, SDs +0.019/-0.017) compared to the calibrator (Figure 2).  

KLF4 expression was displayed to be decreased in s10d (expression 0.542, SDs +0.055/-0.05) 

and s15d (expression 0.513, SDs +0.064/-0.057) compared to the calibrator. 

NANOG expression was shown also to be decreased in s10d (expression 0.575, SDs +0.124/-

0.102) and in s15d (expression 0.508, SDs +0.09/-0.076) compared to the calibrator.  

SOX2 was downregulated in s10d (expression 0.779, SDs +0.071/-0.065) and s15d 

(expression 0.241, SDs +0.013/-0.013) compared to the calibrator.  

ITGA6 was found to be strongly upregulated in s10d (expression 1.80, SDs +0.14/-0.12) and 

s15d (expression 1.53, SDs +0.04/-0.05) compared to the calibrator. 

!
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Figure 2 Relative expression level of selected markers in CT1258 spheroid s10d and s15d cells compared to adherent CT1258 cells. qPCR 
analyses of the expression level of 12 selected stem cell markers in spheroid CT1258 cells compared with adherent CT1258 cells. Each colour corresponds to the stem cell 

marker indicated in the legend. CT1258: adherent CT1258 cells were used as the calibrator for the spheroid cells. s10d: Spheroid cells cultivated for 10 days. s15d: Spheroid 

cells cultivated for 15 days!
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4.3.3 Flow cytometry  

In the adherent CT1258 cells, the flow cytometric analysis showed a strong expression of 

CD44 demonstrating a geometric mean fluorescence intensity (gMFI) of 692 (isotype gMFI 

4.35). In the generated spheroid cells the value of CD44 gMFI was 1947 in s10d (isotype: 

3.91 gMFI) and 768 (isotype: 4.37 gMFI) in s15d (Figure 3).  

The analysis of CD133 revealed a weak positivity for adherent CT1258 cells (7.55 gMFI) 

compared to the corresponding isotype control (6.75 gMFI). In the CT1258 spheroids formed 

after 10 and 15 days of cultivation, a gMFI of 10.7 could be observed for the s10d cells 

compared to the gMFI value of the isotype (8.77) while for the s15d cells a gMFI of 9.59 

could be determined (isotype: 9.58 gMFI) (Figure 3). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Flow cytometric analyses of adherent and sphere cells from CT1258 cells. CD44 

and CD133 monoclonal antibodies against mouse/dog labelled with FITC and PE fluorophore substances were 

used. The histograms show the analysed cell lines stained with CD44 and CD133 antibodies compared to the 

corresponding isotype controls (red). The geometric fluorescence intensities (gMFI) are shown. CD44: X-axes 

represent for FL1-H the FITC fluorescence intensity (494/24) nm and y-axes represent the percentage of counts 

of viable gated cells. CD133: X-axes represent for FL2-H the PE fluorescence intensity (585/42) nm and y-axes 

represent the percentage of counts of viable gated. 

!
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or better comparability of the flow cytometric data, normalised gMFIs of the specific CD44 

and CD133 staining were calculated by division of the gMFIs of CD44+ or CD133+ by the 

gMFI of the respective isotype control (Table 3). The CD44 staining showed the highest 

normalised gMFI values for the s10d cells (value: 498) and s15d (value: 175.74) followed by 

a normalised value of the adherent CT1258 (value: 159.1). The normalisation of the CD133 

staining displayed in low gMFIs for adherent CT1258 cells showed 1.12. While the 

normalised gMFI are slightly increased for s10d cells (value: 1.22) and slightly decreased in 

s15d cells (value: 1). 

However, the staining of CD133 showed weak normalised gMFI in CT1258 spheroids cells. 

Nonetheless, the normalised gMFI of CD133 and CD44 showed no distinct subpopulations 

(Table 3).  

Table 3 Normalised geometric mean fluorescence intensity (gMFI) data of the flow 

cytometric measurements 

 
 
 
 
 
 
 

The normalised gMFI of the specific CD44/ CD133 staining was divided by the respective isotype control 

staining to define the specific staining ratio. 

 

5.4 Discussion 

In tumour research, CSCs are lately being focussed due to their suspected key role in tumour 

progression, metastasis, resistance to therapeutic options and recurrence of cancer [20, 21]. 

The development of therapeutic strategies allowing to specifically target these cells would be 

of considerable value especially in cases where conventional options are limited

Markers Adherent 
CT1258 

Spheroids CT1258 

(s10d) (s15d) 

CD44 159.10 498 175.74 

CD133 1.12 1.22 1 
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In recent years, several research groups have reported isolation of CSCs from prostate cancer 

[40, 44-46]. Commonly, CSC cells were identified and isolated using three methods: sorting 

of side population, activated cell sorting based on specific surface markers and sphere-

forming culture [44]. Yamamoto et al. generated spheres from benign prostatic hyperplasia 

cells (BPH) in serum-free medium. In their evaluation of the generated sphere-forming cells 

flow cytometric analyses showed that CD49f (ITGA6) revealed a stronger marker character in 

comparison to CD44 and CD133 [25]. In contrast, Fan et al. were not able to generate 

spheroids from the human prostate cancer cell line LNCaP [46]. However, CD44 and CD133 

are described to be used to characterise the putative CSCs in different canine tumour models 

