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Ewing sarkooma on harvinainen luu- ja pehmytkudos syöpä, jota esiintyy lähinnä lapsilla ja nuorilla aikuisilla. Luonteeltaan se 

on aggressiivinen syöpä. Ewing sarkooma perheen kasvaimien hoitoon kuuluu ensisijaisesti leikkaus, säteilyhoito ja kemoterapia. 

Ewing sarkooma perheen kasvaimien hoito-ohjeet riippuvat siitä, löytyykö kasvaimien etäpesäkkeitä diagnoosihetkellä. 

Paikallisten kasvainten hoidossa potilaiden viisivuotinen eloonjäämisaste on noussut 50 prosentista 70 prosenttiin. Potilailla, joilla 

löydetään kasvaimen etäpesäkkeitä diagnoosihetkellä tai on uusiutuva tauti, viisivuotinen eloonjäämisaste on edelleen vain 25 

prosenttia. Koska nykyiset hoitovaihtoehdot ovat saavuttaneet jo rajansa, on kehittyneempien hoitomuotojen kehittäminen 

tärkeää.  

 

DNA: n metylaatio on epigeneettinen tapahtuma, joka vaikuttaa geenin ilmentymiseen. Vertaamalla Ewing sarkooma perheen 

kasvaimien syöpäsolujen geenien promoottorialueiden DNA:n metylaatiotasoa normaalin solun geenien promoottorialueiden 

DNA:n metylaatiotasoon voisi olla mahdollista löytää geenejä ja signaalireittejä, jotka ovat tärkeitä Ewing sarkooma perheen 

kasvaimien synnyssä ja ne voisivat olla myös mahdollisia lääkekohdemolekyylejä. 

 

Tämän tutkimuksen tarkoituksena on määrittää koko genomin laajuisesti geenien promoottorialueiden DNA:n metylaatiotaso 

Ewing sarkooma solulinjanäytteissä ja Ewing sarkooma potilas kasvainnäytteissä verrattuna normaaliin referenssinäytteeseen. 

Lisäksi tavoitteena on löytää geenien promoottorialueita, jotka ovat eri tavoin metyloituneita Ewing sarkooma solulinjanäytteissä 

ja Ewing sarkooma potilas kasvainnäytteissä verrattuna normaaliin referenssinäytteeseen. 

 

Materiaalit ja menetelmät 

Ewing sarkooma solulinjanäytteet (12 kpl) saatiin Laboratory of Oncologi Research, Instituti Ortopedici Rizzoli, Bolognasta, 

Italiasta. Ewing sarkooma potilas kasvainnäytteet olivat eristettyjä DNA näytteitä valmiiksi Suomessa. Normaali referenssinäyte 

oli kaupallinen mesenkyymaalinen solulinja. Ewing sarkooma solulinjanäytteistä ja normaalista referenssinäytteestä DNA 

eristettiin fenoli-kloroformi menetelmällä. Näytteiden geenien promoottorialueiden DNA:n metylaatiotason mittaus suoritettiin 

yhdistämällä MeDIP (methylated DNA immunoprecipitation) protokolla Agilent Technologies yhtiön 2-set promoottori 

mikrosirujen hybridisaatioon. Mikrosirujen hybridisaatiossa saatu tieto  DNA:n metylaatiotasosta  normalisoitiin ja esikäsiteltiin 

Agilent Technologies yhtiön Feature Extraction -ohjelmalla. DNA:n metylaatiotaso tietojen visualisointi suoritettiin käyttämällä 

CSC:n Chipster-analyysi ohjelmistoa. Jokaisen näytetyypin, solulinja-, kasvain- ja referenssinäytteen, jokaiselle geenin 

promoottorialueelle laskettiin log2ratio arvo, joka kuvasti geenin promoottorialueen metylaatiotasoa. Jotta saataisiin selville eri 

tavalla metyloituneita geenien promoottorialueita, jokaiselle geenin promoottorialueelle laskettiin log2ratio arvon muutos (=log2 

fold change value) sekä Ewing sarkooma solulinjanäytteiden ja normaalin referenssinäytteen välille, että Ewing sarkooma potilas 

kasvainnäytteiden ja normaalin referenssinäytteen välille. Log2ratio arvon muutos laskettiin myös Ewing sarkooma solulinjojen 

ja Ewing sarkooma potilas kasvainnäytteiden välille. Tämän jälkeen t-testi suoritettiin selvittämään log2ratio arvon muutoksien 

tilastollista merkitystä. Koko genomin laajuisen geenien promoottorialueiden DNA metylaatiotason määrittäminen Ewing 

sarkooma solulinjoista ja Ewing sarkooma potilas kasvainnäytteistä verrattuna normaaliin referenssinäytteeseen suoritettiin 

laskemalla keskiarvo log2ratio arvojen muutoksista. Samaa laskukaavaa käytettiin selvitettäessä koko genomin laajuisen geenien 

promoottorialueiden DNA metylaatiotason muutos Ewing sarkooma solulinjanäytteissäverrattuna potilas kasvainnäytteisiin 
 

Tulokset 

Geenien promoottorialueiden DNA:n metylaatiotasoissa Ewing sarkooma solulinjojen, Ewing sarkooma potilas 

kasvainnäytteiden ja normaalin referenssinäytteen välillä löytyi eroja. Genomin laajuinen geenien promoottorien DNA 

metylaatiotason mittaus osoitti, että Ewing sarkooma solulinjoissa oli enemmän metylaatiota geenien promoottorialueilla kuin 

potilas kasvainnäytteissä ja normaalissa referenssinäytteessä. Potilas kasvainnäytteissä oli vähiten geenien promoottorialueiden 

metylaatiota verrattuna Ewing sarkooma solulinjoihin ja normaaliin referenssinäytteeseen. Eri tavalla metyloituneita geenien 

promoottorialueita oli Ewing sarkooma solulinjanäytteissä verrattuna normaaliin referenssinäytteeseen 16 kappaletta. Myös 

potilas kasvainnäytteissä havaittiin 16 eri tavalla metyloitunutta geenin promoottorialuetta verrattuna referenssinäytteeseen. Eri 

tavalla metyloituneita geenien promoottorialueita oli Ewing sarkooma solulinjojen ja potilas kasvainnäytteiden välillä 56. 
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Ewing sarcoma is a rare bone and soft tissues cancer that occurs mainly among children and young adults. It is an aggressive 

cancer. Treatment of Ewing Sarcoma Family of Tumours (ESFT) primarily includes surgery, radiation and chemotherapy. The 

treatment protocol depends on the presence of tumour metastases at the time of diagnosis. In the treatment of local tumours, the 

5-year patient survival rate has increased from 50% to 70%. However, patients that have tumour metastases at the time of the 

diagnosis or have a recurrent disease, the five-year survival rate is only 25%. As the current treatment options have reached their 

limits, it is important to develop more advanced therapies. 

 

DNA methylation is an epigenetic event that affects gene expression. By comparing the methylation level of the DNA in gene 

promoter regions in ESFT cancer cells to the methylation level of DNA in gene promoter regions in normal cells it could be 

possible to discover genes and signalling pathways that are important in the development of ESFT and that could be potential 

drug target molecules. 

 

The aim of this study is to find out the genome-wide gene promoter DNA methylation status in Ewing sarcoma cell line samples 

and Ewing sarcoma patient tumour samples compared to a normal reference sample. Another aim is to find gene promoter regions 

that are differentially methylated in the Ewing sarcoma cell line samples and the Ewing sarcoma patient tumour samples compared 

to the normal reference sample. 

 

Materials and Methods 

The Ewing Sarcoma cell line samples (12) were obtained from the Laboratory of Oncologi Research, Instituti Ortopedici Rizzoli 

Laboratory, Bologna, Italy. The Ewing sarcoma patient tumour samples were pre-isolated DNA samples already in Finland. The 

normal reference sample was a commercial mesenchymal cell line sample. From the Ewing Sarcoma cell line samples and the 

normal reference sample, DNA isolation was done by using phenol-chloroform method. DNA methylation profiling of the samples 

was performed by combining MeDIP (methylated DNA immunoprecipitation) protocol with 2-set promoter microarray 

hybridization protocol provided by Agilent Tecnologies company. DNA methylation data that was received from the microarrays 

was normalized and pre-processed with the Feature Extraction software provided also by the Agilent Technologies company. 

Visualization of the DNA methylation data was performed by using Chipster analysis software provided by CSC. To measure the 

level of DNA methylation at the gene promoter regions, a log2ratio value was calculated for every gene promoter region in all the 

sample types. To find gene promoter regions that were differently methylated, a log2 fold change value was calculated from the 

log2ratio values between the Ewing Sarcoma cell line cancer samples and the normal reference sample and between the Ewing 

sarcoma patient tumor samples and the normal reference sample for each gene promoter region. The log2 fold change value was 

also calculated between the Ewing Sarcoma cell line cancer samples and the Ewing Sarcoma patient tumor samples. After this a 

t-test was performed to determine the statistical significance of the log2 fold change values. Detection of genome-wide DNA 

methylation levels at the gene promoter regions in the Ewing sarcoma cell line samples and the Ewing sarcoma patient tumour 

samples compared to the normal reference sample was performed by averaging log2 fold change values. The same calculation 

method was used to detect the differences in the genome-wide DNA methylation levels at the gene promoter regions between the 

Ewing sarcoma cell lines and the Ewing Sarcoma patient tumour samples. 

 

Results 

Differences in the DNA methylation levels at the gene promoter regions were detected between the Ewing Sarcoma cell line 

samples, patient tumour samples, and the normal reference sample. Genome-wide measurement of the DNA methylation levels 

at the gene promoter areas showed that the Ewing sarcoma cell lines had more DNA methylation at the gene promoter regions 

than the patient tumour samples and the normal reference sample. The patient tumour samples showed less DNA methylation at 

the gene promoter regions compared to the Ewing sarcoma cell lines and the normal reference sample. Differentially methylated 

gene promoter regions between the Ewing sarcoma cell lines and the reference sample were found 16. In the patient tumour 

samples, also 16 differently methylated gene promoter regions were found compared to the normal reference sample. 

Differentially methylated gene promoter regions between the Ewing sarcoma cell lines and the patient tumour samples were 56. 
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                                  ABBREVIATIONS 
 
 

AJCC  American Joint Committee on Cancer 

bp  base pair 

CML  Chronic myelogenous leukemia 

CT  Computerized tomography   

Cy3  Cyanine 3 

Cy5  Cyanine 5 

CSC                                    IT Center for Science Ltd 

DMR  Differentially methylated region 

EGFR  Epidermal growth factor receptor 

ESFT   Ewing sarcoma family of tumors 

ETS  E26 transformation spesific   

EWS  Ewing sarcoma gene 

FDG-PET  Fluorine-18-fluoro-D-glucose-Positron emission tomography 

FISH  Fluorescence in situ hybridization  

FLI1  Friend leukemia integration 1 

IGF-1R  Insulin-like growth factor 1 receptor 

MeDIP  Methylated DNA immunoprecipitation 

MRI  Magnetic resonance imaging   

mTOR  Mammalian target of rapamycin 

NCBI  National Center for Biotechnology information 

PBS  Phosphate-buffered saline   

PNET                                 Primitive neuroectodermal tumor 

PCA  Principal Component analysis 

RT-PCR  Reverse transcription polymerase chain reaction 

SDS  Sodium dodecyl sulfate 

TBE  Tris/Borate/EDTA 

TET  Ten eleven translocation 

VEGFR  Vascular endothelial growth factor 
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INTRODUCTION 

 

 

 

1.1 Cancer 

 

Cancer is classified as a genetic disease that starts from one somatic cell (Knudson 2002). German 

biologist Theodor Boveri was first to introduce the idea cancer being a genetic disease while 

practicing his research in the year 1914 (Balmain 2001). Based on his research results he suggested 

that genetics imbalances are needed for tumour growth (Ried 2009). Boveri also predicted other 

factors that could affect tumour growth like oncogenes and tumour suppressor genes (Balmain 2001). 

These predictions were able to be proven scientifically when genetic study technologies developed 

(Balmain 2001).  

 

For a cell to become cancerous it has to suffer from DNA damages in genes that control the life of a 

cell (Stratton 2011). These genes are oncogenes, tumour suppressor genes and DNA repair genes and 

they are called as cancer genes (Stratton 2011). Genetic damage can be for example chromosomal 

translocation, base substitution, DNA deletion, insertion or change in the copy number of a DNA 

segment (Stratton 2011). Mutations in the cancer genes are called as driver mutations because they 

are able to promote cell growth (Stratton 2011). Mutations in the other genes are called as passenger 

mutations because they do not directly influence cancer formation (Stratton 2011). In addition to 

genetic changes also epigenetic changes influence cancer formation (Ponder 2001). Epigenetics is 

described as a study of potentially heritable alteration in gene expression that do not require DNA 

sequence changes (Rodriguez-Paredes, Esteller 2011). The genetic and epigenetic changes are 

thought to work together in cancer formation (You, Jones 2012).   

 

When there are enough genetic and epigenetic changes in a cell, the cell can start to proliferate 

autonomously and uncontrolled (Stratton et al. 2009). It can take many genetic or epigenetic changes 

for the cell to become malignant (Knudson 2001). But sometimes one genetic change can be enough 

(Knudson 2001). For example, in chronic myelogenous leukaemia (CML) there is usually a 

translocation between chromosomes 9 and 22 creating an oncogenic fusion gene that initiates cancer 

formation (Knudson 2001). Also other cancer types e.g. lymphomas and sarcomas can have a simple 

karyotypes with a specific translocation (Knudson 2001). All these malignancies can gather additional 
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genetic changes as they proceed (Knudson 2001). Cancer cell phenotype that is caused by genetic 

and epigenetic instabilities can be described with different features (Hanahan, Weinberg 2011).  

