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ABSTRACT 

Sarcomas are a rare heterogeneous group of malignant tumours arising from cells of a 

mesenchymal origin. They are diverse group consisting of more than 50 subgroups. Sarcomas 

tend to fall into two district genetic categories. The first group shows relatively simple 

karyotypes with specific genetic abnormalities. The other group however has very complex 

karyotypes with unspecific genetic alterations. Although their causes are still not entirely clear, 

the strongest links appear to be radiation exposure and inherited cancer predisposition. 

Previous work in our laboratory has revealed a deletion in the ATM gene, particularly in 

gastrointestinal stromal tumours and in leiomyosarcomas. The ATM gene is known to have a 

key role in the repair of DNA-DSBs, as well as in cell cycle arrest. To investigate the role that 

ATM may have in sarcoma, Western blotting was initially used in this study to look for the total 

ATM protein expression and for the phosphorylated form of the ATM in different sarcoma 

subtypes. So as to examine the potential relevance of ATM to the tumours in more detail, the 

study also measured the kinetics of gH2ax foci formation and loss in established and primary 

sarcoma cells and in normal retinal cells; both endogenously and after inducing DNA-DSBs by 

2Gy IR prior to, and after, the inhibition of ATM. The functional aspect of ATM in sarcoma was 

further explored through the clonogenic survival assay. Finally, the genetic abnormalities of the 

ATM were assessed using a combination of several techniques. Although this PhD study has 

confirmed ATM copy number deletion in sarcomas, this does not appear to affect protein 

expression, since expression was clearly detected by Western blotting at 370 kDa in all the cell 

lines tested in this study, including the control samples. This work has also demonstrated the 

existence of functional ATM in sarcoma samples while providing evidence that, even though 

ATM is inhibited in sarcomas, they are still able to undertake DNA repair, possibly via the 

utilisation of other pathways, or because an “abnormal” ATM in the sarcomas may not have 

been adequately inhibited due to a mutation. The importance of the ATM deletion/mutation to 

the protein expression seen in sarcoma cell lines, and the significance of ATM 

deletion/mutation to the biological behaviour of the sarcoma samples included in this work, 

needs further investigation in the near future.  
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1.1 Sarcomas 

Sarcomas are a heterogeneous and infrequent group of malignant tumours arising from cells 

of mesenchymal origin; they are non-epithelial tissues derived from the embryological 

mesoderm and neuro-ectoderm layers and account for about 1.2% of all malignancies in the 

UK. They affect both bones and soft tissues including fats, muscles, peripheral nerves, blood 

vessels, joints and deep skin tissues. Soft tissue sarcomas (STS) comprise the vast majority 

of diagnosed sarcomas, while primary bone sarcomas (BS) account for approximately 13% of 

sarcomas (Burningham et al., 2012, Fletcher et al., 2013, Toh et al., 2017). Although they are 

relatively rare, they represent a higher rate of cancer morbidity and mortality in paediatric cases 

and adolescents compared to their proportional representation in adults; that is, they give rise 

to 15% of all paediatric malignancies and less than 1% of all adult neoplasms (Thway, 2009, 

Fletcher et al., 2013). Sarcomas such as Ewing’s sarcoma (ES), osteosarcomas (OS) and 

rhabdomyosarcomas (RMS) are more common in children and younger patients, while other 

tumours such as malignant fibrous histiocytomas (MFH), leiomyosarcomas (LMS) and 

liposarcomas (LPS) tend to occur more in older adults over 55 years of age (Dean and 

Whitwell, 2009, Toh et al., 2017).  

The term ‘‘sarcoma’’ comes from the Greek word meaning fleshy (sarcos) tumour (oma). 

Histologically, sarcomas are a diverse group of tumour with more than 50 subgroups 

categorized according to the World Health Organisation (WHO) categorisation (Fletcher et al., 

2013, Toh et al., 2017). Their classification is based on the type of differentiation they exhibit, 

and although some sarcomas show unknown histogenesis, others exhibit features resembling 

those of normal cells in mesenchymal tissue such as muscle in rhabdomyosarcomas, cartilage 

in chondrosarcomas, synovium in synovial sarcomas (SS) and adipose tissue in LPS (Figure 

1.1). The scarcity and diversity of the tumour make sarcomas very difficult to study (Mackall et 

al., 2002, Osuna and de Alava, 2009, Francis et al., 2013). 
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The progenitor cells for each lineage are shown in the orange boxes above. Solid lines illustrate 

the differentiation pattern of normal cells and dashed lines show the pathways for 

sarcomagenesis. The exact lineage for some sarcomas is still unknown including ES, SS and 

MPNST. ICC = Interstitial Cells of Cajal, GIST= Gastro-Intestinal Stromal Tumour, MPNST= 

Malignant Peripheral Nerve Sheath Tumour adapted from (Mackall et al., 2002). 

 

1.2 Epidemiology and Incidence 

The exact overall incidence of sarcomas is not accurately determined. However, recent 

estimates from WHO suggest the global incidence of STS at around 50 new diagnoses per 

million of the population annually without indication of any geographical differences 

(Ducimetiere et al., 2011, Fletcher et al., 2013). Sarcomas are infrequent entities compared to 

other neoplasms with only 3298 new cases of STS and 531 of BS diagnosed in the UK in 2010 

Figure 1.1 Sarcoma Cell Differentiation. 
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(Fletcher et al., 2013, Francis et al., 2013, Toh et al., 2017). Several studies have reported that 

the increase in the rate of STS is assumed to be caused by the increase in the incidence of 

Kaposi’s sarcomas (KS) among patients with acquired immunodeficiency syndrome (AIDS) or 

by an increase in the exposure to radiation and occupational carcinogens such as herbicides 

(Hoppin et al., 1999, Briggs et al., 2003, Francis et al., 2013). 

 

STS can arise almost anywhere in the body and they are most commonly found in the large 

muscles of the extremities (up to 75%), the trunk (10%) and retroperitoneum (10%) (Fletcher 

et al., 2013, Francis et al., 2013). The frequency of STS increases with age, like most other 

tumours, and peaks in males aged 85 years or above. However, the impact of gender and age 

on the incidence rate of STS is unclear and depends on the histological subtypes of the 

tumours; for example, LMS frequently occur in females due to their uterine origin whereas RMS 

are commonly seen in young adults. Moreover, while the male-female ratio in the UK is about 

1.9:1 for individuals older than 85 years of age, the incidence rate for STS in females aged 

between 45-59 years is somewhat greater than those in males, due to the higher number of 

gynaecological sarcomas in this age group (Toro et al., 2006, Ferrari et al., 2011, Fletcher et 

al., 2013, Francis et al., 2013, Toh et al., 2017). 

 

Ethnicity is a well-described factor that influences disease occurrence. For example, OS are 

usually distributed through different racial groups unlike ES which occur predominantly in 

Caucasians, suggesting that there is a genetic component to ES (Dean and Whitwell, 2009, 

Worch et al., 2010). A recent study by Jacobs et al. (2017) found that black and Hispanic 

patients present with significantly advanced stage of paediatric sarcomas and have an overall 

worse survival than white patients, suggesting the existence of the ethnic and racial differences 

(Jacobs et al., 2017). 
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1.3 Sarcoma Aetiology 

The pathogenesis of sarcomas has not been well understood however, it has been reported 

that a number of factors including environmental exposure, genetic susceptibility and an 

interaction between the two, plays an important role in the development of the disease (Dean 

and Whitwell, 2009, Burningham et al., 2012). Moreover, it seems that at least some types of 

sarcomas may initiate through a combination of defective DNA repair mechanisms, either by 

inherited or sporadic defects, and radiation exposure which itself induces DNA damage (So et 

al., 2009, Burningham et al., 2012). 

 

1.3.1 Environmental Factors 

1.3.1.1 Viral Infections 

People with human immunodeficiency virus 1 (HIV-1) infection are at a higher risk of 

developing KS however, AIDS is not the main cause of KSs. Besides, there is strong evidence 

that Human Herpesvirus 8 (HHV-8), a sexually transmitted virus which is also termed Kaposi's 

sarcoma-associated herpesvirus (KSHV), is etiologically associated with KSs in HIV-positive 

patients, as these patients are frequently co-infected with HHV-8 resulting in KSs; however, 

the transmission of and risk factors associated with HHV-8 are not clear (Chang et al., 1994, 

Bagni and Whitby, 2009). Moreover, the ability of HHV-8 to lead to the development KSs in 

HIV-negative individuals has been documented, indicating the involvement of viral DNA in the 

tumour development process (Ziegler et al., 2003). 

 

Epstein Barr virus (EBV) is similarly associated with the pathogenesis of STSs and is known 

to give rise to smooth muscle tumours (leiomyosarcomas) among AIDS patients and in those 

who are receiving therapeutic immunosuppression following transplantations (Rogatsch et al., 

2000, Cheuk et al., 2002, Suwansirikul et al., 2012). Further, differences in the histological 
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characteristics between EBV associated smooth muscle tumours (EBV-SMT) and classic 

smooth muscle tumours have been reported (Deyrup et al., 2006, Suwansirikul et al., 2012).  

 

1.3.1.2 Ionising Radiation 

Ionising radiation (IR) given to treat other types of tumours can result in the development of 

secondary sarcomas, especially among patients under the age of 55 (Virtanen et al., 2006, De 

Smet et al., 2008) and in breast cancer patients who develop angiosarcomas of the breast 

(Lagrange et al., 2000). Sarcomas often develop in a previously irradiated field after a latency 

period of 3 to 20 years (Kirova et al., 2005) and there is a positive correlation between the dose 

and risk of sarcoma development; the higher the dose of radiation the patients were exposed 

to, the greater the risk of secondary sarcoma development in both adults (Rubino et al., 2005) 

and children (Menu-Branthomme et al., 2004). Post-radiation sarcomas predominantly occur 

in bone (osteosarcomas) however, STS can also occur (Fang et al., 2004, Dean and Whitwell, 

2009). The risk of radiation-induced sarcomas has been highly linked to abnormalities in the 

tumour suppressor genes, RB1 and TP53 (Aerts et al., 2004, Gonin-Laurent et al., 2006).  

 

1.3.1.3 Occupational and Chemical Exposure 

Chronic exposure to certain chemicals such as vinyl chloride, which is used in making some 

types of plastics has been linked to the development of hepatic angiosarcoma (Makk et al., 

1974). Beside the chemical exposure, several studies have revealed a significant increase in 

the risk of development of bone tumours among blacksmiths, machine tool operators, 

toolmakers and construction workers, suggesting an aetiological role of occupational factors 

(Hoppin et al., 1999, Merletti et al., 2006). Exposure to chlorophenol and cutting oil has also 

been associated with the development of STS specifically malignant fibrohistiocytic sarcomas 

and LMS; however, this association was not found in liposarcomas, suggesting the diversity of 
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occupational exposure among sarcoma subtypes (Hoppin et al., 1999). Although the 

association between chemical exposure and the development of sarcomas has been proven 

in many cases, others have found no evidence of these chemicals having an effect on the 

development of the disease (Huang et al., 2011). 

 

1.3.1.4 Chronic Lymphoedema 

Stewart-Treves syndrome is a rare and deadly cutaneous angiosarcoma that develops as a 

result of chronic and long standing lymphoedema. The syndrome was first described in 1948 

in a woman who had chronic lymphoedema as a complication of the axillary lymph nodes 

removal following breast cancer treatment (Stewart and Treves, 1948, Mesli et al., 2017). 

Angiosarcoma has also been reported to develop in patients who had lymphoedema from 

different causes; however, this type of tumour is rarely seen in patients without lymphoedema 

(Sordillo et al., 1981, Mesli et al., 2017). 

 

1.3.2 Genetic Factors and Sarcoma 

Although the majority of sarcomas occur through sporadic mutations, there are some well 

characterised classic heritable syndromes that are associated with an increased risk of 

sarcoma namely neurofibromatosis, familial retinoblastoma and Li-Fraumeni syndrome 

(Mackall et al., 2002, Osuna and de Alava, 2009). 

 

Neurofibromatosis Type I (NF1) also known as von Recklinghausen disease is a hereditary 

disorder that is caused by a mutation in the tumour suppressor gene NF1. It is commonly 

characterised by pigmentary changes in the skin, skeletal dysplasia, and benign 

neurofibromas. Patients with neurofibromatosis have a high risk of developing STS and 

particularly malignant peripheral nerve sheath tumours (MPNST) compared with normal 
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individuals (King et al., 2000, Korf, 2000, Brems et al., 2009). Other tumours such as 

gastrointestinal stromal tumours, breast cancer, somatostatinomas, and pheochromocytomas 

are also found in neurofibromatosis patients (Brems et al., 2009). 

 

Familial retinoblastoma is a rare paediatric cancer of the eye caused by germline mutations in 

one allele of RB1, a tumour suppressor gene. Children diagnosed with retinoblastoma have an 

increased risk of developing secondary tumours and most commonly STS and BS. The 

tendency of sarcomas to develop has been attributed to both genetic susceptibility due to 

inactivation of the tumour suppressor gene RB1 and past irradiation used to treat 

retinoblastoma (Dean and Whitwell, 2009, Kleinerman et al., 2012). 

 

Another heritable syndrome, Li-Fraumeni is a rare autosomal dominant syndrome caused by 

germline mutations in the tumour suppressor gene, TP53. Individuals diagnosed with Li-

Fraumeni syndrome are characterised by developing various number of malignancies with 

particularly high occurrence of STS, BS, brain tumours, breast cancer and adrenal cortical 

carcinoma at multiple primary sites; these tumours are typically diagnosed in patients before 

they reach 40 years of age (Ruijs et al., 2010). 

 

1.4 Major Sarcoma Subtypes 

1.4.1 Leiomyosarcomas 

LMS are aggressive malignant tumours displaying different degrees of smooth muscle 

differentiation and represent a quarter of all STS; they can develop anywhere in the body 

including skin, deep soft tissues and are most frequently seen in the uterus or retroperitoneum. 

When uterine LMS are excluded, LMS are relatively rare, accounting for around 5-10% of all 

STS (Thway, 2009, Stiller et al., 2013). 
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While LMS are histologically similar, they have been classically subdivided into three groups 

based on their biological and clinical differences. LMS of the soft tissues form the most common 

and aggressive group, which can arise in the retroperitoneum and abdominal viscera; other 

sites of involvement include the peripheral and somatic soft tissue of the extremities (Weiss 

and Goldblum, 2001, Weiss, 2002). Retroperitoneal lesions are predominantly seen in females, 

possibly due to hormonal factors. They comprise the vast majority of all LMS and they 

frequently occur in the abdominal retroperitoneum, pelvic retroperitoneum and abdominal 

viscera. Retroperitoneal lesions are between 5-10cm in size when they are detected and this 

is because of their deep location and the different degrees of smooth muscle differentiation. 

Most patients with this group of disease die within the second and fifth years of the follow up 

period due to poor prognosis (Rajani et al., 1999, Weiss and Goldblum, 2001, Thway, 2009). 

Tumours deriving from peripheral or deep soft tissues of the extremities are less common and 

relatively smaller than retroperitoneal and affect both genders equally (Weiss and Goldblum, 

2001, Farshid et al., 2002). The second group is the cutaneous LMS, which tend to occur more 

frequently in males between 50-70 years of age. They are quite small lesions and because of 

their superficial location they are associated with good prognosis (Andre et al., 2011). The last 

group consists of LMS of a vascular origin, which arise directly from major blood vessels, 

including the renal vein and inferior vena cava (Drukker et al., 2012, Shao et al., 2012). 

 

1.4.2 Gastrointestinal Stromal Tumours 

Gastrointestinal stromal tumours (GIST) are the most common sarcomas of the gastrointestinal 

tract, they are mainly seen in the stomach, followed by the small intestine, rectum, oesophagus, 

omentum and mesentery; they typically present in older patients between 55-60 years of age 

(Miettinen and Lasota, 2006). Previously, GIST were considered to be of smooth muscle origin 
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and they were therefore classified as leiomyomas, cellular leiomyomas, leiomyoblastomas, 

and leiomyosarcomas under the light microscope. However, electron microscopy and 

immunohistochemistry studies have shown no evidence of typical smooth muscle 

differentiation in some of these gastric neoplasms and some even show neural differentiation. 

For this reason, the term GIST is now used to describe mesenchymal tumours of the 

gastrointestinal tract (Mazur and Clark, 1983, Miettinen and Lasota, 2001, Fletcher et al., 

2002a). 

 

It has been suggested that GIST are drived from the intestinal cells of Cajal (ICC), the 

pacemaker cells of the gastrointestinal tract. ICC cells develop from smooth muscle cell 

precursors and form a complex network that coordinates slow wave activity within the gut. 

These cells express c-kit proto-oncogene, which encodes a membrane receptor tyrosine 

kinase (CD117) that can be detected by immunohistochemistry (Sanders et al., 1999, Graadt 

van Roggen et al., 2001, Ward and Sanders, 2001). The overwhelming majority of GIST 

patients, approximately 90% of cases harbour gain of function mutations in the c-kit gene. 

Patients without c-kit gene mutations have gain of function mutation in the platelet-derived 

growth factor receptor alpha gene (PDGFRA), which is another tyrosine kinase receptor 

(Isozaki and Hirota, 2006). 

 

1.4.3 Ewing’s Sarcoma 

ES is the second most common bone and soft tissue malignancy after osteosarcomas and 

mainly affects children and young adults, with peak incidence at 15 years of age and males 

being more commonly affected than females (Riggi and Stamenkovic, 2007). It is one of the 

Ewing’s sarcoma family tumours (ESFT); other members include peripheral primitive 

neuroectodermal tumour (PNET), Askin tumour and neuroepitheliomas. ES can develop 
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anywhere in the skeletal system primarily in the long bones, pelvis and in the bones of the 

chest wall but it can also develops in extra-skeletal sites, such as the deep soft tissues of the 

extremities, chest wall and paravertebral region. Histologically ES and ESFTs fall into a group 

of classical small round blue cell tumours of the bones (Arvand and Denny, 2001, Riggi and 

Stamenkovic, 2007, Slater and Shipley, 2007). Recent studies have shown that the knocking 

down of CD99, a cell surface protein highly expressed in patients with ES, results in 

differentiation of the neural ES cells and may reduce their ability to form tumours and bone 

metastases (Rocchi et al., 2010, Pasello et al., 2018). 

 

1.4.4 Liposarcoma  

Liposarcoma comprises around 20% of the sarcoma diagnosis and is the most common type 

of STS affecting older adults aged between 40 and 60. It may arise in fatty tissues however, 

its origin is believed to be an adipocyte progenitor. It can occur in almost any part of the body 

but most liposarcoma cases involve the extremities, particularly the thigh, followed by the 

abdominal cavity (Fletcher et al., 2002b). There are various subtypes of liposarcomas including 

well differentiated, myxoid, pleomorphic and dedifferentiated liposarcomas, each with its 

unique histological, biological and cytogenetic features and they range from non-metastasising 

neoplasms such as well differentiated liposarcoma to high grade sarcomas with high risk of 

metastases such as pleomorphic and dedifferentiated liposarcoma (Estourgie et al., 2002, 

Fletcher et al., 2002b, Gebhard et al., 2002, Hornick et al., 2004). Well differentiated is the 

most common form of this type of tumour accounting for 40-45% of all liposarcomas, whereas 

pleomorphic is a somewhat less occurring subtype and represents only 5% of all liposarcomas 

(Dei Tos, 2000, Fletcher et al., 2002b, Hornick et al., 2004). Myxoid liposarcoma has a highly 

specific pattern of metastasis especially in fat-bearing areas (Estourgie et al., 2002). Patients 

with this type of sarcoma often develop skeletal metastases in the spine and ribs. Non-skeletal 
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sites include the lungs, abdomen, and retroperitoneum (Schwab et al., 2007). 

 

1.4.5 Angiosarcoma 

Angiosarcomas are malignant tumours that occur in the inner lining of blood vessels. They are 

one of the rarest STS comprising of less than 1% of all sarcomas and they occur equally in 

men and women although rarely occur in children. The neoplasms can develop anywhere 

throughout the body but predominately occur in the skin and superficial soft tissue followed by 

the breast and rarely associated with major vessels (de Bree et al., 2002). Lymphoedema is 

the most widely known cause of angiosarcomas (Stewart and Treves, 1948) however, 

exposure to carcinogens such as vinyl chloride, arsenic and thorium dioxide (Thomas et al., 

1975, Bolt, 2005) or previous radiotherapy used to treat breast cancer (de Bree et al., 2002, 

Torres et al., 2013) are all known risk factors. 

 
 
1.5 Genetics Changes in Sarcomas 

From a genetic point of view, sarcomas tend to fall into two major groups. Those with a simple 

or complex karyotype. Approximately 15-20% of sarcomas show relatively simple karyotypes 

with specific chromosomal translocations that give rise to fusion genes and act as specific 

markers for certain types of tumours. The group includes different sarcoma subtypes and 

around 30 translocations, most of which cause fusion genes (Table 1.2). In addition, small 

subsets in this group show specific oncogenic mutations such as the KIT mutations in GIST, 

deletions in rhabdoid tumours or amplifications in well-differentiated liposarcomas (Osuna and 

de Alava, 2009, Guillou and Aurias, 2010). 

 

In translocation, certain genes are broken up, permitting the genetic material to be exchanged 

between two chromosomes and eventually generating gene fusions with new structures and 
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functions. Most of these gene fusions are believed to initiate the oncogenic events in many 

sarcoma types. About half of the fusion proteins that have been reported in STS are 

transcriptional factors up-regulating gene products that are responsible for tumour 

development; Ewing’s sarcoma and synovial sarcomas are the best examples of chromosomal 

translocation (Osuna and de Alava, 2009, Guillou and Aurias, 2010). Recently, next-generation 

sequencing (NGS) technologies have aided in the discovery of novel chromosomal 

translocations and fusion genes in different tumors. The discovery of these novel fusion genes 

and the molecular events associated with them have led to the deduction of significant targets 

for novel therapeutic approaches in the treatment of sarcomas (Xiao et al., 2018). 

 

Chromosomal translocations in Ewing’s sarcoma are explained by the fusion of the EWS 

(EWSR1) gene that is located at 22q12 with a gene from the ETS family of transcription factors. 

The majority of ES cases (approximately 90%) are associated with the translocation 

t(11;22)(q24;q12) that results in in the formation of EWS-FLI1 fusion gene, in which FLI1 is 

located at 11q24. A small fraction of the chromosomal translocations cases in this type of 

tumour (around 10%) are associated with translocation t(21;22)(q22;q12) which leads to the 

generation of a fusion gene called EWS-ERG, in which the ERG gene from 21q22 substitutes 

for FLI (Lessnick and Ladanyi, 2012).  

Targeting the EWS-FLI-1 breakpoint using antisense oligonucleotides and rapamycin has 

revealed their effectiveness in inhibiting tumour growth and inducing apoptosis (Mateo-Lozano 

et al., 2006). Moreover, RNA interference has been shown to downregulate the expression of 

the EWS-FLI-1 protein sequence, suggesting its ability to treat ES (Takigami et al., 2011). 

 

The second group comprises the majority of STS cases. They account for about 50% of all 

sarcomas and include most adult spindle cell/pleomorphic tumours. This group has very 
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complex unbalanced karyotypes with unspecific genetic alterations. Tumours that belong to 

this group include LMS, myxofibrosarcomas (MFS), pleomorphic subtypes of liposarcoma 

(PLPS), RMS, MPNST and undifferentiated pleomorphic sarcomas (UPS). Others are 

extraskeletal osteosarcomas, adult fibrosarcomas and angiosarcomas (Osuna and de Alava, 

2009, Guillou and Aurias, 2010). 

 

Many STS with complex genomic profiles such as LMS and UPS share very similar genomic 

aberration patterns of frequently amplified and lost sequences (Larramendy et al., 2006, 

Carneiro et al., 2009). MFS and PLPS are other examples displaying similarity in genomic 

abnormalities which are very different from those reported in LMS. Frequent copy number 

changes in specific regions of these four sarcoma subtypes are however very common 

including the amplifications in the short arm of chromosome 5 and deletion in 10q and 13q 

(Idbaih et al., 2005). The frequency of these changes in certain genomic regions has been 

attributed to the presence of oncogenes and tumour suppressor genes that are involved in 

tumour development (Helman and Meltzer, 2003). 
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Table 1.1 Chromosome Translocations and Fusion Genes in STS 

Table adapted from (Thway, 2009). 

 

1.5.1 TP53 and RB1 Tumour Suppressor Genes 

TP53 and RB1 are the two main tumour suppressor genes which code for proteins that 

normally prevent tumourigenesis by regulating cellular proliferation. Abnormal regulation of 

these genes has a crucial role in the development of cancers; and alteration of both these 

tumour suppressor genes is commonly described in sarcomas (Sherr and McCormick, 2002, 

Sarcoma Subtype Translocations Genes involved 
Alveolar 

rhabdomyosarcoma 
t(2;13)(q35;q14)  
t(1;13)(p36;q14)  

PAX3, FOX01 
PAX7, FOX01 

Alveolar soft part sarcoma t(X;17)(p11;q25) TFE3, ASPL 

Angiomatoid fibrous 
histiocytoma 

t(12;16)(q13;p11) 
t(12;22)(q13;q12) 
t(2;22)(q33;q12) 

ATF1, FUS 
ATF1, EWSR1 
CREB1, EWSR 

Clear cell sarcoma t(12;22)(q13;q12) ATF1, EWSR1 
Dermatofibrosarcoma 

protuberans t(17;22)(q22;q13) COL1A1–PDGFB 

Desmoplastic small round 
cell tumour 

t(11;22)(p13;q12) 
t(21;22)(q22;q12) 

WT1, EWSR1 
ERG, EWSR1 

Endometrial stromal 
sarcoma 

t(7;17)(p15;q21) 
t(6p;7p) 

JAZF1, JJAZ1 
JAZF1, PHF1 

Ewing sarcoma/primitive 
neuroectodermal tumour 

 

t(11;22)(q24;q12) 
t(21;22)(q22;q12) 
t(7;22)(p22;q12) 
 t(2;22)(q33;q12)  
t(17;22)(q12;q12) 

FLI1, EWSR1 
ERG, EWSR1 
ETV1, EWSR1 
FEV, EWSR1 

ETV4, EWSR1 
Extraskeletal myxoid 

chondrosarcoma 
t(9;22)(q21-31;q12) 

t(9;17)(q22;q11)  
NR4A3, EWSR1 
NR4A3, TAF15 

Infantile fibrosarcoma t(12;15)(p13;q26) ETV6–NTRK3 
Inflammatory 

myofibroblastic tumour 2p23 ALK fusions 

Low grade fibromyxoid 
sarcoma 

t(7;16)(q32-34;p11) 
t(11;16)(p11;p11) 

FUS–CREB3L2 
FUS–CREB3L1 

Myxoid round cell 
liposarcoma 

t(12;16)(q13;p11) 
t(12;22)(q13;q11-q12) 

DDIT3, FUS 
DDIT3, EWSR1 

Synovial sarcoma t(X;18)(p11.2;q11.2)  SSX1,2 or 4, SYT 
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Hanahan and Weinberg, 2011). Point mutations in the p53 gene have been reported in OS and 

LMS, and the RB1 gene has been found to be either rearranged or possess deletions in OS, 

ES and STS. Interestingly, the same study has reported that some of the OS cases with RB1 

alterations also had p53 mutations (Miller et al., 1996). The murine double minute-2 (MDM2) 

in humans is an oncogene that regulates the activation of p53 through its binding to the p53 to 

form MDM2-p53 complex that inhibits the function of p53 and subsequently results in cancer 

development; p53 and mdm2 have been found to be frequently overexpressed in RMS (Klein 

and Vassilev, 2004, Takahashi et al., 2004). 

 

1.5.2 RAS Oncogenes 

Proto-oncogenes are normal genes that code for proteins responsible for cellular development. 

Some proto-oncogenes provide signals involved in cell division, while others control apoptosis. 

Mutations in proto-oncogenes lead to the alteration of normal proto-oncogenes into tumour 

inducing oncogenes such as the RAS oncogene (Hamm, 1998, Dang and Kim, 2018). The 

family members of the RAS gene include Harvey-RAS (H-RAS), Neuroblastoma-RAS (N-RAS) 

and Kirsten-RAS (K-RAS) genes that encode for the four highly homologous proteins, H-RAS, 

N-RAS and splice variants K-RAS4B/K-RAS4A (Hamm, 1998, Castellano and Santos, 2011). 

Mutations in the RAS genes are frequently found in human cancers where the activated RAS 

proteins cause the deregulation of cancer cell proliferation, cell death, metastasis and in 

angiogenesis (Gao et al., 2006, Langenau et al., 2007). Mutations in the RAS gene have also 

been found in STS and most commonly in RMS (Stratton et al., 1989, Liu et al., 2014). The 

cooperation between activated K-RAS and the deficiency of TP53 has been recently 

associated with the development of RMS in a novel mouse model (Doyle et al., 2010). 

Furthermore, mutations in K-RAS have been detected in angiosarcomas and MFH, and H-RAS 

mutations have been found in MFH (Fernandez-Medarde and Santos, 2011). The frequency 
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of H-RAS and K-RAS mutations in STS is believed to range from 0-16% and 0-44% 

respectively however, the large range of this observation is attributed to the small size of 

samples and to the varied ethnic origin of patients. N-RAS mutations however are rarely seen 

in STS (Takahashi et al., 2004, Jin et al., 2010, Kodaz et al., 2017). 

 

1.6 Diagnosis  

STS frequently exist as an asymptomatic enlarged mass, with the size of which is mainly 

dependent on the anatomical site of the tumour. Superficial tumours and those present in the 

distal extremities or head and neck are commonly detected primary at a small size, whereas 

tumours in the proximal extremities and retroperitoneum may grow to a large size before they 

are detected, often as they have become symptomatic and produced pain as a result of the 

compression against nearby nerves, muscles or any other normal structures (Cormier and 

Pollock, 2004, Rastrelli et al., 2014). 

 

Radiological imaging including computed tomography (CT), ultrasonography (US), plain 

radiography, magnetic resonance imaging (MRI) and positron emission tomography (PET) is 

the initial diagnostic tool for the soft tissue masses that may appear in any region. It is required 

to guide biopsy for histological diagnosis and to define the size and extent of the lesion for 

staging and for establishing the proper therapeutic options for the disease. Imaging in addition 

is critical in the follow-up stage to exclude local recurrence or metastasis and in prognostication 

(Cormier and Pollock, 2004, Aga et al., 2011, Rastrelli et al., 2014). 

 

Because of the morphologic similarities between different subtypes of sarcomas as well as the 

heterogeneous sites of their origin, ancillary tests are also employed for obtaining a definitive 

diagnosis. These include immunohistochemical stains, cytogenetic and molecular genetic 
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techniques (Thway, 2009, Banerjee et al., 2013). The rarity of the disease combined with it 

being very morphologically diverse makes the accurate diagnosis for sarcomas significantly 

challenging for both clinicians and pathologists. Understanding the genetic features of these 

tumours have helped in obtaining a definitive diagnosis and clinical management as well as 

stablishing the proper therapeutic options for the disease (Bovee and Hogendoorn, 2010, 

Rastrelli et al., 2014). 

 

1.7 Grading and Staging 

Usually taking a biopsy from the lesion is highly preferred to provide a definitive diagnosis and 

to give an indication of the histology and type of sarcoma, particularly when it is performed in 

conjunction with clinical and imaging studies. However, the histological diagnosis of sarcoma 

may not provide sufficient information to predict the prognosis in most STS. Some other factors 

including grade, depth and size of the tumour are also essential for providing an accurate 

estimation of prognosis and planning therapy (Grobmyer and Brennan, 2003, Coindre, 2006). 

 

The most common grading system used for STS is the French Sarcoma Group or Fédération 

Nationale des Centres de Lutte Contre le Cancer (FNCLCC) and is based on the Trojani 

system (Trojani et al., 1984). The parameters that define the FNCLCC grading system are the 

degree of tumour differentiation, extent of tumour necrosis and the mitotic index (Table 1.2). A 

scoring of 1 to 3 is used for tumour differentiation (lower score means cells are very similar to 

the normal cells) and also for mitotic index (lower score means fewer cells are dividing) and 0 

to 2 for necrosis. Grade 1 is a total of 2 or 3 (scores are added together from each parameter), 

grade 2 is a total of 4 or 5 and grade 3 is a total of 6 or more (Trojani et al., 1984, Coindre, 

2006). 
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Table 1.2 FNCLCC Soft Tissue Sarcomas Grading System 

Histological Parameter Score and Description 

Tumour differentiation 

Score 1: Sarcomas closely resembling 

normal adult mesenchymal tissue (e.g. well-

differentiated liposarcoma) 

 

Score 2: Sarcomas for which histological 

typing is certain (e.g., myxoid Liposarcoma) 

 

Score 3: Embryonal and undifferentiated 

sarcomas, sarcomas of doubtful type, 

synovial sarcomas, osteosarcomas, PNET. 

Mitotic count 

Score 1: 0-9 mitoses per 10 HPF* 

Score 2: 10-19 mitoses per 10 HPF 

Score 3: ³ 20 mitoses per 10 HPF  

Tumour necrosis 

Score 0: No necrosis� 

Score1: < 50% tumour necrosis  

Score 2: ³ 50% tumour necrosis  

 
Histological grade 

Grade 1: Total score 2,3  

Grade 2: Total score 4,5  

Grade 3: Total score 6, 7, 8  

* HPF: High Powered Field. Table adapted from (Coindre, 2006). 

 

Staging of STS mainly relies on both histological and clinical information. The most commonly 

accepted STS staging system is the TNM which has been produced jointly by the American 

Joint Committee on Cancer (AJCC) and International Union against Cancer (UICC).  This 

system incorporates tumour size, depth, lymph nodes involvement and distant metastases with 

tumour grade (Table 1.3) (Fletcher et al., 2013, Dangoor et al., 2016). 
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Table 1.3 TNM Soft Tissue Sarcomas Staging System 

Parameter Description 

                   Primary tumour (T) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 

Tumour £ 5cm in greatest dimension 

T1a superficial tumour 

T1b deep tumour 

T2 

Tumour > 5cm in greatest dimension 

T2a: superficial tumour 

T2b: deep tumour 

               Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

                Distant metastasis (M) 

M0 No distant metastasis � 

M1 Distant metastasis 

Grading 
Grade 1 (FNCLCC) = Low grade 

Grade 2 and 3 (FNCLCC) = High grade 

 

 

TNM Staging System 

 

Stage IA 

T1a    N0, NX    M0    Low grade 

T1b    N0, NX    M0    Low grade 
Stage IB 

T2a    N0, NX    M0    Low grade 

T2b    N0, NX    M0    Low grade 

Stage IIA 

T1a    N0, NX    M0    High grade 

T1b    N0, NX    M0    High grade 

Stage IIB 

T2a    N0, NX    M0    High grade 
Stage III 

T2b    N0, NX    M0    High grade 

Stage IV 

Any T     N1       M0    Any grade 

Any T    Any N   M1    Any grade 

Table adapted from (Fletcher et al., 2013, Dangoor et al., 2016). 
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1.8 Treatment of Sarcomas 

The treatment of sarcomas is mainly aimed to provide long-term survival, avoid local 

recurrence and minimise the chance of morbidity. These goals are achieved with surgery which 

is the standard therapeutic modality for the majority of adults with STS in the UK, along with 

the combination of radiation and/or chemotherapy however, the treatment for advanced STS 

patients is still limited (Grimer et al., 2010, Parida et al., 2012, Shingler et al., 2013). 

 

1.8.1 Surgery 

The wide surgical resection approach that implies excision of the primary tumour with a rim of 

1cm or equivalent of the normal soft tissues, combined with post-operative radiotherapy is 

primarily used in the UK to treat STS, particularly tumours of the limbs and trunk; maintaining 

the optimal functions in the absence of metastasis (Grimer et al., 2010, Rastrelli et al., 2014, 

Dangoor et al., 2016). Sometimes, the ability of sarcomas to develop beside the muscle 

bundles and beyond the tumour mass boundaries elucidates the high frequency of the tumours 

recurrence even after wide surgical resection (Singer et al., 2000, Wunder et al., 2007). 

 

In patients with metastatic disease, surgical excision is appropriate as a mainstay treatment; 

however; radiotherapy or chemotherapy may be more suitable depending on many factors 

such as the patient’s likely prognosis, symptoms (pain or ulceration), comorbidity, the extent of 

metastasis, histological subtype and expected morbidity following surgery (Grimer et al., 2010, 

Rastrelli et al., 2014, Dangoor et al., 2016). 
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1.8.2 Radiotherapy   

Radiotherapy has been used as a primary local control of STS and as adjuvant therapy 

following surgical excision. It can be either as external beam radiation pre- or post-operatively, 

internal radiotherapy by implanting the radioactive source in the centre of the tumour 

“brachytherapy” or as a combination of both. The pre-operative radiation therapy is 

administered at a dose of 50 Grays (Gy) and can be used in difficult surgical locations such as 

the head and neck, and for certain radiosensitive sarcoma subtypes such as myxoid 

liposarcomas to shrink the size of the tumour and to improve the possibility of achieving surgical 

margins (O'Sullivan et al., 2002, Wunder et al., 2007, Dangoor et al., 2016). Although the dose 

of post-operative radiotherapy is higher (66Gy), it is considered the standard adjuvant modality 

for the majority of patients with intermediate and high-grade STS as it avoids any delays in the 

definitive surgery that are caused by pre-operative radiotherapy (Grimer et al., 2010, Dangoor 

et al., 2016). 