[47] as well as human prostate cancer [40, 48]. Additionally, further markers such as C-KIT, 

CD34, DDX5 and MELK were used as single markers or in marker panel in combination with 

CD44 and CD133 to identify putative CSC populations [49-56]. However, due to the 

materials, the used methods in these studies and the heterogeneous results it was still not 

possible to unify and define a specific biomarker set for prostate CSCs. In the present study a 

conventional suspension culture method was used to stimulate the formation of spheres from 

the canine prostate adenocarcinoma cell line CT1258. The results showed that CT1258 cells 

form spheres when grown in serum-free media. During the first five days, high numbers of 

non-vital cells were seen, suggesting that serum-free conditions could promote advantage for 

specific CT1258 cell clone selection and enrichment. The number of generated spheres could 

be increased during the first 10 days of cultivation. Between the 10th and 15th day, the 

diameter of the spheroids increased. As mentioned, human prostate cancer cell lines show 

different abilities to generate spheres independent of the cell line specific dignity and 

metastatic potential [44, 46, 57]. Consequently, sphere formation ability per se is likely not 

sufficient to fully characterise and identify potential CSCs. Thus, the combination of sphere 
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forming capacity and evaluation of stem cell marker expression at gene and protein level 

could help identify and selectively enrich potential CSCs in culture.   

In general several stem cell markers in different panel combinations are currently used to 

approach CSCs. As previously described, the dual staining of CD44 and CD133 is commonly 

used to characterise CSCs in different types of cancer [40, 47, 58]. In human prostatic lesions 

a small numbers of CD133+ cells of up to 1% could be identified [40, 58]. Within our study 

flow cytometric analyses showed that a high number of CD44+ cells could be detected in the 

formed spheres after 10 and 15 days of cultivation in serum-free medium. While CD44 was 

strongly expressed, no significant expression of CD133+ could be detected within the spheres 

formed after both cultivation periods. These results indicate that the combination of the 

surface markers CD44 and CD133 is not suitable for the detection of potential CSCs in the 

CT1258 cell line. 

The qPCR analyses showed that C-KIT, CD133, CD34 and OCT4 were not detectable in 

spheres of 10 and 15 days as well as in the adherent CT1258 cells cultivated under regular 

conditions as previously described by us. In men, these markers were reported to be 

significantly expressed in prostate cancers and partially in the prostate cancer derived bone 

metastasis cell line PC-3 [59, 60].  

DDX5 and MELK are involved in numerous cellular functions such as proliferation, 

cytokinesis, and in their role as proto-oncogenes related to the tumourigenesis in several 

human tumours such as breast, colon and prostate cancers [59, 60]. Further, DDX5 and MELK 

are considered as stem cell marker genes and also prostate cancer marker candidate genes as 

both genes were reported to be overexpressed in the prostate cancer cell lines PC-3 and 

LNCaP [53, 61-63]. In the current study, DDX5 and MELK did not show different expression 

between the spheroids and adherent CT1258 cells. 
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The transcription factor genes SOX2, KLF4, OCT4 and NANOG are involved in the induction 

of pluripotency and the maintenance of stem cells in their undifferentiated state [33, 52, 61, 

64]. Further, the expression of these genes was suggested to be correlated with the degree of 

malignancy in human prostate cancers [65, 66]. The results of our study showed that these 

transcription factor genes were weakly expressed in serum-free cultured cells, leading to the 

conclusion that these genes are not predominantly involved in the formation of cell spheres 

from CT1258 cells.  

The proto-oncogene C-MYC is involved in many cellular functions such as inhibition of 

apoptosis, cell proliferation and differentiation [74]. A deregulation of C-MYC function can 

be found in several types of cancers such as breast, gastric, prostate, and gastric cancers as 

well as lymphomas [67-69]. C-MYC is known to be overexpressed in human prostate cancer 

[70, 71]. In contrast to these findings, our qPCR analyses showed a down regulation of C-

MYC in both CT1258 spheroid cultures when compared to adherent CT1258 cells. 

Concerning the aggressive character of the cell line CT1258 this result was unexpected 

indicating that alternative mechanisms appear to be active in CT1258.  

The influence of ITGA6 on the functions of CSCs could clearly be shown by enhancing their 

efficiency in tumourigenesis [66, 72, 73]. In human prostate cancer, ITGA6 was described to 

keep CSCs undifferentiated and increase the ability of the potential CSCs to migrate into 

other organs such as the neural system or bones [72-75]. ITGA6 was found to be highly  

increased in sphere-forming BPH cells to up to 98% in comparison to freshly-isolated BPH 

cells in which 5.6±3.1% ITGA6 positive cells could be detected [25]. Similarly, our qPCR 

analyses demonstrated that ITGA6 expression was significantly increased in spheroid 