Proliferation of a cancer cell is uncontrolled partly because the cancer cell can continuously produce 

proliferative signals and on the other hand ignore growth suppressors (Hanahan, Weinberg 2011). 

Cancer cells can avoid cell death and stay immortal and when the cancer cells have formed a tumour 

they can induce angiogenesis in to the tumour and send metastases to other organs (Hanahan, 

Weinberg 2011). 

 

1.2 Sarcomas 

 

Sarcoma is a common name for cancers that arise from mesenchymal tissue (Taylor et al. 2011). The 

mesenchymal tissue can be bone, cartilage or connective tissue like muscle, fat, peripheral nerves or 

other fibrous tissue (Taylor et al. 2011). Therefore, sarcomas can roughly be grouped in to a malignant 

bone tumours and soft tissue sarcomas (Taylor et al. 2011). Bone sarcomas can be found in all bones 

of a body but bone tumours like osteosarcoma and Ewing sarcoma can also be found in the cartilage 

(Taylor et al. 2011). Soft tissue sarcomas in turn are found in the muscles, joints, fat, nerves and blood 

vessels (Burningham et al. 2012). Sarcomas are relatively rare malignancies; about 200,000 

individuals worldwide each year are affected (Taylor et al. 2011). As a reference, women’s most 

common cancer, breast cancer, was diagnosed with nearly 1.3 million new cases in the year 2008 

(Jemal et al. 2011). From paediatric solid tumours sarcomas cover 21 % and from adult solid tumours 

1% (Burningham et al. 2012). 

 

As the knowledge of genetic abnormalities connected to sarcoma tumour pathogenesis increased, 

sarcomas have more often been classified according to their molecular pathological features rather 

than based on the tumour site (Helman, Meltzer 2003).  At the level of molecular genetics sarcomas 

can be separated into two categories (Taylor et al. 2011). First category includes sarcomas with a 

simple nearly normal karyotype with a specific translocation or cancer gene mutation (Taylor et al. 

2011). In the second category are sarcomas with a complex and imbalanced karyotype (Taylor et al. 

2011). The first category accounts about one third of sarcomas and tend to be more aggressive than 

sarcomas in the second category (Taylor et al. 2011). Sarcomas with complex karyotypes seem to 

develop more slowly with increasing amount of genomic abnormalities (Taylor et al. 2011). 
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1.2.1 Ewing sarcoma family of tumours (ESFT) 

 

Ewing Sarcoma Family of Tumours (ESFT) are highly aggressive and rare bone and sometime soft 

tissues sarcomas (Ross et al. 2013). ESFT consists of four different subtypes; classic Ewing sarcoma 

of the bone, extra osseous Ewing tumour, Askin`s tumour, that is a small cell tumour of the 

thoracopulmonary region, and soft tissue based primitive neuroectodermal tumour (PNET) (Ross et 

al. 2013; Puchalski 2010; Ludwig 2008). From these subtypes the most common is the Ewing sarcoma 

of the bone (Puchalski 2010). Ewing sarcoma was first found by a pathologist called James Ewing 

and in his article Diffuse endothelioma of bone he describes the Ewing sarcoma tumour as a round 

cell sarcoma that was different from osteogenic sarcoma both in tumour structure and in its response 

to radium (Ewing 1921).  

 

From the different sarcoma types the Ewing Sarcoma Family of Tumours fall in to the sarcoma type 

with simple karyotype and one recurrent genetic abnormality (Lessnick, Ladanyi 2012). In ESFT the 

recurrent genetic aberration involves translocations between the EWS gene on chromosome 22 and a 

gene of ETS family of genes (Lessnick, Ladanyi 2012). The most frequent partner of the ETS family 

of genes in the translocation is the FLI1 gene on chromosome 11 (Lessnick, Ladanyi 2012). This 

translocation t(11;22)(q24;q12) is found approximately in 85 % - 90 % of Ewing Sarcoma Family of 

Tumours (Ross et al. 2013; Puchalski 2010).   

 

From the ESFT the Ewing sarcoma of the bone occurs most frequently in the pelvis (26%), femur 

(20%) , tibia (18%) and chest wall (16%) (Ludwig 2008). The Ewing sarcoma of the bone occurs also 

in the bones of the upper body (9%) and in spine (6%) (Ludwig 2008). The Askins tumour occurs in 

the thorax pulmonary region and the PNET in the soft tissue (Ludwig 2008). The cell origin of the 

ESFT has been under a debate for years (Ross et al. 2013). The earlier options for a cell of origin 

were primitive neuroectodermal and neural crest cells (Ross et al. 2013). But now it seems that the 

cell origin of the ESFT and other sarcomas is mesenchymal stem cell (Hatina et al. 2019; Ross et al. 

2013). 

 

The ESFT occur usually among children and adolescent under 20 years, though ESFT can be acquired 

at any age but much more rarely (Puchalski 2010; Ross et al. 2013). From ethnical groups ESFT are 

more common among the Caucasian population than among the Asian or Black population (Puchalski 

2010). 
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1.2.1.1 Clinical features and diagnosis of ESFT 

 

The first clinical symptom that patients suffering from ESFT usually discover is pain (Puchalski 

2010). Because ESFT are malignancies of developing children and adolescents the pain is sometimes 

confused with growth pain or related to injury (Ross et al. 2013). These can be reasons for a delayed 

diagnosis (Ross et al. 2013). Visually seen symptom can be localized swelling together with local 

heat (Puchalski 2010). About 85 % of the children with ESFT suffer from the tumour-related localized 

pain and about 60 % from the localized swelling (Puchalski 2010; Balamuth, Womer 2010). Other 

but not so specific symptoms are fever, weight loss, fatigue and symptoms in the nerves that the 

tumour is compressing (Puchalski 2010). 

 

Diagnosis of the ESFT requires many different methods (Puchalski 2010). Patient’s full medical 

history is taking account and a physical examination is done (Puchalski 2010). Different imaging 

studies are used, bone marrow aspiration and blood test are taken (Puchalski 2010). From the different 

imaging methods to find and to evaluate the size of the suspected tumour, first comes two plane 

radiographs followed by magnetic resonance imaging (MRI) study to provide more detailed 

information of the tumour area (Puchalski 2010; Balamuth, Womer 2010; Ross et al. 2013). Other 

diagnostic imaging methods are FDG-PET, whole body MRI and spiral CT (Balamuth, Womer 2010). 

These imagine methods are different in resolution and are used for example for finding tumour 

micrometastases (Balamuth, Womer 2010). Most important factor in making the diagnosis may still 

be the biopsy taken from the tumour and the studies performed to it (Puchalski 2010). 

 

The molecular diagnosis to define if the tumour belongs to the Ewing Sarcoma Family of Tumours 

and exclude it from the other small round cell tumours involves immunohistochemical assays and 

molecular genetic studies (Ludwig 2008). Immunohistochemical staining of the MIC2 gene product, 

CD99 protein, is an important diagnostic marker because about 90 % of the cells in the ESFT express 

the CD99 transmembrane protein (Puchalski 2010). But because the CD99 protein is expressed also 

in other cell types, additional immunostaining panels are recommended to use to differentiate ESFT 

e.g., from muscle or neural tissues malignancies (Ludwig 2008). From the cytomolecular genetic 

methods FISH and from the molecular genetic methods RT-PCR are used to find chromosomal 

translocation that is specific to the ESFT (Ludwig 2008).  
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1.2.1.2 Treatment and prognosis of ESFT 

 

Because the ESFT are aggressive tumours the treatment of the ESFT is usually multidisciplinary 

including surgery, radiation and systematic chemotherapy (Ross et al. 2013). Combination of these 

treatment options vary and when deciding the final treatment protocol tumour stage is an important 

factor (Puchalski 2010).Tumour staging can be made according to the TNM staging system of 

American Joint Committee on Cancer (AJCC) (Puchalski 2010). In TNM staging system T stands for 

tumour size, N is for spread to lymph nodes and M is for metastases (Puchalski 2010). One staging 

factor more is G that stands for the tumour grade and it is determined by cell differentiation, mitotic 

count and tumour necrosis (Puchalski 2010). When deciding the treatment protocol for the ESFT the 

main issues are tumour size and whether metastases are found at the time of diagnosis (Ludwig 2008; 

Puchalski 2010).  

 

The treatment protocols between local and metastatic ESFT are different (Ludwig 2008). The 

treatment of localized ESFT starts with surgery when complete resection can be made (Ross et al. 

2013). Chemotherapy is used before and after the surgery (Ross et al. 2013). Nowadays radiation is 

used less mainly because of the side effects that radiation has and because the use of chemotherapy 

is effective (Ross et al. 2013). Sometimes surgery is not enough or possible, and limb amputation has 

to be done (Ross et al. 2013; Ludwig 2008). The treatment protocol is always decided case by case 

(Ross et al. 2013). 

 

Chemotherapy is also used in the treatment of the metastatic ESFT although metastatic ESFT do not 

respond to chemotherapy as well as the localized Ewing Sarcoma Family of Tumours (Ross et al. 

2013). Still chemotherapy is used and usually at high-dose and with radiation therapy (Ross et al. 

2013). Sometimes whole-body radiation is used in the treatment of the metastatic ESFT followed by 

autologous bone marrow transplantation (Ross et al. 2013; Ludwig 2008). Survival rate in the 

metastatic ESFT is poor and better treatment options are needed (Ludwig 2008). 

 

Addition to customary treatment options, especially for the metastatic ESFT, biologically targeted 

molecular therapies are used to improve the survival rate (Ludwig 2008; Jiang et al. 2015). Targeted 

drugs affect directly the molecule that is supposed to be part of the ESFT tumour genesis (Jiang et al. 

2015). Examples of these kinds of molecules are IGF-1R, mTOR, EGFR and VEGFRs (Jiang et al. 

2015). Targeted therapies affecting these molecules are already in clinical testing (Jiang et al. 2015). 

Evolving area of alternative therapies are epigenetic therapies (Cote, Choy 2013). There are clinical 
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trials of epigenetic treatment options in consideration or ongoing also for sarcomas (Bailey et al.2019; 

Cote, Choy 2013).  Examples of epigenetic drugs that have been used in clinical trials for sarcoma 

treatment are azacitidine and decitabine (Cote, Choy 2013). These drugs affect DNA methylation 

(Cote, Choy 2013).  

 

Prognosis of the ESFT depends of the tumour stage at the time of diagnosis (Puchalski 2010). There 

has been considerable progress in the treatment of the localized ESFT resulting five year survival rate 

increase from 50 % to 70 %, while still five year survival rate on patients with tumour metastases at 

the time of diagnosis is only 20 – 30 % (Jiang et al. 2015). To get companies and drug industry 

interested in finding cure for this aggressive and deadly cancer is difficult mainly because of the rarity 

of the disease (Longtin 2003). Still to find new clinically useful biological markers in ESFT is 

important (Longtin 2003). Especially since chemotherapies have reached their limits, the need for 

finding new therapies for the ESFT is urgent (Cote, Choy 2013). In the future, epigenetic therapeutics 

could be one option for treatment of the ESFT (Cote, Choy 2013). 

 

1.2.1.3 Genetics of ESFT 

 

Most recurrent genetic aberration in ESFT is the translocation between the EWS gene in chromosome 

22 with various members of the ETS gene family (Sankar, Lessnick 2011). The most frequent 

translocation counterpart from the ETS family genes is the FLI1 gene in chromosome 11 resulting 

translocation t(11;22)(q24;q12) (Sankar, Lessnick 2011). This translocation can be found 

approximately in 85 % of the ESFT cases and it creates a fusion gene where one part is from the EWS 

gene and one part is from the FLI gene (Sankar, Lessnick 2011). In Fig. 1 are presented subtypes of 

the EWS/FLI1 fusion gene created by different combination of gene exons joining together (Sankar, 

Lessnick 2011). Most common of the EWS/FLI translocation subtypes is the type I and second is the 

type II (Sankar, Lessnick 2011).  It is unclear if these subtypes have different functions in the ESFT 

tumorigenesis (Sankar, Lessnick 2011). 
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Figure 1. Some subtypes of the EWS/FLI translocation. Numbers are exons that are fusion partners   

                e.g. exon7 (from the EWS gene)/ exon6 (from the FLI1 gene) fusion. Figure is modified  

                from (Sankar, Lessnick 2011). 

 

          

From the EWS/FLI1 fusion gene counterparts, the EWS gene belongs to the TET family of genes 

(Riggi, Stamenkovic 2007). Proteins of this gene family are supposed to have many arginine-glycine-

glycine amino acid repeats that help TET proteins to bind to RNA (Riggi, Stamenkovic 2007). By 

binding to RNA it is thought that the TET proteins can affect gene transcription and RNA processing 

(Riggi, Stamenkovic 2007). The FLI1 gene belongs to the ETS gene family having 5´ and 3´ ets 

domain with a helix-loop-helix structure (Riggi, Stamenkovic 2007). Ets domain in 3` has sequences 

that can bind to DNA (Riggi, Stamenkovic 2007). In normal situation FLI protein takes part in 

hematopoietic, vascular and neural crest development (Riggi, Stamenkovic 2007). In Table 1 are 

listed frequencies of different TET gene family / ETS gene family fusion genes found in ESFT. 