 

Proton beam therapy is a highly advanced method of delivering high dose radiotherapy that 

precisely targets the tumour whilst reducing dose and damage to the surrounding normal 

tissue. The treatment involves high energy proton beam rather than high energy of X-rays and 

is considered to be extremely effective for treating patients with cancer, particularly rare 

tumours including STS in both children and adults. Now two new facilities are being built in the 

UK at The Christie NHS Foundation Trust (Manchester) and University College London 

Hospital (UCLH) NHS Foundation Trust and are due to launch from 2018 at The Christie and 

in 2019 from UCLH (Dangoor et al., 2016, DeLaney and Haas, 2016). 
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1.8.3 Chemotherapy 

Adjuvant chemotherapy may improve the survival rate, shrink a tumour or at least delay the 

local recurrence in high risk patients. However, it is not routinely recommended since its 

benefits have had limited success. The neoadjuvant chemotherapy in contrast, is indicated as 

a primary treatment for certain types of tumours such as ES and RMS. The histological subtype 

of STS together with age and comorbidity of the patient helps to determine whether 

chemotherapy would be valuable to treat the sarcomas, since certain types have been  shown 

to be more chemo-sensitive than others (Singer et al., 2000, Grimer et al., 2010, Dangoor et 

al., 2016). Doxorubicin and ifosfamide are the first line treatment for most histological subtypes 

of advanced STS cases except GIST and have shown the ability to give an overall response 

in the range of 10–25%.  The combination of both drugs gives a somewhat higher response 

than with doxorubicin alone (Milano et al., 2006, Seddon et al., 2017). 

 

1.8.4 Molecular Targeted Therapy 

Molecular targeted therapy has had a great impact on the treatment of specific STS subtypes 

especially GIST. Most of the GIST associated with the c-kit or PDGFRA mutations are sensitive 

to the imatinib tyrosine kinase inhibitor (TKI); however, the development of secondary c-kit or 

PDGFRA mutations show resistance to imatinib (Kitamura, 2008, Beham et al., 2012). A multi-

targeted receptor TKI “sunitinib malate” has been shown to be effective in treating the imatinib-

resistant GIST and to give a superior survival rate with a continuous daily dose of 50mg 

compared with placebos in patients with metastatic GIST (Demetri et al., 2006, George et al., 

2009). Other active multi-kinase inhibitor agents have been developed including nilotinib and 

sorafenib and are now used to treat patients with imatinib/sunitinib-resistant GIST (Kim et al., 

2011, Montemurro et al., 2013). 
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1.9 DNA Damage and Repair 

 DNA is under constant assault from endogenous and exogenous DNA damaging agents. The 

majority of the endogenous DNA damage arises from errors that may happen during DNA 

replication and from normal cellular metabolic products such as reactive oxygen species 

(ROS), which have the ability to attack the DNA backbone and break the phosphodiester bonds 

resulting in loss of nucleotide bases (Kastan and Bartek, 2004, Jackson, 2009, Perrone et al., 

2016). Exogenous DNA damage on the other hand, occurs as a result of exposure to 

environmental factors including tobacco smoke, ultraviolet light (UV), X-rays, IR and 

chemotherapeutic drugs (Jackson, 2009, Chatterjee and Walker, 2017). 

 

Cells have evolved a number of different DNA damage detection and repair systems that have 

the ability to repair the vast majority of DNA damage efficiently and therefore maintaining 

genomic stability (Jackson, 2009, Derheimer and Kastan, 2010). The DNA damage response 

is mediated by two parallel signal transduction pathways that involve two master kinases, ATM 

(ataxia telangiectasia mutated) and ATR (Ataxia Telangiectasia and Rad3-related) protein 

kinases that recognise different types of DNA damage. The former is activated via DNA double-

strand breaks (DSBs), whereas the latter is reported to be recruited to the sites of single-strand 

breaks (ssDNA) (Stiff et al., 2006). 

 

Tumourigenesis is driven by a high level of genetic instability through unrepaired or misrepaired 

DNA damage causing mutations. Furthermore, metastatic potential is highly associated with 

an overexpression of repair proteins. Therefore, the study of DNA repair systems plays a 

critical role in understanding the oncogenesis process and in protection from cancer 

development. The identification of the molecular pathways and key proteins involved during 
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DNA repair have been reported; however, much remains to be learnt about DNA repair 

mechanisms (Sarasin and Kauffmann, 2008). 

 

1.9.1 Ataxia Telangiectasia Mutated Gene (ATM) 

ATM was initially identified in 1995 as the gene mutated in Ataxia-Telangiectasia (A-T), a rare 

human autosomal recessive disorder that is characterised by progressive cerebellar 

degeneration, immunodeficiency, hypersensitivity to IR, chromosomal instability, cell cycle 

checkpoint defects and an increased risk of cancer development (Savitsky et al., 1995, Lee 

and Paull, 2007). ATM is a large gene located on chromosome 11q22-23. It has 66 exons 

encoding a 13kb transcript, encoding a 370-kDa protein consisting of 3056 amino acids 

(Rotman and Shiloh, 1998, Derheimer and Kastan, 2010). 

 

ATM is a serine/threonine protein kinase and is a member of the phosphoinositide 3-kinase-

like kinases (PIKKs), a large family that is involved in signalling following cellular stress 

including DNA damage. The PIKKs family also includes ATR, DNA dependent protein kinase 

catalytic subunit (DNA-PKcs), mammalian target of rapamycin (mTOR), suppressor of 

mutagenesis in genitalia1 (SMG1) and finally, the transformation-/transcription domain-

associated protein (TRRAP), a transcriptional co-activator that lack ATP binding residues 

necessary for kinase activities. Structurally, members of the PIKKs family share common 

domains that distinguish them from other protein kinases (Figure 1.2). These domains are from 

N-terminal to C-terminal, long a-helical HEAT repeats (Huntingtin, Elongation factor 3, protein 

phosphatase 2A, and Yeast target of rapamycin; aa 1-1959), followed by FAT domain (FRAP-

ATM-TRRAP; aa 1960–2566), KD (PI-3 kinase like kinase domain ;aa 2712–2962) and the 

FAT-C domain (FRAP, ATM and TRRAP C-terminal; aa 2963– 3056) (Figure 1.2) (Perry and 

Kleckner, 2003, Lavin, 2008, Lempiainen and Halazonetis, 2009, Sibanda et al., 2010). The 
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characteristic feature of this protein family is that they phosphorylate their target proteins 

preferentially on serine or threonine residues followed by glutamine and are recognised as SQ 

(serine/glutamine) or TQ (threonine/glutamine) motifs (Shiloh and Ziv, 2013). ATM protein is 

expressed in several tissues such as the nervous system, spleen and thymus and is shown to 

be essentially involved in signal transduction and cell cycle checkpoint response following DNA 

damage (Chen and Lee, 1996). 

 

A recent study carried out at the University of Sheffield revealed for the first time a deletion in 

ATM with decreased and/or absent ATM protein expression in GIST and LMS, suggesting the 

involvement of the ATM in the biology of sarcomas (Ul-Hassan et al., 2009). 

 

 

 

 

 

The N-terminal is largely occupied by the heat repeats. The KD domain is located near to the 

C-terminus and is flanked by the conserved FAT (FRAP-ATM-TRRAP) and FAT carboxy-

terminal (FAT-C) domains. The positions of the ATM auto-phosphorylation on serine residues 

(S367, S1893, S1981 and S2996) are illustrated. Figure created from (Perry and Kleckner, 

2003, Lavin, 2008, Lempiainen and Halazonetis, 2009, Sibanda et al., 2010). 

 

1.9.2 Role of ATM in the DNA Damage Response 

ATM subsists normally as an inactive dimer or higher-order multimer inside the nucleoplasm 

until DNA damage occurs by e.g IR, upon which the DNA-DSBs is generated allowing the 

dissociation of the inactive ATM dimer into the active monomers through intermolecular auto-

Figure 1.2 Schematic Representations of ATM Kinase Protein Structure. 
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phosphorylation on (Ser376, Ser1893, Ser1981 and Ser2996) sites (Figure 1.3)  (Bakkenist 

and Kastan, 2003, So et al., 2009, Kozlov et al., 2011). 

 

Although ATM auto-phosphorylation on serine residues sites is known as a marker for its 

activation, previous studies have demonstrated that these sites are dispensable for ATM 

activation by DNA damage in a mouse model expressing the mutated ATM with alanine 

substitute at Ser1987 (Ser1981 in human) and two other auto-phosphorylation sites; however, 

other studies showed the disruption in the ATM activation in human cells harbouring an ATM 

mutation with an alanine substitution at Ser1981 (Pellegrini et al., 2006, Daniel et al., 2008, So 

et al., 2009, Guo et al., 2010). 

 

The exact process of ATM activation is still controversial. While some authors have revealed 

that ATM activation occurs in response to chromatin changes following DNA-DSBs rather than 

direct contact with DNA (Bakkenist and Kastan, 2003). Others have suggested that direct 

contact with DNA-DSBs end is essential for the ATM to be activated (You et al., 2007). 

 

ATM is also reported to undergo other important post-translational modifications upon DNA 

damage including its acetylation at lysine 3016 (Lys 3016) by TIP60 histone acetyltransferase 

that is shown to be necessary for its activation (Lavin, 2008). Phosphatases such as protein 

phosphatase 2A (PP2A), PP5 and WIP1 have also been shown to contribute to the process of 

ATM activation by removing phosphatase from the ATM auto-phosphorylation site (Goodarzi 

et al., 2004, Shreeram et al., 2006, Lavin, 2008). Moreover, the MRE11-RAD50-NBS1 (MRN) 

complex is essential for an optimal activation of ATM. Once the DNA-DSBs is generated, ATM 

is recruited toward the break site by the MRN complex through the direct interaction of the ATM 

with the C-terminus tail of NBS1. This complex also functions as a sensor for DNA-DSBs and 



 44 

is one of the first protein complexes to be localised at the DNA-DSBs sites (Lee and Paull, 

2005, Derheimer and Kastan, 2010). A reduction in ATM activation and the absence of ATM 

recruitment towards the DNA-DSBs sites was detected in patients with ataxia-telangiectasia 

like disorder (ATLD) and Nijmegen breakage syndrome (NBS) who harbour germline 

hypomorphic mutations in hMre11 and NBS1 genes respectively; both diseases have similar 

phenotypes to A-T, suggesting the important function of the MRN complex in ATM activation 

(Stewart et al., 1999, Uziel et al., 2003).  

 

Upon recruitment, the activated ATM phosphorylates over 700 of downstream substrates such 

as, TP53, Chk2, BRCA1, NBS1, SMC1 and Artemis all of which are involved in cell cycle arrest, 

DNA repair and cell death. Most notably, ATM phosphorylates histone H2AX at Ser139. The 

phosphorylated H2AX termed (gH2AX) form foci covering many megabases of chromatin 

directly surrounding DNA-DSBs within a short time following IR thus, gH2AX molecules are 

considered as an effective marker for chromatin damage and DNA-DSBs (Burma et al., 2001, 

Nakamura et al., 2010). 

 

H2AX has a significant role in the recruitment of a large number of DNA repair proteins towards 

DNA-DSBs such as MDC1. MDC1 protein has also shown to be necessary for the activation 

of ATM and it is believed to function as an adaptor that facilitates the assembly of more ATM 

target proteins on the damaged DNA, including those involved in the cell cycle checkpoint 

activation process (TP53 and Chk2) and proteins responsible for DNA repair of DSBs 

(Ku70/80, DNA-PKcs, XRCC4/DNA ligase IV complex) (Riballo et al., 2004, Lee and Paull, 

2007, Lavin, 2008, Wang et al., 2011). 
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Although ATM is known to be the key protein kinase responsible for the activation of H2AX in 

the early response to DNA-DSBs, other members of the PIKKs family including ATR and DNA-

PKcs are capable of phosphorylating H2AX and Chk2 proteins (Wang et al., 2005, Zannini et 

al., 2014). Previous studies have shown that mice deficient in either DNA-PKcs or ATM are 

viable however, mice with double deficiency are embryonic lethal phenotype. Cells show 

severe impairments in the DNA damage response and DNA repair mechanisms (Gurley and 

Kemp, 2001, Sekiguchi et al., 2001, Zha et al., 2011). 

 

1.9.3 Inhibition of ATM 

The signalling function of the ATM protein has been comprehensively reviewed above 

however, the possibility for ATM to have functions other than its kinase activity is still unknown. 

Several ATM kinase inhibitors have been developed and used in many studies (Batey et al., 

2013, Golding et al., 2009, Hickson et al., 2004, Rainey et al., 2008). Caffeine (methyl xanthine) 

has been shown to inhibit the functions of both ATM and ATR and sensitises cancer cells to 

the harmful effects of genotoxic modalities, mainly ionising radiation (Weber and Ryan, 2015). 

Even though caffeine is an experimental tool used in in-vitro studies, it is not suitable to be 

used as a radiosensitising agent clinically because of the systemic toxicity at the doses that 

are needed for radiosensitisation (Weber and Ryan, 2015). Wortmannin is a potent 

radiosensitiser that is known to inhibit both ATM and DNA-PKcs (Rosenzweig et al., 1997). 

However, wortmannin is similar to caffeine in producing a very high systemic toxicity; also they 

both are lacking selectivity which is the reason why further improvement of this drug has been 

delayed in a clinical setting (Karve et al., 2012).  

 

The first potent inhibitor specifically targeting ATM kinase was identified in 2004 and named 

KU55933 (2-morpholin-4-yl-6- thianthren-1-yl-pyran-4- one) (Hickson et al., 2004). KU55933 
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inhibitor was reported to maximally increase the cytotoxicity effect of the 

radio/chemotherapeutic agents in cancer cells (Hickson et al., 2004). CP466722 [2-(6, 7-

dimethoxyquinazolin-4-yl)-5-(pyridin- 2-yl)-2H-1, 2, 4-triazol-3-amine] was identified in 2008 to 

be a potent and reversible inhibitor of ATM kinase, that did not inhibit PI3K or any related 

members (Rainey et al., 2008). It has been reported that CP466722 is able to block the 

signalling of ATM dependent downstream substrates resulting in G2/M cell cycle arrest. 

CP466722 and the previously mentioned KU55933 inhibitor display similarity in rapidly and 

effectively inhibiting ATM for up to several hours (Rainey et al., 2008). Additionally, KU60019 

(2-[(2R, 6S)-2, 6-dimethylmorpholin-4-yl]-N-[5-(6-morpholin-4-yl-4-oxo-4H-pyran-2-yl)-9H-

thioxanthen-2-yl]-acetamide) was identified in 2009 as a developed analogue of KU55933 and 

has been shown to be more efficient at blocking ATM dependent phosphorylation events and 

to be approximately ten times more potent than KU55933 in the radiosensitisation of human 

glioma cells (Golding et al., 2009, Golding et al., 2012). Recently, the role of KU-59403 has 

been described in the inhibition of ATM. KU-59403 has improved potency over KU-55933 and 

shows superior solubility and bioavailability which allows its usage in studying the effects of 

pharmacological ATM inhibition in animal models of human cancer. This compound also 

demonstrated an excellent tissue distribution after its administration in mice model and was 

found to significantly increase anti-tumour activity of the topoisomerase inhibitors (Batey et al., 

2013).  

 

It has been reported previously that the treatment of ATM wildtype cells by these inhibitors is 

effective in blocking ATM dependent phosphorylation events and increasing 

radio/chemosensitisation of cells to DNA damaging agents (Hickson et al., 2004, Rainey et al., 

2008, Golding et al., 2009, Batey et al., 2013). However, other studies have proposed that the 

inhibition of the ATM kinase activity may be contributing to  the initiation of further defects in 
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DNA repair that were not seen in ATM deficient cells, suggesting a potential structural function 

of ATM in DNA repair (White et al., 2010, Shiloh and Ziv, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Upon DNA-DSBs formation, ATM localises towards the break site by MRX complex, then it 

phosphorylates a number of key proteins including H2AX, TP53, BRCA1 and Chk2 which 

results in the activation of DNA damage checkpoints and subsequently leads to apoptosis or 

DNA repair. Figure created from (Stewart et al., 1999, Bakkenist and Kastan, 2003, Lee and 

Paull, 2007, Nakamura et al., 2010, Wang et al., 2011). 

Figure 1.3 Schematic Model of How Cells Respond to DNA-DSBs. 
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1.9.4 Cell Cycle  

To maintain genomic stability and ensure correct transmission of undamaged and fully 

replicated DNA, it is essential to accurately control cellular growth and division through the cell 

cycle. In eukaryotes, the cell cycle consists of four distinct active phases; gap 1 phase (G1), 

synthesis phase (S), gap 2 phase (G2) and mitosis phase (M). In G1 phase, cells grow in 

preparation for DNA replication. In S phase, DNA replication takes place to create two identical 

copies of the cellular genome. G2 is the gap phase between DNA replication and mitosis 

phase, giving time for cells to be prepared for successful division. Finally, in M phase, cells 

stop growing and they undergo mitosis where they split their duplicated contents and divide 

themselves into two distinct daughter cells, each with a full copy of DNA. The cells then either 

re-enter the cell cycle or stop dividing and leave the cycle to enter the state of quiescence 

called the resting phase (G0), the fifth phase of the cell cycle (Swanton, 2004, Wang et al., 

2011). 

 

In normal cells, the development through each of the cell cycle phases and the transition from 

one phase to the next is precisely controlled by a complex network of regulatory proteins known 

as checkpoints. In response to DNA damage, the checkpoints initiate a cascade of events to 

accelerate DNA repair or arrest the cell cycle. Failure in the regulatory pathways of these 

checkpoints can lead to genomic instability and loss of cell cycle control which eventually leads 

to the development of serious diseases including cancer. Checkpoints exist at the G1/S, intra-

S, and G2/M transitions, and are controlled by signalling pathways involving both kinases and 

phosphatases (Morgan, 2007, Hochegger et al., 2008, Wang et al., 2011).  
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1.9.4.1 Cell Cycle Regulation 

Cyclin dependent kinases (CDKs) are proteins involved in the mitotic activity, proliferation and 

cellular growth throughout the cell cycle. CDKs are mainly regulated through activation of the 

phosphorylation process at their threonine 161 (Thr161) site by CDK-Activating Kinase (CAK). 

The inhibitory phosphorylation at Thr14 and tyrosine 15 (Tyr15) sites by Wee1 and MYT1 

kinases is also necessary for the CDKs regulation. The phosphatase Cdc25A molecule 

removes the inhibitory phosphates from CDKs to reactivate it (Figure 1.4) (Morgan, 2007, 

Hochegger et al., 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

The Phosphorylation and de-phosphorylation process mediated by multiple kinases and 

phosphatases control the progression of the cell cycle by regulating CDK activation.  CDK-

Activating Kinase (CAK) constitutively conserve the activation of CDK to stimulate cellular 

growth. Once the DNA-DSBs is generated, checkpoints are activated by the ATM which 

activates Chk2 to prevent CDK activity. The activating phosphorylation processes are shown 

in yellow, while red colour illustrates inhibitory phosphorylation. Figure created from (Morgan, 

2007, Hochegger et al., 2008). 

Figure 1.4 Cell Cycle Regulation. 
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1.9.4.2 ATM and the DNA Damage Checkpoint Activation 

The decision as to whether the cells have to proliferate or arrest is made by the first checkpoint 

G1. The tumour suppressor protein (TP53) has been found to be an essential protein in this 

checkpoint due to its role in determining the final fate of the cells following DNA-DSBs. TP53 

is capable to shift between the induction of the cell cycle arrest, thus permitting DNA-DSBs 

repair and initiating of apoptosis which may be necessary if the DNA damage is very extensive 

(Bree et al., 2004, Wang et al., 2011). Normal mammalian cells express TP53 at low levels 

due to its interaction with MDM2 protein that targets TP53 for proteasomal degradation inside 

the cytoplasm. Once the DNA is damaged, ATM induces the levels of TP53 through 

phosphorylation on Ser15. The induction of TP53 leads to trans-activation of other important 

proteins including p21 that prevents the formation of cyclin-E/CDK2 complex and eventually 

avoids the progression from G1 into S phase via G1 checkpoint arrest. ATM also 

phosphorylates Chk2 protein following DNA damage, which can then phosphorylate TP53 on 

serine 20 promoting its dissociation from MDM2 and thus triggering its activation (Figure 1.3) 

(Dumaz and Meek, 1999, Bartek and Lukas, 2001, Maya et al., 2001, Wang et al., 2011). 

 

The intra-S checkpoint acts as a monitor for cell cycle and slows the DNA replication process 

following DNA damage. ATM is the major player in this checkpoint.  In response to DNA 

damage, ATM phosphorylates several proteins including NBS1 and Chk2 and enhances two 

pathways of the DNA damage response to activate the intra-S checkpoint. These are ATM-

Chk2-Cdc25A and ATM dependent NBS1/BRCA1/SMC1 cascades. ATM has been shown to 

phosphorylate BRCA1 on Ser1387 site to arrest intra-S checkpoint however, the mechanism 

of these two cascades is not fully understood (Figure 1.3) (Falck et al., 2002, Xu et al., 2002, 

Wang et al., 2011).  
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The G2 checkpoint avoids the separation of damaged DNA in to two daughter cells. The 

activation of this checkpoint is mainly initiated by ATM and ATR that activate their substrate 

Chk2 and Chk1, respectively, depending on the type of the damage induced. The activated 

Chk2/Chk1 proteins prevent cellular proliferation through the phosphorylation of phosphatase 

Cdc25A on Ser216 to inactive it, thus preventing the activation of the CDKs molecules and 

leading to G2 checkpoint arrest (Figure 1.3 and 1.4) (Peng et al., 1997, Morgan, 2007, 

Hochegger et al., 2008, Wang et al., 2011). 

 

1.9.4.3 DNA-DSBs Repair Pathways 

DNA is vulnerable to the damage throughout the cell cycle and this damage needs to be 

accurately and efficiently repaired in order to maintain genomic integrity. There are two distinct 

DNA-DSBs repair pathways in eukaryotic cells; homologous recombination (HR) and non-

homologous end joining (NHEJ). The NHEJ pathway is known to have a vital role in all phases 

of the cell cycle, specifically in G1 and early S phase, while the importance of HR is 

predominantly in late S and G2 phase (Takata et al., 1998, Shrivastav et al., 2008, Hanahan 

and Weinberg, 2011). 

 

1.9.4.3.1 Homologous Recombination 

HR is perceived as an error-free repair mechanism because it uses the genetic information 

which becomes available following replication on the undamaged sister chromatid as a 

template. The repair pathway is initiated through the recognition of the DNA-DSBs damage by 

ATM, which activates multiple downstream genes involved in HR repair, cell cycle arrest and 

apoptosis including BRCA1/2, p53, Chk2, H2AX and MRN complex. The MRN complex with 

the help of other endo/exo-nucleases including CtIP and EXO1 resect the DNA ends 

surrounding the break site from 5’ to 3’ to generate short 3’ overhangs of single stranded DNA 
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(ssDNA) on each side of the DNA-DSBs. The generated ssDNA ends are then coated with 

replication protein A (RPA), which is subsequently substituted by RAD51 forming a RAD51 

nucleoprotein filament (Figure 1.5) (Li and Heyer, 2008, Shrivastav et al., 2008, Heyer et al., 

2010). The RPA displacement process is facilitated by a number of mediator proteins including 

BRCA1/2, RAD52 and RAD51 together with its related proteins RAD51B, RAD51C, RAD51D, 

XRCC2, and XRCC3. BRCA2 possess a number of RAD51 binding sites, suggesting its 

importance in the loading of RAD51 onto the ssDNA ends (Kanaar et al., 1998, Heyer et al., 

2010).The Rad51 nucleoprotein filament then searches for the homologous DNA sequence, 

and once it has been located, the Rad51 nucleoprotein filament promotes strand exchange, 

where the damaged DNA strand invades the template DNA strand forming a displacement loop 

(D-loop) with a Holliday Junction (HJ) (Figure 1.5) (Jackson, 2002, Heyer et al., 2010). DNA 

synthesis is subsequently carried out by DNA polymerase that copies the sequence information 

from the undamaged DNA strand and extends the 3’ overhangs of the damaged DNA strand 

forming four-way intermediate structures known as double Holliday Junctions (dHJs) (Figure 

1.5). The resultant dHJs can then be resolved to produce either non-crossover or crossover 

products, depending primarily on the orientation of the cleavage at the two crossover sites of 

the dHJs (Jackson, 2002, Li and Heyer, 2008, Heyer et al., 2010). 

 

Alternatively, HR can follow another sub-pathway to repair the damage, named synthesis 

dependent strand annealing (SDSA) or strand displacement. During SDSA, the invading DNA 

strand that has been extended is displaced from the D-loop and then re-annealed to its own 

complementary strand or to the complementary sequences associated with the other side of 

the break. The remaining gaps are then filled by DNA synthesis to complete repair. This route 

inherently does not result in crossovers and it lowers the possibility of genomic rearrangements 

(Jackson, 2002, Li and Heyer, 2008, Heyer et al., 2010). Moreover, HR may also undergo 
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break induced replication (BIR) to repair the damage. This occurs when the second end of the 

DNA break is missing (Figure 1.5) and therefore the invading strand is anticipated to establish 

the synthesis of the new strand until it reaches the end of the chromosome, or the D-loop may 

become a full-fledged replication fork capable of both lagging and leading strand synthesis 

(Llorente et al., 2008, Heyer et al., 2010). Defects in the HR repair proteins are greatly 

associated with increased sensitivity to DNA-DSBs, genomic instability and cancer 

development. For example, mutations in BRCA1/2 are highly linked with increased risk for 

breast cancer; also, the disruptions or deletions in the Rad51B gene are associated with the 

development of different types of cancers (Thompson and Schild, 2001). 

 

1.9.4.3.2 Non-Homologous End Joining  

NHEJ is a relatively simple and fast but error-prone mechanism of repairing DNA-DSBs 

because it does not depend on sister chromatids for repair. It is therefore inherently associated 

with loss of genetic information (Jackson, 2009). The initial step in the NHEJ mechanism 

involves recognition and binding of a heterodimeric complex consisting of the proteins KU70/80 

to the ends of DNA-DSBs site forming a ring-shaped structure that entirely encircles and 

protects the DNA from exonuclease digestion (Figure 1.5). The KU heterodimer complex then 

recruits DNA-PKcs molecules to the DNA-DSBs site. Following the binding to the KU-DNA 

complex, DNA-PKcs becomes auto-phosphorylated which results in the stimulation of its 

kinase activity and subsequently improving the NHEJ efficiency by forming a bridge between 

the two broken DNA ends (Kanaar et al., 1998, Ferguson and Alt, 2001, Jackson, 2002). In the 

final step of NHEJ, DNA-PKcs recruits XRCC4 to bind with its partner DNA ligase IV forming 

XRCC4-DNA ligase IV stable complex. The resultant complex then binds to the DNA ends to 

initiate DNA strand joining by physically bringing both ends very close to each other, although, 

it is not able to re-ligate the two broken ends directly before being processed (Shrivastav et al., 
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2008). Processing of the DNA-DSBs is achieved by exo/endo-nucleases including MRN and 

DNA-PKcs-Artemis complexes that remove the excess DNA-DSBs strands at the 3’ and at 5’/3’ 

overhangs respectively during NHEJ. The remaining gaps are filled after that by DNA 

polymerases and ligation is performed by ligase complex (Trujillo et al., 1998, Hefferin and 

Tomkinson, 2005). 

  

An alternative mechanism of NHEJ requires the presence of 5–25 base pair microhomologous 

sequences on either side of the DNA-DSBs to align the broken ends correctly before joining, 

thus it is referred to as microhomology mediated end joining (MMEJ). MMEJ constitutes a third 

and less well-characterised DNA-DSBs repair mechanism. It is also known as a more error-

prone and mutagenic DNA-DSBs repair mechanism that has been continuously associated 

with insertions, deletions and contributes to chromosome translocations and rearrangements. 

In MMEJ, the microhomologous sequences on either strand anneal to each other once 

exposed following the resection of DNA ends, forming an intermediate with 3’ flaps/overhangs 

and gaps (Figure 1.5). Upon annealing, the non-homologous 3’ overhangs are removed, thus 

allowing DNA polymerase to fill in the gap. The final step of MMEJ is achieved by DNA ligase 

(Lig3/Lig1) facilitated break end ligation (McVey and Lee, 2008, Wang and Xu, 2017) (McVey 

et al., 2008, Wang and Xu 2017). 
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In mammalian cells, HR and NHEJ pathways are the two main routes taken in the repair of 

DNA-DSBs. MMEJ constitutes a third and an alternative mechanism of NHEJ pathway. Figure 

created from (Kanaar et al., 1998, Jackson, 2002, McVey and Lee, 2008, Shrivastav et al., 

2008, Heyer et al., 2010). 

 

 

 

 

Figure 1.5 Schematic Representations of the Main Pathways of the DNA-DSBs Repair. 



 56 

1.10 Hypothesis and Aims of the Study 

Sarcomas are genetically unstable and generally fall into two distinct genetic categories. The 

first group shows relatively simple karyotypes with specific genetic abnormalities, while the 

other group has very complex karyotypes with unspecific genetic alterations (Mackall et al., 

2002, Helman and Meltzer, 2003, Osuna and de Alava, 2009). It seems that at least some 

types of sarcomas may initiate through a combination of defective DNA repair mechanisms, 

either by inherited or sporadic defects, and radiation exposure which itself induces DNA 

damage (So et al., 2009, Burningham et al., 2012). Previously in our lab, Ul-Hassan et al. 

(2009) identified common abnormalities in the ATM gene including deletion in the gene locus 

with decreased/absent expression of ATM protein particularly in GIST and LMS (Ul-Hassan et 

al., 2009). The ATM gene plays a central role in the DNA-DSBs repair and cell cycle arrest. 

Therefore, the following hypothesise was developed for this PhD project: 

 

Sarcomas are genetically unstable and that ATM is a key regulator involved in 

sarcoma-genesis 

 

The specific aims of this PhD project are: 

1. To study the role that ATM may have in the development of sarcoma, initially western 

blotting is used to look for the total ATM protein expression and for the phosphorylated 

form of the ATM in different sarcoma subtypes.  

 

2. To further examine the role of ATM in sarcoma development, the kinetics of gH2ax foci 

formation and loss is measured, both endogenously and after inducing DNA-DSBs by 

2Gy IR prior to and after the inhibition of ATM. 
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3. To investigate the effect of the small molecule ATM kinase inhibitor KU55933 

(Calbiochem, USA) on cell viability and radiosensitivity of the normal and sarcoma cell 

lines, clonogenic assay is used. 

  

4. To identify genetic alterations of ATM in sarcomas, a combination of fluorescence in situ 

hybridization (FISH), Multiplex Ligation-dependent Probe Amplification (MLPA) and 

Next Generation Sequencing (NGS) is used.  
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CHAPTER TWO 

 
2 MATERIALS AND METHODS  
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2.1 Patients and Tumour Samples 

2.1.1 Ethics Statement and Tumour Samples 

A total of six primary sarcoma tissue samples of different subtypes were collected by an 

investigator in our group, Dr. Abdulazeez Salawu from patients receiving surgical treatment for 

STS at Royal Hallamshire Hospital, Sheffield, UK. The National Research Ethics Committee’s 

approval was obtained for the study purpose and for the collection of fresh and archival tissue 

samples (reference numbers 09/H1313/52 and 09/H1313/30, respectively). All samples were 

collected and stored according to the principles of the Declaration of Helsinki and the use of 

tissue was in compliance with the Human Tissue Act, 2004. Details of all specimens used in 

this study are shown in table 2.1. 

2.1.2 Other Cell Lines  

Human bone osteosarcoma (U2OS) American Type Tissue Collection (ATCC; LGC Standards, 

Middlesex, UK) is an established sarcoma cell line, that was obtained from the Institute of 

Cancer Research Centre, G floor, University of Sheffield and was used as a tumour cell line 

control in this study because it has a balanced copy number of the ATM gene as has been 

advised by G floor members, human vulvar leiomyosarcoma (SK-LMS-1) is an unstable 

established sarcoma cell line, human uterus leiomyosarcoma (SKUT-1) and human 

chondrosarcoma (SW1353) are also established sarcoma cell lines, that were obtained from 

ATCC and were used for the sarcoma study. The normal human retinal pigmented epithelial 

cell line immortalised with human telomerase reverse transcriptase (hTERT RPE-1) was used 

as a non-tumour control cell line to compare the results between the sarcoma and the normal 

cell lines (Table 2.2). 
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Table 2.1 Clinical Data for All STS Cases Used in this Study 

STS Subtype  Name Type Grade Site Gender Age 
Neoadjuvant 

Therapy 

Undifferentiated 

Pleomorphic 

(UPS) OR 

Pleomorphic 

Sarcoma (not 

otherwise 

specified) (NOS) 

STS 14/10 

 

 

STS 13/12 

 

STS 06/11 

 

Cells 

 

 

3 

 

 

Lower Limb, left 

adductor 

compartment 

 

Lower Limb 

 

Lower Limb, Right 

thigh 

Female 

 

Male 

 

Male 

54 

 

80 

 

76 

No 

 

No 

 

No 

Leiomyosarcoma 

(LMS) 
STS 02/11 Cells 3 Pelvis Female 65 No 

De-differentiated 

liposarcoma 

(DDLPS) 

STS 09/10 

STS 20/11 
Cells 3 

Retroperitoneum 

Lower Limb, Left 

thigh 

Female 

Female 

72 

70 

No 

Radiotherapy 
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Table 2.2 Details of all Commercial Cell Lines Used in This Study 

Cell Line Cell Type Grade Site Gender Age 

Year 

Established 

in Culture 

Comments 

U2OS Osteosarcoma High 
Bone-

Tibia 
Female 15 1953 

Has a wild type 

of TP53 gene 

(Ottaviano et 

al., 2010). 

SK-LMS-1 Leiomyosarcoma - Vulva Female 43 1971  

SKUT-1 Leiomyosarcoma 3 Uterus Female 75 1972  

SW1353 Chondrosarcoma 2 
Right 

Humerus 
Female 72 1977  

(hTERT 

RPE-1) 

Normal human 

retinal pigmented 

epithelial cells 
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2.2 Materials 

2.2.1 General Laboratory Reagents, Disposable and Basic Laboratory Equipment 

Table 2.3 General Laboratory Reagents 

Chemicals and Regents Suppliers 

Dulbecco’s phosphate buffered saline-00095M (PO4) 

(D PBS), without Ca+2 and Mg+2 

Dulbecco’s modified eagle’s medium (DMEM), 

(DMEM F-12) 

Roswell park memorial institute medium (RPMI-1640) 

Fetal bovine serum 

Amphotericin B antifungal 

Penicillin/Streptomycin (10kU/ml) 

L-Glutamine (200mM in 0.85% NaCl) 

D+ glucose (45% solution) 

Trypsin-EDTA, 200 mg/L versene (EDTA),170000 U 

Trypsin/L 

Protease inhibitor tablets 

Protease/phosphatase inhibitor cocktail 

Copper sulphate CuSo4 

BCA solution 

Bovine Serum Albumin (BSA) 

Sample reducing agent 10x 

Sample buffer 4x 

1.5M Tris-HCL pH8.8 

Lonza, BioWhittaker 

 

Lonza, BioWhittaker 

 

Lonza, BioWhittaker 

 

Lonza,BioWhittaker 

Lonza,BioWhittaker  

Lonza, BioWhittaker 

Lonza, BioWhittaker 

Sigma-Aldrich, UK 

Lonza, BioWhittaker 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Fisher Scientific, UK 

Fisher Scientific, UK 

Geneflow, UK 
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0.5M Tris-HCL pH6.8 

30% Acrylamide 

Ammonium persulphate (APS) 

(N,N,N,N’-tetramethylenediamine) (TEMED) 

Triton-X100 

Normal goat serum 

Colcemid 

Crystal violet powder 

RNase-A solution 

Pepsin 

Formaldehyde 

Hybridisation buffers 

DAPI (4',6-diamidino-2-phenylindole) 

Absolute methanol and ethanol 

Tween20 

Paraformaldehyde (PFA) 

PBS tablets 

Decon 90 detergent 

ATM kinase inhibitor KU55933 

Geneflow, UK 

Geneflow, UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Vector Laboratories, USA 

Gibco, UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Sigma-Aldrich,UK 

Abbott Molecular.USA 

Vector Laboratories, USA 

VWR International, Prolabo 

Fischer Scientific, UK 

Fischer Scientific, UK 

Fischer Scientific, UK 

Decon, UK 

Calbiochem, USA 
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Table 2.4 Disposable Laboratory Equipment 

Disposable Laboratory Equipment Suppliers 

Latex examination gloves 

Plastic tissue culture flasks (T25, T75 cm2) 

Centrifuge tubes (15, 25 and 50ml) 

Eppendorf Microfuge tubes (0.5, 1.5 and 2ml) 

Pipetts tips (p10, p20, p100 and p1000µl) 

Filter pipette tips (p10, p20, p100 and p1000µl) 

Plastic disposable pipettes 

Greiner plastic pasteur pipette 

Glass pasteur pipette (150mm) 

Sterile plastic syringes 

Sterile needles (21G, 23G) 

Coverslips (22x 22, 22x50mm) 

Cell scraper 

Blotting paper 

Extra thick filter papers 

DNA extraction mini spin columns 

Rubber solution 

Superfrost microscope slides 

96-well cell culture plates 

6-well cell culture plates 

Petri dish (60mm x 15mm) 

0.2ml PCR tubes 

Schottlander, UK 

Corning, UK 

Sarstedt, UK 

Sarstedt, UK 

Sarstedt, UK 

Sarstedt, UK 

Scientific laboratory supplies, UK 

Scientific laboratory supplies, UK 

Fischer Scientific, UK 

Becton Dickinson, UK 

Becton Dickinson, UK 

VWR International Ltd.,  UK 

Fischer Scientific, UK 

Millipore, USA  

Bio-Rad, UK 

Qiagen, UK 

Phillips Rubber, UK 

VWR International Ltd., UK 

Corning, UK 

Corning, UK 

Fischer Scientific, UK 

Fischer Scientific, UK 
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Table 2.5 Basic Laboratory Equipment 

Equipment Suppliers 

Class II microbiological safety cabinet 

Water bath 

CO2 Incubator 

Autovortex mixer SA2 

Rotatest Shaker R100/TW 

Microcnterifuge 

Heating block 

Protean II electrophoresis apparatus 

Semi-dry transfer apparatus 

Fluorescence microplate reader  

Cell viability analyser 

Automated cell counter 

Colony counter 

Cesium 137 irradiator 

Light microscope (ULWCD 0.30) 

Fluorescent microscope 

NanoDrop ND-1000 

Thermocycler 

ABI-3730 capillary electrophoresis  

Illumina HiSeq 2500 

Medical air technology Ltd., UK 

Grant 

Sanyo 

Stuart Scientific 

Luckham, England 

MSE MicroCentaur/sanyo 

Techne dri-block DB.2A 

Bio-Rad, UK 

Bio-Rad, UK 

FLUO Star Galaxy 

Beckman Coulter, USA 

Bio-Rad, UK 

Stuart scientific, UK 

CIS BioInternational, 1BL 437C 

Olympus 

Zeiss axioscop 

ThermoScientific 

Geneflow, UK 

ThermoScientific 

Illumina, USA 
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2.2.2 Tissue Culture and Chromosome Preparation  

Tissue Culture Medium and Supplements: Primary STS tumour cells were maintained in 

Roswell Park Memorial Institute medium (RPMI-1640) (Lonza, BioWhittaker), established 

sarcoma cell lines were maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Lonza, 

BioWhittaker) and normal hTERT RPE-1 cell line was grown in the RPMI-1640 (Lonza, 

BioWhittaker); the respective supplements for each cell line are given in (Table 2.6).  