CT1258 s10d and s15d cells compared to adherent CT1258 cells. This result suggests ITGA6 

can be considered as a potential indicator for the existence of a specific cell subpopulation in 

the selective CT1258 sphere cultivated subclones. 
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As described, the comparative expression analyses revealed that an up-regulation of CD44 

and CD133 could not be observed in the CT1258 spheres. Thus, as flow cytometric data 

verified these findings it can be stated that a “typical” CSC cell enrichment did not took place 

in CT1258. This fact does not imply that in general CT1258 misses a potential CSC 

population. The finding indicates that apparently the “typical” CD44/CD133 double positive 

pattern is not characteristic for CT1258. However, potential CSC populations in CT1258 

could be characterised by an individual characteristic stem cell marker panel. This raises the 

question if in general a “stable” marker set exists for CSCs or if the stem cell marker 

expression varies individually as the tumours do. As mentioned above in our study ITGA6 

appears to characterise an enriched specific cell subpopulation in CT1258. Consequently, 

besides the evaluation of the tumour formatting potential of the generated spheres in in vivo 

approaches it appears tempting to further characterise the role of ITGA6 in CT1258 and the 

enriched CT1258 subclones.  

In summary, this study demonstrated that CT1258 cells can form spheres in a serum-free 

suspension culture medium. Further, ITGA6 appears to characterise a specific cell 

subpopulation which potentially bears the character of CSCs. However, this assumption must 

be verified in vivo taking into account the potential to generate tumours by s.c. injection of 

the spheres. If successful a comparative analyses to our previously established CT1258 in 

vivo model can potentially provide a stable model for further initiating cancer cells and CSC 

analysis. Furthermore, our results indicate that as C-MYC and ITGA6 are significantly 

deregulated in the generated spheres, these genes could play a major role in CT1258 cell line 

spheroid formation and biology. Taking  into account the missing therapeutic options for dogs 

and the unique model character for the human neoplasia a further characterisation of the 

herein described enriched cells in vitro model could provide major value for both prostate 

cancer affected species.  
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4.5 Materials and methods 

 

4.5.1 Cell and suspension culture 

Adherent CT1258 canine prostate adenocarcinoma cells [76] were cultivated in medium 199  

(Gibco, Karlusruhe, Germany), supplemented with 10% fetal calf serum (FCS) (Biochrom 

AG, Berlin, Germany) and 2% penicillin / streptomycin (Biochrom AG, Berlin, Germany). 

The cells were incubated at 37°C with 5% CO2. For the suspension culture, adherent 

cultivated cells were isolated by trypsinization and washed with Phosphate-buffered saline 

(PBS). The cells were re-cultivated in 100 cm2 dishes (TPP Techno Plastic Products AG, 

Trasadingen, Switzeland) coated with 1% agarose at a density of 10000 cells /ml. The serum-

free DMEM/F12 medium was supplemented with 5 µg/ml insulin (Sigma-Aldrich, Seelze, 

Germany), 2 mM L-Glutamine (Sigma-Aldrich, Seelze, Germany), 2% B27 supplement 

minus Vitamin A (Life Technologies GmbH, Darmstadt, Germany), 20 ng/ml EGF 

(Biochrom AG, Berlin, Germany) and same dose of bFGF (Invitrogen, Darmstadt, Germany).  

Two different serum-free cultivation periods were chosen. The first group was composed of 

two dishes, and was cultivated for 15 days. The second group was also composed of two 

dishes, but cultivated for 10 days. The medium was changed at both incubation periods every 

three days. The cells were incubated in 37°C, 5% CO2 with manual shaking of the dishes at 

least one time in two days during the whole serum-free cultivation period.   

To monitor the formation of the cell spheres, images were taken in 1, 5, 10 and 15 days of 

culture in suspension medium with 100 x magnifications using a Leica DMI6000B 

microscope (Leica Mikrosysteme Vertrieb GmbH, Wetzlar, Germany).  

At the end of the cultivation period, spheres in each single dish from both incubation periods 

were collected in a single sterile 15 ml tube (Greiner bio-one GmbH, Frickenhausen, 

Germany) and centrifuged for 5 min at 850 rpm. Subsequently, the supernatant was discarded
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and 1 ml of PBS was added for washing. Afterwards, the sphere cell suspensions were 

centrifuged for 5 min at 850 rpm. One of the dishes of each time period was used for flow 

cytometric analyses. Another complete dish of cells cultivated in serum-free medium for 10 

and 15 days was used to for RNA isolation and qPCR analyses.  

 

4.5.2 RNA isolation and cDNA synthesis for real-time PCR 

The isolation of total RNA from adherent CT1258 and spheroid s10d and s15d cells were 

carried out by using RNeasy mini Kit (Qiagen, Hilden, Germany). On-column DNase 

digestion was performed for eliminating genomic DNA during this experiment. cDNA 

synthesis was carried out using 500 ng of total RNA in 20 µl according to the manufacturer’s 

protocol of the QuantiTect Reverse Transcription Kit (Qiagen). 

 

4.5.3 Quantitative relative real-time PCR (qPCR) 

The specific gene expression assays of selected markers described in table 1 (Applied 

Biosystem, Darmstadt, Germany) were used to perform relative qPCR. Beta-actin (ß-act) was 

utilised as endogenous control. The real-time PCR results were analysed by using the delta 

delta CT (ΔΔCT) method. 