Different fusion genes are supposed to have same function but at present this as a fact still needs more 

testing (Sankar, Lessnick 2011). 
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Table 1. TET /ETS fusion genes in ESFT and their frequencies. Table is modified from (Riggi,  

              Stamenkovic 2007). 

  

Translocation 

fusion genes from 

TET family/ETS 

family genes 

 

      Frequency 

EWS/FLI1 85% 

EWS/ERG 10% 

 EWS/ETV1 < 1% 

      EWS/ETV4 < 1% 

EWS/FEV < 1% 

TLS/ERG < 1% 

 

 

It is supposed that these specific translocations are the major forces in the ESFT pathogenesis and 

that the fusion gene created in the translocation acts both as a transcriptional repressor and activator 

to mediate oncogenic transformation (Sankar et al. 2012).  The most extensively studied fusion gene 

in the ESFT is the EWS / FLI1 (Sankar, Lessnick 2011). In the EWS/FLI1 fusion gene the EWS gene 

part contains a domain which is a potential transcriptional activator and the FLI1 gene part contains 

a DNA binding domain (Erkizan et al. 2010). This combination of domains makes the EWS/FLI1 

fusion gene protein a transcription factor that can bind to DNA and also regulate transcription 

(Erkizan et al. 2010). Promoter region of the EWS/FLI fusion gene is from the EWS gene which is 

activated most of the time result in a high expression of the fusion gene (Lessnick, Ladanyi 2012). 

 

Finding the exact mechanisms by which the fusion gene EWS/FLI1 regulates its target genes is under 

an active research (Sankar, Lessnick 2011). It is known that the EWS/FLI1 fusion gene regulates its 

targets both direct and indirect ways (Kovar et al. 2012). In direct activation the EWS/FLI1 fusion 

gene binds to proximal promoter region of a target gene which is enriched in ETS binding motifs 

(Kovar 2010). GGAA repeat elements are also found to be binding sites for the EWS/FLI1 fusion 

gene (Kovar 2010; Riggi et al. 2014). EWS/FLI1 mediated target gene repression is usually indirect 

(Kovar 2010). In this mechanism the EWS/FLI1 fusion gene activates transcription factors that in 

turn continue to repress their targets (Kovar 2010). This repression mechanism can involve epigenetic 

processes because many of the genes that EWS/FLI1 fusion gene activates are epigenetic modifier 

genes for example EZH2, HDACs, PRKCB and LSD1 (Kovar 2010; Kovar et al. 2012). 

 

From activated epigenetic modifier genes for example EZH2 is a histone methyl transferase (Vire et 

al. 2006). It represses gene transcriptional activity by adding methyl groups to histone H3 lysine 
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residual (Vire et al. 2006). Methylated lysine causes, with other proteins, condensation of the 

chromatin and this way adds transcriptional repression (Vire et al. 2006). Over expression of EZH2 

is also associated to increase of DNA methylation (Vire et al. 2006). In Fig. 2 are presented some of 

EWS/FLI1 fusion gene target genes and also the information if the EWS/FLI1 fusion gene activates 

or represses its targets (Kovar et al. 2012).  

 

 
 

 

Figure 2.  Some target genes of the EWS/FLI fusion gene. NR0B1, NKX2.2 and FOXO1 genes are  

                 transcription factors and genes EZH2 and PRKCB are epigenetic modifiers. Figure is   

                 modified from (Kovar et al. 2012). 

 

 

Except the specific gene translocation other genetic aberrations in ESFT are rare (Crompton et al. 

2014). Most frequently found rare genetic aberrations are losses of the gene p16INK4A, mutations in 

the p53 gene, and deletion of the CKDN2A gene in chromosomal area 9p21.3 (Ordonez et al. 2009). 

DNA gains and losses are also found in various chromosomes, for example DNA gains are found in 

chromosomes 1q, 2, 8 and 18 (Ordonez et al. 2009). DNA deletions have been seen in chromosome 

areas 1p, 9p and 16q (Ordonez et al. 2009). Sequencing studies have revealed that the STAG2 gene 

is lost in about 15% of the ESFT cases (Crompton et al. 2014). It is recognised that Ewing sarcoma 

tumour cell genome has only few genetic aberrations at the time of diagnosis, but after the cancer 

treatments DNA mutation rates can increase (Crompton et al. 2014). The functions of the additional 

genetic aberrations in ESFT are unclear but based on the cell culture tests it is suggested that 

secondary events are required for ESFT tumour genesis (Kovar 2010). 
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1.3. Epigenetics 

 

Epigenetics is described as a study of gene expression variation that occurs without changes in the 

DNA structure (Rodriguez-Paredes, Esteller 2011). All human cells have the same set of genes but 

cells still have different appearances and functions (Williams 2013). Epigenetic processes are 

involved in cell differentiation and help cells to adapt for example to the changes in the environment 

(Kanherkar et al. 2014).  Epigenetic gene expression regulation is important for the normal cell 

function (Rodriguez-Paredes, Esteller 2011). 

 

There are different epigenetic mechanisms such as DNA methylation, histone modifications and non-

coding RNA mediated gene silencing (Kanherkar et al. 2014). From the epigenetic mechanisms DNA 

methylation and histone modifications affect the DNA chromatin structure and control ability of 

transcription machinery or transcription factors to bind to the gene regulatory region (Ellis et al. 

2009). In RNA mediated gene silencing non-coding RNA`s can bind to the 3´ untranslated region of 

target mRNA and cause mRNA degradation (Kanherkar et al. 2014). By these mechanisms epigenetic 

processes are involved in the regulation of gene expression and some genes can be turned on and 

some turned off (Williams 2013). Although epigenetic processes are part of the normal cell function, 

abnormal changes in the epigenetic processes are linked to different diseases like cancer (Rodriguez-

Paredes, Esteller 2011). 

 

1.3.1 DNA methylation 

 

From the epigenetic processes DNA methylation was the first to be discovered in the year 1975 when 

there appeared scientific evidence that methyl groups could inactivate genes (Williams 2013). In 

DNA methylation a methyl group, CH3, is added to a cytosine base ring 5` position at CpG 

dinucleotide (Taby, Issa 2010). This reaction is catalysed by DNA methyl transferases (DNMT`s) 

and methyl group donor is S-adenosyl methionine (SAM) (Taby, Issa 2010). In mammal’s DNA 

methylation occurs only in cytosines of a CpG dinucleotide (Taby, Issa 2010). The mechanism of 

adding methyl group to the cytosine base is described in Fig. 3. 



 

12 

 

 

Figure 3. Adding a methyl group CH3 to cytosine base ring. Picture is modified from (Kulis, Esteller  

               2010). 

 

 

DNA methylation is an important factor in normal gene expression regulation (Taby, Issa 2010). For 

an example X chromosome inactivation and imprinting genes are regulated by DNA methylation 

(Taby, Issa 2010). Mechanism by which DNA methylation regulates gene expression is that 

methylated cytosines recruit methyl binding proteins (MBDs) that in turn recruit enzymes such as 

histone deacetylases and histone methyl transferases (Kulis, Esteller 2010). Function of these 

enzymes lead to a reaction where the DNA chromatin is tightened and the DNA area is silenced 

(Kulis, Esteller 2010). For example, if CpG dinucleotides are located at the gene promoter area and 

the cytosines are unmethylated, gene is open for transcription factors and gene transcription can 

happen (Kulis, Esteller 2010). If the cytosines in the CpG dinucleotides are methylated in that 

promoter region, transcription machinery is not able to enter the gene transcription start site and 

transcription of the gene is not possible (Kulis, Esteller 2010). In Fig. 4 both options are visualized. 

 

Figure 4. Two gene promoter regions with different CpG island methylation status. Picture is  

                modified from (Kulis, Esteller 2010). 
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Areas in the genome where CpG dinucleotide concentration is higher than expected are called CpG 

islands (Taby, Issa 2010). These CpG islands are found in the gene promoter areas approximately in 

50% of all genes (Taby, Issa 2010). Cytosines in random CpG dinucleotides are usually methylated 

but cytosines inside CpG islands are on the other hand are more often unmethylated (Taby, Issa 2010).  

If not being inside an CpG island CpG dinucleotides are scattered randomly in the genome and occur 

less frequently than expected because methylated cytosines tend to be deaminated to thymine (Taby, 

Issa 2010). 

 

DNA methylation patterns are inherited and passed on to the daughter cells (Kulis, Esteller 2010). 

This maintenance methylation is catalysed by the DNMT1 enzymes (Kulis, Esteller 2010). DNA 

methylation can also occur de novo for example during embryogenesis and germ cell development 

and is catalysed by the DNMT3 enzyme gene family (Kulis, Esteller 2010).  

 

1.3.2 DNA methylation and cancer 

 

In addition to genetic changes epigenetic mechanism are known to be part of cancer formation (Kulis, 

Esteller 2010). Aberrant DNA methylation in cancer cells occurs in two ways (Kulis, Esteller 2010). 

There is global genomic DNA hypomethylation meaning that methylated genomic regions especially 

in repetitive areas become unmethylated (Kulis, Esteller 2010). This leads to instability of the cancer 

genome and sometimes activation of the oncogenes (Kulis, Esteller 2010). Secondly there is DNA 

hypermethylation of CpG islands in the gene regulatory regions for example in the gene promoter 

areas (Kulis, Esteller 2010). DNA hypermethylation can inactivate for example tumor-suppressor 

genes and this promotes cancer development (Kulis, Esteller 2010). 

  

Genetic and epigenetic aberrations are supposed to support each other in cancer formation (You, 

Jones 2012). There can be mutations in the genes that control the epigenetic mechanisms leading to 

a disruption of the epigenetic machinery (You, Jones 2012). On the other hand, epigenetic changes 

in genes that control DNA integrity for example DNA repair genes can make DNA unstable and this 

way promote cancer formation (You, Jones 2012).  

 

It is thought that DNA methylation plays an important role in Ewing sarcoma pathogenesis (Jahromi 

et al. 2011). The major genetic change in the Ewing Sarcoma Family of Tumours is the chromosomal 

translocation resulting a fusion gene (Kovar et al. 2012). This fusion gene affects many target genes 

for example genes that regulate epigenetic mechanisms (Kovar et al. 2012). Polycomb group protein 
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gene EZH2 is one target that is upregulated by the Ewing sarcoma fusion gene (Vire et al. 2006). 

EZH2 functions as a histone methyl transferase leading to methylation of histone 3 lysine residual 

(Vire et al. 2006). This histone methylation can lead to condensation of the DNA chromatin and 

inhibition of the gene transcription (Vire et al. 2006).  EZH2 gene can also affect DNA methylation 

levels by recruiting DNA methyl transferase enzymes (Vire et al. 2006). This way the level of DNA 

methylation can increase in ESFT (Vire et al. 2006). Another reason why DNA methylation is 

supposed to be part of the ESFT tumorigenesis is the small amount of other genetic aberration than 

translocation found in the Ewing Sarcoma Family of Tumours (Jahromi et al. 2011). 

 

DNA methylation biomarkers are important to be discovered in cancers (Kulis, Esteller 2010). For 

example, concerning therapy choices DNA methylation is good drug target, because DNA 

methylation is a reversible event (Kulis, Esteller 2010). 

 

1.3.3 Methods to study DNA methylation 

 

The importance of DNA methylation in diseases like cancer has led to improvement of the methods 

to study DNA methylation (Harrison, Parle-McDermott 2011). DNA methylation status, that is 

absence or presence of the methyl group at cytosine residues, cannot be detected from DNA sequence 

(Laird 2010). Because of this DNA sample has to be pre-treated before actual DNA methylation 

detection method (Laird 2010). Examples of pre-treatment methods are endonuclease digestion, 

affinity enrichment and bisulphite conversion (Laird 2010). After pre-treatment detection method can 

be various molecular biology techniques like PCR, probe hybridization or sequencing (Laird 2010). 

Combinations of different pre-treatment and DNA methylation detection methods has created many 

variations to detect DNA methylation (Laird 2010). 

 

DNA methylation can be studied at locus-specific or genome-wide approach (Harrison, Parle-

McDermott 2011). Locus specific DNA methylation study methods are usually PCR based and 

genome-wide methods are based on array hybridisation or sequencing (Laird 2010). 
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AIMS OF THE STuDY 

 

 

 

Current study was done in the Laboratory of Cytomolecular Genetics (CMG) at the Haartman 

Institute situated in Helsinki, Finland. Supervisor of the study was the leader of the CMG laboratory 

Professor Sakari Knuutila. The study was originally a part of European Commission’s EuroBoNet 

project which was established to promote research of primary bone tumours. The EuroBoNet project 

included four research lines (RL) from which RL4 was reserved for studies concerning Ewing 

sarcoma family of tumours.  The RL4 of the Ewing sarcoma family of tumours included studies for 

example aiming to find out DNA copy number variations and gene expression status in Ewing 

sarcoma samples. The aim of this study was to find out genome-wide DNA methylation status at gene 

promoter regions in Ewing sarcoma cell line samples and in Ewing sarcoma patient samples 

compared to a normal reference sample. 

 

Specific aims of this study are: 

 

1. To define genome-wide gene promoter DNA methylation status in the Ewing sarcoma cell line  

    samples and the patient tumour samples compared to the normal reference sample. 