 

Table 2.6 Tissue Culture Medium Supplements 

All media was then stored at 4°C and warmed to 37°C prior to use. 

 

 

Supplement 

RPMI-1640 

(Primary STS 

Tumour Cells) 

DMEM (Established 

Sarcoma Cells) 

RPMI-1640 

(Normal hTERT 

RPE-1 Cells) 

Fetal Calf Serum 

(FCS) (Lonza, 

BioWhittaker) 

20% 10% 10% 

Amphotericin B 

(Lonza, 

BioWhittaker) 

1% 1% 1% 

Penicillin-

streptomycin (Lonza, 

BioWhittaker) 

1% 1% 1% 

L-Glutamine (200mM 

in 0.85% NaCl) 

(Lonza, 

BioWhittaker) 

1% X 1% 

D+ glucose (45% 

solution) (Sigma-

Aldrich, UK) 

0.5% X X 
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Trypsin-EDTA: 0.4% Trypsin-EDTA solution (Lonza, BioWhittaker) was stored in 50ml aliquots 

at -20°C tand hen defrosted in a 37°C incubator before use. 

PBS (Lonza, BioWhittaker): Sterile Dulbecco’s Phosphate Buffered Saline 0.0095M PO4 

without Ca2+ or Mg2+ was stored at room temperature. 

Microscope Slides: Superfrost slides (VWR International Ltd., UK) were washed with Decon 

90 detergent (Decon, UK) and then stored in distilled water (dH2O) at 4ºC for up to one week.  

Hypotonic Solution:  0.075M potassium chloride (KCl) was prepared by dissolving 2.235mg 

KCl in 400ml dH2O, the solution was then autoclaved, stored at 4°C and warmed in a 37ºC 

incubator for 35 minutes before use. 

Colcemid: 10μg/ml KaryoMAX Colcemid (Gibco), was stored at 4ºC 

Fixative Solution: A mixture of methanol and acetic acid at a ratio of 3:1 was freshly prepared 

prior to each use. 

 

2.2.3 Whole Cell Lysate Extraction and Western Blotting  

Protein Lysis Buffer: Prepared as from components outlined below in 10ml distilled water 

(dH2O) using a magnetic stirrer thermostat hotplate. The pH of the solutions was adjusted to 

8.0, it was aliquoted in 5ml and stored at -20°C. The buffer was divided into two parts, one had 

protease inhibitor tablet (PI) (Sigma-Aldrich, UK) only and the other was with 

protease/phosphatase inhibitor cocktail (PPI) (Sigma-Aldrich, UK), these two components are 

important for most cell lysis procedures as they protect proteins of interest from degradation; 

they also deactivate the phospholytic enzymes that are released from subcellular 

compartments during cells lysis, thus they preserve the phosphorylation state of the proteins. 

 

• 50mM Tris-HCl, (pH 8.0), 78.8mg 
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• 150mM NaCl, 87.66mg 

• 0.02% Sodium azide, 2mg 

• 0.1% Sodium dodecyl sulphate (SDS), 0.01g 

• 1% Igepal CA-630 (or Nonidet P-40 (NP-40)), 0.1g 

• 0.5% Sodium deoxycholate, 0.05g 

• Protease inhibitors Tablet, 1 Tablet 

• Protease and phosphatase inhibitor cocktail tablets, 1 Tablet 

 

Bovine Serum Albumin (BSA) (Sigma-Aldrich, UK) Protein Standards: A range of standard 

solutions (0µg/ml, 1µg/ml, 5µg/ml, 10µg/ml, 15µg/ml and 20µg/ml) were prepared from a 

2mg/ml BSA stock to generate a standard curve.  

Bicinchoninic Acid Protein Assay (BCA) Working Reagent: Freshly prepared by adding 1ml of 

copper sulphate CuSo4 (Sigma-Aldrich, UK) to 49ml of the BCA solution (Sigma-Aldrich, UK). 

 

Samples Preparation for Western Blotting: Samples were prepared as outlined in (Table 2.7) 

and then stored on ice at room temperature until loading. 

 

Table 2.7 Sample Preparation for Western Blotting 

Solution Volume 
 

Sample reducing agent 10x (Fisher 
Scientific, UK) 

 
Sample buffer 4x (Fisher Scientific, UK) 

 
Sample (volume depending on the 

protein concentration) 
 

dH2O 

 
4 μl 

 
10 μl 

 
x μl 

 
 

(26-x) 
μl 
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Resolving and Stacking Gel: Resolving and stacking gels were freshly prepared as outlined in 

(Table 2.8) and stored at 4°C up to one day prior to use. 

   

  Table 2.8 SDS Page Resolving and Stacking Gels Components 

7% Resolving Gel Components 4% Stacking Gel Components 

 

dH2O 

 

1.5M Tris-HCL pH8.8 

(Geneflow, UK) 

 

30% Acrylamide 

(Geneflow, UK) 

 

*10% Ammonium 

persulphate (APS) 

(Sigma-Aldrich, UK) 

 

(N,N,N,N’-

tetramethylenediamine) 

(TEMED) (Sigma-Aldrich, 

UK) 

5.02ml 

 

2.5ml 

 

 

2.33ml 

 

 

50μl 

 

 

 

5μl 

dH2O 

 

0.5M Tris-HCL pH6.8 

(Geneflow,UK) 

 

30% Acrylamide 

 

 

10% APS 

 

 

 

TEMED 

3.05ml 

 

1.25ml 

 

 

0.65ml 

 

 

50μl 

 

 

 

5μl 

*10% APS was made up freshly each time by adding 50mg of APS and 250μl of dH2O in an 

eppendorf tube. 
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PreCast Gel: 4-15% precast polyacrylamide gel, 8.6 × 6.7cm (Width × Length), 10-well was 

purchased (Bio-Rad, UK) and stored at 4°C. 

 

Protein Size Markers: Precision plus protein™ dual colour standards (molecular weight range: 

(MW) 10-250kDa) (Bio-Rad, UK) and spectra multicolour high range protein ladder (MW range: 

40-300kDa) (Thermo, USA) were stored at -20°C (Figure 2.1).  

Running Buffer: 100ml of running buffer (Geneflow, UK) was added to 900ml of dH2O and 

stored at room temperature. 

 

Transfer Buffer: 100ml of transfer buffer (Geneflow, UK) was added to 700ml of dH2O, then 

200ml of methanol was added to prepare transfer buffer. Buffer was stored at room 

temperature. 

 

Other Western Blotting Materials: Protean II electrophoresis apparatus which comprises gel 

tank, running module, 1.5mm plates, 1.5mm sample comb (for 10 samples), electrodes, and 

power source (Bio-Rad, UK) was used. Polyvinylidene difluoride (PVDF) membrane (Millipore, 

USA), extra thick 7.5x10cm filter papers (Bio-Rad, UK), wet and semi-dry transfer apparatuses 

(Bio-Rad, UK) were also used. 

 

5% Blocking Buffer: Was freshly prepared by dissolving 5g of semi-skimmed Marvel milk 

powder in 100ml of the PBST.  To prepare PBST solution, 100 tablets of PBS (Fisher Scientific, 

UK) were dissolved in 10L of dH2O, then 10ml of Tween®20 (Fisher Scientific, UK) was added. 

Antibodies: All primary and secondary antibodies used in the study are listed in table 2.9. 
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 Table 2.9 Western Blotting Antibodies Used for this Study 

 

Antibodies Species Dilution Storage Source 
Blocking 

Agent 

Primary antibodies 

ATM (2C1):sc-

23921 

Mouse 

monoclonal 

antibody 

(1:250) Store at 4° C 
(Santa Cruz, 

USA) 
5% Milk 

ATM (2C1 

(1A1)) 

Mouse 

monoclonal 

antibody 

(1:2000) Store at -20°C (Abcam, UK) 5% Milk 

ATM 

(Phospho 

S1981) 

[10H11.E12] 

Mouse 

monoclonal 

antibody 

(1:500) Store at -20°C (Abcam, UK) 5% Milk 

β-Actin AC-15 

Mouse 

monoclonal 

antibody 

(1:1000) Store at -20°C 
(Sigma-

Aldrich, UK) 
5% Milk 

Secondary antibody 

ECL Anti-

mouse IgG 

peroxidase 

linked whole 

antibody 

Mouse (1:2000) Store at 4° C 

(GE 

Healthcare 

Life Sciences, 

UK) 

5% Milk 

 

Developing Materials: Western blotting HRP detecting substrate (Millipore, USA), 18x24cm 

amersham hyperfilm ECL (GE Healthcare Life Sciences, UK), developer and fixer solutions. 

ATM Kinase Inhibitor KU55933 (ATMi): (CAS 587871-26-9), purchased from (Calbiochem, 

USA) and stored at -20°C. The solution was used to inhibit the kinase activity of the ATM 

protein. 
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Irradiation: 2Gy was programmed in Cesium 137 irradiator (CIS Bio-International, 1BL 437C) 

and used as a DNA damage-inducing agent. 

2.2.4 gH2AX Assay 

4% Fixative Solution: 4g of the paraformaldehyde (PFA) (Fischer Scientific, UK) was dissolved 

in 100ml of sterile PBS on the magnetic stirrer thermostat hotplate at 90°C for 2 hours. The 

solution was then kept at 4°C and used in 1-2 days. 

 

Triton X: 0.2ml of Triton-X100 (Sigma-Aldrich, UK) was added to 500ml of sterile PBS solution 

(0.4%). The solution was then stored at room temperature. 

 

10% Normal Goat Serum (Blocking Buffer): To prepare the 10% of blocking buffer, 2ml of 

normal goat serum (Vector Laboratories, USA) was added to 18ml of PBS. 

 

Antibodies: All primary and secondary antibodies used in H2AX are listed below (Table 2.10). 

 

Table 2.10 H2ax Immunofluorescence Staining Antibodies 

Antibodies Species Dilution Storage Source 
Blocking 

Agent 

Primary antibodies 

p-histone rabbit anti-

gH2AX antibody 
Rabbit (1:500) 

Store at 

-20°C 

(Cell 

Signaling 

Technology) 

PBS 

Secondary antibody 

Goat anti-rabbit Cy3-

conjugated secondary 

antibody 

Rabbit (1:500) 
Store at 

4°C 

(Invitrogen, 

USA) 

10% Goat 

serum 
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2.2.5 Clonogenic Survival Assay 

Fixative Solution: 50ml of absolute methanol was added to 50ml of acetone, the mixture was 

then incubated at 4°C for 10 minutes prior to use. 

 

0.5% Crystal Violet Stain: 0.05g of crystal violet powder (Sigma-Aldrich, UK) was added to 

5ml of absolute ethanol and 45ml of dH2O (to prepare 50ml of the crystal violet stain, it was 

then stored at room temperature. 

 

2.2.6 Fluorescence In-Situ Hybridisation (FISH) 

2.2.6.1 Reagents Preparation 

RNase-A Solution (Sigma-Aldrich, UK): Stored at -20°C in 25µl aliquots at 20mg/ml stock 

concentration then diluted in 5ml 2xSaline-Sodium Citrate (SSC) buffer. 

 

Pepsin (proteinase): Was stored at -20°C in 25µl aliquots at stock concentration of 100mg/ml 

(Sigma-Aldrich, UK), it was diluted 1:2000 in 0.01N HCl to make up the working concentration, 

and then warmed at 37°C prior to use. 

 

SSC Buffer: 20X SSC stock was prepared by dissolving 3M NaCl and 300mM NaHCO3 in 1L 

deionised water, the pH was adjusted to 7.0 and stored at room temperature. 

 

PBS-MgCl2: PBS + 50mM MgCl2 (50ml 1M MgCl2 + 950ml PBS) was stored at room 

temperature. 

 

Fixative Solution:  Formaldehyde (37%) (Sigma-Aldrich, UK) was diluted to 1% in PBS-MgCl2 

(1.35ml formaldehyde + 50ml PBS-MgCl2). 
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Ethanol: A series of ethanol dilutions 70%, 95%,100% were made from absolute ethanol. 

 

Hybridisation Buffers: Vysis LSI/WCP and CEP hybridisation buffers (Abbott Molecular, USA) 

were stored at -20ºC.  

 

SSCT1: 0.4xSSC/0.3% Tween 20 was prepared by adding 200ml of 2xSSC and 1.5ml of 

Tween 20, it was made up to 500ml with H2O. 

 

SSCT2: 2xSSC/0.1% Tween 20 was prepared by adding 0.5ml of Tween 20 and 500ml of 

2xSSC. 

 

Counterstain: DAPI (4',6-diamidino-2-phenylindole) (Vector Laboratories, USA), was stored in 

the dark at 4 ºC. 

 

2.2.6.2 Probes 

FISH probes used in this study were obtained from (Abbott Molecular, USA), and stored at -

20ºC (Table 2.11).  

 

Table 2.11 FISH Probes 

Probe Name Target Locus Spectrum 
Volume for 5 

slides* 
 

Vysis, Locus 
Specific Identifier 

(LSI) 

 
ATM 

 
ATM 11q22.3 

 
SpectrumOrange 

 
3.5μl 

 
Chromosome 11 
centromere probe 

(CEP11) 

 
Chromosome 

11 Centromere 

 
11p11.11-q11 

 
SpectrumGreen 

 
1.5μl 

*Volume efficiency previously optimised by members of the Rare Tumour Research Group. 
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2.2.7 DNA Extraction 

Purified genomic DNA was obtained from normal and tumour samples by DNeasy® Blood and 

Tissue Kit (Qiagen, UK). DNA Extraction Kit contained proteinase K, lysis buffer (Buffer AL), 

wash buffers (Buffers AW1 and AW2), 33ml of 100% ethanol was added to each buffer, elution 

buffer (Buffer AE), DNeasy mini spin columns and collection tubes. 

 

2.2.8 Multiplex Ligation-Dependent Probe Amplification (MLPA) 

SALSA MLPA kit purchased from MRC-Holland (Amsterdam, Netherlands) contains probes 

specifically annealing to exons within the ATM gene and has all the reagents required for the 

procedure (Table 2.12). The MLPA assay for the ATM gene requires two sets of probe mix due 

to the large number of exons (63 exons), probe mix P041-B1 ATM and P042-B1 ATM. Each 

set contains 45 probes, 34 of which are for the ATM and 11 are reference probes. The 

reference probes anneal to different parts of the human genome to ensure that the probes are 

ligating and annealing properly. When the two sets are used together, a probe for each ATM 

exon is present, including two probes for exon number 1 and 61 and three probes for exon 

number 62. The P041-B1 ATM set gives amplification products between 130 and 485 

nucleotides in length and between 131 and 485 for the P042-B1 ATM probemix set. The 

position and size of both target and reference probes within ATM are displayed in Appendix 1.  
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Table 2.12 SALSA MLPA Kit 

Reagent kit components Ingredients 

SALSA MLPA Buffer (yellow cap) 
KCl, Tris-HCl, EDTA, PEG-6000, 

oligonucleotide 

SALSA Ligase-65 (green cap) 

 

Glycerol, EDTA, Beta-Mercaptoethanol, KCl, 

Tris-HCl, nonionic detergent, Ligase-65 enzyme 

(bacterial origin) 

Ligase Buffer A (transparent cap) Coenzyme NAD (bacterial origin) 

Ligase Buffer B (white cap) Tris-HCl, MgCl2, non-ionic detergent 

SALSA PCR Primer Mix (brown cap) 

Synthetic oligonucleotides with fluorescent dye 

(FAM or Cy5), dNTPs, Tris-HCl, KCl, EDTA, 

nonionic detergent 

SALSA Polymerase (orange cap) 

Glycerol, non-ionic detergents, EDTA, DTT, 

KCl, Tris-HCl, Polymerase enzyme (bacterial 

origin) 

 

2.2.9 Next Generation Sequencing (NGS) 

The targeted NGS experiment was performed in this study on an Illumina HiSeq 2500 system 

using NGS services provided by the Children’s Hospital, Sheffield, UK. 
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2.3 Methods 

2.3.1 Routine Tissue Culture 

The day-to-day culture was observed regularly to keep cells growing and to prevent any 

contamination. All cells were incubated at 37°C in a humidified atmosphere of 95% air and 5% 

CO2. Cells were routinely passaged when they reached 80-90% confluence to maintain culture. 

This was done by first completely discarding the consumed medium from the tissue culture 

flasks and washing the cell layer twice with 4ml of PBS (Lonza, BioWhittaker). Then, 2.5ml of 

1x trypsin-EDTA solution (Lonza, BioWhittaker) was added and the cells were incubated at 

37°C in 95% air and 5% CO2 incubator and observed under a light microscope to ensure 

dissociation. Warm fresh media (5ml) was added to the cells to inactivate the action of trypsin-

EDTA (Table 2.6). The suspension was then collected in a 15ml falcon tube and centrifuged at 

1000rpm for 5 minutes at room temperature. The supernatant was discarded, and the cell pellet 

re-suspended in 5ml of warm fresh media and seeded into new tissue culture flasks. All 

experiments were done between passage number 4-11 for the hTERT RPE-1 cell line, as after 

these passages, the cells gradually start to lose their characteristics, become bigger in size 

and growing slowly.  

 

2.3.2 Whole Cell Lysate Extraction and Protein Expression by SDS-PAGE and 

Western Blotting 

2.3.2.1 Cell Protein Extraction 

The cells were lysed to release cellular proteins, remove cell debris and to extract total protein. 

This was done by using moderate concentrations of some detergents that possess non-ionic 

(uncharged), ionic (charged, either cationic or anionic) or zwitterionic (zero net charge) 

characteristics which compromise the integrity of cell membrane and assist in the cell lysis and 

protein extraction (Section 2.2.3). 
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When the cells became 80-85% confluent they were prepared for total protein extraction. Cells 

were placed first on an ice tray to prevent any endogenous protease activity. The media was 

then completely aspirated and the cells were washed twice with 10ml of ice cold PBS. 500µl 

of ice cold lysis buffer (Section 2.2.3) was added over the surface of the tissue culture flasks 

to lyse the cells and left for 5-10 minutes with gentle swilling. Any remaining cells were then 

scraped off the flasks using a cell scraper and pipetted into eppendorf tubes. The protein 

lysates were then passed 10 times through a 25-gauge syringe needle. After that, cells were 

incubated in an ice box for 30 minutes, and vortexed half way through before being centrifuged 

at 13000rpm for 10 minutes at 4°C. The supernatant containing the proteins was then aliquoted 

into new eppendorf tubes and stored at -80°C until use. 

 

2.3.2.2 Protein Quantification 

Following protein extraction, the total protein concentration of sarcoma and normal cell lines 

was assessed by using bicinchoninic acid protein (BCA) assay kit (Sigma-Aldrich, UK) 

following the manufacturer’s protocol.  

 

The BCA assay primarily relies on two reactions; firstly, the peptide bonds in protein reduce 

copper II (Cu+2) ions to copper I (Cu+1) in alkaline medium. The amount of reduction is 

proportional to the amount of protein present. Then, the BCA solution reacts with Cu+1 ions 

producing an intense purple-coloured product that strongly absorbs light at a wavelength 

between 540-570nm.  

 

Samples were prepared in two dilutions; the first dilution was (1:4) in which 25µl of the protein 

sample was mixed with 75µl of dH2O. The second dilution was 1:20 and for that, 5µl of the 



 79 

protein sample was mixed with 95µl of dH2O. Equal volume (20µl) of each dilution was loaded 

into a flat-bottomed 96-well plate and 200µl of BCA working reagent (Section 2.2.3) was then 

added for the BCA assay. In order to allow quantification of protein concentration in the 

samples, known concentrations of BSA (0µg/ml to 20µg/ml) were prepared and used as protein 

standards. In a similar way to the samples, 20µl of each standard was loaded into the wells 

and mixed with 200µl of BCA working reagent. Finally, the plate was incubated at 37°C for 30 

minutes and the absorbance was measured at 540-570nm using a plate reading spectrometer. 

The concentration of protein in extracted samples was then calculated by comparing the 

sample absorbance to the standard curve generated. 

 

2.3.2.3 SDS Page Electrophoresis  

SDS page electrophoresis was carried out to examine the status of ATM protein in normal and 

sarcoma cell lines. Firstly, Protean II electrophoresis apparatus (Bio-Rad, UK) was gently 

washed with running tap water then wiped with 70% ethanol. The 1.5mm plates were then 

assembled into the running module and the gels prepared as described in section 2.2.3 (Table 

2.8). The resolving gel was made at the appropriate percentage for the ATM protein size and 

then poured between the plates, just up to the depth of the loading comb and allowed to set. 

A stacking gel was then poured on top of the resolving gel and the comb was placed 

immediately, the gels were then left to set. The comb was gently removed afterward and the 

wells rinsed out with dH2O. Samples were prepared as described in section 2.2.3 (Table 2.7), 

and then denatured by heating at 70°C for 10 minutes while the plates were assembled into 

the electrophoresis apparatus with gel running buffer (Geneflow, UK). The first well was then 

loaded with a protein size marker (Figure 2.1) and 15-20µg of each sample was loaded into 

the respective wells and analysed by SDS-PAGE separating gel. After that, electrophoresis 

was carried out at 100 volt (V) for approximately half an hour, the voltage was increased 
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afterwards to 150V until the desired separation was achieved. Once the gel run was complete, 

it was removed from the apparatus for blotting. 

 

 

 

 

 

 

 

 

 

 

 

 

The precision plus protein dual colour standards ladder is presented in the left (Bio-Rad, UK) 

and the spectra multicolour high range protein ladder is on the right (Thermo, USA). 

 

2.3.2.4 Wet and Semi-Dry Transfer 

To transfer the protein bands to PVDF membrane, the gel was removed from the apparatus 

and soaked in transfer buffer (Geneflow, UK) for 5 minutes before being assembled into a wet 

or semi-dry blotting system. Because of the hydrophobic characteristics of the PVDF 

membrane, it was firstly pre-wetted with methanol prior to submersion in transfer buffer.  

For wet transfer, the transfer sandwich was prepared in the following order, sponge pad, filter 

paper, gel, PVDF membrane, filter paper and sponge pad; all were soaked in transfer buffer 

for 5 minutes and pressed together within the transfer cassette (Figure 2.2 (A)). The supported 

Figure 2.1 Protein Size Markers. 
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gel sandwich was then placed vertically inside the gel tank with transfer buffer along with a 

magnetic stirring bar and an ice pack. The gel was then electrophoresed at 30V overnight at 

4°C. 

In semi-dry protein transfer, the semi-dry transfer apparatus (Bio-Rad, UK) was cleaned first 

with 70% ethanol, then the western blot transfer sandwich was placed horizontally inside the 

machine in the following order; filter paper, membrane, gel and filter paper, all were sufficiently 

soaked in transfer buffer (Figure 2.2 (B)). The blot was run at 15V for 20 minutes.  

Once the gel was semi-dry transferred or wet transferred, the membrane was removed and 

blocked in 5% milk-PBST for one hour at room temperature. 

 

 

 

 

 

 

 

 

 

 
Figure 2.2 A Schematic Representation of a Wet Blotting Cassette (A) and Semi-Dry 
Transfer Unit (B). 
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2.3.2.5 Protein Detection 

Blots were then incubated in primary antibody (Table 2.9) for 2 hours at room temperature with 

gentle shaking. The primary antibody was then washed off with PBST four times for 10 minutes 

each and then the membranes were incubated in secondary antibody (Table 2.9) for one hour 

at room temperature. Following four washes of 10 minutes each in PBST, the blots were 

incubated for 1 minute inside black box with 1ml of western HRP substrate (Millipore, USA), 

and then the blots were developed by using amersham hyperfilm ECL (GE Healthcare Life 

Sciences, UK) for 1, 5, 15, 30, 60 minutes and overnight incubation for ATM protein detection 

and for (20 seconds-1 minute) for β-actin. Films were developed by immersing them in 

developing solution until bands appeared; this was followed by a quick wash in water and a dip 

in fixer solution. Finally, the films were immersed in running tap water before being hung to dry. 

 

2.3.3 Immunofluorescence for gH2AX 

2.3.3.1 Sample Preparation 

Three separated six-well cell culture plates were prepared and labelled per cell line to measure 

the levels of DNA repair and the levels of spontaneous and IR-induced DNA damage with and 

without the inhibition of ATM using ATM inhibitor KU55933 (Calbiochem, USA) (Figure 2.3).  

22 x 22mm glass coverslips were sterilised in absolute methanol for 10 minutes and then air-

dried standing inside the six-well plates. The adherent 60-80% confluent cells from T75 tissue 

culture flask were then trypsinised and re-suspended in suitable media (Section 2.3.1 and 

Table 2.6). Then, 500µl of the re-suspension was aspirated to count the total viable cells using 

the cell viability analyser (Beckman Coulter, USA).  For each cell line, 20,000 cells were seeded 

on each glass coverslip placed in six-well plates and 2ml of respective media was added in 

each well. The plates were then incubated overnight at 37°C in a 95% air and 5% CO2 

incubator. 
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2.3.3.2 Treating Cells with Irradiation 

10µM of ATM inhibitor KU55933 (Calbiochem, USA) was added to the labelled wells 2 hours 

prior to 2Gy IR exposure (Figure 2.3). Cells in plates 1 and 2 were then irradiated with 2Gy by 

using a caesium 173 irradiator (CIS bio-International, 1BL 437C), while cells in plate 3 were 

treated in the same way as plate 1 and 2 but not exposed to IR and were used only to measure 

the spontaneous DNA damage response with and without ATM inhibition. Following the 

exposure to 2Gy IR, cells were incubated at 37°C to recover for different time-points of 30 

minutes, 1 hour, 2 hours and 4 hours. After each time-point, media was aspirated from the 

wells and cells were washed twice with ice cold PBS and then fixed in 1.5ml of 4% 

paraformaldehyde in PBS for 10 minutes at room temperature. Cells were washed briefly in 

PBS before permeablization with 0.2% Triton-X in PBS for 5 minutes at room temperature, and 

then rinsed twice with PBS. 

 

2.3.3.3 Immunofluorescence Staining of gH2AX Foci  

Cells were blocked in 1.5ml of 10% normal goat serum in PBS for 1 hour at room temperature 

to prepare the cells for immunofluorescence staining and to supress any non-specific antibody 

binding. Cells were then washed with PBS and incubated overnight at 4°C with p-histone (ser 

139) rabbit anti-gH2AX antibody at 1:500 dilution in PBS (Cell Signaling Technology) (Table 

2.10). The following day cells were washed for 5 minutes three times in PBS on a shaker and 

then incubated for 1 hour at room temperature in the dark with goat anti-rabbit Cy3-conjugated 

secondary antibody at 1:500 dilution in 10% goat serum in PBS (Invitrogen, USA) (Table 2.10). 

Cells were then washed for 5 minutes three times in PBS with gentle shaking. Coverslips were 

inverted onto microscope slides and mounted with Vectashield mounting medium containing 

4',6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, USA). Small drops of nail varnish 
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were added onto the edges of the coverslips to fix them onto the microscopic slides. Finally, 

slides were stored at 4°C in the dark until analysis by fluorescent microscopy. 

 

2.3.3.4 Analysis and Quantification of gH2AX Foci 

gH2AX analysis was performed as previously prescribed (Hoh et al., 2011). gH2AX foci were 

detected as red fluorescent signals inside the blue DAPI stained cells (Figure 3.6) on a UV 

spectrum-red fluorescent Nikon image analysis microscope at 100x magnification. The foci 

number per nucleus in 100 cells was visually counted and the percentage of cells having more 

than ten gH2AX foci was calculated in three independent experiments for both sarcoma and 

normal cell lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Schematic Model of gH2AX Assay. 
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2.3.4 Clonogenic Survival Assay  

The clonogenic survival assay was performed on normal and sarcoma cell lines following the 

protocol described by Hickson et al. (2004) to determine the ability of a single cell to proliferate 

and produce a cluster of at least 50 cells following treatment with ionising radiation, ATM 

inhibitor KU55933 (Calbiochem, USA) and combination of both. Cells were cultured in T75 

tissue culture flasks until they were 60–80% confluent, then trypsinised and re-suspended in 

suitable media (Section 2.3.1 and Table 2.6). The total viable cells were counted by an 

automated cell counter (Bio-Rad, UK), and then two different concentrations of viable cells 

(1000 and 3000 cells) were seeded into 60mm x 15mm petri dish plates (four petri dish plates 

per concentration per cell line); these were incubated overnight at 37°C in a humidified 

atmosphere of 95% air and 5% CO2. The first plate was used as an untreated control, the 

second plate was only exposed to 2Gy IR using a caesium 173 irradiator (CIS bio-International, 

1BL 437C) and then incubated overnight, 10µM of ATM inhibitor KU55933 (Calbiochem, USA) 

was added to the third plate and incubated overnight before the media was replaced with fresh 

one, the fourth plate was treated with 10µM of ATM inhibitor KU55933 (Calbiochem, USA) 2 

hours prior to 2Gy irradiation, the cells were then incubated overnight before the media was 

replaced with a fresh one in the absence of the inhibitor. All plates were then incubated at 37°C 

with 95% air and 5%CO2 for up to 14 days, after which cells were washed gently with PBS and 

the colonies formed were fixed using 2ml of 1:1 (methanol/acetone solution) and then stained 

with 2ml 0.5% crystal violet (Sigma-Aldrich, UK) for about 30 minutes. Next, the colonies were 

then washed with PBS and left to dry overnight.  

 

2.3.4.1 Analysis of Clonogenic Assay 

Colonies of greater then 50 cells were only visually counted as one surviving colony under the 

light microscope (Olympus) and by using a colony counter (Stuart scientific, UK) (Franken et 
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al., 2006). The plating efficiency (PE) was calculated following colony counting by using the 

following formula 

PE= Number of colonies formed / Number of cells initially plated 

The percentage of the surviving fractions (SF) was then determined using the following formula 

SF= PE of the treated cells / PE of the controls X 100 

Colonogenic assay data were obtained from three independent experiments per cell line and 

calculated as percentage surviving colonies with respect to control plate +/- standard error of 

mean (SEM). 

 

2.3.5 Determination of the ATM Kinase Inhibition by Western Blotting  

To determine the effect of the ATM kinase inhibitor KU55933 (Calbiochem, USA) on the ATM 

autophosphorylation on ser1981 and to validate data produced when ATM inhibitor was used 

in this study, four T75 tissue culture flasks of the U2OS cells were maintained in tissue culture 

until they reached 60-80% confluence. All flasks were then pre-incubated with 10µM of the 

ATM inhibitor for 2 hours except one flask which was used as controls. All flasks were then 

exposed to 2Gy IR and left in the 37C˚ incubator for different time-points of 2, 12 and 24 hours 

in the presence of the inhibitor. After each time-points, proteins were extracted and the 

concentrations of the proteins were then determined by the BCA protein assay (Section 2.3.2.1 

and Section 2.3.2.2) to be ready for western blotting.  Another western blotting gel was run at 

the same time for the β-actin which was used as a loading control, to confirm that there was 

no difference in the amount of protein loaded for different samples. 
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2.3.6 Fluorescence In-situ Hybridisation (FISH) 

FISH was used in this study to visually determine the copy number aberrations. The assay 

uses specific labelled fluorescent DNA probes that have the ability to detect the presence or 

absence of the DNA sequence of interest on chromosomes (metaphase chromosome and/or 

interphase nuclei). FISH was performed on normal and sarcoma cell lines, probing for 

centromeric copies of chromosome 11 (Vysis centromeric satellite probe) and the ATM gene 

at ATM 11q22.3 (Vysis LSI ATM) (Abbott Molecular, USA) (Table 2.11). FISH was performed 

according to the protocol optimised by members of the Rare Tumour Research Group.  

2.3.6.1 Chromosome Harvesting 

Cells were cultured in T75 tissue culture flasks until they reached 60-80% confluence and 

media was changed one day before starting the procedure. On the day of harvesting, 6-7 drops 

of colcemid 0.05μg/ml was added to the actively dividing cells using a 1ml syringe and then 

cells were incubated in a 37ºC incubator with 5% CO2 for 4 hours to arrest the cells at 

metaphase. The media was then transferred to a 15ml universal tube. Cells were trypsinised 

after that for 2 minutes and a few millilitres of the media kept in the universal tube added to 

stop the action of trypsin. The cell suspension was then collected and added to the same 

universal tube and centrifuged at 1500rpm for 5 minutes at 37ºC. The supernatant was 

aspirated carefully and 0.5ml of the supernatant left to re-suspend the pellet by gently flicking 

the tube. Then, 5ml of pre-warmed hypotonic solution (0.075M KCl) was added drop-wise while 

gently shaking, the cells were then incubated for 35 minutes at 37ºC with 5% CO2 to allow the 

cells to swell. Cells were then centrifuged at 1000rpm for 10 minutes and the supernatant 

discarded leaving about 0.5ml to re-suspend the pellet. 2ml of freshly prepared fixative solution 

(methanol and acetic acid at the ratio of 3:1) was then added in drops while gently mixing the 

cells. This was followed by centrifugation of the cells at 1000rpm for 10 minutes, the pellet was 
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then again re-suspended in 2ml of fixative solution and the harvesting tubes were then stored 

at -20ºC until ready for slide preparation. 

2.3.6.2 Chromosome Spread and Slide Preparation 

Chromosome spreads were performed following the protocols described by Hsu and Pomerat 

(1953). Slides were cleaned overnight using Decon 90 detergent and water then washed 

quickly under warm and cold water sequentially. Two drops of cells that had been incubated in 

hypotonic solution and then fixed were added from a variable height onto the cleaned slides 

and 3-4 drops of fixative solution were dropped onto the cells to improve chromosome 

spreading. Slides were then left to dry in air and stored at -20ºC until use. 

 

2.3.6.3 Enzyme Treatment and Cell Fixing 

Slides were treated with 125μl RNAse loaded onto 22 × 50mm coverslips and incubated in a 

humid chamber at 37°C for 1 hour. They were washed after that in 2xSSC three times for 5 

minutes each with gentle shaking then immersed in pre-warmed pepsin-HCl solution held at 

37°C in a water bath and incubated for exactly 10 minutes. Slides were then washed twice in 

PBS for 5 minutes each at room temperature with gentle agitation. This was followed by a 

further wash in PBS-MgCl2 for 5 minutes at room temperature on a shaker. The slides were 

then immersed in a freshly prepared 1% formaldehyde for 10 minutes at room temperature and 

washed in PBS for 5 minutes with gentle agitation. They were then dehydrated through 

immersion in a series of ethanol (first 70%, followed by 95% and 100%) for 3 minutes each 

and then air dried. 

 

2.3.6.4 Hybridisation of the DNA Probes to the Target DNA 

For 5 slide preparation, 3.5μl of the ATM probe was mixed with 1.5μl of CEP11, 35μl of 

hybridisation buffer and 10μl of dH2O. The probe mixture was denatured for 10 minutes at 80°C 
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on a heated block and then pulsed down in a microcentrifuge. Then, 10μl of the probe mixture 

was added onto 22 x 22mm coverslips onto which the slides were placed cells-down and 

sealed with rubber solution. The slides were placed on a hotplate at 80ºC for 2 minutes to 

denature target DNA then left in the dark to hybridise overnight in a humidified chamber at 

37°C. 

 

2.3.6.5 Post-Hybridisation Washes and Counterstaining 

The coverslips and rubber sealing were removed using forceps and the slides were placed in 

pre-warmed SSCT-1 solution held at 73ºC in a water bath and incubated for exactly 2 minutes. 

Slides were then washed in SSCT2 solution for a further 1 minute at room temperature. This 

was followed by dehydration through a series of ethanol dilutions (first 70% followed by 95% 

and 100%) for 3 minutes each and air dried in the dark. Then, 20μl of DAPI was applied in two 

drops onto 22 x 50mm coverslips and air-dried slides were placed on the cover slips with cells-

down and sealed with nail varnish. The slides were stored at 4ºC for at least 2 hours to allow 

the DAPI to settle prior to viewing. 