The real-time PCR reactions were carried out using the Eppendorf Mastercycler ep realplex 

real-time PCR system (Eppendorf, Hamburg, Germany) and QuantiTect SYBR green qPCR 

Kit (Qiagen). In each reaction, 1 µl cDNA equivalent to 25 ng total RNA was used in final 

volume of 20 µl. The program of real-time PCR reactions was performed according to the 

manufacture’s protocol of QuantiTect SYBR green qPCR Kit (Qiagen). All samples were 

analysed triplicates including non-template and non-reverse transcriptase controls for each 

reaction.  
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The efficiency test for all analysed genes was assured by applying serial dilutions for 1: 2 and 

1: 10, and all assays efficiency were resulted between 0.91 and 1.10. 

Most of selected stem cell markers in this article have been already characterised in adherent 

CT1258 cell line in previous study. Therefore, the adherent CT1258 cell line was selected as 

calibrator and was set as “1” to make sure a comparable ΔΔCT analysis in all target genes 

referenced to the expression level. 

Table 1 Primer pairs used in quantitative real-time PCR 

 

5.5.4 Flow cytometric analyses  

For flow cytometric analysis, the spheroid CT1258 cells were centrifuged at 850 rpm for 5 

min and subsequently the pellet was dissociated by treatment with accutase (Life 

Technologies GmbH, Frankfurt, Germany) for 5 min in order to obtain single cells for flow 

cytometric analyses. We used adherent CT1258 cells being cultivated under regular 

conditions [76] as a reference for later comparison with spheroid CT1258 cells. After a 

washing step with phosphate-buffered saline (PBS) (Biochrom AG, Berlin, Germany), the 

adherent CT1258 cells were also treated with accutase as described above.   

Gene Forward Primer (5’-3’) Reverse Primer (5’-3’) Amplicon (bp) 

CD34 ACCAGAGCTATTCCCGCAAG TTTCTCCTGTAGGGCTCCAA 120 

CD133 CTTTCTCATGGTCGGAGTTGG TGGAATAGTTTCCTGTTCTGGTAAG 135 

C-KIT AGAAACGTGAAGCGCGAGTA ACACAACTGGTACAGCTCGATGG 129 

CD44 AATGCTTCAGCTCCACCTG CGGTTAACGATGGTTATGGTAATT 92 

OCT4 CGAGGAGTCCCAAGACATCA AACACCTTCCCAAAGAGAACC 138 

NANOG CTATAGAGGAGAGCACAGTGAAG GTTCGGATCTACTTTAGAGTGAGG 141 

KLF4 CCACATTAATGAGGCAGCCA CTCCCGCCAGCGGTTATT 146 

SOX2 GGAAACTTTTGTCGGAGACG CGGGGCCGGTATTTATAATC 103 

C-MYC TCGGACTCTCTGCTCTCCTC TTCTTCCTCCGAGTCGCT 108 

MELK CCAAGGGTAACAAGGACTAC CTCCAAACATCTGCCTCTGA 112 

DDX5 AACTTCCCTGCAAATGTAATGGA AGTCTGTGCTACTCCAACCAT 123 

Beta-actin 
(ß-act) TCGCTGACAGGATGCAGAAG GTGGACAGTGAGGCCAGGAT 127 
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All different CT1258 cell suspensions were adjusted for total number 105 cells in 100 µl using 

a cellometer Auto T4 (Nexcelom Bioscience, Lawrence, USA). The adherent as well as the 

spheroid CT1258 cells were incubated for 30 min at 4°C with either monoclonal anti-CD44-

FITC (eBioscience, Frankfurt, Germany), or with anti-CD133-PE (eBioscience) (Table 2) 

antibodies. The samples were analysed via flow cytometry as described previously [43].  

 

Table 2 Antibodies used for flow cytometric analyses 
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Antibody Specificity Clone Marker 
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Monoclonal 
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Anti-Canine CD44 FITC 
eBioscience Dog YKIX337.8 CD44 Rat IgG2aκ FITC 

BD Bioscience 

PE anti-mouse CD133 
eBioscience 

Mouse/ Dog 
 13A4 CD133 Rat IgG1κ PE 

eBioscience 
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5. General discussion   

 

The therapeutic challenges of castration-resistant, advanced prostate cancer in man have 

attracted attention to new concepts in cancer biology and treatment. There are mainly two 

strategies that have come into focus: one is the idea to identify cancer stem cells as the tumor 

fraction which is responsible for self-renewal and metastasis, and the second is drug therapy 

tailored to the individual properties of these cells (Clarke et al. 2006). The existence of cancer 

stem cells in a variety of different cancers, and also in prostate cancer has been proven for 

human tumors (Clarke et al. 2006, Liu et al. 2011, Visvader et al. 2012), whereas for canine 

specimens definitive proof is still lacking.  

As pointed out by the “Human Cancers Consortium Prostate Pathology Committee” (Ittmann 

et al. 2013), despite the obvious differences in clinical presentation and course of the disease, 

it is of high interest to more precisely define the dog as a naturally occurring prostate 

carcinoma model, especially in terms of its similarity with the treatment-resistant metastatic, 

androgen-deprivation resistant tumor in man (Leroy and Northrup 2009).   