 

2. To find gene promoter regions that are differentially methylated in the Ewing sarcoma cell line  

    samples and in the patient tumour samples compared to the normal reference sample. 
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MATERIALS AND METHODS 

 

 

 

3.1 Ewing Sarcoma cell line samples 

 

Ewing sarcoma cell line samples were received from the Laboratory of Oncologi Research, Instituti 

Ortopedici Rizzoli, Bologna, Italy. The cell lines were cultured in Italy and send to Finland as frozen 

cell pellets. Table 2 contains a summary of the cell lines and their characteristics. This Ewing sarcoma 

cell line panel has been previously used for copy number and gene expression studies described in 

articles by Savola et al. 2011 and Savola et al. 2007. 

 

Table 2. Ewing sarcoma cell lines 

 

   

 

 

 

      

    

 

 

 

 

 

 

 

 

 

 

 

3.2 Ewing Sarcoma patient tumour samples  

   

Ewing Sarcoma patient tumour samples were already extracted DNA samples that were left from the 

previous studies of Ewing sarcoma described in the articles by Savola et al. 2011 and Savola et al. 

2007. Table 3 includes the Ewing Sarcoma patient tumour samples that had enough good quality DNA 

and therefore could be used further in this study. Qualities of the patient tumour samples are described 

more detailed in the article by Savola et al. 2009. 

  

 

 

Cell line Translocation sex passage 

TC71 EWSR1-FLI1 type 1 male 53 

6647 EWSR1-FLI1 type 2 female 24 

SKES-1 EWSR1-FLI1 type 2 male 22 

SKNMC EWSR1-FLI1 type 1 female 23 

IOR/BRZ EWSR1-FLI1 type 1 male 14 

RDES EWSR1-FLI1 type 2 male 43 

WE68 EWSR1-FLI1 type 1 not   

available 
13 

IOR/CAR EWSR1-FLI1 type 1 male 16 

IOR/CLB EWSR1-FLI1 type 1 female 13 

LAB-35 EWSR1-FLI1 type 2 female 76 

IOR/RCH EWSR1-FLI1 type 2 female 21 

IOR/NGR EWSR1-FLI1 type 1 male 28 
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Table 3. Ewing Sarcoma patient tumour samples 

 

 

 

 

 

 

 

 

 

 

 

3.3 Reference sample 

 

Reference sample was decided to be mesenchymal stem cell because it is supposed that mesenchymal 

stem cell is most likely the origin of the ESFT. A cell pellet of a mesenchymal stem cell line was sent 

from the Laboratory of Oncologi Research, Instituti Ortopedici Rizzoli along with the Ewing Sarcoma 

cell lines. Unfortunately, after DNA extraction the DNA concentration of the reference mesenchymal 

stem cell line cell pellet was too low. Therefore, it was decided to use a commercial mesenchymal 

cell line from a company named Lonza. 

 

3.4 DNA extraction  

 

Genomic DNA from the Ewing sarcoma cell line samples and the reference sample were extracted 

by using standard phenol-chloroform method. The frozen cell pellets were transferred each into their 

own 15 ml falcon tube provided by Qiagen. 2.5 ml of buffer B was added into every tube along with 

150 µl of 20 % SDS-solution and 600 µl of protease K- solution. Solutions in the tubes were mixed 

carefully and incubated overnight in an incubator at +53 °C to dissolve the cell pellets.  

 

After the cell pellets were melted in to the solutions, the solutions were transferred each into their 

own 15 ml Phase lock gel tubes provided also by Qiagen. 4 ml of phenol was added into each Phase 

lock gel tube. Solutions were mixed carefully by turning the tube up and down and centrifuged for 5 

minutes at speed of 1500 rcf. After the centrifugation solutions in the tubes were divided; one part of 

the solution was under the gel and one part of the solution was on top of the gel.  Upper phase of the 

solution was transferred into a clean Phase lock gel tube because the upper phase contained the DNA. 

2 ml of phenol and 2 ml of 95 % chloroform + 4 % isoamylalcohol solution mix were added to each 

Phase lock gel tube. Again, solutions in the tubes were carefully mixed and after this centrifuged for 

5 minutes at the speed of 1500 rcf. The upper phases of the solutions were transferred again to into a 

Patient sample 

ID 

Tumour Translocation 

D242 Ewing extra skeletal NA (not available) 

D241 Ewing EWSR1-FLI1 type 1 

D253 Askin´s tumour EWSR1-FLI1 type 2 

D152 Ewing EWSR1-FLI1 type 2 

D315 PNET EWSR1-FLI1 type 1 
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new clean Phase lock gel tube. This time 4 ml of phenol and 4 ml of 95 % chloroform + 4 % 

isoamylalcohol solution mix were added into each Phase lock gel tube. Solutions in the tubes were 

mixed and centrifuged again 5 minutes at the speed of 1500 rcf. Now the upper phases of the solutions 

were transferred each into their own normal 15 ml falcon tube. To precipitate DNA from the solution 

5 ml of absolute ethanol was added into each 15 ml falcon tube. When a visible DNA string appeared 

in the tubes, the DNA strings were picked out from the tubes and transferred each into their own 15 

ml falcon tube containing 5 ml of 70 % ethanol. DNA strings were washed in a rotator for 1-2 hours. 

After washing the DNA strings all DNA strings were transferred into their own 1.5 ml plastic tube to 

dry. Dried DNA was eluted into 1x TE buffer. The amount of 1x TE buffer added depended of the 

size of the DNA string. 

 

      Concentrations of the extracted DNA samples were measured using Nanodrop spectrophotometer 

provided by Nanodrop technologies Inc.,Wilmington, DE,USA.  Integrity of the DNA samples was 

checked out by using gel electrophoresis. 1.5 % agarose gel was prepared by dissolving 6 g of agarose 

provided by Biorad into 400 ml of 1x TBE buffer in a microwave oven. Melted solution was cooled 

down to +60˚C and eight drops of Ethidium Bromide provided by Ameresco was added and mixed 

into the agarose solution. The agarose solution was poured in to a gel rack and was let to cool down 

as a solid gel. For the DNA integrity checking 1 µg of DNA was used in the gel electrophoresis run. 

The DNA samples were ran in the gel for 1.5 hours with a voltage of 130 V. 

 

3.5 MeDIP protocol and microarray hybridization  

 

Methods that were used in this study to generate genome wide DNA methylation profiles at gene 

promoter regions from the Ewing sarcoma cell line samples, the reference sample and from the patient 

tumor samples, were MeDIP (methylated DNA immunoprecipitation) for capturing methylated 

genomic DNA fractions and DNA microarray hybridization used as a detection method. Methods 

were performed according to the procedures from the Agilent Technologies Company. Agilent 

Microarray Analysis of Methylated DNA Immunoprecipitation protocol version 1.0 May 2008 was 

used for performing the MeDIP and Agilent Mammalian ChIP-on-chip protocol version 10.0 May 

2008 was used for performing the microarray hybridizations. Microarray used in the Analysis of 

Methylated DNA Immunoprecipitation protocol was CpG Island array. Because the array used in this 

study was the Agilent Technologies Company’s 2-set promoter array, the protocol used for the 

microarray hybridizations was Agilent Mammalian ChIP-on-chip protocol. 
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3.5.1 MeDIP protocol 

 

MeDIP method was first described in the article by Weber et.al 2005. The basic principle in this 

method is the use of a specific antibody against methylated cytosine’s to capture methylated genomic 

DNA fragments (Weber et.al 2005). Enriched methylated DNA fragments can be further analyzed 

for example by using microarray method to find out DNA methylation status in a certain genomic 

area (Weber et.al 2005). Sample needed to start the MeDIP protocol was 5 µg of genomic DNA 

diluted into 250 µl of PBS buffer. DNA sample was first fractioned into 200 - 600 base pair fragments 

by sonification using the UP200H, ultrasonic Prosessor (Hielscher). Conditions used in the 

sonification to cut DNA into fragments especially 200 - 600 bp of length were tested earlier. In the 

sonification used cycle was 0.4 and amplitude was 50 %. From the 250 µl of fractioned DNA sample, 

50 µl was transferred into an empty 1.5 ml plastic tube to be used as a reference sample. This 50 µl 

of diluted and fractioned DNA sample equals 1µg of DNA. Reference sample is called INPUT DNA 

and was not immunoprecipitated. The remaining 200 µl of diluted and fractioned DNA sample called 

IPDNA that equals 4 µg of DNA was used in the MeDIP protocol and the methylated DNA fragments 

were enriched from this IPDNA sample. All samples used in this study, 12 cell lines, 2 reference 

replicates and 5 patient tumour samples, were treated this way. Sample preparation is featured in Fig. 

5.  

                                           5 µg DNA in 250 µl PBS buffer 

                                              

                                                                                
                                            

                                             Sonification of DNA into fragments 

             200-600 bp of lenght 

 

                                                                                                                      
 

                    50 µl reference sample                              200 µl MeDIP sample   

                                INPUT                                                       IPDNA 

                                                                                        ↓ 
                                                                                           

                                                                                           MeDIP Protocol              

 

Figure 5. DNA sample preparation for MeDIP        
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Second step in the MeDIP procedure, after the sample preparation, was preparation of magnetic 

beads. This included attaching 5`methylcytosine antibody into the magnetic beads. Bottle of pan–

mouse IgG Dynal magnetic bead solution provided by Invitrogen was mixed and 50 µl of the bead 

solution was transferred to a 1.5 ml plastic tube. The tube was placed to a magnetic stand. After few 

minutes of waiting the magnetic beads were attached on the wall of the tube by the force of the 

magnetic stand and supernatant was removed. Before attaching the 5`methylcytosine antibody into 

the beads, the beads were washed with a block solution. 750 µl of block solution 1 was added into 

the tube containing the magnetic beads. The tube with the magnetic beads and block solution 1 was 

mixed in a rotator for 5 minutes in a temperature of +4 C˚. After this block solution 1 was removed 

from the beads with the help of the magnetic stand. This wash was repeated once. After washing, the 

magnetic beads were suspended into 230 µl of block solution 2 and also 5 µg of 5`methylcytosine 

antibody was added into this bead solution. This solution was incubated in a rotator in a temperature 

of +4 C˚ at least 6 hours. During the incubation 5`methylcytosine antibodies in the solution bind to 

the magnetic beads. After the incubation the beads were collected using the magnetic separation 

stand, supernatant was removed and beads were washed with 750 µl of block solution 2 two times. 

Finally, the beads were suspended into 50 µl of block solution 2. This 50 µl of prepared magnetic 

beads was used for immunoprecipitation of only one sample. This means that for every DNA sample 

it was needed to prepare own magnetic beads. 

 

To be able to perform immunoprecipitation of methylated DNA regions from the DNA samples, 50 

µl of prepared magnetic beads were added to the tube containing 200 µl shared IPDNA sample. 

Additional 250 µl of 2x IP (immunoprecipitation) buffer was added into the tube and this solution 

was incubated overnight in a rotator in a temperature of +4 C˚. During the incubation the magnetic 

beads with the 5`methylcytosine antibodies were bound to the methylated cytosines in DNA 

fragments in the DNA samples. Principle of immunoprecipitation of the methylated DNA fragments 

is illustrated in Fig. 6. 
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Figure 6. Magnetic bead with anti 5´methylcytosine antibody binding to methylated cytosines in a   

               DNA fragment 

 

 

After the incubation beads with the methylated DNA fragments were collected using the magnetic 

separation stand, supernatant was removed and the beads were washed with 1 ml of IP wash solution. 

DNA fragments containing methylated cytosines were extracted from the magnetic beads with 150 

µl of elution buffer. Finally, both reference (INPUT DNA) and immunoprecipitated samples 

(IPDNA) were extracted and cleaned again with phenol-chloroform method and diluted in to nuclease 

free water according to the Methylated DNA Immunoprecipitation protocol version 1.0 May 2008 to 

get the final sample volume of 26 µl.  

 

3.5.2 Sample labelling and microarray hybridization 

   

For microarray hybridization INPUT DNA and immunoprecipitated DNA (IPDNA) were labeled 

with different fluorescent dyes according to the Agilent genomic DNA enzymatic labeling kit (Cat 

no. 5190-0453). INPUT DNA was labelled with Cyanine 3-dUTP nucleotides (Cy3 green) and 

IPDNA with Cyanide 5-dUTP nucleotides (Cy5 red). Concentrations of labelled samples were 

measured using the Nanodrop spectrophotometer (Nanodrop Technologies Inc, Wilmington, DE, 

USA). According to Agilent Mammalian ChIP-on-chip protocol in a microarray hybridization the 

amount of green and red labelled sample should be equal. As calculated from the measured 

concentrations, 4 µg of labelled INPUT sample and 4 µg of labelled IPDNA sample were combined 

and hybridized on an Agilent Human 2-set Promoter Microarrays (G4489A) according to Agilent 

Mammalian ChIP-on-chip protocol version 10.0 May 2008. Hybridization was performed in a 
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hybridization oven where the microarrays were placed in a rotator. Temperature in the oven was + 65 

˚C and the hybridization lasted 40 hours. During the hybridization samples with different labels will 

competitively hybridize to the probes on the microarray.  

      

      Microarrays consists of hundreds to thousands of probes (Ventimiglia, Petralia 2013). Material of the 

probes can be for example nucleic acids, proteins, carbohydrates, tissues, cells, and polymers. 