 

2.3.6.6 Analysis and Image Detecting 

The CEP11 and ATM probes were detected visually under a Zeiss fluorescent microscope as 

green and red signals respectively. Probe signals were scored from 200 non-overlapping intact 

nuclei or metaphase spreads in each case and images were captured using the Cytovision 

software. 
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2.3.7 DNA Extraction 

Purified genomic DNA was obtained from cultured normal and tumour cells following the 

Qiagen DNeasy kit methodology. Basically, the kit works on the concept of alkaline lysis, 

binding, washing and elution. The cells are lysed first then loaded onto a spin column coated 

with silica membrane that selectively adsorbs DNA in the presence of high concentrations of 

chaotropic salts. Centrifugation of the spin column followed by two steps of washing optimally 

eliminates any contaminants and the pure DNA is then eluted. 

Figure 2.4 A Schematic Outline of the Basic Principle of FISH. 
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2.3.7.1 Cells Preparation and Lysis 

Cells were cultured in T75 tissue culture flasks until they were 70-80% confluent. They were 

then trypsinised and centrifuged as explained in section 2.3.1.2.  The cells were then re-

suspended in 200µl PBS and transferred into a labelled 1.5ml microcenterifuge tube. 20μl of 

proteinase K and 200µl of lysis buffer (Buffer AL) were added to the suspension, the mixture 

vortexed and then incubated at 56ºC on a heat block until the cells were completely lysed with 

periodic vortexing.  200µl of absolute ethanol was then added to the tube, vortexed and then 

pipetted into a mini spin column. 

 

2.3.7.2 DNA Adsorption to DNeasy Mini Spin Column 

The DNeasy mini spin column containing the lysed cells was then placed into a collection tube 

and centrifuged at 8000rpm for 1 minute at room temperature. The flow-through and the 

collection tube were discarded and the mini spin column transferred to a new collection tube. 

 

2.3.7.3 DNA Washing 

500μl of the first washing buffer (AW1) was added to the mini spin column then centrifuged at 

8000rpm for 1 min at room temperature. The collection tube and contents were discarded and 

the mini spin column placed into a fresh collection tube. This was followed by a second washing 

step with 500μl of washing buffer (AW2), the tube was then centrifuged at 14,000rpm for 3 

minutes at room temperature. The filtrate and the collection tube were discarded and the mini 

spin column moved into a labelled 1.5ml microfuge tube. 

 

2.3.7.4 Elution of the Genomic DNA 

The DNA was eluted by adding 200µl of the elution buffer (AE) to the centre of the mini spin 

column membrane and then incubated for 1 minute at room temperature before centrifugation 
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at 8000rpm for 1 minute. The spin column was then discarded and the eluted DNA stored at 

4ºC. 

 

2.3.7.5 DNA Quantification 

 DNA measurement was assessed by UV-VIS Spectrophotometry using the NanoDrop ND-

1000 instrument (ThermoScientific).  Briefly, the optical surface of the Nanodrop was cleaned 

with lint-free tissue then 2μl of nuclease-free water was loaded into the instrument for 

initialisation.  The optical surface was wiped again and 2μl of the elution buffer was loaded as 

a blank, this was followed by cleaning the surface and loading the DNA samples for 

measurement. Nanodrop then automatically quantified DNA concentration and assessed DNA 

purity. The ratio of absorbance at A260/A280nm and A260/A230nm was used to measure DNA 

purity. A260/A280 values from 1.8-2.0 indicated the absence of contamination with proteins, 

phenol or any other contaminants, whereas A260/A230 values in the range of (2.0-2.2) 

indicated adequate DNA purity. 

 

2.3.8 Multiplex Ligation-Dependent Probe Amplification (MLPA) 

MLPA assay was used in this study to detect copy number aberrations such as homozygous 

and heterozygous deletion or duplication events for exons within the ATM gene. Briefly, MLPA 

is a multiplex PCR-based method containing 45 oligonucleotide probes. Each probe 

synthesised as two half-probes named 5’MLPA half-probe and the 3’MLPA half-probe. Each 

half-probe binds specifically to the target sequences (specific exon) and is constantly amplified 

by a single pair of universal primers. The 5' end of one primer is labelled with a fluorescent dye 

called 6-carboxyfluorescein (6-FAM) to detect the amplification product of the probe via 

genotyping. The other half of the probe has a ‘stuffer DNA sequence’ with a variable length 

between 19 to 370 nucleotides; each stuffer sequence is unique to each probe and designed 
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to generate an amplification product of the probe with a unique length (Armour et al., 2002, 

Schouten et al., 2002, Kozlowski et al., 2008). The amplification of the probes happens only 

when the two halves of the probe are hybridised to the adjacent target sequence without gap 

and then ligated together (Figure 2.5). 

 

2.3.8.1 DNA Denaturation and Probes Hybridisation  

The total quantity of 50ng of the genomic DNA was used in a 5µl volume for each MLPA 

reaction. To start the procedure, 5µl of DNA samples were denatured in a thermocycler at 98°C 

for 5 minutes and then the samples were cooled down to 25°C. Next, 3µl of hybridisation 

master mix containing 1.5μl MLPA buffer and 1.5μl probemix was added to each sample and 

mixed well by pipetting up and down. Samples were then heated to 95°C for 1 minute and then 

incubated at 60°C for 16-20 hours allowing the MLPA probes to hybridise properly to the 

adjacent DNA target. 

 

2.3.8.2  Ligation Reaction 

On the second day, the temperature was lowered to 54°C and ligation master mix (32µl) 

prepared on ice by gently mixing 25μl of dH2O, 3μl of ligase buffer A, 3μl of ligase buffer B, 

and 1μl of ligase and then added to each tube reaction with gentle agitation. The mixture was 

then incubated at 54°C for 15 minutes followed by further incubation at 98°C for 5 minutes to 

inactivate the ligase enzyme and then paused at 20°C. 

 

2.3.8.3 PCR Amplification 

During the incubation time for the ligation step, the polymerase master mix (10µl) was prepared 

on ice by gently mixing 7.5μl dH2O, 2μl SALSA PCR primer mix and 0.5μl of pre-hand warmed 

SALSA polymerase and then added to each sample tube with gentle mixing using a pipette. 
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Samples were then placed into the thermocycler machine and amplified for 35 cycles with 30 

seconds at 95°C (denaturation), 30 seconds at 60°C (annealing) and extension at 72°C for 1 

minute, then 20 minutes at 72°C and paused at 15°C. The fluorescent label is incorporated 

into the amplification products (MLPA amplicons). 

 

2.3.8.4 MLPA Analysis 

Following the amplification step, samples were sent to the core sequencing facility at Sheffield 

Medical School (University of Sheffield, UK) for genotyping using ABI-3730 capillary 

electrophoresis (ThermoScientific). The MLPA amplicons were separated by capillary 

electrophoresis according to their length. In term of principle of this method, up to 5 different 

fluorescent dyes can be used and identified in one sample by ABI, one of these dyes is used 

for a size standard. The size standard has fragments of known length and functions as a 

molecular ruler to determine the length of the MLPA amplicons. The MLPA amplicons and the 

size standard are labelled with different florescent dyes. Both MLPA amplicons and the size 

standard fragments are passed through a detector and the measured fluorescence is 

visualised as a peak pattern called electropherogram. The migration of the MLPA amplicons is 

compared to migration of the fragments of the size standard to determine the length of each 

MLPA amplicon. Once the length has been determined, each MLPA amplicon peak can be 

linked to the correct MLPA probe and by determining the fluoresce signal of each peak, each 

probe can be quantified during data analysis. The raw data generated by capillary 

electrophoresis was then analysed using Coffalyser.Net software available from MRC Holland 

(www.mrc-holland.com). The software normalises MLPA data to cancel out experimental 

variation in the data. The normalisation was done as follows: firstly, the peak height of each 

probe’s amplification product was divided by the sum of the height of all peaks for reference 

probes in that sample only (intrasample-normalisation). The reference probes detect 
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sequences located in other genes that are assumed to remain normal (diploid) in the DNA of 

all used samples. Secondly, intersample-normalisation which can be done by dividing the intra-

normalised probe ratio in a sample by the average intra-normalised probe ratio of all reference 

DNA samples. The reference samples are expected to have a normal DNA copy number for 

the reference probes as well as the target probes. The MLPA peak pattern of the test samples 

having no genomic aberrations will be identical to that of reference DNA sample and the final 

probe ratio determined by inter-normalisation step will be in the range from 0.70-1.3, for 

heterozygous deletion of an exon the range is 0.40–0.65 and the peak height should be half 

the height of the reference peak, while duplication is above 1.30 and the peak height should 

be almost twice the height of a reference peak. Homozygous deletions are represented by the 

absence of a peak and a ratio of 0. 
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2.3.9 Next Generation Sequencing (NGS) 

Next generation DNA sequencing is a high-throughput approach that enables rapid sequencing 

of the base pairs in DNA samples using the concept of massively parallel sequencing of short 

DNA fragments. Illumina sequencing is one of the major platforms used in NGS. The genomic 

Figure 2.5 A Schematic Representation of MLPA Principle. 
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DNA extracted from sarcoma samples have been sequenced on Illumina HiSeq2500 

instrument using NGS services provided by the Children’s Hospital, Sheffield, UK to detect the 

copy number of the ATM.�Briefly, Illumina sequencing workflow consists of four basic steps; 

library preparation, cluster generation, sequencing and data analysis.  

 

2.3.9.1 Library Preparation 

Library construction for Illumina NGS involves random fragmentation of the genomic DNA into 

smaller sequence-able fragments (typically 200-500 bp insertion length) (Figure 2.6 (A)). 

Adaptors (short, double-stranded pieces of synthetic DNA) are then ligated to each side of the 

fragmented DNA forming adaptor-ligated DNA fragments. The adaptors facilitate the 

attachment of the DNA fragments to the surface of the glass slides, the so-called flowcells. 

Each flowcell has eight channels in which the amplification and/or sequencing reactions take 

place. The surface of the flowcell is densely coated with the adapters and the complementary 

adapters. 

 

2.3.9.2 Cluster Generation 

Following DNA denaturation, single-stranded fragments are randomly bound to the surface 

inside the channel at one end forming a bridge structure by hybridising with its free end to the 

complementary adapter on the flowcell surface (Figure 2.6 (B)). The adaptors on the surface 

serve as primers that can synthesis the rest of the DNA. Each fragment is then amplified 

through a bridge PCR amplification that generates clusters of identical copies around the 

original DNA fragments. After several PCR cycles, about 1000 copies of each fragment are 

created on the flowcell surface then they are separated into single strands to be ready for 

sequencing. 
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2.3.9.3 Sequencing 

The sequencing process is carried out in cycles, the primers, DNA polymerase and four 

different fluorescently labelled nucleotides (deoxynucleoside triphosphates) (dNTPs) are 

added into the flowcell surface (Figure 2.6 (C)). The appropriate nucleotide is then incorporated 

into the nucleic acid chains. The fluorescently labelled dNTPs act as a terminator to ensure 

that only one base is added to the nucleic acid chain per cycle. Excessive primers, DNA 

polymerase and dNTPs are then washed off the slides. Following laser excitation, the flowcell 

is imaged and the emission from each cluster is recoded to identify the base incorporated in 

each cycle (base calling). At this stage, the fluorescently labelled dNTPs are cleaved off and 

the flowcell is re-prepared for the next cycle. The synthesis cycle is repeated by addition of one 

nucleotide at a time and recording the fluorescence signal in the form of an image. Using the 

Illumina software, the bases are identified at each site for each image, which facilitates 

construction of a sequence. Following a number of cycles, such as 50-100 cycles, the DNA 

fragments can be optionally turned over allowing their other ends to be sequenced in a similar 

manner to get paired-end data. Sequencing experiment can be divided into three types. Whole 

genome sequencing (WGS) is used to investigate the entire human genome whereas a whole 

exome sequencing (WES) approach is employed when targeting the entire set of the human 

exons, additionally, NGS allows the sequencing of a specific set of genes. A single Illumina 

HiSeq 2500 instrument can produce massive data with very high yield of error- free reads.  An 

important concept related to the Illumina system output is the number of reads or sequencing 

coverage that describes the number of times a single base position has been sequenced. The 

higher the level of sequencing coverage, the higher the degree of confidence in base calls. 

The current error rate for Illumina system is roughly 0.5%, and sequence coverage of at least 

10× or 30× is usually recommended. Illumina HiSeq 2500 involves two run modes, rapid run 

and high output run mode furthermore, the system has the ability to process one flowcell alone 
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or two flowcells simultaneously. In the rapid run mode, fully automated sequencing for short 

read applications can be achieved in 7 hours and a single human genome at 30× coverage 

can be achieved in�27 hours. With the rapid or high run modes and single or double flowcell 

options, the instrument has an output of about 300 million to 4 billion reads per run, and a 

maximum read length of 2 × 125 bp for high output mode and 2 × 250 bp for the rapid run 

mode.  

A. Sequencing library is prepared by random fragmentation of the genomic DNA followed by 

adapters ligation. B. Sequence library is loaded into the flowcell and single strand fragments 

are hybridized to the complementary adapters on the flowcell. Cluster is then generated by 

PCR amplification. Final cluster has around 1000 copies of the original fragment. C. The 

flowcell surface is flooded with primers, DNA polymerase and dNTPs (I). The fluorescently 

labelled dNTPs acts as a terminator so only one base is added per cycle. Abundant primers, 

DNA polymerase and dNTPs are then washed off the slides. After laser excitation, the emitted 

fluorescence from each cluster on the flowcell is imaged to identify base incorporated in each 

cycle (II). Then, the fluorescently labelled dNTPs is cleaved off (III).  And the next cycle starts 

(IV-V).  

Figure 2.6 A Schematic Model of Illumina Sequencing Workflow. 
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2.3.9.4 Data Analysis  

The process of detecting the ATM copy number from NGS data can be split into several steps: 

pre-processing followed by segmentation and calling (Figure 2.7). In the pre-processing step, 

the biases and noises in the NGS data are eliminated, the quality control of reads is checked 

and the PCR duplicates are removed before importing the data into the Nexus Copy Number 

Software v10.0 (Biodiscovery).   

During the segmentation step, BAM MultiScale Reference (MSR) algorithm in the Nexus 

software uses the target and off-target reads to generate a reference file which is compared to 

the test (sarcoma) samples. The algorithm involves an adjustable binning mechanism which 

employs the Hidden Markov Model (HMM) to segment the genome into target regions using 

the reads (depth of coverage) in targeted arears and into the backbone regions by using the 

off-target reads. The mechanism uses coarse binnings in the backbone regions since these 

deliver a baseline copy number and also large copy number events. Meanwhile, fine binnings 

are used to give high resolution copy number detection in targeted regions. Values in each bin 

are the normalised read depth defined as the number of bases within the bin divided by the 

product of the length of the bin and the total number of bases within all bins. The reference 

genome used was derived from NA12878 genome in a bottle (GIAB) DNA (vendor) that was 

sequenced using the same protocol as the sarcoma samples. 

 

The whole genome is displayed in the software as a series of sections, with each section having 

a cluster value representing the median log-ratio value of all the reads found in that region. 

The cluster values together with the certain thresholds were used after that by the algorithm 

called Fast Adaptive States Segmentation Technique 2 (FASST2) to establish regions with 

copy number aberration. Log ratio threshold values of -0.2 and -1.0 were used to identify a 
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single and two or more copy number loss respectively, while the threshold values for gains of 

a single and two or more copy number are +0.2 and +0.6 respectively. The parameters in the 

algorithm to generate the reference and all the threshold values in this experiment were based 

on recommendations from the manufacturers of the analysis software. Aberrations were 

displayed as ideograms (graphical genomic plots) which can be viewed at whole genome, 

chromosome and single gene/exon levels for easy visual analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above figure shows a summary of the method used to estimate CNA from NGS data using 

Nexus Copy Number Software v10.0 (Biodiscovery). A reference file was derived from 

NA12878 genome in a bottle (GIAB) DNA. Individual BAM files of the test samples along with 

a reference BAM file were then directly loaded into the software to estimate the copy number 

for the ATM.  

 

 

Figure 2.7 The Analytical Workflow of CNA from NGS Data using Nexus Copy Number 
Software. 
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CHAPTER THREE 

 
3 ATM FUNCTION AS PART OF THE RESPONSE OF SARCOMAS TO 

IONISING RADIATION (IR) 
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3.1 Introduction 

Ionising radiation is commonly used as a stable approach for the treatment of a large 

percentage of cancers including sarcomas. The aim of radiotherapy is to destroy tumour cells 

by delivering an adequate lethal dose to the target volume of cancer while the harmful effect 

to normal cells should be as low as possible. Although radiotherapy could improve the survival 

of cancer patients and minimize morbidity, its effectiveness is limited by the toxicity to 

neighbouring normal tissues and the presence of radio resistant tumour cells, together with the 

development of secondary tumours within the treatment field (Gately et al., 1998, Yang et al., 

2016). 

DNA-DSBs are the most dangerous lesions that should be repaired to maintain genomic 

stability. This damage is induced by several factors including the exposure to IR during clinical 

radiotherapy and receiving anticancer chemotherapeutic drugs (Clingen et al., 2008, Bourton 

et al., 2011). DNA-DSBs can also arise from within the cell during DNA replication and normal 

cellular metabolism (Lindahl and Barnes, 2000). The irradiated cells have developed a complex 

and highly regulated signalling network to ensure cell survival and maintain genomic integrity. 

The ataxia telangiectasia mutated gene (ATM) product has an extensive role in response to 

irradiation induced genomic damage. As mentioned previously in chapter 1, ATM is auto-

phosphorylated rapidly at ser376, ser1893 ser1981 and ser2996 following the exposure to IR 

and DNA-DSBs formation. Its phosphorylation results in the activation of over a hundred 

substrates that trigger cell cycle checkpoints/arrest and subsequently delay the G1/S and G2 

cell cycle phases thus, allowing the repair of the DNA-DSBs by HR and by NHEJ which both 

play a significant role in maintaining the integrity of the genome (Bakkenist and Kastan, 2003, 

Nakamura et al., 2010).  
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A very early event in response to the DNA-DSBs following IR is the phosphorylation of H2AX 

molecules at ser139.  Both ATM and DNA-PK are able to phosphorylate H2AX molecules to 

form gH2AX in response to DNA-DSBs damage. The phosphorylated gH2AX molecules 

accumulate into the chromatin regions directly surrounding the damage site as nuclear foci and 

signals to attract other DNA repair proteins. The formation of gH2AX foci can thus be used as 

a marker of DNA damage (Rogakou et al., 1998, Burma et al., 2001, Stiff et al., 2004). Using 

phospho-specific antibodies, gH2AX can be visualised under an immunofluorescence 

microscopy. It has been reported that elimination of the gH2AX foci from the nucleus can serve 

as a marker for DNA-DSBs repair; therefore, measuring the kinetics of gH2AX foci formation 

and loss has been undertaken in many studies to investigate the kinetics of DNA repair 

(Svetlova et al., 2010). 

 

When normal cells undergo repair, the phosphorylation of H2AX molecules occurs rapidly 

following DNA damage. The majority of this damage is repaired within approximately 1-3 hours 

which consequently leads to the dephosphorylation and elimination of the gH2AX foci from the 

nucleus (Rogakou et al., 1998). In contrast, there is prolonged persistence of gH2AX foci in 

cells displaying impairment signs in the DNA repair mechanisms, which presumably is 

explained by the failure to repair DNA damage (Bourton et al., 2011). This has been reported 

in cells isolated from patients with DNA repair disorders such as ataxia telangiectasia. The 

ATM gene is mutated in this disorder and is supposed to inactivate the signalling cascades of 

the DNA-DSBs repair leading to the prolonged appearance of gH2AX foci within the nucleus 

(Friesner et al., 2005).  

 

Other cellular abnormalities have been also observed in cells derived from A-T patients 

including an extreme sensitivity to radiation. Numerous in-vitro studies have demonstrated that 



 105 

loss of ATM kinase function caused by gene mutation, gene expression downregulation, or by 

small molecule inhibition remarkably increases the sensitivity of the cells to ionizing radiation, 

making ATM an attractive target for the development of novel therapeutics that could be used 

to enhance tumour cell sensitivity to radio/chemotherapy (Gately et al., 1998, Hickson et al., 

2004, Rainey et al., 2008, Yang et al., 2016). Based on this observation, several inhibitors that 

disrupt ATM function and to radiosensitise tumour cells have been used widely in many studies. 

For example, Rainey et al., (2008) showed that the transient inhibition of ATM is sufficient to 

sensitise ATM deficient cells to IR using clonogenic survival assays (Rainey et al., 2008). 

 

The loss of the ATM copy in sarcomas has been previously corelated with the reduced 

expression of the protein (Ul-Hassan et al., 2009), therefore in this part of the study the 

expression of ATM was investigated to see if it was altered and how this may affect response 

to DNA damage response. In this chapter, Western blotting was primarily carried out to look 

for total ATM protein expression and for the phosphorylated form of ATM following the 

exposure of different sarcoma subtypes to ionising radiation. To further examine the role of 

ATM in sarcoma development, the induction and elimination of gH2AX foci was measured both 

spontaneously and after inducing DNA-DSBs by ionising radiation prior to and following the 

treatment with ATM kinase inhibitor KU55933 (Calbiochem, USA). The effect of the irradiation, 

ATM inhibition and the combination of both treatments on cell survival was also investigated in 

this chapter using the in-vitro clonogenic survival assay. Finally, the correlation between the 

cellular response to IR and ATM inhibition in gH2AX and clonogenic assays and levels of ATM 

protein expression was explored.  
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3.2 Results 

3.2.1 Determination of ATM Expression in Sarcoma and Normal Cell Lines 

To determine ATM expression in sarcoma, Western blot analysis was performed on six primary 

STS cell lines and four established sarcoma cell lines. U2OS (an established osteosarcoma 

that has a balanced, non-mutated copy number of ATM) and normal human retinal epithelial 

(hTERT-RPE1) cell lines were used as tumour and non-tumour cell line controls (Table 2.1 and 

Table 2.2). The expression of ATM in all cell lines tested was detectable at 370 kDa including 

control samples. Interestingly, a second band of lower molecular weight (~280 kDa) was also 

detected below the expression of ATM in all established sarcoma cell lines and some primary 

sarcoma cell lines including (STS 14/10, STS 02/11 W1 and STS 20/11), which may represent 

a degradation product of the higher molecular weight ATM band or likely due to the truncation 

of the ATM protein in sarcoma cases (Figure 3.1). 
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Western blotting of ATM protein in cultured cell lines. 20µg of the whole cells lysate were 

separated electrophorectically on 4-7% gradient SDS-PAGE and immunoblotted with 

monoclonal antibody against ATM (Abcam, UK). The expression of the ATM protein was 

measurable at 370 kDa in the control samples (U2OS, last lane, blot A and hTERT RPE-1, last 

lane blot B) and in all sarcoma cell lines. The expression of the ATM was higher in the sarcoma 

samples that showed an additional band below the expression of the ATM protein. β-Actin was 

used as a loading control and was expressed at 42 kDa in all samples. 

 

 

 

 

 

 

 

Figure 3.1 A Western Blotting Analysis of the ATM Protein in Different Sarcoma Cell 
Lines. 
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3.2.2 Time Course Inhibition of the ATM Kinase Activity 

To support the validity of the data generated in this chapter by gH2AX and clonogenic and to 

prove the effective inhibition of ATM phosphorylation using ATM kinase inhibitor KU55933 

(Calbiochem, USA), Western blotting was performed as explained in (Section 2.3.5). A 

concentration of 10µM ATM kinase inhibitor KU55933 was used as it has been directed by 

Hickson et al. (2004) to show that the ATM phosphorylation was completely inhibited in the 

U2OS cell line following the treatment with the ATM kinase inhibitor and the exposure of U2OS 

cells to 2Gy of IR. β-actin was used as a loading control to confirm that the proteins of different 

samples were loaded in equal amount and was essential throughout this process in order to 

interpret the result from Western blotting (Figure 3.2).  
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U2OS cells were pre-incubated with or without 10µM ATM inhibitor for 2 hours before 2Gy IR. 

After time-points shown above, the cells were analyzed for the total ATM and ATM phospho-

serine 1981 levels by Western blotting. 20µg of total cell lysate was electrophoresed on 4-15% 

mini precast polyacrylamide gel and immunoblotted using ATM (Phospho S1981) [10H11.E12] 

mouse monoclonal antibody (Abcam, UK) and monoclonal antibody against ATM (Abcam, UK). 

The expression of the total ATM (middle panel) and autophosphoraylated form of ATM (first 

lane of top panel) was detected at 370 kDa. The phosphorylation of the ATM protein was 

inhibited after the treatment with the ATM inhibitor (lane 2, 3 and 4, top panel). And to effectively 

interpret the Western blot results; β-actin was used as loading control and was expressed at 

42 kDa in all loaded samples as shown in the bottom panel. This confirms that the samples 

had been equally loaded and ATM phosphorylation was successfully inhibited. 

 

Figure 3.2 Western Blotting Confirming the Inhibition of ATM Phosphorylation. 
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3.2.3 ATM Autophosphorylation and Inhibition in Different Cell Lines 

Sarcoma cells were maintained in cell culture until they reached 60-80% confluency. Cells 

were then treated with or without 10µM ATM kinase inhibitor KU55933 (Calbiochem, USA) and 

incubated at 37°C in a 95% air and 5% CO2 incubator for two hours prior to 2Gy of irradiation. 

After 2 hours, the cells were analysed for total ATM and ATM phospho-serine 1981 levels by 

Western blotting. Another Western blotting gel was run at the same time for β-actin which was 

used as a loading control (Figure 3.3). 

 

 

 

 

 

 

 

 

Western blot detects the total ATM and autophosphorylation form of ATM on ser1981 in 

response to DNA-DSBs by 2Gy IR using monoclonal antibody against ATM (Abcam, UK) and 

ATM (Phospho S1981) [10H11.E12] mouse monoclonal antibody (Abcam, UK) respectively. 

The blot also shows the effect of KU5933 on ATM serine 1981 phosphorylation and total ATM 

protein levels in response to IR.  

The phosphorylation of the ATM was inhibited when cells were treated with ATM inhibitor prior 

to irradiation exposure in the control and in primary STS 09/10 whereas, it was slightly detected 

following the inhibition in the established sarcoma cell line SK-LMS-1 and in the primary 

STS14/10. Protein loading levels were monitored by probing for β-actin as shown. 

Figure 3.3 Auto phosphorylation of ATM on ser1981 in Response to IR and inhibition. 
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3.2.4 Spontaneous gH2AX Foci Formation is Increased in Sarcoma Cell Lines 

Compared to Controls 

gH2AX analysis was performed to explore if there were any changes in the DNA damage 

response to IR. gH2AX analysis was done on six primary sarcoma cell lines and four 

established sarcoma cell lines. The U2OS, established osteosarcoma cell line and hTERT-

RPE1, normal human retinal epithelial cell line were used as tumour and non-tumour cell line 

controls, respectively.  

 

The kinetics of the DNA repair was explored in all cell lines by quantifying the gH2AX foci 

formation levels both endogenously and at multiple time points following the induction of DNA-

DSBs by 2Gy IR. To examine the sarcomas and the function of the ATM kinase in the 

phosphorylation of H2AX and in the DNA-DSBs repair, the effect of inhibiting the ATM was 

also examined.  The activity of the ATM kinase was inhibited by adding 10µM of ATM inhibitor 

KU55933 (Calbiochem, USA) 2 hours prior to the exposure to the 2Gy IR. For spontaneous 

response, ATM inhibitor was added on the respective well for 2 hours, the media was then 

changed and gH2AX assay procedure was applied (Section 2.3.3). gH2AX foci were identified 

using fluorescent microscopy at 100x magnification as red fluorescent signals subsequent to 

the immunostaining with anti phospho-gH2AX (Cell Signaling Technology) and Cy3-labelled 

(Invitrogen, USA) antibodies. The numbers of red foci signals within the nucleus were visually 

quantified in 100 cells from each slide. The results were demonstrated as a percentage of cells 

with >10 foci per nucleus in 100 cells at different time points of 0, 30 minutes, 1 hour, 2 hours 

and 4 hours following 2Gy IR treatment with and without the inhibition of ATM kinsae with time 

0 minutes being the spontaneous result. gH2AX data were derived from three independent 

experiments for both sarcoma and normal cell lines and is shown in (Figure 3.6). 

 



 112 

The spontaneous levels of gH2AX foci were very low in hTERT RPE-1, normal human retinal 

epithelial cell line with no cells forming greater than 10 gH2AX foci. (Figure 3.4, 3.5 and 3.6 A). 

All the primary sarcoma cell lines however, had at least 10% of cells with a large number of 

gH2AX foci as shown in figure 3.6 (F-K).  The primary dedifferentiated liposarcoma (DDLPS) 

cell line (20/11) showed the highest number of cells having greater than 10 gH2AX foci (~ 69% 

of cells showing >10 foci). Interestingly, STS 20/11 is the only cell line derived from a patient 

who was treated with radiotherapy prior to excision (Figure 3.4) (Salawu et al., 2016). Levels 

of endogenous DNA-DSBs damage were much higher in the established sarcoma cell lines 

(SK-LMS-1, SKUT-1 and SW1353) (Figure 3.6 C-E), suggests that the increased levels of 

endogenous DNA damage are occurring and not being repaired in these cell lines. Surprisingly, 

the tumour control, established osteosarcoma cell line (U2OS, which has a balanced copy 

number of ATM) showed relatively low level of endogenous damage (Figure 3.5 and 3.6 B)  

 

 

A greater proportion of sarcoma cells to form more than 10 H2AX foci in response to 

spontaneous damage compared with the normal control cell line (*p-value <0.05 by a t-test).  

Figure 3.4 Percentage of Cells Forming Spontaneous gH2AX Foci in Sarcoma and 
Control Cell Line. 
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3.2.5 Sarcoma Cells are more Sensitive to IR Induced DNA-DSBs Damage Compared 

to Control Cells  

Rapid induction of gH2AX foci was detected in all cell lines tested in this study at 30 minutes 

post IR, this is consistent with the initiation of DNA damage repair as a consequence of 

exposure to IR (Figure 3.5 and 3.6). U2OS and hTERT RPE-1 showed an average of 90% and 

70% of cells with more than 10 gH2AX foci respectively at 30 minutes post IR. These number 

was noticeably reduced within 2 hours upon repair in the control cells with an average of 30% 

and 3% for U2OS and hTERT RPE-1 respectively (Figure 3.6 A and B). Levels of gH2AX 

formation following exposure to IR differed in sarcoma compared to the normal and U2OS. 

High levels of gH2AX foci was detected in all established sarcoma cell lines at 2 hours post IR 

and was persistent for up to 4 hours with a mean number of 60%, 71% and 82% cells with 

more than 10 gH2AX foci in SK-LMS-1, SKUT-1 and SW1353 cell lines respectively (Figure 

3.6 C, D and E). Some primary sarcoma cell lines also displayed high levels of gH2AX at 2 

hours post IR and were prolonged for even 4 hours post IR these including STS 09/10, STS 

20/11 and STS 06/11 with a mean number of 40%, 100% and 99% cells per each cell 

respectively, suggesting that sarcoma cells are significantly more sensitive to IR induced DNA 

damage compared to the normal control with a p-value of <0.05 calculated by a t-test (Figure 

3.6 G, J and K and Figure 3.7). Although the induction of gH2AX foci was reduced within 2 

hours of IR in STS 14/10, 02/11W1 and 13/12 W2 as shown in figure 3.6 F, H and I, these cells 

were also significantly more sensitive to IR induced DNA-DSBs compared to the control with a 

p-value of <0.05 calculated by a t-test (Figure 3.7). 
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3.2.6 ATM Inhibition Blocks DNA Repair in Controls However Sarcoma Cell Lines 

Display a Delayed Response to IR Following ATM inhibition 

Although control cell lines had no induction of gH2AX foci post IR following ATM inhibition, the 

sarcoma cell lines showed varying responses (Figure 3.6). All sarcomas had reduced formation 

levels of gH2AX foci 30 minutes following irradiation, compared to the untreated cells, except 

the established sarcoma cell lines SK-LMS-1 and SW1353 (Figure 3.6 C and E). SK-LMS-1 

had no significant reduction of the gH2AX levels at all, interestingly, the formation of gH2AX 

foci in this cell line slightly declined 1 hour after irradiation and in 2 to 4 hours it started again 

to behave as the untreated cells, whereas SW1353 showed slightly higher levels of gH2AX foci 

only at 30 minutes post IR compared to untreated cells. The induction of gH2AX foci fluctuated 

in this cell line and it was significantly reduced within 2 hours following IR with a p-value of 0.01 

calculated by a student’s t-test. Interestingly, the inhibition of ATM kinase in the SKUT-1 and 

in primary STS 14/10 cell lines does not induce a reduction of gH2AX levels as observed in the 

control cells (Figure 3.6 D and F). These levels are detected within 4 hours after IR and 

surprisingly were significantly higher than the untreated cells with a p-value of 0.01 for STS 

14/10 cell lines. It was however consistently observed for all the sarcomas investigated, that 

although ATM was inhibited in all cell lines, the greater proportion of gH2AX foci formation was 

detected unlike the findings of the control cells (U2OS and normal retinal cells) (Figure 3.6). 
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gH2AX foci were detected as red fluorescent signals inside the blue DAPI stained cells on a 

fluorescence microscope with x100 magnification objective. The interphase nuclei of the 

control cells (U2OS and hTERT-RPE1) displaying less than ten endogenous gH2AX foci. The 

established sarcoma (SK-LMS-1 and SW1353) and primary STS 20/11 cells nucleus however, 

showing more than ten endogenous gH2AX foci. Levels of H2AX foci 30 minutes post IR were 

increased in all sarcoma cell lines. Following the treatment with the ATM inhibitor all sarcomas 

had a reduced level of formation of gH2ax foci 30 minutes following radiation, compared to the 

untreated cells, except the SK-LMS-1 which had no reduction of the gH2ax levels at all. 

 

Figure 3.5 Representative Images of gH2AX Foci Formation in the Controls, Established 
and Primary Sarcoma Cell Lines. 
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Graphs show percentage of cells forming greater than ten gH2AX foci at time point of 0, 30, 

60, 120 and 240 minutes following irritation treatment with and without the inhibition of the 

ATM, with time 0 minutes being the spontaneous response. gH2AX data on the graphs 

represent the mean of three independent experiments with standard deviation (SD) error bars. 

All cell lines showed a dramatic increase of gH2AX foci formation 30 minutes following 2Gy IR. 

The induction of gH2AX foci back down to the endogenous levels within 2 hours post IR in 

control cells (U2OS and hTERT RPE-1). With the addition of the ATM inhibitor, there was no 

detectable gH2AX response in these two cell lines. The established sarcoma cell line (SK-LMS-

1), however, still showed high levels of gH2AX formation in response to the IR, with no 

significant difference to gH2AX levels when treated with the ATM inhibitor. Interestingly, SKUT-

1 and STS 14/10, cell lines showed higher levels of gH2AX formation upon ATM inhibition than 

untreated cells at 2 hours following IR. The induction of gH2AX foci in STS 20/11 and STS 

06/11 reached high levels at each time point of the IR. The asterisks symbol in the graphs 

indicate a significance difference detected in the cellular response to IR with and without ATM 

inhibition post 2 hours of IR.  

Figure 3.6 Kinetics of Formation and Elimination of IR-Induced gH2AX Foci as a 
Measure of DNA Damage in Different Cell Lines with and without the Inhibition of the 
ATM. 
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3.2.7 ATM Inhibition Prevents Kinase Activity of ATM and Blocks DNA Repair in 

Control Following 2 Hours of IR 

As shown in figure 3.3, the autophosphorylation of the ATM on ser1981 was detected after 2 

hours of IR in different samples by Western blotting. The activity of the ATM kinase was 

successfully inhibited 2 hours post IR following ATM inhibition in the tumour control, U2OS.  

Other sarcoma cell lines however, showed low levels of ATM kinase expression upon ATM 

inhibition including SK-LMS-1 and STS 14/10 (Figure 3.3). Similarly, the formation of gH2AX 

foci was detected in the same samples following 2 hours of IR-induced DNA damage (Figure 

3.6). gH2AX levels were significantly decreased within 2 hours post IR following ATM inhibition 

in the tumour control cell line compared to the untreated cells with a p-value of = 0.006 

calculated by a student’s t-test (Figure 3.6 B and 3.7). The established SK-LMS-1 and STS 

14/10 however, were able to signal damage despite the inhibition of the ATM (Figure 3.6 C and 

F and Figure 3.7). 

 

 

 

 



 119 

 

 

 

 

 

 

The sarcoma cell lines displayed greater proportion to form >10 gH2AX foci in response to 

spontaneous damage than normal control (p-value <0.05). Sarcoma cells were significantly 

more sensitive to IR induced DNA-DSBs post 2 hours of the exposure compared to normal 

control (p-value <0.05 by a t-test). The formation of gH2AX foci was detected in all sarcoma at 

2 hours post IR following ATM inhibition but not in the controls. Data are the mean of three 

independent experiments with SD error bars. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 Percentage of Cells with >10 gH2AX Foci Following 2 Hours of 2Gy IR with 
and without the Inhibition of the ATM. 
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3.2.8 Sensitivity of Sarcoma Cell Lines to IR, ATM Inhibition and Combination of both 

Treatments 

Due to the alteration in the ATM expression, STS sensitivity was investigated using clonogenic 

survival assay. This was performed on six primary STS cell lines, four established sarcoma 

cell lines and the control cell line, hTERT RPE-1. The established osteosarcoma U2OS was 

also used as tumour control. Cells were exposed to either no treatment, IR alone, ATM inhibitor 

alone or combination of both and left to form colonies for up to 14 days as explained in section 

2.3.4. Results were obtained from three independent experiments per cell line and calculated 

as percentage surviving colonies relative to control plate +/-SEM (Figure 3.8). 