Also, translating knowledge gained from model studies on canine patients helping humans 

can potentially benefit pet dogs themselves (Paoloni and Khanna 2008, Khanna et al. 2009). 

Studies on cell lines established from canine cancers are considerably rare (Winkler et al. 

2006, Blacking et al. 2012, Moulay et al. 2013), and those reporting the identification of 

cancer stem cells are even more sparse. Nemoto et al. (2011) successfully demonstrated the 

existence of cells fulfilling the criteria postulated for tumor-initiating cells in a cell line 

derived from a lung adenocarcinoma of a 10-year old dog. 

As more and more studies are being published, it seems that results are sometimes confusing, 

and even contradictory results on the features of the putative cancer stem cells are reported 

(Clarke e al. 2006). There are some explanations for this: not only are the features of stem 

cells different between tumor entities, but they may also vary within the same tumor type, and 

even in an individual tumor sample (Lapidot et al. 1994, Turhan et al. 1995, Vermeulen et al. 

2008).     

 

Also, Stewart et al. (2011) showed substantial differences between the immunophenotype of 

tumor-initiating cells from the original tumor specimen compared to their corresponding 

xenografts.
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This has led to the conviction that speaking of CSC, it is highly important to sufficiently 

characterize the cell fraction or fractions that are intended for anticancer drug therapy (Gupta 

et al. 2009), as not only the genetic make-up of a cell, but also the interactions in terms of 

macro- and microenvironment will finally decide on the individual fate of this cell 

(Vermeulen et al. 2008).  

In the present study therefore, in order to precisely describe the cells analyzed, a bunch of 

traits was investigated. For the human prostate-derived cell lines HPET and LAPC9, CD34, 

CD44 and CD133 have been shown to be regularly expressed, as well as the molecular 

markers C-KIT, ITGA6, OCT4, DDX5, MELK, NANOG, KLF4, and SOX-2, and thus this 

profile was analyzed.  

Several authors have emphasized the need for combining identification of stem cells through 

detection of surface epitopes with functional studies, such as describing genetic patterns and 

functional properties (Vermeulen et al. 2008, Visvader and Lindeman 2012).  

 

The altogether five cell lines derived from canine prostate tissues were cultivated from a 

prostate adenocarcinoma specimen (CT1258), two derivatives of this parental line either 

transfected with an expression vector encoding for EGFP or EGFP-HMGA2, as well as the 

cell line DT08/40 from a transitional cell carcinoma of the prostate and cell line DT08/46 

from a prostate cyst.  

It is likely that expression of surface markers as well as the molecular profile should be 

different among these cell lines, and this indeed showed to be the case. 

 

CD34, which – besides being a marker of hematopoietic progenitor cells – is widely 

expressed by endothelial cells (reviewed by Stuart 2013, http:// 

www.pathologyoutlines.com/topic/cdmarkerscd34.html), was undetectable in the prostate 

carcinoma cell line CT1258, in the CT08/46 cell line established from a prostate cyst, and at a 

low expression levels in the other three cell lines examined. Trojan et al. (2004) in their 

immunohistochemical study of human benign and cancerous prostate specimens demonstrated 

a high correlation between microvessel density and CD34 expression in malignant, but not in 

benign prostate tissues.  

!
Weak positivity for CD34 in the analyzed cell lines may thus be a hint to stromal lineage of at 

least part of the analyzed cells, might be indicative of lineage heterogeneity among the 

cultured cells (Lawson et al. 2006) and has also been described by Prajapiti et al. (2014) in 
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16.5 % of the cells isolated for cultivation from benign prostate hyperplasia. CD34 however 

was not specifically described in identified prostate stem cells. 

CD44 by comparison was detected by various authors reporting the isolation of stem cells 

from either murine or human prostate specimens representing benign as well as malignant 

tissues (Leong et al. 2008, Prajapati et al. 2014). It is however also expressed by normal 

prostatic epithelium (Liu et al. 1997, Miki and Rhim 2008) and strong indication of basal 

epithelial cells (Liu et al. 1997). Consequently, there is good reason to believe that the cell 

lines investigated in the present study were derived from basal epithelial cells from the canine 

prostate, which has also been postulated by Lai (2009). 

In immunodetection of the CD133/prominin antigen, it is crucial to accurately define which 

epitope is targeted, since different clones recognizing various epitopes have been described 

(Florek et al. 2005, Irollo and Pirozzi 2013). This phenomenon has been attributed to 

“possibly differentially folded CD133 as a consequence of differential glycolysation which in 

turn may mask specific epitopes” (Kemper et al. 2010). However, the antibody used in the 

present study, which is in fact directed against the glycosylated epitope AC133, has been 

confirmed in several studies as a reliable marker of stemness, especially when interpreted on 

the background of other features, such as ability to form spheroids and expression of typical 

“stem cell patterns”, like NANOG, ALDH, CD44 and others (Wilson et al. 2008, Tirino et al. 