(Ventimiglia, Petralia 2013). The probe material is selected to recognize the biological target that is 

under the research and the probes are immobilized to a solid surface for example glass slide 

(Ventimiglia, Petralia 2013).  If the biological target is DNA then probes are nucleic acids, like in 

this study. Recognition of the target DNA happens by hybridization where the target DNA hybridizes 

to the probe that has complementary DNA sequence (Ventimiglia, Petralia 2013).  In competitive 

hybridization the sample with greater volume will hybridize to the complementary probe faster and 

in a greater density than the sample that there is less. By measuring the different label intensities, it 

is possible to find out how the samples with different labels are distributed.  

                

3.5.3 Microarray scanning 

 

After hybridization the microarrays were washed according to the Agilent Mammalian ChIP-on-chip 

protocol version 10.0 may 2008. After washing, the microarrays were scanned using Agilent 

technologies microarray scanner (G2565BA). According to the Agilent G2565AA and Agilent 

G2565BA Microarray Scanner System user guide scanner measures green and red signal coming 

from the probes in the microarray with special lasers and the resulting document from the scanning 

is an image of the microarray in a TIF.file format. In Fig. 7 is shown a part of a scanned microarray. 

 

                                                  

 

Figure 7.  Part of a scanned microarray. Different colour spots are called features. 

 

https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjBlIqWjoLKAhWCh3IKHWjdA-IQjRwIBw&url=https://prezi.com/d80eqx2gylzk/microarrays/&psig=AFQjCNE_Dn7ohdo0P1beIz06DtKWrOILeQ&ust=1451514060993432
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According to Agilent SurePrint Technology brochure a `spot` on the microarray is also called a 

feature and it consists of many thousands copies of one probe. Depending on the signal intensities the 

feature can be red, green or something between. This is illustrated in Fig. 8. 

             

 

 

 
 

 

Figure 8.  MeDIP protocol combined with microarray hybridization 

 

Information received by performing these methods is the relative DNA methylation level in a certain 

genomic region featured by each probe of the microarray. If there is more red than green fluorescence 

coming from the feature, it means that in that probe area in that sample there are more DNA fragments 

that are methylated than non-methylated. And of course, if there is more green than red fluorescence 

coming from the feature, it means that in that probe area in that sample there are more DNA fragments 

that are non-methylated than methylated. Feature can also be colored yellow when there is equal 

amount of green and red fluorescence coming from the feature meaning that in that probe area in that 

sample there is equal amount of methylated and non-methylated DNA fragments. 
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3.6 Microarrays  

 

Agilent Technologies Company provided two options of microarrays to study DNA methylation at 

genome-wide level. Options were CpG island array and 2-set Promoter array. According to the 

Agilent DNA Methylation Microarray Application Epigenome Mapping at High-Resolution product 

note probes in both array types were designed by the Agilent technologies company and printed to 

glass surface using Agilent´s SurePrint technology. The probe length in both arrays types was 

maximum of 60 oligomers. The most important difference between the array types was the probe 

coverage region that can be seen in Fig. 9. In the CpG island array the probe coverage is defined 

according to the CpG island area. In the 2-set promoter array the probe coverage is the gene promoter 

areas including first exon of the genes. Other differences in array designs are listed in Fig. 10.  

 

 
Figure 9. Probe coverage in different arrays. (Agilent Technologies. The Agilent DNA Methylation    

               Microarray Application. Epigenome Mapping at High-Resolution. Product note.) 
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Figure 10. Differences in array designs. (Agilent Technologies. The Agilent DNA Methylation  

                  Microarray Application. Epigenome Mapping at High-Resolution. Product note.) 

 

Another big difference between the array types was that the Agilent Promoter 2-set had two arrays 

for one sample instead of one array like it was in the CpG Island array. In the Agilent 2-set Promoter 

array, array 1 contained probes from chromosomes 1 -10 and array 2 from chromosomes 11-24. 

Because in this study the array used for measuring DNA methylation was the Agilent promoter 2-set, 

one sample needed two array hybridizations and total 10 µg of DNA. So, in total 38 hybridizations 

were done. Distribution of the microarray hybridizations between the different sample types is 

described in Table 4. In this study it was decided to use the Agilent 2-set Promoter arrays because the 

interest was to find out especially gene promoter methylation status.  

 

Table 4. Number of microarray hybridizations in different sample types 

 

Samples Hybridizations in total  

 

12 Ewing sarcoma cell line samples 24 hybridizations 

5 patient tumors samples 10 hybridizations 

1 reference sample with two replicates 4 hybridizations 
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3.7 Data analysis 

 

The article by Bock 2012 includes descriptions of different workflows how to analyze DNA 

methylation data. Basically, all workflows include the same basic steps (Bock 2012). The first step is 

data pre-processing and quality control of the data, the second step is data visualization and statistical 

testing to find differentially methylated DNA regions (Bock 2012). By differentially methylated 

regions it is meant a genomic region with different DNA methylation status for example between 

normal and cancer sample (Rakyan et al. 2011). The final step in the DNA methylation data analysis 

is the validation and biological interpretation of the results (Bock 2012). The use of data analysis 

workflows is different depending on the method that has been used to create DNA methylation data 

(Bock 2012). 

 

In the article by Pälmke et al. 2011 is described a DNA methylation data analysis workflow that is 

directly pinpointed to DNA methylation data that is created by combining MeDIP protocol and 

microarray hybridization. The data analysis included measuring the quality of raw signal data from 

cyanine dyes Cy3 and Cy5, data pre-processing including data normalization and data visualization 

with diagnostic plots and finally finding methylation enriched DNA regions and validation of the 

results (Pälmke et al. 2011). Analysis method for finding methylation enriched genomic regions had 

two options (Pälmke et al. 2011). One method was calculation of the log2 value of a mean red/green 

ratio of all probes in a certain region to evaluate methylation enrichment in that area (Pälmke et al. 

2011). In this way regions can be defined as methylated or unmethylated and between any samples 

as differentially methylated. This method suits especially for the promoter or CpG-island methylation 

detection (Pälmke et al. 2011). Second method was the use of peak detection algorithm which was 

used for defining enrichment peaks in larger genomic regions than gene promoter area (Pälmke et al. 

2011). 

 

In this study the first steps in DNA methylation data analysis were also data normalization and pre-

processing and these steps were done by using Agilent Technologies Company’s Feature Extraction 

(FE) software. The second step was data visualization and it was done by using open source data 

analysis software Chipster provided by CSC (IT - Center for Science Ltd). The final analysis step 

was to find differentially methylated gene promoter regions between different samples and it was 

done almost in the same way as in the articles by Pämlke et.al 2011 and Weber et al. 2005. The first 

step in analysis to find differentially methylated gene promoter regions was summing up red/green 

intensity ratios of all probes within a certain DNA region, in this case at the gene promoter region. 
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This was done to every sample of the same sample type, for example 12 Ewing sarcoma cell line 

samples yielded 12 values for one promoter region.  Average was taking from these summarized 

values and turned in to log2 value. This logarithmic scale value is further stated as log2ratio.  Finally, 

to find out the difference in DNA methylation status at gene promoter regions between different 

sample types log2 fold change value was calculated from the log2ratio values of all promoter regions 

between different sample types and the statistical significance of the log2 fold change value was 

tested by a t-test. Used data analysis workflow is described in Table 5.  The microarray used in this 

study included many promoter regions, so of course this log2ratio and log2 fold change calculations 

were done to all gene promoter regions featured in the microarray. 

 

 

Table 5.  Data analysis workflow 

 

 

Data normalization and pre-processing with 

the Agilent Technologies Company’s FE software 

 

↓ 

 

Data visualization with 

the Chipster data analysis software 

 

↓ 

 

Finding differentially methylated promoter regions between different samples 

 by calculating gene promoter log2ratios,  

 log2 fold change value and p- value 

 

↓   

 

 Biological interpretation of results 

 

 

3.7.1 Microarray data normalization and pre-processing    

 

Data normalisation is an important analysis step when microarrays are used (Thu et al. 2010). There 

might be variability in the signal intensities between the probes or the arrays that are caused by 

technical issues during for example sample labeling or hybridization (Pälmke et al. 2011). By 

performing data normalization it is possible to get rid of the variability caused by technical issues 

(Thu et al. 2010). After normalization, information of the data will be more close to the real situation 

and the samples can be compared together (Palmke et al. 2011; Thu et al. 2010).  There are many 

methods to normalize DNA methylation data for example median centering, quantile normalization 
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and locally weighted scatterplot smoothing (lowess smoothing) (Wilhelm-Benartzi et al. 2013; 

Pälmke et al. 2011). But it is not well-known what normalization method would be optimal for DNA 

methylation data (Wilhelm-Benartzi et al. 2013). This is because DNA methylation marks are not 

evenly distributed along genome (Wilhelm-Benartzi et al. 2013). After the data normalization, data 

should be visualized for example using boxplots (Pälmke et al. 2011). With boxplots it is possible to 

illustrate distribution of log2 values of the probe red/green ratios in one sample, visualize many 

samples at same time and compare the effect of normalization results between samples (Pälmke et al. 

2011).  

 

In this study normalization of the DNA methylation data was done with three different methods. This 

was because it was not known what is the best way to do the normalization to DNA methylation data. 

The first normalization was done according to the Agilent technologies Company’s Feature Exraction 

software. The second method was loess (LOcal regrESSion; a later generalization of lowess method) 

normalization with control spots on the microarray and filtering method created by the 

bioinformatician. The third method included only loess normalization and filtering. After these 

different normalization methods were performed the results of the normalization were visualized by 

using boxplots which were created with the Chipster data analysis software.  

 

Pre–processing involves, in addition to normalization, data filtering based on quality metrics (Thu et 

al. 2010). For an example features in the microarray with saturated signals or poor signal to noise 

ratios are removed from dataset (Thu et al. 2010). In this study pre-processing of the data was done 

with Agilent`s FE software. According to the Agilent Genomic Workbench Feature Extraction 10.9 

software Quick Start Guide, FE software extracts information from the TIF. image file created from 

the microarray; FE software finds the features on the microarray, rejects outlier features, determines 

feature signal intensities, calculates ratios from the feature signal intensities and finally calculates 

statistical reliability of the calculations. Feature Extraction software was used according to the Agilent 

Mammalian ChIP-on-chip protocol version 10.0 may 2008.  

 

Microarray pre-processing with the FE software created many files. File needed for the downstream 

analyses was txt.file. According to the Agilent Feature Extraction Software v10.7 Reference Guide 

the txt.file includes all the numerical information calculated from the features in the microarrays for 

example red and green fluorescence intensities, red (Cy5)/green (Cy3) ratios and a log2 value from 

this ratio. Another important file from the FE software analysis was the QC- report file. According to 
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the Agilent Feature Extraction Software v10.7 Reference Guide this report file incudes statistical 

information that helps to evaluate reliability of a single microarray data. 

 

3.7.2 Data visualization 

  

To isolate information from large dataset is difficult and to do that data visualization is very important 

initial step in interpreting datasets (Jolliffe, Cadima 2016; Fernandez et al. 2017). In this study data 

visualization was done by using the Chipster open source data analysis software that is featured in 

the article by Kallio et al. 2011. Analysis was performed according to the Chipster data analysis 

software manual that can be found from https://chipster.csc.fi/ website and with the help of the 

bioinformatician. First the txt.files from the Agilent`s Feature Extraction software analysis were 

imported to the Chipster data analysis software. After the txt.files were imported DNA methylation 

data was visualized using PCA (principal component analysis), dendrogram and heatmap analyse 

methods.  

 

By using data clustering methods, it is possible to group samples into different subtypes and 

this way see differences between samples (Wilhelm-Benartzi et al. 2013). Principal component 

analysis (PCA) works like clustering; it finds patterns inside the data and it can be used to find 

for example different methylation patterns between samples (Wilhelm-Benartzi et al. 2013; 

Lever et al. 2017).  PCA transforms the data into fewer dimensions by reducing variation and 

complexity of the data and forms different components from the data called principal 

components (Lever et al. 2017). Another clustering method is hierarchical clustering which 

creates binary tree by fusing similar samples together (Wilhelm-Benartzi et al. 2013). 

Dendrogram is formed by hierarchical clustering (Chen et al. 2009).  Heatmap is also formed by 

hierarchical clustering but to visualize biological variation in different samples this method 

uses colours (Deng et al. 2014; Fernandez et al. 2017). 

 

A volcanoplot is also a way to visually show data analysis results (Li et al. 2014).  Volcanoplots are 

scatter plots showing the log2 fold change value on the x-axis and the corresponding p-value on the 

y-axis (Li et al. 2014). In this study volcanoplots were used to help visually inspect the connection 

between log2 fold change and statistical significance p-values that were calculated from the DNA 

methylation data. The calculation of the log2 fold change and the p- values are described in next 

chapter. 

https://chipster.csc.fi/
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3.7.3 Differentially methylated gene promoter regions 

 

3.7.3.1 Calculation of the log2 fold change and p-value 

 

Analysis for finding differentially methylated gene promoter regions between different samples was 

difficult because by the time the analysis was done there was no specified method to analyze DNA 

methylation data. Solution was to do data analysis in a simplest manner as possible, almost the same 

way as data analysis was done in the work discussed in the articles by Pälmke et al. 2011 and Weber 

et al. 2005. Red/green ratios of every probe provided by the microarray in one gene promoter area in 

one sample were summed. This was done to all replicates of the same sample type. Average was 

taken from these values. For example, one gene promoter area contains 10 probes in a microarray, 

red/green ratios from each probe were summed up. There are 12 Ewing sarcoma cell line samples, so 

there are 12 summarized values for one promoter area. Average is taken from these 12 values. This 

average value is turned in to a log2 value. The same calculations were done to all five patient tumor 

samples and to the two replicates of the reference sample. In Table 6 is the workflow that describes 

the steps to calculate log2ratio values. 