The survival fraction was variable between sarcoma cases in response to 2Gy IR. Although all 

sarcoma cell lines including tumour control (U2OS) were significantly more sensitive to IR than 

normal control, p-value <0.05 calculated by t-test (Figure 3.8), they showed survival following 

IR exposure, suggesting the cells are able to cycle even with certain levels of induced damage. 

Interestingly, the primary DDLPS cell line (20/11) that derived from a patient who was irradiated 

before surgery showed the lowest percentage of survival following 2Gy IR (Salawu et al., 2016)  

(Figure 3.8). Treatment with the ATM inhibitor decreased the survival fraction in all cell lines 

compared to the untreated control and was significantly low in the controls, SK-LMS-1, 

SW1353, STS 20/11 and STS 06/11 with a p-value <0.05 calculated by t-test (Figure 3.9). The 

size of colony was also reduced in some sarcoma cases when the kinase activity of ATM had 

been inhibited (Figure 3.10).The exposure to the ATM inhibitor prior to 2Gy IR was extremely 

potentiate ionizing radiation induced cellular sensitivity in all sarcoma and control cell lines 

compared to the exposure to the ATM inhibitor alone p-value <0.05 by analysed by t-test and 

significantly enhanced radiosensitivity of the normal and SW1535, STS 14/10, STS 13/12 W2, 

STS 06/11 cell lines compared to the treatment with IR alone, p-value <0.05 calculated by t-
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test, these data suggesting the existence of functional ATM in these cell lines (Figure 3.9 and 

3.10).  

 

Sarcoma cell lines are significantly more sensitive to IR than normal hTERT RPE-1 (*p-value 

<0.05 by a t-test). Data represents the mean of three independent experiments +/−SE. 

 

 

 

 

 

 

 

The survival fraction is decreased in all sarcoma cases and in control cell lines following the 

treatment with the ATM inhibitor. Concurrent treatment of both ATM inhibitor and IR decreases 

cellular survival than happened when each treatment was applied individually. Data was 

derived from 3 independent experiments and error bars represent standard error of the mean. 

Figure 3.8 Cell Survival for all Cell Lines Post Exposure to 2Gy IR 

Figure 3.9 Cellular Survival of Controls and Sarcoma Cell Lines in Response to Different 
Types of Treatment 
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Image depicting normal control hTERT RPE-1, established SW1353 and primary STS 02/11 

W1 colony forming plates treated with or without 2Gy IR or 10µM of ATM kinase inhibitor or 

combination of both. Although SW1353 and STS 02/11 W1 are more sensitive to IR than 

normal, they still actively divide. Treatment with ATM kinase inhibitor sensitises cellular survival 

of all cell lines and reduces colony size in SW1353 cell line. Concurrent treatment of both ATM 

inhibitor and IR results in greater cellular death than happened when each treatment was 

applied individually. 

 

 

 

Figure 3.10 Cellular Survival Following Different Types of Treatment 
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3.3 Discussion 

ATM serves as a master kinase controller that is involved in the regulation of the cell cycle 

checkpoint signalling pathways which are required for the cellular response to DNA-DSBs and 

genome stability. Previously in our laboratory, Ul-Hassan et al. (2009) identified chromosomal 

abnormalities in the region containing the ATM gene, particularly in two types of sarcoma, 

GISTs and LMSs. Most specifically deletion of the ATM gene (Ul-Hassan et al., 2009). Another 

report by Zhang et al., (2003) explained an association between ATM deletion/mutation and 

the development of RMSs (Zhang et al., 2003). A recent study of 66 young patients with 

different sarcoma subtypes identified 13 germ line mutations in 10 cancer associated genes 

including missense mutations of ATM in alveolar RMSs and SSs (Chan et al., 2017). Ballinger 

et al. (2016) in addition have recently found that 638 of 1162 patients with sarcoma have 

deleterious variants in one or more sarcoma genes, including, but not limited to, TP53, ATM, 

BRCA2, ATR, and ERCC2 (Ballinger et al., 2016). Furthermore, many studies have presented 

a link between the ATM mutation and the risk of a number of different cancers, such as 

leukaemia, lymphoma, breast cancer and central nervous system tumours (Stankovic et al., 

1998, Zhang et al., 2015). However, the molecular mechanism associated with mutations of 

the ATM gene resulting in the development of these malignancies is not well understood 

(Stankovic et al., 1998, Zhang et al., 2003). 

 

In the present study, Western blotting was performed to examine whether the ATM protein is 

normally translated from the mRNA of the ATM gene and expressed in different cell lines. ATM 

protein was expressed at 370 kDa in both tumour and normal control samples, consistent with 

previously described results (Gately et al., 1998). Although the ATM protein was expressed as 

a full length transcript in some primary sarcoma cell lines, there were six cases of different 

sarcoma subtypes, including 3 cases LMSs, one case pleomorphic sarcoma NOS, one case 
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DDLPS and one case chondrosarcoma that expressed an additional band which was 

significantly smaller than that seen in the tumour and normal control cell lines (~280 kDa) 

(Figure 3.1 A and B). Because ATM is such a large gene, consisting of numerous exons and 

splice sites, it is considered a sizable target for mutations that can have serious effects on the 

protein products (Rotman and Shiloh, 1998). Also, Broeks et al. (2000) previously detected an 

ATM splice site mutation (IVS10-6T>G) among breast cancer patients. This mutation causes 

improper splicing of exon 11 in addition to exon skipping which leads to a frameshift and finally 

results in the production of a truncated protein (Broeks et al., 2000). A recent report by Zhang 

et al. (2015) showed bi-allelic germline mutations in ATM in A-T patient with high grade glioma, 

these mutations include frameshift and a splice site at the splice junction of exon 52. The splice 

variant formed results in a novel exon junction located on 11bp downstream of the canonical 

exon junction of exon 52 creating a truncated ATM protein (Zhang et al., 2015). These data 

could explain the additional band in some sarcoma cell lines, which may possibly be the result 

of mutations that lead to truncated protein being produced; alternatively, it might be due to the 

alternative splicing of the ATM gene.  

 

Even though an ATM gene deletion was detected and previously correlated to the 

pathogenesis of many different types of human malignancy including sarcomas (Stankovic et 

al., 1998, Zhang et al., 2003, Ul-Hassan et al., 2009), the changes in protein expression may 

not be altered, as shown in this study. For example, the deletion of the ATM gene does not 

appear to affect protein expression in the LMSs cases (SK-LMS-1, SKUT-1 and 02/11 W1) 

which highly expressed the ATM protein at 370 kDa with an additional smaller band below 370 

kDa (Figure 3.1). To determine whether the presence of the additional bands found in this 

chapter has linked to the changes in the ATM status, the studies of the ATM alterations in these 

particular LMS cases and in many other subtypes of sarcoma has been confirmed by FISH, 
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NGS and MLPA in the following chapter. 

The expression of the ATM protein in sarcoma cell lines was not identical and seemed to be 

higher in samples that showed an additional band below the expression of the ATM protein 

compared with others (Figure 3.1 A and B). The significance of ATM missense mutations in 

genetic predisposition to cancer may explain this. It has been reported that, in breast cancer 

patients, missense mutations in the region of the ATM protein, away from the kinase domain 

have a dominant interfering effect on the normal ATM kinase activation (Scott et al., 2002). 

The same study reported various epitope-tagged forms of ATM coimmunoprecipitating, which 

suggests the existence of a multimeric form of ATM in these patients (Scott et al., 2002). 

Therefore, if such a mutation is detected in sarcoma subtypes and if ATM exists in a multimeric 

form, that would explain how overexpression of the ATM protein in some sarcoma cell lines 

interferes with the normal function of the protein. 

 

In order to optimise the Western blotting result, much trouble shooting was required. As ATM 

is a large gene, the size of the proteins can cause issues for blotting (Bolt and Mahoney, 1997). 

The exposure time of the film had to be altered and decreased each time to gain a clear picture 

of the protein. Moreover, the amount of protein samples had to be reduced to 50% of the total 

protein concentrations. Finally, the spectra multicolour high range protein ladder (MW range: 

40-300 kDa) was used instead of the precision plus protein™ dual colour standards (molecular 

weight range: (MW) 10-250 kDa) to ensure that we effectively detected the ATM protein which 

is above 300 kDa. After this there still appeared to be additional bands so the mouse 

monoclonal primary antibody [ATM (2C1 (1A1))] (Abcam, UK) that raised against amino acids 

2577-3056 of ATM of human origin was explored instead of using [ATM (2C1):sc-23921] 

(Santa Cruz, USA) and it gave cleaner gel pictures but also produced the same findings 

(Appendix 2, A). Moreover, ATM (Phospho S1981) [10H11.E12] was also used to examine the 
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phosphorylation of ATM in response to IR. β-actin antibody was used as a loading control to 

confirm that there were no differences in the amount of protein loaded for different samples. 

The established and primary sarcoma cell lines showed no difference in the expression of the 

ATM protein at 370 kDa in the whole cells lysate extracted using a lysis buffer containing 

protease inhibitor (PI) only or has protease and phosphates inhibitor cocktail (PPI). An 

additional band under the expression of the ATM appeared in some cell lines in both cell 

extracts, including (SK-LMS-1, SKUT-1, SW1535, STS 02/11 W1 and STS 14/10) (Appendix 

2, B).  

 

To further examine the role of ATM in the development of sarcoma, the response to 

endogenous and IR induced DNA-DSB damage levels was measured in established sarcoma 

cell lines, six primary sarcoma cells and in normal and tumour controls. Because ATM is one 

of the key proteins used in the phosphorylation of H2AX molecules following DNA-DSBs 

damage, the effect of inhibiting ATM was also explored. 

 

The results showed distinct difference in the behaviour between sarcoma and control cell lines 

in term of resolving the DNA-DSBs that had been induced by the exposure of cells to a 2Gy 

dose of irradiation. Sarcoma cell lines displayed an abnormal response to IR induced DNA-

DSBs damage, whereas the control cells showed the common response of a rapid increase in 

gH2AX levels at 30 minutes post IR, which is consistent with the induction of DNA damage 

repair as a result of the exposure to g-radiation (Svetlova et al., 2010), the majority of gH2AX 

foci have disappeared within 2 hours following 2Gy IR in control cell lines, showing that most 

of the DNA damage have been repaired. Indeed, these results were expected because of the 

absence of the inherited genetic damage in these cell lines compared to the cancer cells. The 

response to IR induced DNA-DSBs was varied among each sarcoma case.  The results 
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showed higher levels of gH2AX foci post IR induced DNA damage in sarcoma cell lines 

compared to the tumour and normal control cell lines (Figure 3.6), suggesting the high 

sensitivity of these cell lines to IR induced DNA damage (El-Awady et al., 2003). 

 

The primary STS 02/11 W1 showed relatively low spontaneous level of damage which was 

approximately like that seen in control cell lines (Figure 3.6, H). It also responded to IR induced 

DNA-DSBs in almost the same manner as the tumour control and normal retinal cell lines. A 

high induction of the gH2AX foci 30 minutes post IR was observed in this cell line, which 

gradually decreased within 2 hours upon repair. These data suggest that the primary sarcoma 

cell line 02/11 W1 is responding to the IR induced DNA-DSBs damage and that this damage 

can be repaired at this level; this was represented by a decrease in the formation of the gH2AX 

foci (Svetlova et al., 2010). The high spontaneous level of gH2AX seen in other sarcoma cell 

lines was an interesting observation. The primary DDLPS cell line (20/11) showed the highest 

frequency of the spontaneous damage among all other primary cell lines evidenced by the 

number of gH2AX foci (Figure 3.4). Mentioning that this primary cells was derived from a patient 

who had a radiotherapy before the surgery could explain the elevated level of endogenous 

damage seen in this sample (Salawu et al., 2016). The high level of H2AX persisted in this cell 

line even after 4 hours of irradiation is thought to be due to a poor ability to perform subsequent 

DNA repair. All established sarcoma cells included in this study exhibited high level of the 

endogenous damage that was particularly seen in SK-LMS-1 and SW1535 cell lines (Figure 

3.4). Indeed, the genetic instability including some background levels of gH2AX are expected 

in these cells, due to their adaptation to cell culture. However, gH2AX levels were particularly 

higher in these cell lines compared to SKUT-1. A defective release of gH2AX from the 

chromatin could be a possible reason explaining this. Subsequent to the DNA repair, two 

mechanisms by which gH2AX is released from the chromatin has been suggested, one is the 



 128 

direct dephosphorylation of gH2AX by phosphatases (PP2A). The other is the replacement of 

gH2AX with H2AX (Svetlova et al., 2007). The high genomic instability seen in sarcoma cell 

lines as the accumulation of unrepaired or incorrectly repaired DNA damage could be 

explained by the high spontaneous levels of gH2AX. It is worth mentioning that sarcoma cell 

lines that expressed the ATM protein in higher level compared to the control cells and showed 

another band under the ATM expression had very high level of the intrinsic damage compared 

to the controls except 02/11 W1 cell line, suggesting the correlation between the high level of 

the ATM protein expression together with the appearance of the extra band and the elevated 

level of the endogenous damage seen in these samples. 

  

It was mentioned earlier in the introduction of this chapter that both ATM and DNA-PK can 

phosphorylate H2AX molecules following DNA-DSBs (Rogakou et al., 1998, Burma et al., 

2001, Stiff et al., 2004). The decision of which kinase is involved in the phosphorylation process 

may be depend on tissue specificity (Koike et al., 2008). Burma et al. (2001) detected very low 

levels of gH2AX in ATM-/- murine fibroblasts, this minimal level of gH2AX was abolished by 

inhibiting DNA-PK, indicating that the ATM is major kinase involved in H2AX phosphorylation 

following IR (Burma et al., 2001). 

 

The present study investigated the level of gH2AX post IR in ATM inhibited controls, 

established and primary sarcoma cells lines. The data showed no induction of gH2AX post IR 

following ATM inhibition in the tumour and normal control cell lines (Figure 3.6, A and B), 

confirming that under normal circumstances, ATM is crucial in initiating double stand break 

DNA repair. It was however consistently observed for all the sarcomas investigated in this 

study, that although the ATM was inhibited in all cell lines, high level of gH2AX formation was 

detected unlike the findings of the control cells (Figure 3.6). These findings suggest that 
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sarcomas are able to signal damage despite the ATM inhibition and the formation of H2AX 

may not totally depend on the ATM and that sarcoma may utilise other repair pathways such 

as DNA-PK, which are able to phosphorylate H2AX molecules to form gH2AX in response to 

DNA-DSBs (Rogakou et al., 1998, Burma et al., 2001, Stiff et al., 2004). Even though Burma 

et al., 2001 stated that ATM is the major kinase involved in the phosphorylation of H2AX upon 

DNA-DSBs, another report showed slight reduction in gH2AX post IR in ATM deficient cell lines 

and the formation of gH2AX eliminated when DNA-PK was inhibited, suggesting the dominant 

role of DNA-PK in the phosphorylation of H2AX (Burma et al., 2001, An et al., 2010). These 

differences could be explained by the variations of kinase levels in different tissues. Although 

the expression of total and phosphorylated form of the ATM protein together with the inhibition 

of the ATM kinase activity was confirmed in the tumour control and STS 09/10 sarcoma cells 

earlier in this chapter using Western blotting (Figure 3.3), the SK-LMS-1 and STS 14/10 cell 

lines however, expressed low level of the ATM 2 hours post IR and following ATM inhibition, 

H2AX data provided same finding, the ATM was not inhibited in these cell lines and in other 

sarcoma cells (Figure 3.6), suggesting the possibility that in sarcomas, the inhibitor may not 

effectively inhibit ATM, possibly because the gene itself is mutated. The inhibition of the ATM 

was clearly evident in the U2OS cell line with non-mutated ATM following 2 hours of irradiation 

and was maintained for up to 24 hours (Figure 3.2), suggesting that the protein was effectively 

targeted by the ATM inhibitor, consistent with the previously explained data (Hickson et al., 

2004).  

  

The delayed response detected in sarcoma cells including SKUT-1 and Primary STS 14/10 fo

llowing ATM inhibition could be also due to the fact that H2AX phosphorylation is also targete

d by DNA-PK after IR. This delayed response however was not seen in the control cells when 

the ATM was inhibited. The formation of gH2AX foci in sarcoma cells post ATM inhibition was 
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detected after some time, questioning about the degree of involvement of DNA-PK in the              

phosphorylation process. In compare to control cells sarcomas are still able to detect DNA-DS

Bs following the inhibition of the ATM. 

 

Clonogenic survival assay was performed to explore whether IR, ATM inhibition and the 

combination of both treatments has influenced cell survival of sarcoma cell lines. All sarcoma 

cell lines were significantly more sensitive to IR than the normal hTERT RPE-1 cell line, p-

value >0.05 (Figure 3.8). The primary DDLPS cell line (20/11) showed an increased sensitivity 

to IR compared to the other sarcoma cell lines confirmed by H2AX and clonogenic assays, the 

pre-surgery irradiation exposure of STS 20/11 case could explain this observation (Salawu et 

al., 2016) however, this hypersensitivity was not exclusive for this sample alone. Although 

clonogenic results supported the data generated by H2AX that all sarcoma cell lines were 

significantly more sensitive to IR compared to the normal hTERT RPE-1 cell line with a p-value 

of less than 0.05 for both assays (Figure 3.7 and 3.8), these data were not correlated to the 

ATM protein expression. All sarcoma and controls cell lines tested this study had increased 

radio sensitivity following the treatment with the ATM inhibitor. Hickson et al. (2004) observed 

significant reduction in clonogenic survival of Hela cells post IR and following ATM inhibition, 

they also found no differences in radiosensitivity of cells derived from A-T patients in the 

presence or absence of the ATM inhibitor. As it was mentioned earlier in this chapter that ATM 

is functionally deficient in A-T cells and that one distinguishing feature of A-T cells is their 

increased sensitivity to IR-induced DNA damage (Hickson et al., 2004). This observation 

indicated that the enhancement in radiosensitivity seen in all sarcoma and controls cell lines 

was caused by the ATM inhibitor thus suggested the existence of functional ATM in these cell 

lines (Hickson et al., 2004). Even though the data generated by clonogenic assay indicated the 

presence of functional ATM in sarcoma cell lines, ATM kinase activity was confirmed by 
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western blotting and H2AX following the ATM inhibitor treatment in sarcoma cell lines (Figure 

3.3 and 3.6), querying for more investigating about the ATM status in sarcoma cell lines. 
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     CHAPTER FOUR 

 
4 CONFIRMATION OF LOSS OF ATM COPY NUMBER IN SARCOMAS 

USING FISH, NGS AND MLPA  



 133 

4.1 Introduction 

The majority of sarcoma subtypes are characterised by complex chromosomal changes 

including chromosomal copy number aberrations (CNA) that are described as losses/deletions 

or gains/amplifications of a DNA fragment ranging from one kilobase to several mega bases in 

size (Freeman et al., 2006, Guillou and Aurias, 2010, Osuna and de Alava, 2009). Screening 

for non-random chromosomal aberrations in these sarcoma subtypes can lead to a better 

understanding of their pathology, classification and diagnosis, and can even help in the 

identification of potential therapeutic targets (Kasper et al., 2007). It is generally believed that 

deletions and amplifications of specific regions of chromosomes occur frequently due to the 

presence, respectively, of tumour suppressor genes and oncogenes in these genomic regions 

(Helman and Meltzer, 2003), and that chromosome abnormalities causing loss of function of 

tumour suppressor genes, activation of oncogenes and changes in the genes involved in DNA 

repair mechanisms can lead to cancer initiation (Vogelstein and Kinzler, 2004). CNAs, mostly 

amplifications, have been detected in most STS (Myllykangas et al., 2007). LPS represent the 

best example, where frequent amplified sequences are evident from the long arm of 

chromosome 12. This region contains the MDM2 oncogene whose product inhibits TP53 and 

thereby promotes cell survival. Another important target oncogene in this amplified region is 

CDK4, which is involved in the G1-S phase cell cycle checkpoint (Iwasaki et al., 2009). 

CNAs can be detected by many cytogenetic and molecular genetic techniques. Fluorescence 

in situ hybridisation (FISH) and Multiplex ligation-dependent probe amplification (MLPA) are 

the methods of choice to detect CNAs in specific targeted regions (Amary et al., 2017, Asif et 

al., 2018). Next generation sequencing (NGS) is a more recent technology that allows for 

systematic screening of CNAs from the sequencing data of the whole genome, or whole exons, 

and from a targeted panel of genes (Liu et al., 2013).   
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In previous studies an association between ATM deletion and the development of sarcoma has 

been proposed (Zhang et al., 2003, Ul-Hassan et al., 2009). Investigations of STS here 

however has shown by Western blotting that the protein is still expressed (Section 3.2.1) and 

that a functional ATM is potentially still able to promote DNA-DSBs repair (Section 3.2.6). To 

explore whether there were any alterations of the ATM gene that may be responsible for its 

ability to elicit a response, despite inhibition of its kinase, and to find evidence for alternative 

pathways the status of the ATM gene was investigated in a range of different sarcomas and 

control cell lines using interphase FISH, targeted NGS and MLPA tests.  
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4.2 Results 

4.2.1 Control Experiments with Chromosome 11 Probes  

 

Initial control experiments were performed on five normal lymphocytes to determine the 

hybridisation efficiency of the ATM/CEP11 probes and to confirm the chromosomal localisation 

on metaphase spreads as well as the copy number in interphase nuclei. The cut-off values for 

red (ATM) and green (CEP11) probes were derived from five normal blood samples. Two 

hundred cells each from the five controls were evaluated for red and green signals, using non-

overlapping intact nuclei or metaphase chromosomes under a Zeiss fluorescent microscope. 

Images were captured using the Cytovision software. The majority of interphase nuclei 

displayed the expected ratio of two red and green signals each (Table 4.1 and Figure 4.1) and 

the cut-off values were calculated as the percentages from the mean number of cells +/- 3 

times the SD of the signal observed in the five controls (Table 4.1). The deletion of the ATM 

locus was confirmed when abnormal signal ratios (ATM<CEP11) occurred with a frequency 

above the cut-off value of 10.95% of nuclei (Table 4.1).  
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Table 4.1 Cut-off Values for Chromosome 11 Probes from Interphase Nuclei of Normal 
Blood Samples 

The table shows the number of cells having equal signals of ATM and CEP11 and cells having 

fewer or more ATM signals than CEP11. The table also illustrates the number of cells having 

(<2, 2 and >2) signals for CEP11 and ATM in normal blood samples. The cut-off value was 

calculated as the percentage of the mean -/+ 3 times the SD. The deletion of the ATM gene 

locus was considered positive if the percentage of cells showing fewer ATM signals than CEP 

signals was ≥10.95% (highlighted in red). 

 

 

Sample

s 

(200 

Nuclei) 

Signal Ratios 
Red (ATM) 

Signals 

Green (CEP11) 

Signals 

ATM<CE

P 

ATM=CE

P 

ATM>CE

P 
<2 2 >2 <2 2 >2 

Blood 1 13 186 1 12 185 3 1 195 4 

Blood 2 3 196 1 2 198 0 1 198 1 

Blood 3 11 188 1 12 185 3 4 190 6 

Blood 4 5 194 1 9 190 1 5 194 1 

Blood 5 1 199 0 9 189 2 9 188 3 

Mean 6.6 192.6 0.8 8.8 189.4 1.8 4 193 3 

SD 5.17 5.45 0.44 4.0 5.3 1.3 3.3 4 2.1 

Cut-off 

(Mean 

+/- 3 x 

SD) 

10.95% 88.2% 1.06% 
10.4

% 

87.2

% 

2.85

% 

6.9

% 

90.5

% 

4.65

% 
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A. Schematic representation of the chromosome 11 banding with 11q22.3 that contains the 

ATM gene locus (red) and CEP11(green). B. Metaphase spreads from the normal control 

showing the hybridisation of the ATM/CEP11 probes and confirming the localisation of paired 

signals from each of the ATM and CEP11 probes. C. A close up image of hybridised probes 

on the chromosome 11 centromere and 11q22.3 locus. D. Interphase nuclei from the same 

experiment showing the hybridisation of probes. E. Confirmation of the presence of two red 

signals for ATM and two green signals for CEP11 inside the majority of blue DAPI stained 

normal control. Fluorescent signals from the ATM (red) and CEP11 (green) probes are 

annotated by white arrows. Thank you to Dr. Aliya Ul-Hassan for capturing the images of 

control experiments. 

A 

C 

E 

B 

D 

Figure 4.1 Representative Images from Control Experiments with Chromosome 11 
Probes. 
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4.2.2 FISH Analysis of Chromosomal Region 11q in Normal and a Range of Sarcoma 

Cell Lines 

FISH was performed in order to visually analyse and identify the copy number status of the 

ATM gene on a total of eleven cell lines: six primary sarcoma cell lines and four established 

sarcoma cell lines, including the osteosarcoma cell line (U2OS) as the tumour control, and a 

normal human retinal epithelial cell line (hTERT-RPE1) as the normal control. FISH probes 

were hybridised to the cell lines (metaphase spread or interphase nuclei prepared on glass 

slides) using a Vysis fluorescently labelled locus specific identifier (LSI) ATM probe (11q22.3) 

(Abbott Molecular, USA). The Vysis chromosome 11 centromeric probe (CEP11) (Abbott 

Molecular, USA) was used for the identification of chromosome 11 and for enumeration. 

 

4.2.3 FISH Results Showed a Deletion of the ATM Locus in Sarcoma Cell Lines � 

All sarcoma cases analysed for 11q detected the deletion of the ATM region in 23-100% of the 

cells in the various sarcoma cell lines (Table 4.2 and Figure 4.2). The deletion of ATM was 

detected as a decrease in the ATM copy number in relation to the CEP11 copy number in all 

the sarcoma cell lines tested and, surprisingly, in the tumour control (U2OS). Most of the U2OS 

cells (93.5%) had extra copies of chromosome 11 with two copies of the ATM gene, whereas 

the majority of the normal control (hTERT-RPE1) cells had a balanced copy number of the 

ATM and chromosome 11 (Table 4.2 and Figure 4.2). 
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Table 4.2 Number of Chromosome 11 Signals in Normal and Sarcoma Cell Lines 

 

 

The table summarises the number of cells having (<2, 2 and >2) signals for CEP11 and ATM 

probes in both normal and a range of different sarcoma cell lines. The percentage of cells with 

a relative deletion of ATM is also shown and reflects the ratio of CEP11 to ATM signals for 

individual cells, regardless of aneuploidy of chromosome 11.  

 

 

 

 

 

 

 

Samples 

(200 Nuclei) 

% of Cells 

with 

ATM<CEP11 

ATM Signals n (%) CEP11 Signals n (%) 

<2 2 >2 <2 2 >2 

hTERT-RPE1 1.5 1(0.5) 171(85.5) 28(14) 1 (0.5) 169 (84.5) 30 (15) 

U2OS 99.5 10 (5) 187 (93.5) 3 (1.5) 0 (0) 0 (0) 200 (100) 

SK-LMS-1 94.5 61 (30.5) 74 (37) 65 (32.5) 0 (0) 1 (0.5) 199 (99.5) 

SKUT-1 55 93 (46.5) 101 (50.5) 6 (3) 5 (2.5) 151 (75.5) 44 (22) 

SW1535 48 77 (38.5) 108 (54) 15 (7.5) 6 (3) 150 (75) 44 (22) 

STS 14/10 53 29 (14.5) 69 (34.5) 102 (51) 1 (0.5) 9 (4.5) 190 (95) 

STS 09/10 44 9 (4.5) 35 (17.5) 156 (78) 0 (0) 6 (3) 194 (97) 

STS 02/11 W1 100 56 (28) 64 (32) 80 (40) 0 (0) 0 (0) 200 (100) 

STS 13/12 W2 23.5 3 (1.5) 49 (24.5) 148 (74) 10 (5) 11 (5.5) 179 (89.5) 

STS 20/11 98 51 (25.5) 27 (13.5) 122 (61) 0 (0) 1 (0.5) 199 (99.5) 

STS 06/11 91 26 (13) 142 (71) 32 (16) 0 (0) 3 (1.5) 197 (98.5) 
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FISH analysis confirmed aneuploidy of chromosome 11 in all sarcoma cell lines tested. A. The 

normal hTERT-RPE1 cell line displayed balanced copies of ATM and CEP11. B. The majority 

of the U2OS cell line showed a gain of two copies of the CEP11 (green) with the presence of 

two ATM copies (red). C. Representative images from four primary sarcoma cell lines, including 

STS 02/11 W1, STS 06/11, STS 20/11 and STS 13/12 W2 (from left to right) showing a 

decrease in the ATM copy (red) as opposed to the copy of CEP11 (green). It is the relative 

decrease that is used to determine the overall percentage of cells with ATM< CEP as detailed 

in table 4.2. 

Figure 4.2 Detection of 11q Deletion in Sarcoma Cell Lines. 
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4.2.4 ATM Copy Number Analysis using MLPA 

 

Having confirmed previous studies that there was a loss of ATM copy number in sarcoma, 

MLPA was performed to detect copy number changes such as homozygous and heterozygous 

deletion or duplication events within ATM exons in order to potentially identify hotspots. MLPA 

was performed on the primary and established sarcoma cell lines, including the osteosarcoma 

cell line (U2OS), and the normal human retinal epithelial cell line (hTERT-RPE1). An additional 

two soft tissue sarcoma samples including MFS 21/11 and LMS 11/11 were also included in 

order to compare and validate the MLPA results of this study with those previously generated 

in an initial pilot study of sarcoma tumours (not cell lines) by Dr. Aliya Ul-Hassan. Six reference 

DNA samples (normal controls) were also included per MLPA run and were used for data 

normalisation and statistical analysis. 

MLPA was performed with the total quantity of 50 ng of the genomic DNA extracted from normal 

and sarcoma samples by Qiagen DNeasy kit (Qiagen, UK). Due to the large number of exons 

within ATM, the MLPA assay required two sets of probe mix (P041-B1 ATM and P042-B1 ATM) 

available from MRC Holland (www.mrc-holland.com). All samples were processed as 

previously described in chapter 2. Following hybridization, ligation and amplification steps, 

samples were sent to the core sequencing facility at Sheffield Medical School (University of 

Sheffield, UK) for genotyping using ABI-3730 capillary electrophoresis (ThermoScientific). The 

resulting data were then analysed using Coffalyser.Net software available from MRC Holland 

(www.mrc-holland.com). This software generates peak patterns for both patient and reference 

DNA samples, where each peak is an amplification product of a specific probe. The test 

samples were compared to the reference sample to determine any differences in the relative 

peak height, indicating a copy number change of the DNA sequence determined by the MLPA 

probes. The MLPA peak pattern of the test samples, with no genomic aberrations was identical 
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to that of the reference DNA sample. For heterozygous deletion of an exon, the peak height 

should be half that of the reference peak, while in duplication, the peak should give almost 

twice the height of the reference peak. The absence of a peak would represent homozygous 

deletions. Following the visual assessment of peak heights, the final probe ratio (dosage 

quotient) was determined by an inter-normalisation step (Chapter 2) and displayed as a ratio 

chart or a histogram. A range from 0.7-1.3 was considered to be a normal exon dosage, a 

heterozygous deletions were between 0.40 and 0.65 and heterozygous duplications were 

above 1.30. A ratio of 0 would represent homozygous deletions.  

A pilot study of the MLPA analysis of sarcomas was first performed by Dr. Aliya Ul-Hassan in 

2012 using the old version of the MLPA probe mix (P041-A2 ATM) (MRC-Holland). Dr. Ul-

Hassan ran normal controls and DNA from STS tumour samples, including MFS 21/11 and 

LMS 11/11, but not cell lines examined here with data available on protein expression of ATM. 

A sample without DNA was also included to verify that no contamination was occurring during 

the MLPA reaction. The results were analysed using the MLPA analysis Manchester 

spreadsheets (Figure 4.3).  

Dr. Ul-Hassan’s work showed that the MLPA technique was working. The probe ratio for all 

ATM exons in the reference DNA sample (normal) were close to 1 (Figure 4.3 A). The copy 

number ratios for MFS 21/11 showed normal results and were between 0.91-1.2 for all ATM 

exons within probe set (P041-A2) (Figure 4.3 B). The ATM exons for LMS 11/11 showed loss 

of one copy of the ATM (heterozygous deletion) represented by a decrease in the exon dosage 

that were between 0.44-0.63 (Figure 4.3 C). No ATM exons were detected in the sample 

without DNA, suggesting that there was no contamination in the MLPA reaction (Figure 4.3 D). 
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B. STS 21/11 

 

 

 

 

C. STS 11/11 
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D. No DNA 

 

 

 

 

MLPA histogram of the normal subject (A), patients with MFS 21/11 (B) and LMS 11/11 (C) 

and the sample without DNA (D). The numbers inside each bar indicate the relevant ATM exon 

probes detected in each DNA sample, while the numbers in the Y-axis represent the final probe 

ratios of the test samples versus the reference DNA samples calculated following the data 

normalisation. The normal subject (A) showed a normal probe ratio of ~ 1 for all ATM exons in 

the probe set (P041-A2). Compared to (A), LMS 11/11 showed a heterozygous deletion in all 

ATM exons with a probe ratio ranging from 0.44-0.63 (C) whereas results for MFS 21/11 

displayed a normal ATM copy number in all exons (B). No contamination was detected in the 

MLPA reaction represented by the absence of ATM exons in the sample without DNA (D). 

 

In the current study, three years later, MLPA was performed using the new version of the MLPA 

probes (P041-B1 and P042-B1 ATM) (MRC-Holland) on all the cell lines included in the present 

study. The MFS 21/11 and LMS 11/11 tumour samples were also included so as to be able to 

validate and compare with the previous MLPA work performed by Dr. Aliya Ul-Hassan.  

In MLPA, the signal intensity of the size standard fragments is expected to be of a similar height 

in order to create a standard curve for use in data comparison (Figure 4.4 A). Although some 

sloping of the signal in respect to the MLPA fragments is to be expected, the signal decrease 

Figure 4.3 The MLPA Data for MFS 21/11 and LMS 11/11 Prepared as Part of a Pilot 
Study by Dr.  Aliya Ul Hassan. 
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should not exceed ~ 60% (Figure 4.4 B). The MLPA for the sarcoma and reference DNA 

samples in this study showed too much signal sloping in both the MLPA peak pattern and size 

standard (Figure 4.4 C), with the signal intensities of the longer MLPA fragments being lower 

than those of the shorter MLPA fragments. Unfortunately, the degree of signal sloping detected 

by the Coffalyser.Net software in this study was higher than 70% and the signal for the longer 

MLPA fragments therefore became very low, meaning that these regions might appear 

erroneously as a deletion during the data analysis. Although the Coffalyser.Net software can 

correct for sloping to a certain degree during data normalisation, if sloping is very different 

between the test and reference samples, this correction cannot be applied correctly, leading to 

a biased analysis.  

 

DNA was extracted from the cell lines and the MLPA was undertaken, but the results of the 

MLPA experiment were not analysed immediately, since there was a break in this study due to 

maternity leave. At the point of returning to the study, NGS had now become available through 

the Children’s Hospital, Sheffield, UK. For comparison and additional confirmation, some STS 

samples were therefore selected and sent for NGS using a target cancer panel that included 

the ATM gene. During this timeframe, the MLPA data acquired before the break in the study 

was analysed and the issue with the sloping was recognised. Sloping in both the MLPA peak 

pattern and size standard is one of the most common problems caused during data separation, 

and the only solution is to repeat the experiment. Unfortunately, due to the tight timeframe for 

submitting the thesis the experiment could not be repeated. Despite these issues with sloping, 

the MLPA data included in this study could be usable, but discussion with the MRC-Holland 

company team suggested the findings should not be considered as totally reliable, but at least 

provided a comparison with data from the NGS panel. 
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A. A peak pattern of the size standard showing the normal signal intensity (orange). B. The 

genomic profile of the reference DNA sample showing an almost similar peak pattern across 

the MLPA probes (blue), peaks A and B are adopted from (www.mrc-holland.com) C. Both the 

MLPA fragments (blue) and size standard fragments (orange) showing the drop in signal size 

in the reference DNA sample obtained from this study, with the signal intensity of the fragments 

reducing with increasing fragment length.  

Figure 4.4 Differences between Normal and Sloping Signal Intensity. 
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4.2.5 The MLPA Data Showed a Similar Pattern of Findings Compared to the Previous 

MLPA Work Despite the Detection of Signal Sloping  

 

Notwithstanding the signal sloping issues that have been detected during the MLPA data 

analysis in this study, the MLPA results for the two STS samples MFS 21/11 and LMS 11/11 

were similar to those produced in 2012 by Dr. Aliya Ul-Hassan (Figure 4.5). The MLPA analysis 

Manchester spreadsheets used by Dr. Ul-Hassan, however, do not give any information about 

quality control. 
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B. MFS 21/11 
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D. No DNA 

 

 

 

 

 

 

The calculated probe ratios of test samples (B and C) versus those of the reference sample 

(A), as displayed by Coffalyser.Net software. Probes for the ATM exons in probe set (P041-

B1) are arranged by chromosomal location (X-axis). The final probe ratio of each of the exons 

within ATM are displayed in the Y-axis. The red and blue lines at ratio 0.7 and 1.3 in (A, B and 

C) show the arbitrary borders for loss and gain respectively. The green and blue boxes show 

the 95% confidence range of the probes over the reference samples, while the error bars show 

the 95% confidence range of the probes in the samples. The red dots in the LMS 11/11 figure 

designated the decreased signal corresponding to the deletion (C). The ATM copy number 

ratios in MFS 21/11 (B) were relatively similar to those in the normal (A). The genomic profile 

of the sample without DNA, taken from the same experiment (D), show that no peaks were 

detected, indicating that no DNA was contaminated in the MLPA reaction.  