2012). 

Studies on cell lines from human prostate carcinomas have repeatedly identified cells 

expressing high levels of CD44 and CD133 that are capable of initiating tumors in xenografts 

and also can be enriched under non-adherent, serum-free and sphere-forming conditions 

(Dubrovska et al. 2009). Cells growing under these conditions – so-called spherical clusters of 

cells - have been shown to be advantageous to cells grown on a feeder layer, because in the 

latter, influence of serum and feeder layer itself may be elusive (Miki and Rhim 2008). In 

study no. II, CT1258 cells could be cultivated in serum-free medium for a period of 15 days, 

with a considerable amount of dead cells during the first 5 days of serum deprivation, 

followed by enrichment of cells growing in clusters from day 10 to day 15. Analysis of the 

selected stem cell marker genes via qPCR revealed differences between adherent CT1258 

cells grown under regular culture conditions and CT1258 spheres: a striking difference was 

the expression of ITAG6, which proved to be increased considerably in the spherical cells. 

Rabinovitz et al. (1995) have shown that integrin alpha 6 expression was associated with a 

migratory and invasive phenotype in vitro and in vivo in human prostate carcinoma cells. It 
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can thus be speculated that ITAG6 upregulation might be involved in the process of forming 

metastases especially in the bone (Rabinovitz et al. 1995, Ports et al. 2009). 

Canine prostate cancer shares some biological similarities with human castration-resistant, 

metastasizing prostate carcinoma – which is believed to be derived from the basal layer cells 

(Goldstein et al. 2010, Chen et al. 2013). These cells usually express stem line markers, such 

as CD44, CD133, Sca-1, bcl-2, p63 (an analogue of p53, Wei et al. 2013), and the high 

molecular weight cytokeratins CK5 and CK14 (Chen et al. 2013). 

Lai et al. (2008) in their immunohistochemical study of canine prostate cancer found a 

cytokeratin expression pattern pointing to the collecting ducts rather than peripheral acini as 

the cells of origin in canine prostate carcinoma and came to the conclusion that this tumor in 

the dog mostly resembles human, androgen refractory, poorly differentiated prostate cancer.  

While the final proof for a stem-cell like nature of the cells analyzed in study I and II of the 

present manuscript, i.e. tumorigenicity in an appropriate system, is still pending, the results  

are strongly indicative that the cell lines investigated harbor one or more populations with 

surface antigens and/or gene expression patterns consistent with stem-cell like properties. 

A publication released in 2011 demonstrated inhibition of prostate cancer stem cells by the 

microRNA miR-34a through a direct repression of CD44 (Liu et al. 2011). Specifically 

“tailored” therapeutic strategies like this are believed to hopefully overcome the frustrating 

results of conventional chemotherapy in metastatic, aggressive prostate cancer. It is tempting 

to speculate that, by using the canine disease equivalent as a model for human prostate cancer, 

this goal will be reached sooner than with the customary model of nude mice. The present 

study might be a small step towards defining this strategy. 

 

 
 
!
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6. Summary   

 

Expression of stem cell marker genes in canine prostate cancer cell lines 

as basis for the development of molecular therapeutic tools 

 

Mohammed Moulay, Hannover 
 

Prostate carcinoma is the most frequent cancer affecting men worldwide.  Because 

aggressive carcinomas, characterized by metastasis and recurrence, are difficult to 

treat and eventually lead to death, new strategies for curative therapies are sought. 

The dog is the only animal that spontaneously develops prostate cancer, a fact that has 

drawn more and more attention to the possible use of this canine disease as a naturally 

occurring animal model for human prostate cancer. Moreover, the canine tumor 

resembles very much the aggressive, metastatic prostate carcinoma in man in the 

sense that both are castration-resistant, tend to metastasize early and predominantly to 

the skeleton and are thought to be derived from the basal layers of the prostatic 

epithelium.  

Like in various other cancer types, cancer stem cells or tumor-initiating cells, 

respectively, are thought to play a pivotal role in tumor initiation, progression, 

metastasis and therapy resistance. For prostate carcinoma, their existence has been 

proven for man, but hitherto not in the dog.  

In the presented thesis, several cell lines derived from benign as well as malignant 

canine prostate neoplasias were investigated with regard to possible stem-cell like 

properties, such as expression of certain surface antigens and genes thought to be 

potential markers of CSC.  

The cell lines investigated were: CT1258, established from a canine prostate 

adenocarcinoma, two derivatives of this line stably transfected with either an 

expression vector encoding for EGFP or EGFP-HMGA2 fusion protein, DT08/40 

from a transitional cell carcinoma of the prostate and DT08/46 from a prostate cyst. 

Markers analysed by flow cytometry, PCR and qPCR, respectively, were CD34, 

CD44, CD133, C-KIT, ITGA6, C-MYC, NANOG, DDX5, KLF4, SOX2, MELK and 

OCT4. 
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Moreover, cultivated CT1258 cells were transferred to serum-free culture conditions 

in order to enrich cells able to grow in spherical form, a typical property of CSCs. 

Spheroid cells were then analyzed for gene expression profiles and surface antigens 

mentioned above in comparison to the parental, adherent cells. 