 

Table 6. Calculation of the log2ratio values (Ewing sarcoma cell line samples as an example) 

 

       

                               One gene promoter includes for example 10 probes in a microarray 

 

     ↓ 

 

  Summarized value from all 10 red /green probe ratios 

 

                                                                               ↓ 

 

12 summed values one of each 12 Ewing sarcoma cell line samples 

 → Average of these 

                                                                 → Log2 value from the average 

                                                                                

                                                                                ↓ 

  

  Log2ratio value  

 

 = log2 value of the averaged red/green ratio values calculated from all the probes in one gene 

promoter region in for example 12 Ewing sarcoma cell line samples. 
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To find out differences in the DNA methylation levels at gene promoter regions between different 

samples, log2 fold change values were calculated from the log2ratio values. The log2 fold change 

value was calculated between the Ewing sarcoma cell line samples and the reference sample, between 

the patient tumour samples and the reference sample and between the Ewing sarcoma cell line 

samples and the patient tumor samples.  

 

Formulas for calculations of log2 fold change values between different sample types at gene promoter 

regions are described in Table 7. Calculations were performed with a computer and with the help of 

the bioinformatician. As a result from these calculations three different files were obtained; Ewing 

sarcoma cell line samples versus reference sample (CvR), patient tumour samples versus reference 

(PvR) and Ewing sarcoma cell line samples versus patient tumour samples (CvP).   

 

Table 7. The log2 fold change value calculations between different sample types 

 

Formula for log2 fold change value 

calculation for one gene promoter region  

Log2 fold change file including all 

promoter areas in the microarray 

Ewing sarcoma cell line log2ratio- 

reference log2ratio 

CvR 

(Ewing sarcoma cell line samples versus 

reference) 

Patient tumor sample log2ratio- 

reference log2ratio 

 

PvR 

(patient tumour samples versus reference) 

           Ewing sarcoma cell line log2ratio- 

Patient tumor sample log2ratio 

CvP 

(Ewing sarcoma cell line versus patient 

tumour samples) 

 

 

Outcome from the calculation was a fold change value in a logarithmic scale. If the value is positive, 

it means that there is more DNA methylation signal for example in the Ewing sarcoma cell line 

samples than in the reference sample at that certain gene promoter area. If the value is negative, it 

means that there is more DNA methylation signal in the reference sample than in the Ewing sarcoma 

cell line samples at that gene promoter area. The analysis made by this way describes the relative 

DNA methylation status at gene promoter areas between the chosen samples (Palmke et al. 2011).  

Therefore, this method does not provide information from the methylation status of a single CpG-site 

(Pälmke et al. 2011). To test if the log2 fold change values were statistically significant, a t-test was 

performed by the bioinformatician and a p-value was set to each log2 fold change value. 
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After the log2 fold change and the p-value were calculated, the criteria for defining the methylation 

status at the gene promoter regions between different samples types had to be decided. Setting these 

criteria was difficult. In gene expression studies it has become common to require good values from 

both p-value and fold change when defining differentially expressed genes (McCarthy, Smyth 2009). 

In an article by Patterson et al. 2006 the p-value threshold was set first and then a fold change cut-off 

to the samples inside that p-value was set. In the present study it was decided to put the p-value 

threshold to commonly used ≤ 0.05 and the gene promoter regions that were in this category had to 

have a log2 fold change over 1,0 or  – 1,0.  Therefore, criteria for defining methylation status in gene 

promoter regions were p-value ≤ 0,05 and log2 fold change for differentially methylated gene 

promoter areas was  ≥1 or  ≤ -1.  

 

 

3.7.4 Genome-wide gene promoter methylation status 

 

To evaluate genome-wide gene promoter methylation status numerically, average of the log2 fold 

change values in the files CvR, PvR and CvP were calculated. For example, if calculated average of 

the log2 fold change values in the CvR file was positive there was more methylation signal coming 

from the Ewing sarcoma cell line sample gene promoter areas than from the reference sample gene 

promoter areas at genome wide level. If the calculated value was negative, then the reference sample 

would have more methylation signal at gene promoter areas than the Ewing sarcoma cell line samples 

at genome wide level. This calculation principle was used for the two remaining result files also.  
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RESULTS 

 

4.1 DNA extraction 

 

In Table 8 are shown DNA concentrations and quality measurements from the phenol-chloroform 

extracted Ewing sarcoma cell line samples and from the reference sample. In Figs. 11 and 12 are 

illustrated agarose gel electrophoresis runs where the level of DNA integrity can be seen. The amount 

of DNA used on the gel runs was 1 µg.   

 

Table 8. DNA concentrations of Ewing sarcoma cell line samples and a human mesenchymal stem  

              cell (REFERENCE) 

 

Cell line DNA 

concentration 

(ng/µl) 

Final DNA 

amount in TE 

buffer (µl) 

Purity 

abs 260/280 

TC71 507,2 1500 1,96 

6647 819,52 700 1,97 

SKES-1 899,15 700 1,97 

SKNMC 795,99 400 1,96 

IOR/BRZ 479,8 1200 1,98 

RDES 855,56 750 2,01 

WE68 509,36 500 1,96 

IOR/CAR 919,64 600 1,93 

IOR/CLB 174,51 700 1,93 

LAB-35 309,24 500 1,95 

IOR/RCH 1127,34 400 1,97 

IOR/NGR 424,8 1500 1,95 

REFERENCE 171,9 - 2,05 

 

 

 
  

       Figure 11. Agarose gel electrophoresis run from the Ewing sarcoma cell line samples  
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      Figure 12. Agarose gel electrophoresis run from the reference sample 

 

 

In Table 9 are shown the DNA concentrations and quality measurement data from the re-measured 

patient tumour DNA samples. Respectively, in Figs. 13 and 14 are illustrated agarose gel 

electrophoresis runs where the level of DNA integrity can be seen. The amount of DNA used on these 

gel runs was also 1 µg. The patient tumour samples in Table 9 were qualified to proceed to the 

downstream analyses. Samples are rounded in the gel electrophoresis run in the figures 13 and 14.  

 

Table 9. DNA concentrations of Ewing sarcoma patient tumours samples 

 

 

                   

 

 

 

 

 

 

 

 

 

Patient sample 

ID 

DNA concentration 

          (ng/µl) 

Measured DNA 

amount (µl) 

Purity 

abs 260/280 

D242 442 30 1,8 

D241 310 40 1,8 

D253 895 100 1,9 

D152 296 60 1,9 

D315 1623 10 1,9 
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       Figure 13. Gel electrophoresis run from the patient tumour samples 

 

 

       
   

      

      Figure 14. Gel electrophoresis run from the patient tumour samples 

 

      

      DNA extraction from the Ewing sarcoma cell line samples and the reference sample produced intact 

and pure DNA. The Ewing sarcoma patient tumor DNA`s were also of good quality. Patient tumor 

samples D153 and D155 did not have enough DNA to be continued to microarray hybridization.      

 

4.2 Data normalization and pre-processing      

 

After the DNA methylation data was created from the Ewing sarcoma cell line samples, patient 

tumour samples and the reference sample, data normalization was performed. In Figs. 15 - 20 are 

shown the normalization methods and the results from the normalization illustrated with boxplots. 

Results are presented separately from array 1 and array 2. 
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Figure 15. Boxplot picture from the results created by Agilent FE normalization method in array1          

                 (chromosomes 1- 9). 

      

 
 

Figure 16. Boxplot picture from the results created by Agilent FE normalization method in array2   

                 (chromosomes 10-24). 
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Figure 17. Boxplot picture from the results created by control spots + loess normalization method in 

                 array1 (chromosomes 1-9). 

 

 

 

 
 

Figure 18. Boxplot picture from the results created by control spots + loess normalization method in  

                  array2 (chromosomes 10-24). 
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Figure 19. Boxplot picture from the results created by Loess normalization method in array1           

                  (chromosomes 1-9). 

 

 
Figure 20. Boxplot picture from the results created by Loess normalization method in array2      

                  (chromosomes 10-24). 

 

 

In this study boxplots show the distribution of log2 values of the feature red/green intensity ratios in 

the microarray in different samples. In the boxplots created after using the plain loess normalization 

and the control spots + loess normalization method, most of the samples did not present any 

observable distribution. According to the bioinformatician these kinds of results are not realistic and 

the results are caused by the normalization methods. In the boxplots created after the data 

normalization done by Agilent feature extraction software samples showed observable distribution. 

These results seemed realistic and results after the FE normalization were used in the further data 

analyses. 
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4.3 Data visualization  

 

Visualization of the DNA methylation data included principal component analysis (PCA), 

dendrogram and heatmap analyses. Results from the analyses are shown in figures. Results from the 

PCA analyse are presented in Figs. 21 and 22. In Figs. 23 and 24 are shown the dendrogram and the 

heatmap analysis results from array 1 and in Figs. 25 and 26 from array 2. 

 

 
Figure 21.  PCA analysis from array 1. Red dots are reference sample replicates, green dots patient  

                   tumour samples and blue dots are Ewing sarcoma cell line samples. 

 

 

 
Figure 22. PCA analysis from array 2. Red dots are reference sample replicates, green dots patient  

                  tumour samples and blue dots are Ewing sarcoma cell line samples. 
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Figure 23. Heatmap analysis from array 1  

 

 

 

 
 

Figure 24.  Dendrogram analysis from array 1 
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Figure 25. Heatmap analysis from array 2 

 

 
 

Figure 26. Dendrogram analysis from array 2 
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The used data visualization methods showed differences in the DNA methylation status between the 

Ewing sarcoma cell line samples, the patient tumour samples and the reference sample at gene 

promoter regions. 

 

In the PCA analysis results in Figs. 21 and 22 different sample types formed their own clusters 

indicating differences between the sample types.  In the dendrograms in Figs. 24 and 26 the cancer 

samples including patient tumors samples and the Ewing sarcoma cell line samples formed their own 

tree and the normal reference sample replicates formed their own tree. Furthermore, from the cancer 

samples the patient tumour samples and the Ewing sarcoma cell line samples divided into their own 

different trees. Thus, the dendrogram analysis shows also differences in the DNA methylation status 

between the Ewing cell line samples and the patient tumour samples at gene promoter regions. 

 

In the heatmaps in Figs. 23 and 25 DNA methylation status at gene promoter regions is shown by 

colors. Yellow color indicates more DNA methylation and blue color less DNA methylation. In the 

heatmaps Ewing sarcoma cell line samples are slightly more yellow than the patient tumor samples 

and the reference sample. This indicates that there can be more gene promoter DNA methylation in 

the Ewing sarcoma cell line samples than in the patient tumor samples or in the reference sample. 

The difference in DNA methylation between the patient tumour samples and the reference sample 

replicates at gene promoter was not so clear. From heatmaps it is possible to make visual estimations 

of the DNA methylation levels between samples. 

 

4.4 Whole genome gene promoter DNA methylation status and volcanoplots 

 

4.4.1 Whole genome gene promoter DNA methylation status 

 

By comparing the DNA methylation levels at gene promoter regions numerically between the 

different samples, it is possible to get more accurate information from the whole genome gene 

promoter DNA methylation status between the different sample types. This numerical comparison 

was possible to do by calculating averages from the log2 fold change values in the files CvR, PvR 

and CvP. In Tables 9 and 10 are presented the calculated values from array 1 and 2.  
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Table 9. Averages of the log2 fold change values from array 1 

 

 

File Average of log2 fold 

change values 

CvR (Ewing sarcoma cell line vs 

           reference) 

0,058 

PvR (Patient tumour sample vs   

          reference) 

-0,171 

CvP (Ewing sarcoma cell line vs 

          patient tumour sample)             

0,229 

 

 

Table 10. Averages of the log2 fold change values from array 2  

 

 

File Average of log2 fold 

change values 

CvR (Ewing sarcoma cell line vs  

          reference) 

0,046 

PvR (Patient tumor sample vs  

          reference) 

-0,139 

CvP (Ewing sarcoma cell line vs 

patient tumor sample) 

0,186 

 

 

In the CvR file the calculated average of log2 fold change valuse is positive in both arrays meaning 

that in the Ewing sarcoma cell line samples there is more DNA methylation at gene promoter areas 

at whole genome level than in the reference sample. Negative value would mean the opposite. In the 

PvR file the value is negative meaning that there is more DNA methylation at gene promoter areas in 

the reference sample than in the patient tumour samples at whole genome level. In the Ewing sarcoma 

cell line samples there is more DNA methylation at gene promoter regions than in the patient tumor 

samples because the average of the log2 fold change values in the file CvP was positive.  