 

 

 

 

 

Figure 4.5 MLPA Findings for MFS 21/11 and LMS 11/11 Cases Similar to the Previous 
Work Done in 2012. 
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4.2.6 MLPA Data Showed ATM Deletion in the Tumour Control 

 

Compared to the reference DNA sample, the MLPA results showed heterozygous deletion for 

almost all the exons within the ATM gene in the tumour control (U2OS) cell line, with a probe 

ratio below 0.40. Exon numbers 42 and 61, however, showed a relatively normal copy number 

ratio ~ 0.7 (Figure 4.6 A and B). In contrast, the ATM copy number ratios in the non-tumour 

control (hTERT-RPE1) were identical to those seen in the reference DNA (Figure 4.6 C and 

D). Despite the sloping issues that were detected in the MLPA data, these results confirm the 

ATM copy number status for the U2OS and hTERT-RPE1 cell lines previously detected in this 

study by FISH (Table 4.2 and Figure 4.2 A and B).  

A heterozygous deletion of ATM exons was also detected in other sarcoma cell lines, including 

STS 02/11 W1. While the SKUT-1, SW1535, STS 14/10, STS 20/11 and STS 06/11 lines 

showed almost normal copy number ratios for ATM exons, others had heterozygous 

duplication including SK-LMS-1 and 13/12 W2. All MLPA data details are shown in appendix 

3. 
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B. U2OS 
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D. hTERT-RPE1 

 

 

 

 

 

 

 

 

 

 

The calculated probe ratio charts for the test samples (B and D) were compared to those of 

the reference samples (A and C). The ATM copy number ratios in probe sets P041-B1 (top 

panel) and P042-B1 (bottom panel) showed heterozygous deletions for all exons in the tumour 

control (red dots), except for exon numbers 42 and 61 (B), and normal ratios for the non-tumour 

control (D). 

 

4.2.7 Short Tandem Repeat (STR) Analysis 

At the end of this study, Short Tandem Repeat (STR) analysis was performed on all the cell 

lines included in this PhD thesis in order to confirm that was no kind of cross-contamination 

throughout the study. STR analysis was done using services provided by the University of 

Sheffield Core Genomic Facility service. Briefly, in STR analysis, ten STR loci of the genomic 

DNA extracted from the cells in culture are amplified by Multiplex PCR using fluorescent-

labelled primers. The size of the PCR products is then determined using capillary 

electrophoresis and compared to the number of nucleotide repeats in STR (alleles) for those 

Figure 4.6 MLPA Data for the Tumour and Non-Tumour Controls. 
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of other cell lines in the laboratory. If there is a genetic match between any of the STR profiles 

from each cell culture with another cell line in the laboratory then contamination is indicated. 

Relatedness between cell lines can be confirmed with a reliability of 99% if the proportion of 

alleles matching during STR analysis is between 75% and 80% and, there is 98% reliable 

confirmation when the proportion of alleles matching is more than 50% (American et al., 2010, 

Capes-Davis et al., 2013). At the University of Sheffield, however, the threshold for confirming 

relatedness between cell lines is when allele matches are about 70%. Other cell lines from the 

Children’s Oncology Group Cell Culture and Xenograft Repository Database 

(www.COGcell.org) are also used for comparison. These include STR profiles of commercial 

cell lines collected by the American Cell Culture Collection (ATCC), Japanese Collection of 

Research Bio-resources (JCRB), Riken Research Database (RIKEN) and German Collection 

of Microorganisms and Cell Culture (DSMZ). Comparison of primary sarcoma cell lines was 

also made with previous STR results done by an investigator in our group, Dr. Abdulazeez 

Salawu (Salawu et al., 2016).  

STR analysis for all primary tumour cultures that were profiled under the COGcell database 

showed less than, or up to, 75% of allele matching (Table 4 3). The cell lines that showed allele 

matches above 70% were not used in our laboratory, suggesting that they were an unlikely 

source of contamination. STR analysis for the established cell lines included in this study 

showed similar results to those found in the database thus confirming the identity of the cell 

lines.
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Table 4.3 Short Tandem Repeat (STR) Profiles of STS Included in this Study 

 Table shows STR analysis of all STS included in this study in which the number of nucleotide repeats in ten STR specific loci were compared 

with one another as well as with STR data for other cells included in the database (www.COGcell.org). The cells that showed more than a 

70% match are displayed in the last column.

Cell Lines THO1 D21S11 D5S818 D13S317 D7S820 D16S539 CSFIPO AMEL vWA TPOX 
Matching 

Alleles 
Cell Line 

hTERT-RPE1 
 9,9 31,32.2 11,11 11,12 10,11 11,11 12,14 X,X 17,18 8,8 100% hTERT-RPE-1 

U2OS 
 6,9.3 31,31 8,11 13,13 11,12 11,11 13,14 X,X 14,14 11,12 83% U2OS 

SK-LMS-1 
 6,7 28,30 11,13 11,12 8,9 8,11 9,10 X,X 18,20 8,9 94% SK-LMS-1 

SKUT-1 
 7,7 29,20,32.2 10,11 11,12,13 9,10 13,13 10,11 X,X 15,16 8,8 84% SKUT-1 

SW1535 
 6,9 30,32.2 10,11 12,13 9,11 11,12 12,11 X,X 16,17 8,11 94% SW1535 

STS 02/11 W1 
 9,9 27,30 11,11 14,14 10,11 11,11 10,10 X,X 16,16 - <70% - 

STS 14/10 
 6,7 27,30 12,13 8,11 8,8 14,14 12,12 X,X 16,16 8,8 <70% - 

STS 09/10 
 6 29,32 12,13 8,14 9,10 9,10 10,14 X 17,18 11 74% JURKAT 

STS 13/12 W2 6,6 31.2,33.2 11,11 12,12 10,12 11,11 11,11 X,Y 18,18 8,8 72% 
H1876 
H1882 

HDQ-P1 
STS 20/11 

 9,9 29,29 9,9 14,14 10,12 12,12 12,12 X,X 20,20 9,11 <70% - 

STS 06/11 
 6,9.3 31,31 9,13 14,14 8,11 11,11 10,11 X,Y 17,18 8,8 75% JURKAT 
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4.2.8 ATM Copy Number Detection by Targeted NGS in Sarcoma Cell Lines 
 

The NGS experiment was performed to detect CNA across a targeted panel of 55 distinct 

cancer genes, including ATM, which is the focus in this thesis; other cancer genes included in 

the experiment are shown in appendix 4. The targeted NGS experiment was performed on an 

Illumina HiSeq 2500 system using NGS services provided by the Children’s Hospital, Sheffield, 

UK. The genomic DNA specimen was extracted from eight of the sarcoma cell lines included 

in this study following the Qiagen DNeasy kit standard protocol (Qiagen, UK). The selection of 

these STS cell lines was based on the earlier results found in this PhD thesis. The established 

osteosarcoma, U2OS, was selected because it was used as a tumour control and behaved 

differently to other sarcoma cell lines included in the various experiments in this study. Two 

LMS cases, including the established SK-LMS-1 and the primary STS 02/11 W1, were selected 

for NGS analysis to follow up on earlier work in our research group that suggested the presence 

of ATM abnormality with LMS (Ul-Hassan et al., 2009, Salawu et al., 2012). Other primary 

sarcoma cell lines STS 14/10, STS 13/12 W2, STS 06/11, STS 20/11 and STS 09/10, were 

included in order to detect ATM copy number status so that this could be compared with the 

FISH data shown in section 4.2.3. Another reason for including the SK-LMS-1, 02/11 W1, STS 

14/10 and STS 20/11 sarcoma cell lines in this experiment is to determine if the changes in the 

ATM copy number are responsible for producing the truncated protein found in the western 

blotting results for these sarcoma cell lines (Figure 3.1). The normal control (hTERT-RPE1) 

and the established SKUT-1 and SW1535 cell lines were not included in this experiment for 

two reasons: firstly, as a commercial cell lines that had longer to adapt to cell culture, they 

would resemble the patient’s tumour DNA less closely; and secondly, financial constraints 

limited the number of samples.  
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The ATM copy number aberrations were identified in sarcoma cell lines from genomic 

sequencing data using the FASST2 algorithms, Nexus Copy Number Software v10.0 

(Biodiscovery). The BAM MSR algorithm employs an adjustable binning approach and utilises 

both target and off-target NGS reads. Genomic regions were binned across all exons of the 

ATM gene.  A reference file was generated from the NA12878 genome in a bottle (GIAB) DNA 

(vendor) and the number of read in each bin compared to those in the sarcoma samples in 

order to generate pseudo-log ratios. The whole genome was denoted in the software as a 

series of sections with each section, having a cluster value representing the median log-ratio 

value of all the reads found in that region. The FASST2 calling algorithm then used the cluster 

values, together with the certain thresholds, to identify the regions with CNA. Log ratio 

threshold values of -0.2 and -1.0 were used to identify a single, and two or more, copy number 

losses, respectively, while the threshold values for gains of a single, and two or more, copy 

numbers are +0.2 and +0.6, respectively. The parameters used in the algorithm to generate 

the reference and all threshold values were based on the recommendations of the 

manufacturers of the analysis software. Aberrations were displayed as ideograms (graphical 

genomic plots) which can be viewed at whole genome, chromosome and single gene/exon 

levels for easy visual analysis. The median log-ratio values are plotted as the horizontal black 

lines in the ideograms (Figure 4.7).   

 

4.2.9 NGS Analysis Showed an Aberration of ATM Copy Number in Different Sarcoma 
Cases and Confirmed the Heterozygous Deletion of ATM in the Tumour Control 
Cell Line 

 

All of the sarcoma cases analysed in this experiment showed degrees of imbalance in the ATM 

copy numbers, except for UPS 14/10, which had a normal copy number for ATM (Figure 4.7 

A). The established SK-LMS-1 cell line, the primary DDLPS 09/10 and UPS 13/12 W2 cell lines 
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showed an amplification of the ATM copy number that was detected in almost all ATM exons 

in these cases (Figure 4.7 B,C and D). In line with previous studies of ATM CNA in sarcoma 

(Ul-Hassan et al., 2009, Salawu et al., 2012), heterozygous deletion of ATM was detected in 

four sarcoma cases included in this experiment, namely the tumour control (U2OS), LMS 

02/11, UPS 06/11 and DDLPS 20/11 (Figure 4.7 E-H). ATM heterozygous deletion affected 

the whole gene in U2OS and LMS 02/11, thus confirming the loss of one ATM copy in the 

tumour control found by FISH in this study. FISH also showed 100% ATM deletion in the LMS 

02/11 W1 case in relation to the centromere (Figure 4.7 E, F and Table 4.2). The deletion of 

ATM in the other two cases, however, was only partial, affecting exons 3 to 9. The findings of 

the ATM CNA in the primary sarcoma cases included in this experiment were in concordance 

with a previous study done by an investigator in our group using Comparative Genomic 

Hybridisation CGH to detect CNA in sarcoma cell lines (Unpublished data). 
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G. STS 20/11  

 

 

 

 

 

 

H. STS 06/11 

 

 

 

 

Graphical views of the ATM gene located on 11q22.3, displaying the ATM CNA in different 

sarcoma cell lines using the BAM MSR algorithm. The annotation tracks (gene and exons) at 

the top of each ideogram show the gene name and ordered exon numbers of the ATM gene. 

The x-axis denotes the full length of the gene, and the y- axis represents the log ratio of the 

tumour against the reference. The cluster/median log-ratio values are illustrated, where the 

thick black lines above the zero line represent the detection of ATM copy number amplification, 

with the corresponding blue shaded area above the zero line, while the thick black lines below 

the zero line represent the detection of the ATM copy number deletion, with the corresponding 

red shading below the zero line. The ideograms show a balanced ATM copy number in (A), 

close similarity in the gain pattern (B, C and D), loss across all ATM exons (E, F) and a partial 

loss pattern of the ATM (G, H) in sarcoma samples. 

Gene 

Gene 

Exons 

Exons 

Figure 4.7 Graphical View of ATM CNA Identified in Different Sarcoma Cell Lines. 
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4.3 Discussion  

Although the complexity of genomic aberrations differs significantly within similar cases of 

cancer, certain genomic alterations have been found to occur frequently, and to be preserved 

even with the progression of tumours. Accumulating evidence therefore supports the current 

view that genetic instability is an enabling feature that promotes the cancer phenotype, and 

thus that recurrent CNAs harbour clues as to the pathogenesis of the tumour (Hanahan and 

Weinberg, 2011, Taylor et al., 2011). CNAs have been detected in most STS (Myllykangas et 

al., 2007). Zhang et al. (2003) suggested an association between ATM deletion and the 

development of RMS (Zhang et al., 2003). A previous study carried out in our laboratory 

reported a shared common region of chromosomal 13q and 11q imbalance in two sarcoma 

subtypes including LMS and GIST. These abnormalities include an amplification in 13q21-q32 

as well as frequent deletion in the 11q22.3 region that covers the locus of the ATM gene in 

both tumour types (Ul-Hassan et al., 2009). A recent CGH study that was also performed in 

our laboratory demonstrated copy number losses across the entire genome of 22 formalin-

fixed and paraffin-embedded (FFPE) LMS cases, which were more common than gains. The 

most frequently deleted regions found in this study included the whole or near-whole arm 

deletion of 10p, 10q, 13q, 16q, and deletion of the telomeric end of 11q (Salawu et al., 2012). 

The frequent loss in the region covering ATM detected in previous research were selected for 

comprehensive investigation and confirmation in the present study using several techniques. 

The detection of ATM copy numbers in the current study was performed by interphase FISH 

using an LSI-ATM probe that maps within the 11q22.3 region. In order to distinguish target 

locus-specific deletion from aneuploidy, chromosome enumeration DNA probes specifically 

designed for chromosome 11 (CEP11 probes) were also used (Ul-Hassan et al., 2009). These 

CEP11 probes hybridise to the centromeric region of chromosome 11 to permit the 

identification and enumeration of the chromosome 11 copy number. 
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All sarcoma cases were found to have a deletion at the ATM region in 23-100% of the cells in 

the various sarcoma cell lines (Table 4.2 and Figure 4.2), and compared well with previously 

described results generated in our laboratory (Ul-Hassan et al., 2009, Salawu et al., 2012). 

The pattern of deletion detected by FISH in this study was a decrease in the ATM copy number 

in relation to the chromosome 11 centromere copy number in all the sarcoma cell lines. In the 

blood control, the cut-off value of 10.95% represents cells that had fewer copies of ATM than 

the chromosome 11 centromere and any results from the test samples above that cut-off value 

were considered positive. Although, all sarcoma cell lines had greater than the cut-off from the 

controls (Table 4.2), it is important to mention that many of the sarcoma cell lines were 

polypoid, and that most of these cells had three or more chromosome 11 centromere (green 

signals), with relatively fewer copies of the ATM region 11q22.3 (red signals) (Figure 4.2 B and 

C). In contrast, in the blood control, no triploid cells were detected and only a small percentage 

were found to have one copy of the ATM in the presence of two copies of the chromosome 11 

centromere. 

The loss in the ATM copy number in sarcoma cell lines was further investigated in the current 

study by NGS and MLPA in order to ascertain a more accurate estimate of the ATM copy 

numbers. It was explained earlier in the MLPA results that Coffalyser.Net software detected a 

drop in signal intensity of the fragments in the peak pattern, which was not only seen in the 

MLPA peaks itself but also in the size standard peak pattern (Figure 4.4 C). Sloping of the size 

marker is one of the main issues with MLPA that is introduced during capillary electrophoresis 

and that commonly has a similar effect on the MLPA probe signals. This effect was clearly 

noted in the MLPA peak pattern, where the signal intensities of the longer MLPA fragments 

were lower than those of the shorter MLPA fragments (Figure 4.4 C). Unfortunately, the signal 

sloping in both peak patterns made data normalisation very difficult or even impossible in this 

study, since the degree of sloping detected was quite severe and could not be corrected by 
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the software, thus creating a bias in the data such that the regions with longer MLPA fragments 

may appear as a deletion during data analysis, even though they were just lower because of 

the sloping. Old gel or capillaries, too high injection or run voltages and the use of low quality 

of separation buffers are all factors that may play a role in signal sloping in the MLPA data 

produced in this chapter (http://www.mlpa.com/).  

High injection or run voltages cause large fragments to be injected at a slower rate since there 

is a preferential injection of the shorter fragments, which makes the signal intensity of the 

smaller MLPA fragments higher than those of longer ones. Old gel or capillaries, and the poor 

quality of separation buffers, also have a similar effect to high injection voltages. Old gel has 

more resistance and therefore can result in lower peaks for longer MLPA fragments, and the 

quality of the buffer used influences the sensitivity of the MLPA thus a bad buffer quality can 

cause signal sloping. Adapting the injection settings, replacing the gel, capillaries and buffer 

used in the capillary electrophoresis device, and re-loading the PCR products of MLPA 

samples again could improve sloping issue detected in this chapter (http://www.mlpa.com/). 

Unfortunately, there were no PCR products left from the MLPA experiment to re-load them into 

the capillary electrophoresis device and due to the very tight timeframe window for submitting 

the thesis the experiment could not be repeated.  

Even though the issue with sloping affected the data quality, the MLPA results included in this 

study showed a similar pattern of findings to the previous MLPA work generated in our 

laboratory in 2012 by Dr. Aliya Ul-Hassan (Figure 4.3 and 4.5). However, the Manchester 

spreadsheets used in the MLPA data analysis conducted by Dr. Ul-Hassan does not state if 

the MLPA experiment gave reliable results as they lack quality control checks. Therefore, both 

sets of data obtained cannot be seen as totally reliable, despite the apparently similar finding 

between experiments. Nonetheless, it is possible to compare and validate the MLPA data 
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produced for the ATM CNA in this study with the data generated by the FISH and NGS 

techniques reported in this chapter. For example, when considering control cell lines, FISH 

detected deletion of the ATM copy in the tumour control (U2OS) where the majority of the 

U2OS cells (93.5%) had four copies of chromosome 11 with the presence of two copies of the 

ATM gene. The majority of the normal control (hTERT-RPE1) cells had a balanced copy 

number in respect to ATM and chromosome 11, which were similar to that seen in the blood 

controls (Table 4.1, Table 4.2, Figure 4.2 A and B). The loss of ATM copy numbers in the 

U2OS cell line found by interphase FISH was also detected by NGS (Figure 4.2 A, B and Figure 

4.7 E). Furthermore, comparable findings were also found with the MLPA results, despite the 

sloping issue detected (Figure 4.6 B and D). 

Although the deletion of ATM copy number was also detected by FISH in the established SK-

LMS-1 and in the primary STS 09/10 and STS 13/12 W2 sarcoma cell lines, targeted NGS data 

showed an amplification of the ATM in these cells (Table 4.2, Figure 4.7 B,C and D ). As was 

mentioned earlier (Section 4.2.3), FISH compares ATM CNA in relation to the copy number of 

chromosome 11 centromere, and as this analysis examines individual cells it can also indicate 

the degree of heterogeneity within the cell line population (Stuppia et al., 2012, Liu et al., 2013). 

In contrast, the detection of ATM CNAs with either MLPA or from the targeted NGS examines 

the cell population in its entirety.  For the targeted NGS any given region (ATM) will be 

compared with the whole reference genome. The algorithms in the Nexus Copy Number 

software use the depth of coverage to determine an average for the whole genome then 

explore if there is a certain area that looks to be lower or higher than the average in order to 

identify ATM CNAs. This means that the targeted NGS is only able to determine the DNA copy 

number as an average and does not provide detailed information about the aneuploidy and 

heterogeneity of the sample.  
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Although there was general agreement amongst the techniques for the control lines, for the 

sarcoma cell lines there was inconsistencies in relation to ATM copy number status. FISH 

indicated deletion of ATM in the SK-LMS-1, STS 09/10 and STS 13/12 W2 sarcoma cell lines 

(Table 4.2). A review of the median log ratios generated from the targeted NGS in the ATM 

region of the SK-LMS-1 cell line showed that the ratios were just around the thresholds set for 

the algorithm (Figure 4.7 B), and FISH analysis of this cell line suggested a significant 

heterogeneity which would make it less likely that NGS would be able to arrive at an accurate 

determination of the ATM copy numbers in this cell line (Liu et al., 2013). The median log ratios 

in STS 09/10 and STS 13/12 W2 were however more convincing and the inaccurate call by the 

FASST2 algorithm used to call ATM CNAs from NGS data in these two cell lines was probably 

due to the increased number of ATM signals, which were greater than two confirmed in FISH 

despite a low ATM to centromere ratio that was in keeping with an overall deletion of the ATM 

(Figure 4.7 C, D and Table 4.2).. 

The MLPA results for the SK-LMS-1 and STS 13/12 W2 cell lines could also correlate to that 

generated by NGS, in spite of the difficulty in the interpretation of the MLPA data in this study 

(Appendix 3, Figure 4.7 B and D). The correlation between NGS and MLPA results was indeed 

expected. The reason is that the detection of ATM CNA by the MLPA test is based on the 

comparison with the normal DNA copy numbers of the genes located at off target parts of the 

genome (internal reference probes); although, with the external normal reference samples, and 

similar to NGS, the MLPA test is not capable of detecting the degree of heterogeneity in the 

sample (Stuppia et al., 2012). Although the correlation between results was expected, many 

factors may affect the reproducibility of the MLPA test performed on cancer cells, including a 

significant chance that the off target genomic loci (internal reference probes) will be abnormal 

in tumour samples, which would make accurate determinations difficult through MLPA alone.  
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The deletion of the ATM copy number was also detected by FISH in other sarcoma cell lines, 

including the primary STS 06/11 and the established SKUT-1 and SW1535 (Table 4.2). The 

NGS analysis and MLPA data, however, showed almost balanced copies for the ATM in the 

primary sarcoma cell line (Figure 4.7 H and Appendix 3). MLPA also showed almost normal 

results for the established sarcoma cell lines (Appendix 3). FISH analysis revealed that the 

majority of cells in STS 06/11 (71%), and about half of cells in SKUT-1 (50.5%) and SW1535 

(54%) had two ATM signals despite signals of chromosome 11 (Table 4.2) and that could be 

the reason why the NGS and MLPA analysis underestimated the deletion of the ATM copy 

number detected by FISH and the population of cells with ATM CNA was possibly undetected. 

Although results for the ATM CNA detected by FISH, NGS and MLPA were inconsistent in 

some sarcoma cases, both FISH and NGS data showed a loss of the ATM copy number in the 

tumour control (U2OS) and in the primary STS 02/11 W1 (Table 4.2 and Figure 4.7 F). Similar 

findings have been also generated by MLPA for these two cell lines (Appendix 3). The 

aneuploidy in both cell lines has been confirmed by FISH, where most of the U2OS cells had 

four and two copies of the chromosome 11 and ATM, respectively. Similarly, the vast majority 

of cells in STS 02/11 W1 showed an extra (8-11) copies of chromosome 11 with two or three 

copies of the ATM. Even though the NGS experiment was not focused on detecting ATM CNA 

in relation to chromosome 11, the calling algorithms were more likely to succeed in making the 

correct call in these two cases because of the big disparity found in the ratio between ATM and 

chromosome 11. 

As it was mentioned in section 4.2.8, the targeted NGS panel examined other cancer genes 

than ATM (Appendix 4) and provided information on whether any meaningful or known 

mutations were detected for any of these genes in the cancer panel. There was no evidence 

from the initial findings of known mutations for any gene on the cancer panel.  Although this at 
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first may seem surprising sarcomas reported to be driven by CNA rather than mutational 

changes. Furthermore, the ATM gene is a large gene and reported mutations are spread 

throughout the genes affecting many of the 66 exons (Weber et al., 2016). It is therefore not 

possible from the initial NGS screening to establish if a meaningful ATM mutation exists in any 

sarcomas studied here, and further more detailed analysis of the data is required.    

In summary, all sarcoma cases were found by FISH to have a relative deletion in the region 

containing the ATM, in parallel with the previously published data generated in our laboratory 

(Ul-Hassan et al., 2009, Salawu et al., 2012). MLPA and NGS were undertaken in order to 

identify if any hotspots for mutation or deletion of the ATM genes existed, and although there 

was some disagreement with the FISH data presumably resulting from the heterogeneity of 

the cell lines, there were some variation reported for different exons of the ATM gene that may 

provide clues for the basis of further investigation. 
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CHAPTER FIVE 

 
5 FINAL DISCUSSION  
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Figure 5.1 Summary of Approaches used and Major Findings of this PhD Study 
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5.1 Final Discussion 

5.1.1 Objective of this Work  

As some types of sarcoma may initiate through a combination of defective DNA repair 

mechanisms, together with radiation exposure inducing DNA damage (So et al., 2009, 

Burningham et al., 2012), this investigation examined the involvement of ATM as a key 

regulator of DNA-DSBs damage (Burma et al., 2001, Nakamura et al., 2010) and previously 

shown as deleted in sarcoma (Ul-Hassan et al., 2009, Salawu et al., 2012).  

 

5.1.2 Sarcomas have frequent ATM CNA, but protein expression and functional 

response are detectable. 

A summary of the workflow and findings of the projects are presented in figure (5.1). Initially, 

to confirm if the ATM protein is expressed in the sarcoma samples, Western blotting was 

performed and showed clear expression of the ATM protein at 370 kDa in all cell lines tested 

(Figure 3.1).  A loss of ATM copy number was confirmed for the sarcoma cell lines using a 

number of methodologies (Chapter 4), but did not affect expression of the ATM protein. The 

expression of the ATM protein was however not entirely comparable, appearing to be higher 

in sarcoma samples which showed a truncated protein product below the expression of the 

ATM (Figure 3.1). Mutations in the ATM gene, causing reduction/loss of protein function have 

also been reported and linked to the development of other tumours (Scott et al., 2002), 

suggesting that mechanisms other than deletion may be important to the expression of ATM 

in the sarcoma cell lines tested in this study. Non-identical expression of the ATM found in this 

study, together with the appearance of truncated protein product have also been detected 

previously in rhabdomyosarcoma study, and attributed to the possibility of ATM mutations in 

sarcoma samples (Zhang et al., 2003). On the other hand, alternative mechanisms for causing 
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ATM inactivation in sarcoma are possible, such as DNA methylation, as has been described 

in breast cancer (Vo et al., 2004).  

To establish if mutations of ATM were present in sarcomas a two-stage approach was taken. 

Initially because of the large size of the ATM gene, MLPA was used, rather than sequencing, 

to potentially identify hotspots of CNA worthy of further exploration. Latterly, NGS was 

performed on a subsection of sarcomas using a cancer gene panel, but although there was 

some indication of selective exon targeting for CNA with both methodologies, no known 

mutations were reported for the ATM gene or indeed any other genes in the cancer panel.  

Inhibition of the ATM kinase was undertaken to explore the ability of the sarcomas to repair 

DNA-DSBs following radiation, and to see how mutations / deletion of ATM may affect the 

response.  A significant increase in radio-sensitivity in all cell lines tested, was found following 

inhibition (Figure 3.9), indicating that ATM was functional, as this response was not seen in A-

T patients who had functionally deficient ATM (Hickson et al., 2004). There is however some 

conflict on the impact of this inhibition, as control samples in the H2AX assay could not respond 

following inhibition ATM kinase activity whilst sarcomas (not U2OS) could all initiate a response 

(Figure 3.3 and 3.6).  

 

5.1.3 How are sarcomas able to respond to DNA-DSBs despite inhibition of ATM 

Kinase? 

It is important to note that the kinetics of the H2AX response for the sarcomas was varied after 

inhibition, while the H2AX data showed complete inhibition of ATM kinase activity in the control 

samples following ATM inhibitor treatment, a higher proportion of gH2AX foci formation was 

detected in sarcoma samples. This would be explained by the utilisation of sarcoma to other 

repair pathways, such as DNA-PK, however, this was not seen in the control when ATM kinase 
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was inhibited. A very high degree of heterogeneity in ATM copy signals was detected by FISH 

in the sarcoma samples, in contrast to the results for both the normal hTERT-RPE1, and the 

tumour control, U2OS, which showed only two cell populations, with the majority having two 

ATM signals. This also could be another explanation for why the kinetics of  H2AX response 

for the sarcomas was varied after ATM inhibition. The observations for both sarcoma and 

control samples could also raise the  possibility that an “abnormal” ATM in the sarcomas may 

not have been adequately inhibited due to a mutation; this is especially because ATM kinase 

activity was blocked in the control samples when the ATM was inhibited. 

 

5.1.4 Could mutations of ATM or its kinase be responsible for the ability to recruit 

H2AX and induce a radiation damage response? 

Despite loss of a single ATM copy, for the tumour control, U2OS, the H2AX data for this cell 

line demonstrated proficient phosphorylation of H2AX post 2Gy IR, which was equivalent to 

the response in the normal control, hTERT-RPE1 (Table 4.2, Figure 4.7 E, Figure 3.6 A and 

B) and both cell lines were equally inhibited following treatment with the ATM inhibitor. In a 

previous study, U2OS was used as it was considered to be wild type for ATM (Takagi et al., 

2004) and thus able to respond to damage, so it could be assumed that there is wild type ATM, 

inhibition of its kinase affects its ability to respond.  

The possibility that ATM mutations can be detected in sarcoma is interesting, and potentially 

raises the important question of how that interferes with the pattern of functional response seen 

in this project for sarcoma samples. Since ATM exists as a dimer in the cell, the possibility that 

mutation in the ATM can exert a dominant interfering effect on the normal ATM kinase activity 

in sarcoma samples should be considered, alongside the dominant interfering effect previously 

described among breast cancer patients who had certain ATM mutations (Scott et al., 2002). 
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As stated earlier in this thesis, the dominant interfering effect appears with missense mutations 

that result in the production of a full-length protein, similar to that seen in the Western blotting 

data in this project (Figure 3.1), although, this protein contains amino acid changes that may 

affect/compromise the protein function. Moreover, it is important to note that even though ATM 

was found to be deleted in this study, this deletion was in relation to the chromosome copy 

number, and many of the sarcomas had at least one or more copies of ATM. If one were to 

assume that the sarcoma samples had one mutant ATM allele but retained a second wild type 

second allele, this would then explain the dominant interfering effect of this mutation on the 

sarcoma samples and clarify the differences in behaviour between the sarcoma and control 

samples. ATM mutations including truncating, frame-shift or splice sites have been reported to 

affect protein function and expression in cancer, however, around 70% of the ATM mutations 

described in cancer to date are missense mutations. Recently, Weber et al. (2016), showed no 

or only limited impact of the ATM missense mutations on its normal function in non-small cell 

lung cancer following IR response (Weber et al., 2016). In order to investigate this possibility, 

however, it would be necessary to conduct ATM mutational analysis of the sarcoma samples. 

Previous studies have demonstrated that mutation either in S1987 (the ATM 

autophosphorylation site in mice which corresponds to the ATM autophosphorylation site, 

S1981, that acts as an ATM activation marker in humans) or in the three conserved ATM 

autophosphorylation sites, S367, S1899 and S1987 in mice (which correspond, respectively, 

to S367, S1893 and S1981 in humans) showed no effect on the signalling of ATM dependent 

downstream substrates. These findings suggest the involvement of other mechanisms of DNA 

damage induced activation of ATM rather than the prominent ATM autophosphorylation sites 

(Pellegrini et al., 2006, Daniel et al., 2008). If this were the case with the sarcoma samples 

included in this study, however, this observation would not be in a line with the finding that 
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controls displayed complete inhibition of the ATM kinase activity following the treatment with 

the ATM inhibitor. 

 

5.1.5 Is deletion of ATM copy number relevant or just a marker? 

 

Although, FISH analysis of the sarcoma samples included in this study revealed ATM deletion, 

it is worth mentioning that ATM may not be the exclusive target because the size of the FISH 

probe used for ATM in this study was approximately 732 kb, thus spanning the entire 150 kb 

of ATM gene in addition to a number of other genes, including RAB39, CUL5 and EXPH5. 

EXPH5 is a RAS related protein RAB27B effector protein and the deregulation of RAB27b has 

been associated with the pathogenesis of bladder cancer (Ho et al., 2012). The downregulation 

of CUL5, PPP2R1B and NPAT genes involved in cell cycle regulation and apoptosis has been 

implicated previously with the pathogenesis of B-cell leukaemia (Kalla et al., 2007). Also, CUL5 

has been found to be downregulated in breast cancer (Fay et al., 2003). Recently, RAB39, a 

member of a RAS oncogene family that had never previously been studied in cancer biology, 

has been found to promote tumorigenesis (Chano and Avnet, 2018). The clear expression of 

ATM, and the functional aspect of the kinase activity of the ATM in sarcoma samples included 

in this project, with FISH detected deletion in 11q22.3, could suggest genes other than ATM 

within the 11q22.3 region may also be involved, and could also raise the possibility that ATM 

may not be deleted/mutated and, therefore, is not the target. The ATM mutational analysis is 

therefore particularly required to answer all these inquiries. Unfortunately, the three genes 

other than ATM are not in the cancer panel and therefore it is difficult to verify their status. The 

NGS data did not indicate any mutations of ATM or any other genes on the cancer panel. This 

data however because of the analysis pipeline only reflects well characterised mutations, and 

therefore does not mean that variants/mutations exist both for the ATM gene and other genes 
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on the cancer panel.  Unfortunately, because of time constraints, a more in depth analysis of 

the NGS data, to explore this possibility for “silent” mutations, was not permissible.   

 

5.2 Limitations of this Study 

The main limitation of this study was the inability to repeat the MLPA test due to the lack of 

time at the end of this PhD. Since ATM is a very large gene and contains about 66 exons, its 

mutational screening would be expensive and time consuming and therefore, the plan of the 

study was to look at the gene as its entirety by performing the MLPA to give an overall answer 

across such a big gene and to determine if there are any specific hotspots. Any regions 

containing mutations identified by MLPA were then subjected to DNA sequencing in order to 

determine the specific mutation(s) present.  

 

5.3 Future Work 

The results from the current study confirmed the previous suggestion of ATM deletion in 

sarcoma, however, this does not affect protein expression in sarcoma samples included in this 

study. ATM mutations have been reported previously in cancer. For both these reasons, ATM 

mutational analysis is the immediate future work in this study, since this will provide further 

information about many issues raised in this study, including the truncated protein found in the 

Western blotting results for the sarcoma cell lines and the differences in the mechanisms of 

ATM functioning between the sarcoma and control cell lines.  
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Appendix 1 

Table A: Probe Position and Size for SALSA MLPA Probe Set (P041-B1 ATM) 

Length of the Nucleotide (nt)  Probe Position 

130 3q21 
136 Exon 10 

142 Exon 17 

148 Exon 46 

154 2q12 
160 7q21 
167 Exon 26 

173 Intron 1 

178 Exon 31 

184 Exon 49 

192 Exon 33 

196 Exon 2 

205 Exon 16 

209 20q11 
217 Exon 53 

223 Exon 27 

229 15q25 
234 Exon 4 

242 Exon 14 

249 Exon 62 

255 Exon 34 

261 Exon 56 

268 5p15 
274 Exon 40 

280 Exon 5 

287 Exon 57 

292 Exon 37 

301 16q13 
310 Exon 29 

319 Exon 6 

328 Exon 22 

337 Exon 38 

345 Exon 59 

355 8q22 
362 Exon 1 

373 Exon 23 

382 Exon 8 

391 Exon 61 

409 17q21 
418 Exon 1 

427 Exon 42 

436 Exon 19 

445 13q14 
463 Exon 44 

485 18q21 
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Table B: Probe Position and Size for SALSA MLPA Probe Set (P042-B1 ATM) 

Length of the Nucleotide (nt) Probe Position 

131 3q21 
136 7p14 
142 Exon 30 

150 Exon 3 

156 Exon 21 

161 Exon 32 

170 Exon 28 

178 Exon 43 

184 9p24 
191 Exon 24 

198 Exon 48 

203 Exon 35 

209 Exon 25 

215 Exon 11 

220 Exon 47 

232 Exon 60 

238 Exon 55 

250 Exon 7 

256 4q25 
262 Exon 15 

273 Exon 61 

280 Exon 51 

286 Exon 63 

292 Exon 18 

301 6q22 
311 Exon 45 

319 3q13 
328 Exon 36 

341 Exon 41 

346 Exon 52 

358 Exon 50 

365 5q33 
373 Exon 13 

382 Exon 39 

394 Exon 54 

401 8q12 
412 Exon 12 

419 Exon 62 

427 Exon 58 

436 1q23 
448 Exon 20 

454 13q13 
463 Exon 9 

474 Exon 62 

485 18q21 
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Appendix 2 

 

A.  

 

 

 

 

 

 

 

 

Western Blot Analysis of the Total ATM using Two Antibodies Provided from 

(Santa Cruz, USA) and (Abcam, UK). 

Western blotting of ATM protein in different sarcoma cell lines. 20µg of the whole cells 

lysate were separated on 4-7% gradient SDS-PAGE gels and immunoblotted with two 

monoclonal antibodies resaid against ATM (Santa Cruz, USA) (top panel) and 

(Abcam, UK) (middle panel). The expression of the ATM protein was detected at 370 

kDa in all sarcoma cells by both antibodies however, bands obtained by using (Abcam, 

UK) (middle panel) were clearer. β-Actin was used as a loading control and was 

expressed at 42 kDa in all samples. 
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B. 