Whereas CD44 was strongly expressed in all cell lines analyzed, only weak 

expression of CD133 could be demonstrated in the two transfected cell lines, but 

neither in the parental line CT1258 nor in the two other lines. Weak expression of 

ITGA6, MELK and DDX5 was found in almost all cell lines, with the exception of 

the transfected lines, where expression was very weak. This was also the case for 

OCT4 in all lines.  

Comparison of adherent and spheroid cells revealed a tendency to lower expression of 

all markers in the spheroidal cells, with the exception of ITGA6, which was distinctly 

higher in the spheroids.  

In conclusion, a characteristic marker expression profile was found for each analyzed 

cell line. Also, spheres could successfully be generated from the prostate carcinoma 

cell line CT1258. Comparison of the markers between adherent and spheroidal cells 

showed different expression of ITGA6 and C-MYC. The description of the analyzed 

genes shows a characteristic pattern for each cell line and also the presence of a 

specifically enriched cell population in the spheroidal cells, which might be indicative 

of the presence of cancer stem cells.!
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!
7. Zusammenfassung 

 

Expression von Stammzellmarker-Gene in canine Prostatakrebs-Zelllinien 

als Grundlage für die Entwicklung von Molekular therapeutischen 

Ansätzen 

 

Mohammed Moulay, Hannover 
 

Der häufigste Tumor bei Männern weltweit ist das Prostatakarzinom.  Aggressive Formen,  

die zu Rezidiven und zur Metastasierung neigen, sind schwer zu behandeln und führen früher 

oder später zum Tode. Dies ist Anlass, nach neuen Behandlungsformen zu suchen.  

Der Hund ist das einzige Tier, bei dem spontan Prostatatumoren auftreten, weshalb diese 

Spezies als ein natürliches Tiermodell für das menschliche Prostatakarzinom zunehmend in 

den Mittelpunkt des Interesses rückt. Auch haben Tumore des Hundes und das so genannte 

Kastrations-resistente Prostatakarzinom beim Mensch viele Ähnlichkeiten: beide sind 

kastrationsresistent, zeigen eine ausgeprägte Metastasierungstendenz vor allem in den 

Knochen, und es gibt Hinweise auf ihre Abkunft von basalen Zellen des Prostataepithels.  

Wie bei einer Reihe anderer Tumoren geht man nach heutiger wissenschaftlicher Erkenntnis 

davon aus, dass Krebsstammzellen, bzw. Tumor-initiierende Zellen, eine zentrale Rolle bei 

der Initiation, Progression, Metastasierung und Therapieresistenz des Prostatakarzinoms 

spielen. Die Existenz solcher Krebsstammzellen wurde für menschliche Prostatatumoren 

bereits bewiesen, der endgültige Nachweis für den Hund steht jedoch bislang noch aus.  

In der vorliegenden Arbeit wurden mehrere Zellinien, die aus Neoplasien der Prostata von 

Hunden etabliert wurden, im Hinblick auf das Vorhandensein möglicher Krebsstammzellen 

untersucht. Dazu wurden verschiedene Eigenschaften, die auf einen Stammzellcharakter 

hinweisen analysiert, und zwar die Expression mehrerer Oberflächenantigene sowie diverser 

Gene, die als potenzielle Marker für CSC angesehen werden.  

Die untersuchten Zelllinien waren: CT1258 (Adenokarzinom der Prostata), zwei 

Tochterzelllinien, die stabil transfiziert waren zum einen mit einem Expressionsvektor für 

EGFP, zum anderen mit einem EGFP-HMGA2-Fusionsprotein, ferner DT08/40 aus einem 

Übergangszellkarzinom sowie DT08/46 aus einer Prostatazyste. Mittels 

Durchflusszytometrie, konventioneller und qPCR wurde die Expression von CD34, CD44, 
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CD133, C-KIT, ITGA6, C-MYC, NANOG, DDS5, KLF4, SOB2, MELK und OCT4 

untersucht.  

 
In einer zweiten Studie wurden adhärente CT1258-Zellen serumfrei kultiviert, um eine 

Anreicherung von Zellen, die als Sphäroide wachsen zu erreichen, einer typischen 

Eigenschaft von Krebsstammzellen. Die Genexpressionsprofile der erhaltenen Sphäroide 

wurden ebenfalls analysiert und mit denen der Ausgangszellen verglichen.  

 

Während CD44 in allen untersuchten Zelllinien stark exprimiert wurde, konnte für CD133 

lediglich eine schwache Expression in den beiden transfizierten Linien nachgewiesen werden, 

für die parentale Linie CT1258 sowie die beiden anderen Zelllinien jedoch  keine Expression. 

Eine schwache Expression von ITGA6, MELK und DDX5 fand sich in fast allen Linien, mit 

Ausnahme der transfizierten Linien, in denen die Expression sehr schwach war. Dies galt 

auch für OCT4 in allen untersuchten Linien.  

Der Vergleich von adhärenten und in Sphäroiden wachsenden Zellen zeigte eine Tendenz zu 

geringerer Expression aller Marker in den Sphäroiden, mit Ausnahme von ITGA6, das 

deutlich stärker in den Sphäroiden exprimiert wurde.  