 

The biggest difference in the whole genome gene promoter DNA methylation level was between the 

Ewing sarcoma cell line samples and the patient tumor samples. At whole genome level the Ewing 

sarcoma cell lines are the most methylated at gene promoter areas and the patient tumor samples are 

the least methylated at gene promoter areas. The reference sample had more DNA methylation at the 

gene promoter areas than the patient tumour samples but less than the Ewing sarcoma cell line 

samples at whole genome level. 
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4.4.2 Volcanoplots 

 

Volcanoplots were created from the log2 fold change values included in the CvR, PvR and CvP files 

and from the p-values received from the t-test. From the shape of a volcanoplot it is possible to make 

visual estimates of the whole genome DNA methylation levels at gene promoter areas between 

different sample types. This way volcanoplots support the numeric information received by 

calculating the average of the log2 fold change values included the CvR, PvR and CvP files to 

describe whole genome DNA methylation levels at gene promoter areas. Volcanoplots are illustrated 

in Figs. 27-32. 

 

In the volcanoplots in figures 27 and 28 from the CvR file there are more data points on the positive 

side of log2 fold change value indicating that there is more DNA methylation at gene promoter 

regions in the Ewing sarcoma cell line samples than in the reference sample at whole genome level. 

In the volcanoplots in figures 29 and 30 from the PvR file on the other hand there was more data 

points on the negative side of the log2 fold change value meaning that there was less DNA 

methylation at gene promoter regions in the patient tumour samples than in the reference sample at 

whole genome level. In the volcanoplots in figures 31 and 32 from the CvP file again there are more 

data points on the positive side of the log2 fold change value indicating that there is more DNA 

methylation at gene promoter regions in the Ewing sarcoma cell line samples than in the patient 

tumour samples at whole genome level. 

 

 

     
 

Figure 27.  Volcanoplot from the log2 fold change values included in the CvR file and p-values  

 

                   from the t- test in array 1 
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Figure 28. Volcanoplot from the the log2 fold change values included in the CvR file and p-values  

 

                  from the t-test in array 2 

 

       
 

Figure 29. Volcanoplot from the the log2 fold change values included in the PvR file and p-values  

 

                 from the t-test in array 1 
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Figure 30. Volcanoplot from the the log2 fold change values included in the PvR file and p-values  

 

                  from the t-test in array 2 

 

           
Figure 31. Volcanoplot from the the log2 fold change values included in the CvP file and p-values  

 

                  from the t-test in array 1 

 

        

          
Figure 32.  Volcanoplot from the the log2 fold change values in the CvP file and p-values from the  

 

                  t-test in array 2 



 

47 

 

4.5 Differentially methylated gene promoter regions 

 

The results from the analyses to define differentially methylated gene promoter areas are presented 

in Tables 11 - 16. In the tables 11 - 13 are presented the number of the gene promoter areas that were 

defined as differentially methylated within the chosen criteria. In the tables 14 – 16 are the names of 

the gene promoter areas that were classified as differentially methylated with the criteria log2 fold 

change ≥ 1 and p-value ≤ 0.05 The differentially methylated gene promoter areas with the criteria 

log2 fold change ≤ -1 and  p-value ≤ 0.05 were not further analysed in this study because there was a 

suspicion of a false results in defining cancer sample gene promoter areas that have less DNA 

methylation signal than the normal reference sample. When the log2 fold change is positive it means 

that there is more DNA methylation signal coming from the cancer samples than the reference. When 

log2 fold change is negative reference sample would have more methylation signal than the cancer 

samples. 

 

Table 11. The number of differentially methylated gene promoter areas within the chosen criteria in   

                 the CvR file in array and array 2.  

 

Criteria Number of genes 

array 1/ array 2 

Gene promoter areas 

p-value ≤ 0.05 

log2 fold change ≥ 1 

5/11=16 

Gene promoter areas   

p-value ≤ 0.05 

log2 fold change ≤ -1 

 

41/96=137 

 

Table 12. The number of differentially methylated gene promoter areas within the chosen criteria in  

                 the PvR file in array 1 and array 2.  

 

 

 

 

 

 

 

 

 

Criteria Number of genes 

array 1 / array 2 

Gene promoter areas 

p-value < 0,05 

log2 fold change > 1 

12/4=16 

 

 Gene promoter areas 

 p-value < 0,05 

log2 fold change < -1 

 

165/184=349 
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Table 13. The number of differentially methylated gene promoter areas within the chosen criteria in  

                 the CvP file in array 1 and array 2 

 

 

Criteria Number of genes 

array 1 / array 2 

Gene promoter areas  

       p-value < 0,05 

log2 fold change > 1 

          27/29=56 

Gene promoter areas 

     p-value < 0,05 

log2 fold change < -1 

 

0/3=3 

 

 

Log2 fold change value over 1 means that there is at least 2-fold change in the signal intensity that 

describes DNA methylation levels at gene promoter regions. For example, if the summarized signal 

ratio of a certain gene promoter area in the Ewing cell line samples was 30, the log2ratio from this is 

4,9 and if the summarized signal ratio at the same gene promoter area in the reference sample was 

15, the log2ratio from this is 3,9. When calculating 4,9 - 3,9, the log2 fold change difference is 1. 

This means that there is two times more DNA methylation signal coming from the Ewing cell line 

samples than from reference sample. This 2-fold change in the signal intensity was considered as a 

threshold for the area to be considered as differentially methylated. The interest in this study was 

specially to find gene promoter areas from the cancer samples that have more DNA methylation than 

the normal reference sample. And this was because according to the literature DNA methylation 

mechanism in cancer cells is that certain gene promotor areas are hypermethylated. 

 

There were 16 gene promoter areas indicated as differentially methylated with the criteria log2 fold 

change ≥ 1 and p-value ≤ 0.05 in the CvR file meaning that there were 16 gene promoter regions in 

the Ewing sarcoma cell line samples that had more DNA methylation signal than the corresponding 

gene promoter regions in the reference sample. In the table 14 are presented the names of these gene 

promoter areas. In the PvR file there was also 16 gene promoter regions indicated as differentially 

methylated with the criteria log2 fold change ≥ 1 and p-value ≤ 0.05 meaning that there were 16 gene 

promoter areas in the patient tumour samples that had more DNA methylation signal than the 

corresponding gene promoter regions in the reference sample. In the table 15 are presented the names 

of these gene promoter areas. According to the data from the CvP file there were 56 gene promoter 

areas considered as differentially methylated with the criteria log2 fold change ≥ 1 and p-value ≤ 0.05 
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meaning that there were 56 gene promoter areas in the Ewing sarcoma cell line samples that had more 

DNA methylation signal than the corresponding gene promoter regions in the patient tumour samples. 

In the table 16 are presented the names of these gene promoter areas.  

 

Table 14.  The names of the gene promoter areas that were classified as differentially methylated in  

                  the CvR file in array 1 and array 2 with criteria log2 fold change ≥ 1 and p-value ≤ 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15. The names of the gene promoter areas that were classified as differentially methylated in    

                 the PvR file in array 1 and array 2 with the criteria log2 fold change ≥ 1 and p-value ≤    

                 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

ARRAY 1 ARRAY 2 

HIST1H2AA C15orf24 

AADAC TPPP2 

MUSK SERHL 

AGXT ITGAL 

HIST1H1A  

SLC44A4  

ADAM29  

IGFN1  

DPCR1  

UCMA  

CLRN2  

OSTCL  

ARRAY 1 ARRAY 2 

HLA-B CLEC4C 

ANXA6 TPPP2 

SLC44A4 GGA2 

ZIC1 SUMO1P1 

ZIC4 CEACAM19 

 ITGAL 

 STAP2 

 DPPA3 

 UNC119 

 FLJ23584 

 PSMB5 
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Table 16. The names of the gene promoter areas that were classified as differentially methylated in  

                 the CvP file in array1 and array2 with the criteria log2 fold change ≥ 1 and p-value ≤   

                 0.05 

   

   

ARRAY 1 ARRAY 2 
ARPM1 SPSB3 

HIST1H2BL RNF167 

ARID4B WDR16 

DIRC2 CSTF1 

MRPS18C SAC3D1 

PCDHGA11 SLC39A9 

MARS2 TSHZ1 

CCDC58 MORG1 

PSMC2 USP5 

HIST1H2BD TDP1 

HIST1H3B PHF5A 

NUDCD2 MLH3 

IMP4 GNPNAT1 

CDNF MKS1 

SFRP4 SUOX 

PAK2 GLRX5 

SLC19A2 TMX2 

BZW2 WDR22 

TMEM69 XRCC3 

ALG2 SNORD49A 

EPM2AIP1 UBE4A 

LRPPRC LOC646799 

ZRANB3 PUS3 

HIST1H2AC ATF7 

HMMR ZSWIM3 

SLC4A2 TAS2R19 

C4orf14 MOCS3 

 CYB5D2 
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DISCUSSION 

 

 

To reveal the molecular mechanisms behind ESFT is important considering the need to develop 

targeted therapies aiming for better treatment of ESFT. In the light of research so far genetics behind 

ESFT is thought to be quite simple, the most recurrent genetic aberration being translocation between 

chromosomes 11 and 22 creating a fusion gene EWS/FLI1 (Casey et al. 2019). This fusion gene is 

believed to activate genes that start the ESFT cancer formation (Casey et al. 2019). The fusion gene 

may be a too difficult molecule to target by targeted therapeutics but the molecules that the fusion 

gene activates could be targeted (Casey et al. 2019). It is also thought that epigenetic changes, for 

example DNA methylation, are important in the development of sarcomas including ESFT (Nacev et 

al. 2020). If specific epigenetic changes could be linked to the ESFT cancer formation, in the future 

epigenetic drugs could be an additional treatment option for the ESFT (Nacev et al. 2020). For 

example, aberrant DNA methylation could be prevented or undo by using DNA methylation 

inhibitors (Cheng et al 2019). There have been several clinical trials to study the effects of anti-DNA 

methylation drugs (Cheng et al 2019). 

 

Methods used in this study to detect DNA methylation at gene promoter regions were not optimal but 

the results were still observable. There were few things that should have been taking into account 

when DNA methylation procedure was carried out that were realized afterwards. 

 

5.1 Methods 

 

      Before starting the DNA methylation procedure including MeDIP protocol and microarray 

hybridizations, the quality of all DNA samples were checked using concentration measurements and 

gel electrophoresis. After this DNA samples were fragmented by sonification. After the sonification 

the quality of the DNA samples should have been checked again to make sure that the DNA´ s were 

successfully fragmented to the right size which was between 250 and 600 bp. In this study the DNA 

quality check after the sonification was not done. Immunoprecipitation step in the MeDIP procedure 

and also the microarray hybridizations can be unsuccessful or inefficient if DNA fragments are not 

the right size (Pälmke et al. 2011). The lack of this check can have an effect to the reliability of the 

results. 
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      After the antibody enrichment step of methylated DNA regions in the MeDIP procedure, also the 

success of the enrichment reaction should have been checked afterwards for example with PCR 

(Pälmke et al. 2011). The lack of this check provides a possibility to false negative results because 

one cannot be sure if the enrichment step was successful. In other words, there is a possibility if DNA 

methylation is not observed that it is because of a failure in the enrichment step. This was one reason, 

why only the gene promoter areas that were found to be more methylated in the cancer sample than 

reference sample or the other counterpart and the log2 fold change was ≤ 1 were worth mentioned 

and analyzed more deeply in this study. 

 

By the time the laboratory work of this study was done there was not much information available 

how to analyze DNA methylation microarray results. First problem was the microarray data 

normalization. Second problem was finding a program that would be able to identify differentially 

methylated gene promoter regions. There were few algorithms developed for analyzing DNA 

methylation data. Appropriate algorithms for this purpose were provided for example by the 

BATMAN, MEDME and CHARM tools (Pälmke et al. 2011; Thu et al. 2010). Different algorithms 

were tested by the bioinformatician but they did not work on the DNA methylation data in the present 

study.  

 

The data analysis method used in this study to find differentially methylated gene promoter regions 

was not as good as the algorithms. By using log2ratio values it is not possible to measure absolute 

quantitative DNA methylation, only relative DNA methylation between different samples can be 

measured with this method (Pälmke et al. 2011).  To be able to measure absolute methylation values, 

variations in CpG site densities in the DNA region of interest have to be considered (Pälmke et al. 

2011). Algorithms would have taking into account the variations of the CpG sites in a specific DNA 

region that is especially important when analyzing CpG poor DNA gene promoter regions. For 

example the BATMAN tool applies a Bayesian method to estimate absolute methylation values from 

MeDIP data and provides accurate estimations of methylation value however it is not user-friendly 

and is quite a computationally technical process (Down et al. 2008).  

 

The analysis method used in the present study did not take into account the CpG site density in the 

region of analysis.  In other words, from the gene promoter region with less CpG sites, although the 

sites all are methylated, the signal intensity will be less than from the promoter region that has more 

methylated CpG sites. Therefore, it may appear that gene promoter regions with less CpG sites are 
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not methylated so much although they are. This lack in the analysis method provides another 

possibility to false negative results. 

 

5.2 Results  

 

5.2.1 DNA quality 

 

DNA quality is very important considering the success of the DNA methylation procedure (Pälmke, 

et al. 2011). In all DNA samples used in this study the starting DNA quality was good. When DNA 

methylation results from the microarray hybridizations were pre-processed in the Agilent feature 

extraction program, the program produced a QC (quality control) -metrics sheet. From these sheets it 

was possible to estimate the success of the microarray hybridizations. According to the QC-metrics 

sheets the microarray hybridizations in this study were successfully performed in all samples. This 

tells that the DNA quality was probably good after the sonification, although the results of the DNA 

sonificatios were not controlled at that time. This information was important considering the 

reliability of the results.  