  

 

 

 

 

 

 

 

Western Blotting Analysis of the ATM Protein Extracted from Established and 

Primary Sarcoma Cell Lines Using (PI) and (PPI).  

 

Western blot displays the expression of ATM at 370 kDa using mouse monoclonal 

primary antibody [ATM (2C1 (1A1))] (Abcam, UK). The whole cells lysates were 

obtained by using lysis buffer with (PI) (A) and with (PPI) (B). The extracts from the 

established and primary cell lines showed a 350 kDa band corresponding to the ATM 

protein of normal size in both lysate extracted with (PI) and (PPI). The expression of 

the extra band under the ATM was detected in both cellular extracts (A) and (B). β-

Actin was used as a loading control and was expressed at 42 kDa in all samples. 
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Appendix 3 

 

MLPA PDF Reports Generated by Coffalyser.Net Software for Normal and 

Sarcoma Cell Lines Included in this Study 
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  Reference DNA Sample 
Sample report: 15

Sample type: Reference | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 13%

FRSS: Warning 70%
FRMS: OK 95%
PSLP: OK 9%
RSQ: OK
RPQ: OK
CAS: OK 100%

D [nt]

418

GeneaExon
ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

1363

Area

10643

Ratio
H

0.98

Stdev

0.09

[REF]

=

[Sam]

=

Width

46

d[nt]

-0.1
1538 11502 0.97 0.08 = = 45 0.0
3740 21170 1.03 0.09 = = 47 -0.1
2150 12377 1 0.09 = = 43 0.0
2257 13205 1 0.07 = = 41 0.0
2010 12680 0.98 0.06 = = 42 0.0
1697 11586 0.98 0.05 = = 42 0.0
1654 12268 1 0.09 = = 48 0.0
3757 20988 1.02 0.08 = = 33 0.0
2368 14096 1.01 0.1 = = 39 0.0
2601 14733 1 0.06 = = 37 0.0
3004 17124 1.07 0.1 = = 35 0.0
1172 9818 0.94 0.12 = = 49 -0.1
1359 8919 1 0.13 = = 39 0.0
1298 9303 1.01 0.09 = = 44 0.0
3227 17791 1.01 0.1 = = 41 0.0
1893 11129 0.98 0.08 = = 32 0.0
2296 14900 0.97 0.08 = = 35 0.0
2966 16788 0.99 0.05 = = 39 0.0
3594 20181 1 0.08 = = 34 0.0
2244 13520 0.98 0.09 = = 39 0.0
1298 8165 0.96 0.06 = = 34 0.0
1432 9529 0.97 0.06 = = 40 0.0
1954 12501 0.97 0.08 = = 38 0.0
947 7590 0.94 0.06 = = 36 -0.1
992 8376 0.99 0.11 = = 49 0.0
3100 17331 0.99 0.05 = = 39 0.0
3003 16854 1.03 0.1 = = 37 0.0
2657 15430 0.95 0.06 = = 39 -0.1
2081 12406 0.94 0.06 = = 39 0.0
1903 11844 0.95 0.07 = = 40 0.0
1528 10767 0.97 0.12 = = 39 -0.1
1245 9391 0.98 0.07 = = 37 -0.1
2857 17144 1 0.09 = = 46 0.0
3204 18036 1 0.05 = = 39 0.0
3489 19857 1.02 0.06 = = 42 0.0
1988 12244 0.97 0.06 = = 34 0.0
2847 16120 0.99 0.05 = = 36 0.0
1327 9301 1.02 0.08 = = 40 -0.1
1169 9794 1.01 0.08 = = 52 -0.1
2303 13325 0.96 0.06 = = 35 0.0
1628 10475 0.99 0.07 = = 38 0.0
1031 7857 1.04 0.07 = = 44 0.0
998 8642 0.96 0.06 = = 46 0.0
2542 14695 1.06 0.11 = = 41 0.0
2010 12406 0.99 0.08 39 a0.01

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 15

Sample type: Reference | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Male
Residual primer % OK 11%

FRSS: Warning 70%
FRMS: OK? 75%
PSLP: OK -2%
RSQ: OK
RPQ: OK
CAS: OK 90%

D [nt]

150

GeneaExon
ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999512

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

13431

Area

137046

Ratio
H

1.03

Stdev

0.05

[REF]

=

[Sam]

=

Width

86

d[nt]

0.0

9912 103343 0.96 0.11 = = 33 0.0

4323 67361 0.93 0.11 = = 84 -0.1

10795 109825 0.96 0.11 = = 33 0.0

4235 58729 0.95 0.11 = = 75 0.0

5076 67668 1.03 0.06 = = 80 0.0

8531 95859 0.98 0.13 = = 74 0.0

7767 89662 1 0.06 = = 64 0.0

5098 76378 0.94 0.12 = = 90 0.0

11448 137355 1.05 0.1 = = 86 0.0

11885 124180 0.96 0.1 = = 72 0.0

6622 67514 1.01 0.04 = = 19 1.0

12385 124255 1.01 0.08 = = 34 0.0

13520 138472 0.97 0.08 = = 60 0.0

12917 126549 0.98 0.09 = = 38 0.0

11572 117586 0.97 0.1 = = 35 0.0

6155 74780 1.02 0.04 = = 79 0.0

5854 76717 0.96 0.1 = = 80 0.0

6513 80298 1 0.05 = = 73 0.0

8692 86203 0.98 0.09 = = 39 0.0

8481 100437 0.95 0.1 = = 60 0.0

10245 112888 1.04 0.04 = = 92 0.0

10536 106661 0.99 0.04 = = 36 0.0

6039 77346 0.94 0.1 = = 65 0.0

8114 87651 0.99 0.05 = = 35 0.0

5672 67682 0.97 0.06 = = 74 0.0

4822 64283 1 0.05 = = 66 0.0

8490 90089 0.97 0.05 = = 62 0.0

3909 55158 0.96 0.06 = = 71 -0.1

10047 104098 1.01 0.05 = = 35 0.0

9444 101431 0.95 0.1 = = 34 -0.1

4072 62164 0.95 0.11 = = 78 0.0

4609 65587 1.01 0.12 = = 75 0.0

8155 91853 0.96 0.06 = = 58 0.0

3619 51790 1.04 0.08 = = 90 -0.1

7035 84526 1 0.04 = = 64 0.0

12219 120498 1.02 0.05 = = 32 0.0

7853 81236 0.98 0.08 = = 31 0.0

5097 65492 0.98 0.04 = = 74 0.0

6203 70464 0.97 0.04 = = 34 0.0

13000 136574 1.03 0.05 = = 98 0.0

4443 60473 0.96 0.05 = = 76 0.0

8602 89162 0.99 0.05 = = 82 0.0

5049 74215 1.03 0.04 = = 90 0.0

3483 55178 0.96 0.04 = = 82 0.0

7853 86203 0.98 0.06 71 a0.01

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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  U2OS 
Sample report: 1

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 11%

FRSS: Warning 70%
FRMS: OK 95%
PSLP: Bad 75%
RSQ: OK
RPQ: Bad
CAS: Warning 65%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

1622

Area

12812

Ratio
H

0.61

Stdev

0.14

[REF]

<a
[Sam]

?

Width

44

d[nt]

0.0
1709 13177 0.54 0.12 <<a ? 58 0.1
3129 17777 0.36 0.08 <<a <a 35 0.0
2070 11882 0.42 0.09 <<a <a 47 0.1
2124 12648 0.42 0.09 <<a <a 44 0.0
2189 14117 0.49 0.1 <<a <a 51 0.0
2031 14189 0.56 0.12 <<a <a 62 0.0
1770 13683 0.54 0.12 <<a <a 57 0.0
3113 17909 0.35 0.08 <<a <a 43 0.0
2252 13816 0.43 0.1 <<a <a 34 0.0
2833 16320 0.47 0.1 <<a <a 47 0.0
2311 13240 0.34 0.07 <<a <a 38 0.0
1270 10971 0.54 0.13 <a <a 49 -0.1
1439 9424 0.51 0.13 <<a <a 36 0.0
1371 10307 0.53 0.12 <<a <a 49 0.1
2900 16212 0.38 0.09 <<a <a 37 0.0
1765 10441 0.4 0.09 <<a <a 39 0.0
2341 15754 0.47 0.1 <<a <a 52 0.0
2664 15142 0.38 0.08 <<a <a 46 -0.1
2910 17039 0.35 0.08 <<a <a 44 0.1
2073 12947 0.41 0.09 <<a <a 48 0.0
1476 9237 0.51 0.11 <<a <a 38 0.0
1727 11601 0.57 0.12 <<a <a 42 0.1
1909 12467 0.44 0.1 <<a <a 37 0.1
1367 11097 0.72 0.16 = = 40 0.1
1187 10073 0.64 0.15 <a ? 46 0.1
2772 16348 0.37 0.08 <<a <a 40 0.0
2448 14369 0.36 0.08 <<a <a 44 0.0
2801 16429 0.44 0.09 <<a <a 33 0.0
2279 13230 0.47 0.1 <<a <a 30 0.1
2223 13964 0.52 0.11 <<a ? 50 0.0
1520 10539 0.47 0.11 <<a <a 44 0.1
1804 13451 0.72 0.16 = = 42 0.0
2574 15601 0.41 0.09 <<a <a 34 0.1
6723 38372 0.87 0.18 = = 43 0.0
6313 37376 0.75 0.16 = = 50 0.0
5375 32998 1.21 0.26 = = 55 0.0
5775 33262 0.84 0.18 = = 52 0.0
3862 27269 1.47 0.33 >a ? 49 0.1
2015 16567 0.93 0.2 = = 58 0.0
4944 29240 0.92 0.2 = = 45 0.0
4626 29919 1.32 0.28 ? ? 55 0.0
3005 22680 1.57 0.33 >a ? 44 0.1
2128 18788 1.14 0.25 = = 58 0.1
5329 31270 0.97 0.21 = = 37 0.0
2252 14189 0.51a 0.11a 44 0.02

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 1

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 9%

FRSS: Warning 70%
FRMS: OK? 80%
PSLP: Bad 81%
RSQ: OK
RPQ: Bad
CAS: Warning 65%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999512
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

10574

Area

109983

Ratio
H

0.53
Stdev

0.11

[REF]

<<a
[Sam]

<a

Width

64

d[nt]

0.0
8796 92466 0.48 0.11 <<a <a 35 0.0
5486 84839 0.46 0.11 <<a <a 94 0.1
8035 82993 0.42 0.09 <<a <a 45 0.0
4927 68104 0.47 0.11 <<a ? 85 0.0
5904 78858 0.54 0.11 <<a ? 85 0.0
7090 75291 0.44 0.1 <<a <a 35 0.0
8048 94094 0.54 0.11 <<a <a 76 0.0
6172 90054 0.46 0.11 <<a <a 78 0.1
7579 78216 0.45 0.1 <<a <a 32 0.0
8845 92512 0.44 0.1 <<a <a 56 0.0
5677 57898 0.51 0.1 <<a <a 20 1.0

8912 90175 0.46 0.1 <<a <a 34 0.0
9161 94081 0.43 0.09 <<a <a 36 0.0
8985 90453 0.44 0.09 <<a <a 38 0.0
8566 87303 0.43 0.09 <<a <a 38 0.0
6796 83246 0.55 0.11 <<a <a 101 0.0
6074 79208 0.45 0.1 <<a <a 78 0.0
7244 92310 0.53 0.11 <<a <a 79 0.0
6292 65548 0.44 0.1 <<a <a 58 0.0
8370 98046 0.47 0.11 <<a <a 59 0.1
9208 97071 0.54 0.11 <<a <a 50 0.0
9251 95049 0.53 0.1 <<a <a 37 0.0
5886 76744 0.43 0.1 <<a <a 99 0.0
7802 86234 0.51 0.1 <<a <a 60 0.0
6013 73604 0.49 0.1 <<a <a 94 0.0
5957 80533 0.54 0.11 <<a ? 92 -0.1
7921 85331 0.51 0.1 <<a <a 70 0.0
5304 74054 0.54 0.11 <<a ? 78 0.1
8885 91978 0.51 0.1 <<a <a 36 0.0
8577 92054 0.46 0.1 <<a <a 36 0.0
5623 85543 0.51 0.12 <<a ? 89 0.0
5355 76421 0.5 0.11 <<a ? 78 0.0
7984 90809 0.5 0.1 <<a <a 62 0.0
11002 156680 1.29 0.27 = = 81 0.2
10922 133317 0.77 0.15 = = 61 0.1
18087 190457 1.02 0.2 = = 46 0.0
9891 103768 0.68 0.14 <a <a 35 0.1
12261 163323 1.09 0.21 = = 73 0.1
13977 157953 1.11 0.22 = = 50 0.1
26990 277648 1.43 0.28 >a ? 73 0.0
11094 153804 1.04 0.21 = = 88 0.0
11759 120915 0.84 0.16 = = 78 0.0
9678 140532 0.79 0.15 = = 106 0.1
8239 128775 0.86 0.17 = = 105 0.0
8239 90809 0.51a 0.11a 64 0.02

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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  SK-LMS-1 
Sample report: 2

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization

Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 12%

FRSS: Warning 70%
FRMS: Warning 70%
PSLP: OK -8%
RSQ: Warning
RPQ: Bad
CAS: Bad 35%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830

362 ATM-1 11q22.3 11-107.598966

173 ATM-Intr.1 11q22.3 11-107.600753

196 ATM-2 11q22.3 11-107.603560

234 ATM-4 11q22.3 11-107.605158

280 ATM-5 11q22.3 11-107.611683

319 ATM-6 11q22.3 11-107.619924

382 ATM-8 11q22.3 11-107.622916

136 ATM-10 11q22.3 11-107.626777

242 ATM-14 11q22.3 11-107.632194

205 ATM-16 11q22.3 11-107.634921

142 ATM-17 11q22.3 11-107.643137

436 ATM-19 11q22.3 11-107.646985

328 ATM-22 11q22.3 11-107.648710

373 ATM-23 11q22.3 11-107.655436

167 ATM-26 11q22.3 11-107.660224

223 ATM-27 11q22.3 11-107.663610

310 ATM-29 11q22.3 11-107.665703

178 ATM-31 11q22.3 11-107.669339

192 ATM-33 11q22.3 11-107.673233

255 ATM-34 11q22.3 11-107.675638

292 ATM-37 11q22.3 11-107.680715

337 ATM-38 11q22.3 11-107.683830

274 ATM-40 11q22.3 11-107.688294

427 ATM-42 11q22.3 11-107.691970

463 ATM-44 11q22.3 11-107.695883

148 ATM-46 11q22.3 11-107.701285

184 ATM-49 11q22.3 11-107.705086

217 ATM-53 11q22.3 11-107.708696

261 ATM-56 11q22.3 11-107.711788

287 ATM-57 11q22.3 11-107.719162

345 ATM-59 11q22.3 11-107.723225

391 ATM-61 11q22.3 11-107.730735

249 ATM-62 11q22.3 11-107.740982

154 Referencea 02q12.3 02-108.906225

130 Referencea 03q21.3 03-129.999512

268 Referencea 05p15.31 05-009.490899

160 Referencea 07q21.3 07-093.873480

355 Referencea 08q22.3 08-105.578750

445 Referencea 13q14.3 13-050.428652

229 Referencea 15q25.2 15-082.497791

301 Referencea 16q13 16-055.490937

409 Referencea 17q21.2 17-037.637569

485 Referencea 18q21.1 18-045.630186

209 Referencea 20q11.23 20-034.978521

Median value all probe values: 

Height

2069

Area

15432

Ratio
H

1.33

Stdev

0.31

[REF]

?
[Sam]

?

Width

38

d[nt]

0.0

2327 17377 1.26 0.29 = = 41 0.0

6077 34247 1.24 0.29 = = 34 -0.1

3297 18337 1.16 0.28 = = 34 0.0

3435 20132 1.18 0.27 = = 38 0.0

3574 22606 1.4 0.32 >a ? 50 0.0

2930 19738 1.4 0.31 >a ? 46 0.0

2289 16741 1.19 0.28 = = 52 0.0

6025 34625 1.18 0.27 = = 50 0.0

3602 21579 1.2 0.29 = = 52 0.0

4234 24253 1.24 0.28 = = 42 0.0

4493 26423 1.16 0.28 = = 47 0.1

1724 14383 1.25 0.31 = = 40 0.0

1942 12234 1.19 0.29 = = 35 0.0

1684 12188 1.13 0.26 = = 42 0.0

4893 27419 1.14 0.27 = = 42 0.0

3258 18597 1.29 0.3 = = 45 0.0

3618 23446 1.26 0.29 = = 46 0.0

5190 30098 1.29 0.29 = = 50 0.0

5645 31695 1.18 0.27 = = 36 0.0

3211 19262 1.1 0.26 = = 51 0.0

2053 12824 1.24 0.28 = = 44 0.0

2221 14878 1.26 0.28 = = 41 0.0

2872 17988 1.14 0.26 = = 50 0.0

1346 11174 1.21 0.27 = = 61 0.0

1229 9983 1.13 0.27 = = 38 0.0

5536 30821 1.29 0.29 = = 39 0.0

4265 24468 1.09 0.26 = = 36 0.0

4483 26498 1.22 0.27 = = 35 0.0

3416 20078 1.22 0.27 = = 38 0.0

3256 20080 1.31 0.29 ? >a 38 0.0

2227 14824 1.19 0.29 = = 35 0.0

1891 14011 1.3 0.29 ? ? 41 -0.1

4328 25905 1.19 0.28 = = 44 0.0

3621 20843 0.82 0.19 = = 44 0.0

5397 31255 1.14 0.26 = = 43 0.0

3063 18592 1.19 0.27 = = 53 0.0

3741 21072 0.95 0.21 = = 42 0.0

2503 17143 1.64 0.38 >a ? 41 0.0

852 7058 0.67 0.15 <a ? 42 0.0

2567 15065 0.83 0.18 = = 40 0.0

2529 16062 1.26 0.29 = = 52 0.0

698 5663 0.63 0.15 <a <a 53 0.0

1106 9737 1 0.22 = = 51 0.0

5881 34458 1.88 0.47 >a ? 49 0.0

3256 19262 1.19 0.28a 42 -0.01

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 2

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 10%

FRSS: Warning 70%
FRMS: OK? 75%
PSLP: OK -3%
RSQ: Warning
RPQ: Bad
CAS: Warning 50%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999512
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

15338

Area

156522

Ratio
H

1.27

Stdev

0.24

[REF]

=

[Sam]

=

Width

68

d[nt]

0.0
13868 144554 1.53 0.33 >a ? 65 -0.1
5514 82781 1.49 0.33 >a >a 88 0.0
14166 143735 1.41 0.3 ? ? 33 0.0
5393 73221 1.49 0.33 >a >a 90 0.0
5655 72432 1.39 0.27 >a >a 56 0.0
11582 123258 1.52 0.34 >a ? 46 0.0
9152 103572 1.36 0.26 >a ? 85 0.0
6461 92742 1.5 0.33 >a >a 83 0.0
14479 161766 1.45 0.3 >a ? 49 0.0
15589 158680 1.39 0.3 ? ? 50 0.0
8058 83421 1.37 0.26 >a ? 34 1.0

16950 170023 1.51 0.31 >a ? 37 0.0
17982 184712 1.39 0.28 >a ? 49 0.0
17190 167030 1.42 0.29 >a ? 33 0.0
15666 156962 1.45 0.3 >a ? 34 0.0
7022 84923 1.38 0.26 >a ? 108 0.0
8089 102549 1.61 0.35 >a >a 73 0.0
7595 91423 1.39 0.26 >a >a 92 0.0
11379 112416 1.41 0.29 >a ? 47 0.0
10997 128643 1.44 0.31 >a ? 75 0.1
11478 119571 1.3 0.25 >a ? 63 0.0
12926 131959 1.35 0.25 >a ? 40 0.0
7917 98631 1.48 0.32 >a >a 91 0.0
9340 99487 1.32 0.25 >a ? 43 0.0
7047 82593 1.43 0.28 >a >a 81 0.0
5946 78263 1.51 0.28 >a >a 77 0.0
10569 114293 1.36 0.26 >a ? 96 0.0
4606 63085 1.4 0.27 >a >a 68 0.0
12308 125895 1.39 0.27 >a ? 36 0.0
13077 137953 1.52 0.32 >a ? 36 0.0
5267 78894 1.56 0.34 >a >a 105 0.0
5304 73077 1.44 0.31 >a >a 84 0.1
10839 119600 1.48 0.29 >a ? 67 0.0
2202 30844 0.79 0.16 = = 66 0.0
7094 84964 1.18 0.22 = = 62 0.0
12601 131083 1.13 0.21 = = 71 0.0
7387 76488 1.05 0.21 = = 39 0.0
4570 56960 1.06 0.2 = = 78 0.0
3727 40664 0.68 0.13 <<a ? 30 0.1
10208 111734 0.87 0.16 = = 56 0.0
5664 76163 1.5 0.29 >a ? 67 0.0
6324 63403 0.8 0.15 = = 35 0.0
3173 44003 0.81 0.15 = = 59 0.0
2878 43419 1.01 0.19 = = 83 0.0
8089 99487 1.39a 0.28a 65 0.01

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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  SKUT-1 
Sample report: 4

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 13%

FRSS: Warning 70%
FRMS: Warning 70%
PSLP: Bad -36%
RSQ: OK
RPQ: Warning
CAS: Warning 60%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521

Median value all probe values: 

Height

1459

Area

11504

Ratio
H

1.04

Stdev

0.14

[REF]

=

[Sam]

=

Width

46

d[nt]

0.1
1641 12200 0.95 0.12 = = 41 0.1
4984 28373 0.99 0.13 = = 35 0.0
2902 16534 1 0.13 = = 38 0.0
2606 15407 0.9 0.11 = = 39 0.0
2375 14880 0.96 0.11 = = 43 0.1
1982 13101 0.99 0.11 = = 37 0.1
1856 13387 1.05 0.14 = = 47 0.0
5390 30640 1.01 0.13 = = 48 0.0
2840 16871 0.96 0.13 = = 36 0.0
3517 20137 1.02 0.11 = = 40 0.0
4089 23106 1.01 0.13 = = 34 0.0
1190 9949 0.96 0.16 = = 47 0.1
778 5131 0.5 0.08 <<a <a 32 0.1
1261 9200 0.91 0.12 = = 44 0.0
4580 26052 1.03 0.14 = = 42 0.0
2580 15314 1.02 0.13 = = 37 0.1
2799 18129 1.01 0.13 = = 42 0.1
3851 21933 0.94 0.1 = = 33 0.0
4543 25507 0.94 0.12 = = 35 0.0
2600 15627 0.91 0.12 = = 48 0.0
1497 9394 0.93 0.1 = = 38 0.1
1517 10314 0.92 0.1 = = 46 0.0
2347 14982 0.96 0.12 = = 43 0.0
906 7208 0.9 0.1 = = 35 0.1
957 8064 1 0.15 = = 48 0.0
4070 23027 0.91 0.1 = = 42 0.0
3871 22818 0.97 0.13 = = 55 0.0
3410 19630 0.93 0.11 = = 41 0.0
2649 15531 0.97 0.11 = = 38 0.0
2216 13742 0.92 0.11 = = 38 0.1
1874 12926 1.06 0.16 = = 55 0.0
1296 9760 0.97 0.11 = = 38 0.0
3302 19997 0.92 0.12 = = 44 0.0
4597 25699 1.01 0.11 = = 38 0.0
5286 30205 1.06 0.12 = = 36 0.0
2983 18108 1.19 0.14 = = 38 0.0
3229 18490 0.8 0.09 = = 48 0.0
1126 7951 0.79 0.1 = = 48 0.0
1052 8792 0.93 0.11 = = 53 0.1
2836 16651 0.92 0.1 = = 38 0.0
2149 13954 1.11 0.13 = = 35 0.1
1056 8130 1.04 0.12 = = 41 0.0
855 7493 0.89 0.1 = = 38 0.0
3580 20739 1.13 0.16 = = 39 0.1
2600 15407 0.96 0.12a 40 0.02

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 4

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 11%

FRSS: Warning 70%
FRMS: OK 90%
PSLP: Warning 17%
RSQ: OK
RPQ: OK
CAS: OK 100%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999512

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

12622

Area

129056

Ratio
H

1.12

Stdev

0.1

[REF]

=

[Sam]

=

Width

65

d[nt]

0.0

11698 130632 1.22 0.17 = = 61 0.0

5482 86800 1.07 0.16 = = 79 0.0

11568 118610 1.14 0.16 = = 33 0.0

5162 73609 1.1 0.16 = = 75 0.0

5320 72343 1.05 0.1 = = 80 0.0

9786 114070 1.19 0.18 = = 76 0.1

8048 93969 1.07 0.1 = = 61 0.1

6661 100904 1.13 0.17 = = 85 0.0

11699 131268 1.24 0.16 = = 50 0.0

13459 137817 1.22 0.16 = = 59 0.0

6175 63703 1.04 0.09 = = 20 1.0

12912 129804 1.2 0.14 = = 34 0.0

14277 144689 1.19 0.14 = = 59 0.0

13294 138484 1.16 0.14 = = 72 0.0

12979 132218 1.2 0.16 = = 34 -0.1

6427 79178 1.08 0.09 = = 65 0.0

7258 98482 1.15 0.15 = = 81 0.0

6953 89207 1.06 0.1 = = 91 0.0

9151 91029 1.17 0.14 = = 33 0.0

10341 125702 1.18 0.16 = = 63 0.1

9120 97451 1.01 0.09 = = 62 0.0

9944 105463 1.04 0.09 = = 56 0.0

6972 92521 1.07 0.15 = = 83 0.0

8101 89512 1.04 0.09 = = 35 0.0

6789 82518 1.15 0.12 = = 69 0.0

5343 73862 1.06 0.1 = = 74 0.0

8723 96924 1.08 0.1 = = 62 0.0

4468 65347 1.02 0.11 = = 87 0.0

10234 108002 1.11 0.11 = = 35 0.0

10491 122724 1.11 0.15 = = 57 0.1

5976 95241 1.26 0.18 = = 90 0.0

5444 80301 1.12 0.16 = = 82 0.1

8547 100183 1.05 0.11 = = 75 0.0

4686 68474 1.24 0.13 = = 64 0.0

6440 78423 0.92 0.08 = = 62 0.0

11910 126031 1.17 0.1 = = 75 0.0

7498 79888 1 0.12 = = 46 0.1

4777 63893 0.9 0.08 = = 93 0.0

5754 70332 0.92 0.08 = = 68 0.1

11112 116434 1.03 0.09 = = 75 0.1

5225 73031 1.07 0.11 = = 80 0.0

7793 80917 1.01 0.09 = = 69 0.0

5366 80394 1 0.08 = = 69 0.0

3929 63579 0.97 0.08 = = 70 0.0

7793 93969 1.08 0.11a 68 0.03

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.

1 / 1



 

 

223 

  SW1535 
Sample report: 5

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 15%

FRSS: Warning 70%
FRMS: Warning 70%
PSLP: Bad -42%
RSQ: OK
RPQ: OK
CAS: OK? 75%

D [nt]

418

GeneaExon
ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

977

Area

7811

Ratio
H

0.88

Stdev

0.1

[REF]

=

[Sam]

=

Width

48

d[nt]

0.1
1249 9357 0.87 0.09 = = 41 0.0
4760 27229 0.96 0.1 = = 34 0.1
2278 13429 0.82 0.1 = = 55 0.0
2196 13218 0.81 0.08 = = 49 0.0
2042 13098 0.92 0.08 = = 49 0.1
1755 11768 1.01 0.08 = = 36 0.0
1462 10911 1.01 0.12 = = 44 0.0
4781 26981 0.88 0.09 = = 37 0.1
2231 13661 0.81 0.09 = = 43 0.0
2784 15963 0.84 0.07 = = 46 0.0
3851 21571 0.94 0.1 = = 34 0.1
959 7989 1 0.15 = = 40 0.1
1337 8735 1.01 0.14 = = 34 0.1
950 7192 0.83 0.09 = = 44 0.0
3665 20665 0.84 0.1 = = 43 0.0
2424 14052 1.02 0.11 = = 41 0.0
2134 14121 0.89 0.1 = = 35 0.1
3910 22581 0.97 0.08 = = 34 0.1
4204 23565 0.9 0.09 = = 42 0.0
2197 13054 0.84 0.09 = = 40 0.0
1354 8533 0.96 0.08 = = 45 0.1
1515 10141 1.07 0.09 = = 44 0.0
1888 12105 0.86 0.09 = = 54 0.0
781 6252 0.99 0.09 = = 37 0.0
766 6740 1.04 0.13 = = 58 0.0
4139 23845 0.92 0.07 = = 42 0.1
3258 19086 0.84 0.1 = = 59 0.1
3170 18834 0.91 0.08 = = 39 0.1
2609 15508 1.05 0.09 = = 47 0.0
2054 12743 0.96 0.09 = = 35 0.1
1255 8618 0.84 0.12 = = 42 0.0
1156 8641 1.06 0.1 = = 37 0.0
2988 17859 0.91 0.1 = = 51 0.0
4657 26608 1.02 0.08 = = 42 0.1
4755 27983 0.93 0.08 = = 43 0.0
2091 12904 0.92 0.08 = = 42 0.0
4777 26575 1.19 0.1 = = 39 0.0
1155 8271 0.97 0.09 = = 41 0.1
811 7212 0.92 0.09 = = 41 0.0
2919 17076 1.01 0.08 = = 41 0.0
1631 10836 0.96 0.09 = = 50 0.1
902 7039 1.11 0.1 = = 44 0.0
777 7049 1.07 0.09 = = 50 0.0
2987 17590 0.99 0.11 = = 57 0.1
2134 13098 0.94 0.09 42 0.04

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 5

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 12%

FRSS: Warning 70%
FRMS: OK? 85%
PSLP: OK -5%
RSQ: OK
RPQ: OK
CAS: OK 90%

D [nt]

150

GeneaExon
ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999512

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

11354

Area

116523

Ratio
H

0.95

Stdev

0.06

[REF]

=

[Sam]

=

Width

78

d[nt]

0.0

8446 96978 0.9 0.11 = = 69 0.0

4224 69302 0.99 0.13 = = 108 0.0

9085 96135 0.88 0.1 = = 45 0.0

3733 54199 0.92 0.11 = = 92 0.0

4923 67211 1.09 0.08 = = 88 0.1

8173 96468 1.02 0.13 = = 95 0.0

7211 85872 1.01 0.07 = = 68 0.0

4864 74806 0.99 0.13 = = 95 0.0

10484 120885 1.05 0.11 = = 52 0.0

10441 111183 0.92 0.1 = = 76 0.0

5397 58898 0.9 0.05 = = 37 1.0

11224 113079 0.99 0.09 = = 34 0.0

12475 130509 0.97 0.09 = = 71 0.1

11562 116509 0.95 0.09 = = 40 0.0

10750 110684 0.98 0.1 = = 34 0.0

5300 66949 0.96 0.06 = = 85 0.0

5647 76050 1.01 0.11 = = 64 0.1

5954 76883 1 0.07 = = 63 0.0

8025 83555 0.99 0.1 = = 55 0.0

7192 88273 0.88 0.1 = = 57 0.0

9020 96324 0.99 0.06 = = 53 0.1

10149 107360 1.04 0.06 = = 58 0.0

5321 71524 0.91 0.11 = = 63 0.0

7526 84696 1 0.06 = = 37 0.0

4930 61138 0.92 0.07 = = 56 0.0

4421 62962 1.01 0.07 = = 64 0.1

7809 85675 0.97 0.07 = = 69 0.1

3497 52414 0.94 0.07 = = 74 0.0

8726 91870 0.95 0.07 = = 35 0.1

8377 97625 0.92 0.1 = = 71 0.0

3875 63500 1 0.12 = = 97 0.1

4068 60699 0.98 0.12 = = 76 0.0

7737 91645 1 0.07 = = 82 0.0

3270 48964 1.03 0.08 = = 64 0.0

5846 73941 0.9 0.05 = = 61 0.0

10862 114673 0.99 0.06 = = 74 0.1

7511 80223 1.02 0.1 = = 31 0.0

5060 68499 1.07 0.07 = = 79 0.1

5246 66905 0.89 0.06 = = 85 0.1

12875 134704 1.11 0.07 = = 87 0.1

4072 60164 0.96 0.07 = = 86 0.1

8388 85732 1.05 0.07 = = 38 0.0

4429 68049 0.99 0.06 = = 74 0.0

3247 53675 0.98 0.06 = = 93 0.1

7211 83555 0.99 0.07 69 0.03

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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STS 14/10 
Sample report: 10

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 12%

FRSS: Warning 70%
FRMS: OK 100%
PSLP: Warning 25%
RSQ: OK
RPQ: Bad
CAS: OK? 75%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

1730

Area

12946

Ratio
H

0.93

Stdev

0.28

[REF]

=

[Sam]

=

Width

43

d[nt]

-0.1
2041 14728 1.03 0.31 = = 38 -0.1
4850 27503 1.4 0.41 ? ? 42 0.0
2894 16308 1.37 0.41 ? ? 54 0.0
2901 16590 1.24 0.36 = = 54 0.0
2527 15820 1.11 0.32 = = 49 -0.1
2223 14512 1.09 0.31 = = 35 0.0
2376 16827 1.12 0.33 = = 35 -0.1
5040 28536 1.53 0.45 >a ? 45 0.0
3317 19780 1.35 0.4 ? ? 50 0.0
3243 18420 1.26 0.36 = = 43 0.0
3773 21048 1.48 0.44 ? ? 31 0.0
1590 12706 0.93 0.29 = = 41 0.0
1833 11631 1.14 0.35 = = 39 -0.1
1551 10842 0.95 0.28 = = 36 0.0
4102 22603 1.37 0.41 ? ? 45 0.0
2865 16681 1.45 0.43 ? ? 43 0.0
3073 20585 1.13 0.34 = = 51 0.0
3637 20744 1.27 0.36 = = 47 0.0
4574 25121 1.31 0.38 ? ? 42 0.0
2781 16317 1.14 0.34 = = 47 0.0
1460 8766 0.96 0.28 = = 27 -0.1
1639 10948 0.93 0.27 = = 52 0.0
2584 16113 1.17 0.34 = = 50 -0.1
1063 8061 0.77 0.22 = = 41 -0.1
1193 9332 0.83 0.25 = = 49 0.0
3813 21033 1.33 0.38 ? ? 46 0.0
3727 21346 1.32 0.4 ? ? 38 0.1
3391 19550 1.2 0.35 = = 42 0.0
2715 15116 1.14 0.33 = = 27 -0.1
2292 13989 1.02 0.3 = = 36 0.0
2016 13273 1.05 0.33 = = 41 -0.1
1515 11169 0.92 0.27 = = 38 0.0
3726 21776 1.24 0.37 = = 41 0.0
3023 17186 1.02 0.29 = = 49 0.0
4802 28393 1.58 0.45 >a ? 54 0.0
3372 20784 1.52 0.44 >a ? 55 -0.1
2168 12382 0.81 0.23 = = 32 -0.1
1545 10534 0.97 0.28 = = 36 0.0
533 4270 0.33 0.1 <<a <a 34 0.0
1021 6250 0.42 0.12 <<a <a 38 0.0
2485 15901 1.32 0.38 ? ? 60 -0.1
1684 12383 1.28 0.37 = = 37 0.0
924 7720 0.6 0.17 <a ? 41 -0.1
2370 13734 0.99 0.29 = = 39 -0.1
2527 15901 1.14 0.34a 42 -0.01

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 10

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation Warning
Expected gender: Female
Residual primer % OK 10%

FRSS: Warning 70%
FRMS: Warning 60%
PSLP: OK 10%
RSQ: OK
RPQ: Warning
CAS: Warning 60%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999512
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186
Median value all probe values: 

Height

13932

Area

139916

Ratio
H

1.03

Stdev

0.13

[REF]

=

[Sam]

=

Width

73

d[nt]

0.0
12058 122259 1.1 0.16 = = 33 0.0
5833 88819 1.11 0.17 = = 100 0.0
13146 132584 1.11 0.16 = = 34 0.0
5470 72208 1.11 0.17 = = 80 0.0
6199 79356 1.14 0.14 = = 79 0.0
10940 114092 1.18 0.18 = = 37 0.0
8859 98277 1.06 0.13 = = 56 -0.1
7348 103606 1.21 0.19 = = 91 0.0
12527 138524 1.11 0.15 = = 70 0.0
14052 145856 1.08 0.15 = = 78 -0.1
6796 67615 0.99 0.12 = = 18 0.9

12783 125162 1 0.13 = = 34 -0.1
15059 158405 1.04 0.14 = = 80 0.0
14433 144836 1.05 0.14 = = 64 0.0
13500 134297 1.07 0.15 = = 36 0.0
6854 81107 1.05 0.13 = = 66 0.0
7195 90483 1.07 0.15 = = 77 -0.1
7659 92713 1.08 0.13 = = 75 0.0
9448 95796 1.02 0.14 = = 60 0.0
10833 123819 1.12 0.16 = = 98 0.0
10871 112019 1.04 0.14 = = 61 0.0
10952 113349 0.99 0.13 = = 68 -0.1
8002 98555 1.14 0.17 = = 89 0.0
9053 92760 1.04 0.13 = = 38 -0.1
7267 84162 1.14 0.15 = = 73 0.0
5501 72004 1.04 0.14 = = 80 0.0
9184 91773 0.99 0.13 = = 33 0.0
4979 66875 1.1 0.15 = = 76 0.0
10821 110204 1.02 0.13 = = 36 0.0
12404 128481 1.17 0.17 = = 34 0.0
5940 88862 1.23 0.19 = = 102 -0.1
6336 86343 1.25 0.18 = = 83 0.0
10474 113530 1.15 0.15 = = 66 -0.1
3920 54081 1 0.13 = = 82 0.0
9049 106007 1.18 0.15 = = 65 0.0
13110 127297 1.07 0.13 = = 34 0.0
7879 78778 0.92 0.13 = = 45 -0.1
7604 96029 1.34 0.18 >a ? 71 0.0
6422 70129 0.93 0.12 = = 34 0.0
9938 99024 0.76 0.1 = = 46 0.0
3912 51184 0.77 0.1 = = 73 -0.1
9395 96892 1.04 0.14 = = 70 -0.1
5790 80499 1.05 0.13 = = 86 -0.1
3306 49384 0.81 0.11 = = 71 -0.1
9049 96892 1.07 0.14a 70 -0.04