Zusammengefasst konnte ein charakteristisches Markerprofil für jede der untersuchten Linien 

beschrieben werden. Auch war es möglich, aus der Prostatakarzinomzelllinie CT1258 

Sphäroide zu generieren. Der Vergleich der Markerprofile zwischen adhärenten und 

sphäroiden Zellen zeigte unterschiedliche Expressionsmuster von ITGA6 und C-MYC. Der 

Vergleich der analysierten Gene ergab ein charakteristisches Muster für jede Zelllinie sowie 

auch die Anreicherung einer Zellpopulation innerhalb der Sphäroidzellen, bei der es sich 

möglicherweise um Krebsstammzellen handelt. 

!
!
!
!
! !
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Figure 1 Sphere-formation of CT1258 cells in serum-free suspension culture medium.  
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CT1258 sphere-forming cells were imaged with indicated day of culture. Day 1: After trypsinisation, a defined 

number of 10000 CT1258 cells/ml was transferred in suspension medium. Day 5: Few floating cells started to 

construct spheroids and the majority of cells were dead. Day 10: The dead cells reduced compared to day 5 and 

the number of spheres increased. Day 15: The volume of the formed spheres increased, while a low number of 

dead cells could be observed. 

!
 

Figure 2 Relative expression level of selected markers in CT1258 spheroid s10d and s15d 

cells compared to adherent CT1258 cells. !

qPCR analyses of the expression level of 12 selected stem cell markers in spheroid CT1258 cells compared with 

adherent CT1258 cells. Each colour corresponds to the stem cell marker indicated in the legend. CT1258: 

adherent CT1258 cells were used as the calibrator for the spheroid cells. s10d: Spheroid cells cultivated for 10 

days. s15d: Spheroid cells cultivated for 15 days!
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Figure 3 Flow cytometric analyses of adherent and sphere cells from CT1258 cells. !
!
!
!
!
!
!
!
!

CD44 and CD133 monoclonal antibodies against mouse/dog labelled with FITC and PE fluorophore substances 

were used. The histograms show the analysed cell lines stained with CD44 and CD133 antibodies compared to 

the corresponding isotype controls (red). The geometric fluorescence intensities (gMFI) are shown. CD44: X-

axes represent for FL1-H the FITC fluorescence intensity (494/24) nm and y-axes represent the percentage of 

counts of viable gated cells. CD133: X-axes represent for FL2-H the PE fluorescence intensity (585/42) nm and 

y-axes represent the percentage of counts of viable gated. 
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Table 1 Primer pairs used in quantitative real-time PCR 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
Table 2 Antibodies used for flow cytometric analyses 

!
!
Table 3 Normalised geometric mean fluorescence intensity (gMFI) data of the flow 

cytometric measurements 

 
 
 
 
 
 
 

The normalised gMFI of the specific CD44/ CD133 staining was divided by the respective isotype control 
staining to define the specific staining ratio

Gene Forward Primer (5’-3’) Reverse Primer (5’-3’) Amplicon (bp) 

CD34 ACCAGAGCTATTCCCGCAAG TTTCTCCTGTAGGGCTCCAA 120 

CD133 CTTTCTCATGGTCGGAGTTGG TGGAATAGTTTCCTGTTCTGGTAAG 135 

C-KIT AGAAACGTGAAGCGCGAGTA ACACAACTGGTACAGCTCGATGG 129 

CD44 AATGCTTCAGCTCCACCTG CGGTTAACGATGGTTATGGTAATT 92 

OCT4 CGAGGAGTCCCAAGACATCA AACACCTTCCCAAAGAGAACC 138 

NANOG CTATAGAGGAGAGCACAGTGAAG GTTCGGATCTACTTTAGAGTGAGG 141 

KLF4 CCACATTAATGAGGCAGCCA CTCCCGCCAGCGGTTATT 146 

SOX2 GGAAACTTTTGTCGGAGACG CGGGGCCGGTATTTATAATC 103 

C-MYC TCGGACTCTCTGCTCTCCTC TTCTTCCTCCGAGTCGCT 108 

MELK CCAAGGGTAACAAGGACTAC CTCCAAACATCTGCCTCTGA 112 

DDX5 AACTTCCCTGCAAATGTAATGGA AGTCTGTGCTACTCCAACCAT 123 

Beta-actin 
(ß-act) TCGCTGACAGGATGCAGAAG GTGGACAGTGAGGCCAGGAT 127 

Monoclonal 
Antibody Specificity Clone Marker 

identified 
Monoclonal 

Isotype 

Anti-Canine CD44 FITC 
eBioscience Dog YKIX337.8 CD44 Rat IgG2aκ FITC 

BD Bioscience 

PE anti-mouse CD133 
eBioscience 

Mouse/ Dog 
 13A4 CD133 Rat IgG1κ PE 

eBioscience 

Markers Adherent 
CT1258 

Spheroids CT1258 

(s10d) (s15d) 

CD44 159.10 498 175.74 

CD133 1.12 1.22 1 
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