 

      5.2.2 Difference between the sample types 

 

The first results concerning the differences of the DNA methylation levels at gene promoter regions 

between different sample types came from the visualization of the DNA methylation data.  Inspection 

of the results from the visualization methods revealed that the DNA methylation levels at gene 

promoter regions were different between the used sample categories. This observation was very 

important considering the further DNA methylation data analyses. It gave a great motivation to 

proceed the DNA methylation data analysis although it was difficult.  

 

      5.2.3 DNA methylation at gene promoter areas at the whole genome level 

 

The results of the DNA methylation data analysis showed that there was more DNA methylation at 

gene promoter regions in the Ewing sarcoma cell line samples than in the reference and the patient 

tumour samples at whole genome level. Similar results have been described in the article by Patel et 

al. 2012. In the article by Nestor et al. 2015 it is discussed about the changes in the epigenome of cell 

line samples when the cell lines are cultured. It was especially noticed that cultured cell lines 

experience a decrease in DNA methylation at the whole genome level but on the other hand an 
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increase of DNA methylation at CpG sites at the DNA gene promoter areas (Nestor et al. 2015).  

Maybe some of the DNA gene promoter regions in the Ewing sarcoma cell line samples that were 

detected methylated in this study, are not related to tumorigenesis and are caused by the cell culturing 

process. This can explain the increase of DNA methylation at gene promoter regions in the Ewing 

sarcoma cell line samples compared to the patient tumour samples and the reference sample. 

 

The explanation why the reference sample had higher DNA methylation levels at gene promoter 

regions than the patient tumour samples at whole genome level could be that stem cells have different 

function than cancer cells. The reference sample in the present study was mesenchymal stem cell, 

therefore in the reference sample there could be DNA methylation in those DNA gene promoter 

regions that are related to cell differentiation and not to cancer formation and there can be more DNA 

gene promoter regions needed to be methylated in a certain cell differentiation phase in stem cells 

than in cancer cells.  

 

Results from the whole genome DNA methylation level measurements at gene promoter regions 

indicate that the Ewing sarcoma cell line samples may not be the best option to describe Ewing 

Sarcoma patient tumour cell methylome. Maybe the best way to analyse and understand DNA 

methylation in ESFT is to measure DNA methylation at gene promoter regions from Ewing sarcoma 

patient tumour samples. On the other hand, Ewing sarcoma cell line samples can offer candidate 

genes that could be tested in the Ewing Sarcoma patient tumors samples. 

 

5.2.4 Differentially methylated gene promoter regions  

 

Compared to the reference sample in the Ewing sarcoma cell line samples there were 16 

hypermethylated gene promoter regions. The same number of gene promoter regions were 

hypermethylated in the Ewing sarcoma patient tumour samples compared to the reference sample. 

Differentially methylated gene promoter regions between the Ewing sarcoma cell line samples and 

the Ewing Sarcoma patient tumour samples were a bit more, 56 gene promoter regions were 

hypermethylated in the Ewing sarcoma cell line samples compared to the Ewing Sarcoma patient 

tumour samples. 

 

From the 16 differentially hypermethylated gene promoter regions between the Ewing sarcoma cell 

lines and the reference (CvR file) it would be of interest to extract potential candidate genes for further 
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analysis. The same would be done to the 16 hypermethylated gene promoter regions between the 

patient tumour samples and the reference (PvR file) 

 

According to Gene and Pubmed search made at the NCBI (National Center for Biotechnology 

Information) website from the 16 hypermethylated gene promoter regions in the CvR file, there were 

three potential candidate genes that had association to tumorigenesis and DNA methylation. These 

genes were ANXA6, ZIC1 and ZIC4. Especially the ANXA6 gene was interesting. According to an 

article by Qi, Y et al. 2015, the ANXA6 gene is a target of EZH2 gene. As was previously mentioned, 

the EZH2 gene functions as a histone methyl transferase that can cause chromatin condensation and 

this way inhibit gene transcription (Vire et al. 2006).  It was also noticed that the EZH2 gene can 

affect DNA methylation levels by recruiting DNMT`s (Qi, Y et al. 2015). In ESFT the fusion gene 

EWS/FLI1 is mentioned to activate the EZH2 gene. This activation of the EZH2 gene could in turn 

lead to the methylation of the ANXA6 gene promoter area in the Ewing sarcoma cell line samples.  

 

Silencing of the ANXA6 gene by promoter methylation is presented in an article by Wang, X et al 

2013, where it is said that ANXA6 is a tumour suppressor gene in gastric cancer. In an article by Qi, 

H et al. 2015 the ANXA6 gene is associated to several cancers. All this information suggests that 

ANXA6 could be a candidate gene for the ESFT tumorigenesis and that the ANXA6 gene promoter 

methylation status here could be interesting to validate. On the other hand in the article by Qi, Y et al 

2015 it was further mentioned that the ANXA6 gene is silenced by EZH2 gene mediated 

trimethylation at histone H3 lysine27 (H3K27me2) rather than by gene promoter methylation. 

 

Genes ZIC1 and ZIC4 are also associated to cancer formation and DNA methylation. According to 

the article by Gan et al. 2011, the ZIC1 gene is silenced by promoter hypermethylation in colorectal 

cancer. And for an example in the article by Kandimalla et al. 2012 CpG island DNA methylation of 

the ZIC4 gene is associated with progression in bladder cancer. 

 

The log2 fold change values in the ANXA6, ZIC1 and ZIC4 gene promoter regions were positive 

also in the patient tumour samples and were near the assessed limit of log2 fold change value of 1. 

Accordingly, these gene promoter regions could have been potential candidates for further analysis 

and validation. 

 

From the 16 gene promoter regions that were hypermethylated in the Ewing Sarcoma patient tumour 

samples compared to the normal reference sample potential candidate gene promoter areas were also 
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found.  These gene promoter areas were HIST1H2AA, HIST1H1A and UCMA. According to Gene 

and Pubmed search made at the NCBI website the HIST1H2AA and HIST1H1A genes code for 

histone proteins.  Histone proteins are needed for DNA chromatin formation and modifications and 

expression levels of these histone proteins can affect the DNA chromatin status by defining is the 

chromatin more open or closed (Dawson, Kouzarides 2012; Meergans et al. 1998). DNA chromatin 

status is one epigenetic regulation method and a way to control gene expression (Buenrostro et al. 

2013). In an article by Sheffield et al. 2017 it is said that Ewing sarcoma fusion gene EWS-FLI 

especially affects the reprogramming of epigenetic landscape of EFST. So, maybe by silencing 

histone protein coding genes epigenome reprogramming could be partly possible in the ESFT. In the 

light of this information the methylated histone genes HIST1H2AA and HIST1H1A maybe 

meaningful candidate genes for the ESFT tumorigenesis. 

 

UMCA gene is expressed in chondrocytes and has an effect to chondrocyte and also osteocyte 

differentiation (Surmann-Schmitt et al. 2008; Tagariello et al 2008). These cell types, chondrocytes 

and osteocytes, make the tissues, cartilage and bone, that from sarcomas including some ESFT arise 

(Matsushima et al. 2011; Taylor et al. 2011). For these reasons the UMCA gene could be an 

interesting candidate gene for further inspection.  

 

In the files CvR and PvR there were three common gene promoter regions that had log2 fold change 

value over 1 and these gene promoter regions were SLC44A4, TPPP2 and ITGAL. These gene 

promoter regions could be important in the ESFT cancer formation because in the present study they 

are hypermethylated both in the Ewing sarcoma cell line samples and in the patient tumour samples 

at high level compared to the reference sample. On the other hand, according to Gene and Pubmed 

search made at the NCBI website these genes were not associated to cancer formation or to DNA 

gene promoter methylation. 

 

In the CvP file there were 56 gene promoter regions hypermethylated in the Ewing sarcoma cell line 

samples in comparison to the patient tumor samples. There may not be a reason to analyse these 

results further because hypermethylated gene promoter regions in the Ewing sarcoma cell line 

samples may be related to the cell culture process more than to the cancer formation. 

  

When considering the reliability of the results it should be noticed that the threshold for defining 

regions as differentially methylated gene promoter regions was artificially determined. There is a 

possibility that some important gene promoter regions were left outside. The number of samples 
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tested in this study was also small which has effect on the statistical accuracy of the results. 

Additionally, analysis made in this way did not consider variations in DNA methylation level at gene 

promoter regions across the different Ewing sarcoma cell line samples or the different patient tumour 

samples.  

 

Nowadays, there are more advanced high -throughput analysis techniques with higher resolution and 

better statistical properties for profiling DNA methylation. For an example in an article by Park, Jung 

et al. 2014 the hypermethylation of 92 genes were identified in 69 Ewing sarcoma samples by 

analysing 1,505 single CpG loci in 807 cancer related genes. The Illumina GoldenGate Methylation 

Cancer Panel I microarray was used for the study (Park et al. 2014). In an article by Sheffield et al. 

2017 DNA methylation maps for 140 Ewing sarcoma tumour samples were created by using reduced 

representation bisulfite sequencing (RRBS). In this article researchers hypothesized that clinical 

heterogeneity of ESFT could be a result of epigenetic heterogeneity in this otherwise genetically 

homogenous cancer.  Ewing sarcoma DNA methylation maps were compared to a set of DNA 

methylation profiles made by RRBS from over 50 different cell types (Sheffield, Pierron et al. 2017).  

From this comparison to other cell types it was noticed that in ESFT DNA hypomethylation occurred 

especially at enhancers that were regulated by the EWS-FLI1 fusion protein (Sheffield et al. 2017). 

From the Ewing sarcoma DNA methylation maps it was also detected remarkable epigenetic, 

including DNA methylation, heterogeneity between Ewing sarcoma tumours (Sheffield et al. 2017). 

 

In the article by Sheffield et al. 2017 it is mentioned that different Ewing sarcoma tumour samples 

possess very heterogeneous DNA methylation profiles. This could explain the diverse results that 

different research groups have had when trying to identify common methylated gene promoter regions 

in ESFT. In different research projects there were different gene promoter regions found to be 

significantly methylated in ESFT. Thus, maybe there is no point in trying to find common methylated 

gene promoters for marker in ESFT. To a new patient suffering from ESFT a whole genome DNA 

methylation profile could be done for example by NGS method and if it is possible in the future have 

a treatment to the found DNA methylation marker and this way aim for personalized medicine. 

 

5.3 Literature 

 

Some references used in the introduction part seem to be slightly old and the reason for this is that 

the introduction part was written at the early phase of the thesis project and the final completion date 

of the thesis delayed more than expected. There was not time to rewrite the introduction part but when 
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reading the newest articles about Ewing Sarcoma the information in the introduction part is still valid 

e.g. low five-year survival rate of Ewing sarcoma patients and the treatment of the ESFT are still 

problematic issues.  

         

   

CONCLUSIONS AND FUTURE PROSPECTS 

 
 

Ewing sarcoma is an aggressive cancer that occurs especially among children and adolescents. Need 

for new targeted therapy options is urgent to have better treatment options to patients suffering from 

ESFT and to raise the 5-year survival rate especially of metastatic EFST. Epigenetics is supposed to 

have an important role in the ESFT tumorigenesis. In an article by Rello-Varona, Tirado 2017 it is 

mentioned that any improvement in the discovery of ESFT epigenomics is important, because this 

tumour entity rarely shows any recurrent mutation except the EWS/FLI1 gene fusion. For example 

DNA methylation profiling of ESFT provides meaningful information and maybe in the future DNA 

methylation could be one target in the treatment of ESFT (Rello-Varona, Tirado 2017). 

 

In the present study MeDIP procedure combined to microarray hybridization was a screening method 

for finding differences in the DNA methylation levels at gene promoter regions between different 

sample types. The method was also used to find differentially methylated gene promoter regions 

between the different sample types that could be important in the ESFT tumorigenesis. Results 

showed that there were differences in the DNA methylation levels at gene promoter regions between 

the used sample types that were Ewing sarcoma patient samples, Ewing sarcoma cell line samples 

and reference sample (mesenchymal stem cell). Also differentially methylated gene promoter regions 

were able to be identified in the Ewing sarcoma cell line samples and the Ewing sarcoma patient 

samples compared to the reference sample. To pinpoint candidate genes that could be related to Ewing 

sarcoma tumorigenesis, information of the hypermethylated gene promoter regions were searched 

from the NCBI website. 

  

To proceed this project, a few candidate genes should be chosen and DNA methylation levels of 

promoter areas of the candidate genes should be validated with a more accurate method for example 

bisulphate conversion PCR. This way it would be possible to find out the exact number of methylated 

CpG at the gene promoter region of interest. After the DNA methylation status of the gene promoter 

regions of interest are validated, the genes should be tested in a larger volume of Ewing sarcoma 



 

59 

 

patient samples to find out if the genes really could be biological markers in ESFT. New analyses 

with better programs and pathway analyses on the current data could also reveal some new 

information from the existing data.  

 

Array based methods have been useful tools in the DNA methylation research but now they are being 

replaced by sequencing-based methods for example next generation sequencing (NGS) methods 

(Barros-Silva et al. 2018). With these NGS methods it is possible to get the single CpG methylation 

resolution, much faster and in parallel in many samples (Barros-Silva et al. 2018). Hopefully, in the 

future finding the potential target genes for therapy or finding the biological marker genes in ESFT 

becomes easier to help patients suffering from Ewing Sarcoma Family of Tumors.  
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