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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STS 02/11 W1 
Sample report: 8

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 14%

FRSS: Warning 70%
FRMS: OK? 85%
PSLP: Bad -40%
RSQ: OK
RPQ: Bad
CAS: Warning 55%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521

Median value all probe values: 

Height

942

Area

8150

Ratio
H

0.77

Stdev

0.21

[REF]

=

[Sam]

=

Width

40

d[nt]

0.2
1012 8550 0.68 0.19 <a ? 55 0.3
3011 17930 0.71 0.2 = = 46 0.0
1756 10622 0.72 0.2 = = 47 0.0
1774 11041 0.72 0.2 = = 44 0.1
1688 11653 0.79 0.21 = = 50 0.2
1469 10950 0.85 0.23 = = 47 0.1
1225 10174 0.8 0.22 = = 49 0.1
3070 18246 0.69 0.19 <a ? 46 0.0
1706 10739 0.68 0.19 <a ? 41 0.1
2302 13695 0.79 0.21 = = 41 0.1
2382 13944 0.7 0.2 = = 35 0.0
881 8462 0.81 0.24 = = 56 0.1
968 7103 0.73 0.21 = = 57 0.1
899 7311 0.75 0.21 = = 49 0.1
2337 13663 0.63 0.18 <a ? 51 0.0
1617 10201 0.76 0.21 = = 37 0.1
1668 11998 0.7 0.2 = = 37 0.1
2607 15354 0.75 0.2 = = 42 0.0
2704 15795 0.66 0.18 <a ? 35 0.0
1773 11697 0.73 0.2 = = 54 0.1
1048 7305 0.76 0.2 = = 41 0.2
969 7241 0.68 0.18 <a ? 43 0.1
1545 10867 0.74 0.2 = = 51 0.1
636 5903 0.72 0.19 = = 46 0.3
641 5921 0.76 0.22 = = 48 0.2
2510 14737 0.67 0.18 <a ? 42 0.0
2121 12736 0.63 0.18 <a ? 38 0.0
2217 13762 0.71 0.19 = = 58 0.1
1681 11424 0.72 0.19 = = 47 0.1
1590 10559 0.77 0.21 = = 35 0.1
1137 8714 0.75 0.22 = = 47 0.1
968 8191 0.83 0.22 = = 46 0.1
2272 14716 0.74 0.21 = = 41 0.1
5803 35102 1.52 0.4 >a ? 58 0.1
3892 23619 0.93 0.25 = = 39 0.1
1686 11481 0.79 0.21 = = 51 0.1
3367 19702 0.99 0.26 = = 39 0.0
734 5605 0.59 0.16 <a ? 34 0.2
761 7117 0.76 0.21 = = 52 0.1
3143 19682 1.2 0.32 = = 57 0.1
1564 10889 0.94 0.25 = = 48 0.1
1214 10224 1.37 0.37 ? ? 41 0.1
1385 13222 1.62 0.43 >a ? 55 0.2
3076 18775 1.15 0.33 = = 45 0.1
1681 11041 0.75 0.21a 46 0.09

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 8

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 14%

FRSS: Warning 70%
FRMS: OK 90%
PSLP: OK 13%
RSQ: OK
RPQ: Warning
CAS: OK? 85%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999512

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

8476

Area

88425

Ratio
H

0.96

Stdev

0.1

[REF]

=

[Sam]

=

Width

52

d[nt]

0.1

6603 72906 0.91 0.12 = = 34 0.0

3167 53991 0.89 0.12 = = 69 0.1

7273 76578 0.94 0.12 = = 39 0.1

2788 42304 0.83 0.11 = = 91 0.1

3098 44455 0.85 0.09 = = 88 0.1

6440 71899 1.05 0.15 = = 35 0.1

4537 54586 0.81 0.09 = = 67 0.1

3588 58807 0.87 0.13 = = 87 0.1

7685 89321 1.05 0.12 = = 42 0.1

8395 87393 0.99 0.13 = = 38 0.0

3721 39975 0.82 0.08 = = 42 1.0

8223 83463 0.98 0.11 = = 33 0.0

9419 100545 1 0.12 = = 82 0.0

8638 91992 0.97 0.11 = = 84 0.0

8022 83573 0.97 0.12 = = 36 0.0

3279 42662 0.75 0.08 aa = 84 0.0

3571 50627 0.79 0.1 = = 79 0.1

3728 49739 0.79 0.08 = = 81 0.1

5374 56914 0.89 0.11 = = 63 0.0

5670 72650 0.88 0.11 = = 92 0.1

6553 74579 0.96 0.1 = = 91 0.1

6636 69383 0.91 0.1 = = 42 0.0

3988 54330 0.84 0.11 = = 81 0.1

4859 59969 0.84 0.09 = = 89 0.0

3434 44340 0.8 0.09 = = 78 0.1

2717 40298 0.76 0.08 aa = 71 0.1

5638 62932 0.92 0.09 = = 66 0.0

2390 36218 0.78 0.08 = = 65 0.2

6058 65475 0.87 0.09 = = 36 0.0

5953 70551 0.85 0.11 = = 66 0.0

2501 42528 0.76 0.1 = = 94 0.1

2809 43047 0.82 0.11 = = 89 0.1

5619 66885 0.93 0.1 = = 73 0.0

2714 42389 1.02 0.12 = = 95 0.1

6063 77957 1.19 0.12 = = 76 0.1

8620 88188 1.08 0.12 = = 33 0.0

5199 58153 0.92 0.1 = = 35 0.1

3836 52965 1 0.1 = = 65 0.1

5072 63927 1.1 0.12 = = 90 0.1

8146 87350 0.96 0.1 = = 74 0.0

3358 50773 0.97 0.1 = = 98 0.1

5219 53148 0.88 0.1 = = 35 0.0

2634 42143 0.7 0.07 aa = 74 0.1

3341 57695 1.19 0.12 = = 91 0.1

5199 58807 0.91 0.1a 73 0.06

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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STS 20/11 
Sample report: 11

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 15%

FRSS: Warning 70%
FRMS: OK 95%
PSLP: OK -9%
RSQ: OK
RPQ: Warning
CAS: OK? 85%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521

Median value all probe values: 

Height

1307

Area

9762

Ratio
H

1.05

Stdev

0.16

[REF]

=

[Sam]

=

Width

34

d[nt]

0.0
1229 9571 0.84 0.13 = = 50 -0.1
3737 21145 1.02 0.15 = = 44 -0.1
1795 10104 0.84 0.13 = = 32 0.0
1762 10478 0.8 0.11 = = 56 -0.1
1721 10687 0.88 0.12 = = 50 -0.1
1547 10314 0.95 0.13 = = 48 -0.1
1398 10236 0.92 0.14 = = 39 -0.1
3425 18865 0.91 0.13 = = 40 0.0
2350 13660 1.03 0.16 = = 41 -0.1
2361 13469 0.92 0.13 = = 41 0.0
2727 15420 0.95 0.15 = = 37 0.0
872 7426 0.79 0.14 = = 43 0.0
1230 8005 0.97 0.17 = = 45 0.0
1154 8273 0.98 0.15 = = 43 0.0
3172 17815 0.99 0.15 = = 50 -0.1
1839 10831 0.96 0.15 = = 41 0.0
2352 15474 1.05 0.16 = = 52 0.0
2841 15993 0.95 0.13 = = 33 -0.1
3427 19032 0.96 0.14 = = 59 0.0
1846 11349 0.83 0.13 = = 49 0.0
1016 6282 0.79 0.11 = = 36 0.0
1254 8465 0.91 0.13 = = 55 0.0
1800 11730 0.93 0.14 = = 37 0.0
824 6518 0.92 0.13 = = 36 -0.2
812 6761 0.92 0.15 = = 34 -0.1
3012 17160 0.94 0.13 = = 43 -0.1
2603 15059 0.89 0.14 = = 47 0.0
2361 13700 0.85 0.12 = = 48 -0.1
2196 13406 1.03 0.14 = = 57 -0.1
1481 9198 0.77 0.11 = = 39 -0.1
1446 9619 0.99 0.17 = = 36 -0.1
1078 8282 0.93 0.13 = = 40 0.0
2616 15793 0.95 0.15 = = 42 0.0
3957 22015 1.21 0.16 = = 51 0.0
3474 20128 0.99 0.13 = = 50 0.0
2911 17899 1.48 0.21 >>a ? 50 -0.1
2234 12317 0.77 0.1 = = 40 -0.1
1131 7799 0.95 0.14 = = 41 -0.1
1102 8885 1.08 0.16 = = 41 -0.1
2378 13766 1.01 0.14 = = 42 0.0
2096 13417 1.34 0.19 >a ? 48 -0.1
840 6354 0.94 0.13 = = 36 0.0
603 5270 0.67 0.09 <<a ? 33 -0.2
2314 13486 0.98 0.15 = = 39 -0.1
1839 11349 0.95 0.14a 42 -0.05

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 11

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 11%

FRSS: Warning 70%
FRMS: Warning 55%
PSLP: Bad -37%
RSQ: OK
RPQ: Bad
CAS: Bad 40%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999512
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186
Median value all probe values: 

Height

14700

Area

148122

Ratio
H

0.99

Stdev

0.17

[REF]

=

[Sam]

=

Width

86

d[nt]

0.0
11067 116804 1.01 0.19 = = 65 0.0
3568 52739 0.81 0.15 = = 98 -0.1
13494 132514 1.1 0.2 = = 33 0.0
3603 47510 0.84 0.15 = = 71 0.0
4183 53556 0.86 0.14 = = 86 -0.1
10338 113404 1.12 0.22 = = 69 0.0
7187 78420 0.89 0.15 = = 62 -0.1
4412 62092 0.86 0.16 = = 102 -0.1
14567 170334 1.19 0.21 = = 72 0.0
13866 139630 1.01 0.18 = = 67 -0.1
6752 66069 0.94 0.16 = = 18 0.9

16002 154436 1.16 0.21 = = 33 0.0
16823 158850 1.06 0.18 = = 32 0.0
16347 154854 1.1 0.19 = = 36 0.0
14100 136286 1.07 0.19 = = 39 -0.1
5265 60987 0.86 0.14 = = 65 -0.1
5419 67917 0.9 0.16 = = 80 0.0
5649 66962 0.86 0.14 = = 77 0.0
10575 104216 1.07 0.19 = = 48 -0.1
8559 96804 0.93 0.17 = = 75 -0.1
9643 95522 0.9 0.15 = = 35 0.0
10535 104545 0.9 0.15 = = 34 -0.1
5761 69954 0.89 0.16 = = 76 0.0
8220 84604 0.96 0.16 = = 38 -0.1
5254 60448 0.89 0.15 = = 72 0.0
3852 49000 0.82 0.14 = = 62 0.0
8917 88412 0.95 0.16 = = 32 0.0
2961 39412 0.76 0.13 = = 70 -0.2
9963 100121 0.92 0.15 = = 48 0.0
10790 110770 1.03 0.19 = = 34 0.0
3654 52959 0.91 0.17 = = 100 -0.1
3521 49489 0.8 0.15 = = 80 0.0
8387 90398 0.95 0.16 = = 65 -0.1
5386 72463 1.62 0.29 >a ? 71 -0.1
7061 82269 0.98 0.16 = = 81 0.0
14431 136820 1.05 0.18 = = 32 0.0
8685 88512 1.02 0.17 = = 47 0.0
4438 55136 0.86 0.15 = = 91 0.0
6186 69554 0.93 0.16 = = 70 0.0
17509 170772 1.21 0.21 = = 51 0.0
5540 71530 1.23 0.2 = = 75 0.0
11148 111492 1.16 0.2 = = 69 -0.1
3716 51068 0.8 0.14 = = 75 -0.1
2659 39470 0.79 0.13 = = 73 -0.1
8220 84604 0.94 0.16a 69 -0.04

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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STS 06/11 
Sample report: 13

Sample type: Sample | Project: ATM analysis | Experiment: ATM1 Cells Clair | Dye: 6aFAM | Performed by: Admin
Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 09/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 09/11/2015 17:01:48
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 16%

FRSS: Warning 70%
FRMS: OK? 85%
PSLP: Warning -18%
RSQ: Warning
RPQ: Warning
CAS: Warning 60%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

970

Area

7334

Ratio
H

0.95

Stdev

0.12

[REF]

=

[Sam]

=

Width

41

d[nt]

-0.1
1031 7839 0.84 0.1 = = 46 -0.1
3629 20492 1.05 0.13 = = 37 0.0
2226 12335 1.11 0.15 = = 46 0.0
2085 12356 1.03 0.11 = = 34 -0.1
1551 10025 0.89 0.1 = = 40 -0.1
1272 8432 0.9 0.09 = = 33 0.0
1339 9846 1.06 0.13 = = 59 0.0
3903 21417 1.07 0.13 = = 45 0.0
1942 11889 0.94 0.12 = = 55 -0.1
2138 12056 0.89 0.09 = = 42 0.0
2834 15787 1.02 0.13 = = 36 0.0
808 6933 0.9 0.14 = = 45 -0.1
1039 6750 0.95 0.14 = = 51 -0.1
797 5871 0.8 0.1 = = 42 -0.1
2836 15788 0.93 0.12 = = 42 0.0
1805 10552 1.03 0.12 = = 36 0.0
2421 15500 1.24 0.15 = = 36 0.0
3021 16925 1.07 0.11 = = 37 0.0
3346 18657 1 0.12 = = 34 0.0
1815 10705 0.91 0.11 = = 47 -0.1
1068 6545 0.94 0.1 = = 26 -0.1
1042 7044 0.88 0.09 = = 39 0.0
1489 9552 0.87 0.1 = = 41 -0.1
681 5546 0.94 0.1 = = 48 -0.2
697 5766 0.99 0.14 = = 33 -0.1
2604 14915 0.85 0.08 = = 39 0.0
2183 13047 0.79 0.1 = = 38 0.0
2357 13828 0.92 0.09 = = 41 -0.1
1618 9296 0.84 0.09 = = 22 0.0
1351 8339 0.79 0.08 = = 39 0.0
1164 7847 0.93 0.13 = = 35 -0.1
918 7021 0.95 0.1 = = 43 0.0
2194 13338 0.88 0.11 = = 45 -0.1
4602 25098 1.47 0.15 >>a >a 33 0.0
3238 18693 0.95 0.1 = = 58 -0.1
1625 10009 0.92 0.09 = = 39 0.0
2792 15232 1 0.1 = = 35 0.0
1003 7183 0.98 0.1 = = 52 0.0
726 6286 0.88 0.09 = = 50 -0.1
2038 11626 0.95 0.09 = = 42 0.0
1562 9755 1.14 0.14 = = 49 -0.1
1269 9449 1.73 0.21 >>a >a 48 0.0
694 6250 0.98 0.1 = = 45 0.0
3325 18549 1.52 0.22 >a ? 47 -0.1
1625 10025 0.95 0.11a 41 -0.04

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 13

Sample type: Sample | Project: ATM analysis | Experiment: ATM2 2nd try cell lines | Dye: 6aFAM | Performed by: Admin

Machine: ABIa3730 | Report date: 15/08/2018 | Run date: 07/10/2015 | Software Version: v.140721.1958 | Normal range: 0.7 a  1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 28/08/2015 11:01:16
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: Warning
DNA denaturation OK
Expected gender: Male
Residual primer % OK 15%

FRSS: Warning 70%
FRMS: Bad 40%
PSLP: Warning -20%
RSQ: OK
RPQ: Bad
CAS: Bad 25%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999512
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

10186

Area

99601

Ratio
H

0.98

Stdev

0.13

[REF]

=

[Sam]

=

Width

60

d[nt]

0.0
6928 69292 0.89 0.14 = = 36 0.0
2522 37052 0.79 0.12 = = 61 -0.1
6536 64087 0.76 0.11 = = 31 -0.1
2222 29736 0.71 0.11 = = 59 0.0
3011 39215 0.85 0.11 = = 77 0.0
5964 63964 0.91 0.15 = = 69 0.0
4866 53861 0.84 0.11 = = 66 -0.1
3040 43092 0.81 0.13 = = 58 -0.1
9473 93899 1.1 0.15 = = 34 0.0
8477 84528 0.88 0.13 = = 67 0.0
4828 50250 0.95 0.12 = = 48 0.9

9226 89850 0.95 0.13 = = 33 0.0
9626 93919 0.86 0.12 = = 41 0.0
9475 89528 0.91 0.12 = = 30 0.0
8162 80424 0.88 0.13 = = 37 0.0
3893 45269 0.89 0.11 = = 66 -0.1
3376 43848 0.78 0.11 = = 74 0.0
4034 47663 0.85 0.1 = = 63 0.0
6027 58459 0.87 0.12 = = 35 0.1
5403 61904 0.82 0.12 = = 61 -0.1
7634 83786 1.01 0.13 = = 91 0.0
7910 77925 0.96 0.13 = = 34 0.0
3829 47028 0.83 0.12 = = 66 0.0
5936 62144 0.97 0.13 = = 36 0.0
3152 36700 0.74 0.1 = = 59 -0.1
2763 36337 0.81 0.1 = = 71 0.0
5710 59232 0.85 0.1 = = 51 0.0
2127 28841 0.75 0.09 = = 69 -0.1
7654 76246 1 0.12 = = 34 0.0
6185 64686 0.83 0.12 = = 33 0.0
2213 32609 0.76 0.11 = = 77 0.0
2619 35535 0.82 0.12 = = 78 -0.1
5694 62373 0.9 0.12 = = 63 -0.1
3131 43332 1.29 0.18 = = 65 0.0
4838 55930 0.93 0.12 = = 61 -0.1
9870 95126 1.03 0.14 = = 37 0.0
5783 57730 0.95 0.12 = = 28 0.0
4948 62028 1.33 0.17 >a ? 84 0.0
3845 41303 0.81 0.11 = = 28 0.0
18574 183426 1.84 0.25 >>a >a 81 0.0
3289 44356 1.01 0.12 = = 80 0.0
8808 87747 1.3 0.18 >a ? 73 0.0
3183 44516 0.94 0.12 = = 59 -0.1
2301 34661 0.93 0.12 = = 82 -0.1
5403 58459 0.89 0.12a 61 -0.03

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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     Reference DNA Sample 
Sample report: 6

Sample type: Reference | Project: ATM analysis | Experiment: Azeezas samples ATM1 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 29/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 29/11/2015 14:55:14
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 10%

FRSS: Warning 70%
FRMS: OK? 75%
PSLP: OK 2%
RSQ: OK
RPQ: OK
CAS: OK 90%

D [nt]

418

GeneaExon
ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

2651

Area

38336

Ratio
H

1

Stdev

0.09

[REF]

=

[Sam]

=

Width

66

d[nt]

0.0
3113 43938 0.98 0.09 = = 84 0.0
7854 79413 0.98 0.1 = = 35 0.0
4532 49803 0.98 0.1 = = 91 0.0
4970 55074 1.01 0.09 = = 53 0.0
4281 47563 0.98 0.07 = = 35 0.0
3669 46244 1.01 0.07 = = 64 0.0
3218 44783 0.99 0.11 = = 69 0.0
8299 87490 0.98 0.09 = = 48 0.0
4980 53938 1 0.11 = = 35 0.0
5556 56749 0.98 0.06 = = 33 0.0
6017 63054 0.96 0.09 = = 42 0.0
2239 34688 1 0.11 = = 84 0.0
3028 37550 1.09 0.11 = = 76 0.0
2369 32326 0.96 0.08 = = 64 0.0
7462 80498 1.02 0.1 = = 83 0.0
4198 45195 1 0.09 = = 36 0.0
5094 60043 1.02 0.11 = = 36 0.0
6659 68541 1.01 0.05 = = 45 0.0
7538 77081 1 0.09 = = 45 0.0
4737 53993 0.99 0.09 = = 70 0.0
2972 35124 1.03 0.05 = = 63 0.0
3022 37610 1.02 0.05 = = 60 0.0
4332 47956 1.03 0.09 = = 31 0.0
1834 27740 1 0.06 = = 69 0.1
1838 28429 1.03 0.09 = = 74 0.0
7319 77811 1.03 0.04 = = 70 0.0
6212 64981 0.98 0.1 = = 34 0.0
5996 63516 1 0.05 = = 36 0.0
4760 51291 1.02 0.05 = = 43 0.1
4237 49833 0.98 0.05 = = 60 0.0
3200 41040 1.02 0.11 = = 66 0.0
2239 31323 0.96 0.05 = = 64 0.0
5709 62266 0.98 0.09 = = 34 0.0
7181 78319 0.99 0.05 = = 77 0.0
7156 77418 0.96 0.05 = = 61 0.0
4368 48028 1.01 0.05 = = 35 0.0
6557 71680 1.02 0.05 = = 73 0.0
2743 35558 1.04 0.07 = = 65 0.0
2066 32076 1.02 0.05 = = 71 0.0
5356 56812 1.03 0.05 = = 39 0.0
3234 38814 0.92 0.08 = = 73 0.0
1884 27253 1 0.08 = = 88 0.0
1792 29135 1 0.06 = = 84 0.1
4923 53170 0.98 0.1 = = 48 0.0
4368 49803 1 0.08 63 0.01

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 6

Sample type: Reference | Project: ATM analysis | Experiment: Azeezas samplesnATM2 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 09/12/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 09/12/2015 14:47:04
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 13%

FRSS: Warning 70%
FRMS: OK? 85%
PSLP: OK 9%
RSQ: OK
RPQ: OK
CAS: OK 90%

D [nt]

150

GeneaExon
ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999515

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

6022

Area

34512

Ratio
H

0.98

Stdev

0.05

[REF]

=

[Sam]

=

Width

51

d[nt]

0.0

3413 22088 0.98 0.06 = = 63 0.1

1376 12478 1 0.08 = = 48 0.1

4171 24526 0.98 0.06 = = 35 0.0

1195 9661 1.01 0.07 = = 43 0.0

1696 12876 0.98 0.06 = = 53 0.0

3135 20608 0.99 0.08 = = 44 0.1

2852 18914 0.98 0.04 = = 52 0.0

1679 14694 1.03 0.09 = = 62 0.0

4900 32603 0.99 0.05 = = 50 0.0

5150 30738 1.01 0.07 = = 53 0.1

2253 15823 0.96 0.06 = = 32 -0.1

6084 40111 0.99 0.05 = = 43 -0.1

6102 35914 1.01 0.05 = = 49 0.0

5528 32433 0.98 0.05 = = 38 0.0

4621 27803 1.01 0.05 = = 44 0.1

2039 14022 1.02 0.06 = = 46 0.1

2101 16310 1.03 0.06 = = 48 -0.1

2301 16676 1.01 0.04 = = 39 0.0

3786 22481 1.01 0.05 = = 40 0.0

2987 20140 1.06 0.06 = = 52 0.1

3892 24850 1.01 0.04 = = 51 0.0

4759 28491 0.99 0.03 = = 56 0.0

2075 15530 1.06 0.06 = = 52 0.1

3271 21935 1.01 0.05 = = 48 0.0

1878 13368 0.98 0.05 = = 35 0.1

1482 11587 0.96 0.04 = = 36 0.0

3306 20349 1.01 0.04 = = 62 0.0

1203 10005 0.99 0.06 = = 36 0.0

3888 24023 0.99 0.04 = = 75 0.0

3513 22882 0.99 0.06 = = 46 0.0

1220 11254 1.04 0.06 = = 65 0.1

1321 10878 1.04 0.05 = = 39 0.0

3128 20233 1.02 0.05 = = 38 0.0

1083 9196 0.94 0.06 = = 42 0.0

2574 18084 1 0.04 = = 48 0.1

5801 35032 0.96 0.06 = = 47 0.1

2920 17149 0.95 0.04 = = 22 0.0

1843 13380 1.03 0.04 = = 43 0.1

2507 17383 1.03 0.04 = = 49 0.0

6792 39020 1 0.03 = = 43 0.0

1407 11272 1.05 0.07 = = 39 0.1

3738 21511 1.03 0.05 = = 47 0.0

1628 13754 0.97 0.05 = = 36 0.1

1130 10370 0.99 0.04 = = 42 0.1

2920 18914 1 0.05 46 0.03

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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  STS 13/12 W2 
Sample report: 18

Sample type: Sample | Project: ATM analysis | Experiment: Azeezas samples ATM1 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 29/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization

Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 29/11/2015 14:55:14
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Male
Residual primer % OK 11%

FRSS: Warning 70%
FRMS: Bad 30%
PSLP: Warning -19%
RSQ: OK
RPQ: Bad
CAS: Bad 25%

D [nt]

418

Gene-Exon

ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830

362 ATM-1 11q22.3 11-107.598966

173 ATM-Intr.1 11q22.3 11-107.600753

196 ATM-2 11q22.3 11-107.603560

234 ATM-4 11q22.3 11-107.605158

280 ATM-5 11q22.3 11-107.611683

319 ATM-6 11q22.3 11-107.619924

382 ATM-8 11q22.3 11-107.622916

136 ATM-10 11q22.3 11-107.626777

242 ATM-14 11q22.3 11-107.632194

205 ATM-16 11q22.3 11-107.634921

142 ATM-17 11q22.3 11-107.643137

436 ATM-19 11q22.3 11-107.646985

328 ATM-22 11q22.3 11-107.648710

373 ATM-23 11q22.3 11-107.655436

167 ATM-26 11q22.3 11-107.660224

223 ATM-27 11q22.3 11-107.663610

310 ATM-29 11q22.3 11-107.665703

178 ATM-31 11q22.3 11-107.669339

192 ATM-33 11q22.3 11-107.673233

255 ATM-34 11q22.3 11-107.675638

292 ATM-37 11q22.3 11-107.680715

337 ATM-38 11q22.3 11-107.683830

274 ATM-40 11q22.3 11-107.688294

427 ATM-42 11q22.3 11-107.691970

463 ATM-44 11q22.3 11-107.695883

148 ATM-46 11q22.3 11-107.701285

184 ATM-49 11q22.3 11-107.705086

217 ATM-53 11q22.3 11-107.708696

261 ATM-56 11q22.3 11-107.711788

287 ATM-57 11q22.3 11-107.719162

345 ATM-59 11q22.3 11-107.723225

391 ATM-61 11q22.3 11-107.730735

249 ATM-62 11q22.3 11-107.740982

154 Referencea 02q12.3 02-108.906225

130 Referencea 03q21.3 03-129.999512

268 Referencea 05p15.31 05-009.490899

160 Referencea 07q21.3 07-093.873480

355 Referencea 08q22.3 08-105.578750

445 Referencea 13q14.3 13-050.428652

229 Referencea 15q25.2 15-082.497791

301 Referencea 16q13 16-055.490937

409 Referencea 17q21.2 17-037.637569

485 Referencea 18q21.1 18-045.630186

209 Referencea 20q11.23 20-034.978521

Median value all probe values: 

Height

2492

Area

34034

Ratio
H

1.31

Stdev

0.25

[REF]

?
[Sam]

?

Width

67

d[nt]

0.0

2719 37481 1.14 0.22 = = 82 -0.1

9322 94096 1.3 0.25 ? ? 35 -0.1

5120 54387 1.27 0.25 = = 81 0.0

4802 51957 1.15 0.22 = = 69 -0.1

4810 52768 1.35 0.24 >a ? 51 -0.1

3936 48248 1.38 0.24 >a ? 83 0.0

3058 40953 1.27 0.25 = = 76 -0.1

9711 98983 1.25 0.24 = = 38 -0.1

5119 52926 1.23 0.24 = = 32 -0.1

6414 65078 1.3 0.23 >a ? 33 0.0

7802 81270 1.36 0.26 ? ? 38 -0.1

1906 28344 1.21 0.24 = = 68 -0.1

2722 32015 1.26 0.25 = = 58 0.0

2368 31139 1.29 0.25 = = 81 -0.1

8189 87047 1.25 0.24 = = 67 -0.1

4715 47980 1.32 0.25 ? ? 37 0.0

4928 58969 1.25 0.25 = = 88 0.0

8254 83460 1.41 0.25 >a ? 35 0.0

8268 82463 1.25 0.24 = = 35 -0.1

4738 53413 1.2 0.23 = = 69 -0.1

2920 34187 1.26 0.23 = = 62 -0.1

2650 32667 1.16 0.21 = = 75 0.0

4279 46143 1.25 0.24 = = 33 -0.1

1670 23962 1.28 0.24 = = 81 -0.1

1548 22276 1.25 0.24 = = 61 -0.1

8488 89124 1.31 0.24 >a ? 65 -0.1

6417 65900 1.15 0.23 = = 33 0.0

6475 69098 1.25 0.22 = = 71 0.0

5221 56944 1.36 0.24 >a ? 64 -0.1

4729 53698 1.36 0.25 >a ? 63 -0.1

2986 36909 1.24 0.25 = = 67 -0.1

2557 34906 1.5 0.28 >a >a 83 0.0

6126 63528 1.26 0.25 = = 35 0.0

8346 88679 1.27 0.22 = = 85 -0.1

6710 67555 0.97 0.17 = = 25 0.0

4470 47707 1.26 0.23 = = 34 -0.1

7813 84913 1.35 0.25 >a ? 89 -0.1

1845 23600 0.93 0.18 = = 73 -0.1

555 8622 0.39 0.07 <<a <<a 69 -0.1

3656 38009 0.83 0.15 = = 35 0.0

2789 30387 0.99 0.18 = = 27 -0.1

1846 25210 1.35 0.24 >a ? 63 0.0

1176 18265 0.97 0.18 = = 70 0.0

4145 43634 0.95 0.18 = = 36 0.0

4715 48248 1.26 0.24a 64 -0.05

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 18

Sample type: Sample | Project: ATM analysis | Experiment: Azeezas samplesnATM2 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 09/12/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization
Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 09/12/2015 14:47:04
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 16%

FRSS: Warning 70%
FRMS: Warning 70%
PSLP: OK -15%
RSQ: OK
RPQ: Warning
CAS: Warning 60%

D [nt]

150

Gene-Exon

ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703
250 ATM-7 11q22.3 11-107.620815
463 ATM-9 11q22.3 11-107.624892
215 ATM-11 11q22.3 11-107.627935
412 ATM-12 11q22.3 11-107.628759
373 ATM-13 11q22.3 11-107.629847
262 ATM-15 11q22.3 11-107.633459
292 ATM-18 11q22.3 11-107.644411
448 ATM-20 11q22.3 11-107.647275
156 ATM-21 11q22.3 11-107.648427
191 ATM-24 11q22.3 11-107.657007
209 ATM-25 11q22.3 11-107.658636
170 ATM-28 11q22.3 11-107.664991
142 ATM-30 11q22.3 11-107.668598
161 ATM-32 11q22.3 11-107.670949
203 ATM-35 11q22.3 11-107.677594
328 ATM-36 11q22.3 11-107.678850
382 ATM-39 11q22.3 11-107.686031
341 ATM-41 11q22.3 11-107.691766
178 ATM-43 11q22.3 11-107.693358
311 ATM-45 11q22.3 11-107.697268
220 ATM-47 11q22.3 11-107.702093
198 ATM-48 11q22.3 11-107.703616
358 ATM-50 11q22.3 11-107.706170
280 ATM-51 11q22.3 11-107.707413
346 ATM-52 11q22.3 11-107.707867
394 ATM-54 11q22.3 11-107.709834
238 ATM-55 11q22.3 11-107.710889
427 ATM-58 11q22.3 11-107.721746
232 ATM-60 11q22.3 11-107.729703
273 ATM-61 11q22.3 11-107.731288
474 ATM-62 11q22.3 11-107.739228
419 ATM-62 11q22.3 11-107.739925
286 ATM-63 11q22.3 11-107.741279
436 Referencea 01q23.3 01-159.406366
319 Referencea 03q13.2 03-113.667629
131 Referencea 03q21.3 03-129.999515
256 Referencea 04q25 04-110.941155
365 Referencea 05q33.3 05-158.137017
301 Referencea 06q22.33 06-129.511860
136 Referencea 07p14.3 07-030.974908
401 Referencea 08q12.2 08-061.913286
184 Referencea 09p24.2 09-002.644106
454 Referencea 13q13.1 13-031.879392
485 Referencea 18q21.1 18-045.630186
Median value all probe values: 

Height

5395

Area

30744

Ratio
H

1.37
Stdev

0.13

[REF]

>>a
[Sam]

>a

Width

48

d[nt]

0.1
2658 15957 1.37 0.14 >a >a 33 0.0
824 6982 1.43 0.17 >a >a 38 -0.1
3267 20154 1.32 0.14 >a >a 35 -0.1
729 5753 1.37 0.14 >a >a 49 -0.1
1325 9580 1.61 0.16 >>a >a 56 -0.1
2385 14471 1.37 0.16 >a >a 37 0.0
2301 14181 1.5 0.14 >>a >a 53 -0.1
1003 8156 1.44 0.18 >a >a 49 0.0
4400 28017 1.4 0.13 >>a >a 58 0.0
3945 22219 1.28 0.14 = = 48 -0.1
1912 20104 1.39 0.14 >>a >a 53 0.1
5308 34045 1.39 0.14 >>a >a 39 0.0
5387 30399 1.38 0.13 >>a >a 46 0.1
5020 27764 1.41 0.13 >>a >a 40 0.0
3594 20638 1.33 0.14 >a >a 53 0.0
1560 10241 1.54 0.15 >>a >a 36 0.0
1289 9323 1.35 0.14 >a >a 40 -0.1
1756 11520 1.56 0.14 >>a >a 42 0.0
3079 17698 1.34 0.13 >a >a 56 -0.1
1955 12718 1.35 0.15 >a >a 48 0.0
2933 17736 1.31 0.12 >>a >a 47 0.0
3808 21628 1.32 0.13 >>a >a 42 0.0
1213 8422 1.29 0.13 = = 36 -0.1
2405 15147 1.38 0.14 >a >a 44 -0.1
1414 9193 1.51 0.14 >>a >a 44 -0.1
1124 8469 1.59 0.15 >>a >a 53 -0.1
2599 15442 1.39 0.13 >>a >a 42 0.0
771 6077 1.45 0.14 >>a >a 42 -0.1
3059 18292 1.36 0.13 >>a >a 46 0.0
2763 17079 1.43 0.16 >a >a 41 -0.1
765 6352 1.58 0.16 >>a >a 40 -0.1
859 6631 1.52 0.15 >>a >a 38 -0.1
2344 14384 1.44 0.15 >>a >a 47 0.0
540 4503 1.08 0.11 = = 51 -0.1
1397 9261 1.07 0.1 = = 35 0.0
3951 22267 1 0.09 = = 44 0.0
1471 10035 0.87 0.08 = = 49 -0.1
892 6273 1.04 0.1 = = 51 0.0
1658 10659 1.31 0.12 >>a ? 48 0.0
4223 23402 0.95 0.09 = = 44 0.0
598 4502 0.98 0.1 = = 42 -0.2
1908 10678 0.86 0.08 = = 40 -0.1
406 3247 0.57 0.05 <<a <a 32 -0.1
516 4427 1.11 0.11 = = 38 0.0
1912 12718 1.37a 0.14a 44 -0.03

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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   hTERT-RPE1 
Sample report: 13

Sample type: Sample | Project: ATM analysis | Experiment: Azeezas samples ATM1 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 29/11/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization
Date

MLPA probe mix: P041-ATM-1
Lot number: B1-0314
Sheet date: 29/11/2015 14:55:14
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: OK
DNA denaturation OK
Expected gender: Female
Residual primer % OK 13%

FRSS: Warning 70%
FRMS: Bad 30%
PSLP: Bad -33%
RSQ: OK
RPQ: OK
CAS: Warning 50%

D [nt]

418

GeneaExon
ATM-1

Chr.band

11q22.3

hg18 loc.

11-107.598830
362 ATM-1 11q22.3 11-107.598966
173 ATM-Intr.1 11q22.3 11-107.600753
196 ATM-2 11q22.3 11-107.603560
234 ATM-4 11q22.3 11-107.605158
280 ATM-5 11q22.3 11-107.611683
319 ATM-6 11q22.3 11-107.619924
382 ATM-8 11q22.3 11-107.622916
136 ATM-10 11q22.3 11-107.626777
242 ATM-14 11q22.3 11-107.632194
205 ATM-16 11q22.3 11-107.634921
142 ATM-17 11q22.3 11-107.643137
436 ATM-19 11q22.3 11-107.646985
328 ATM-22 11q22.3 11-107.648710
373 ATM-23 11q22.3 11-107.655436
167 ATM-26 11q22.3 11-107.660224
223 ATM-27 11q22.3 11-107.663610
310 ATM-29 11q22.3 11-107.665703
178 ATM-31 11q22.3 11-107.669339
192 ATM-33 11q22.3 11-107.673233
255 ATM-34 11q22.3 11-107.675638
292 ATM-37 11q22.3 11-107.680715
337 ATM-38 11q22.3 11-107.683830
274 ATM-40 11q22.3 11-107.688294
427 ATM-42 11q22.3 11-107.691970
463 ATM-44 11q22.3 11-107.695883
148 ATM-46 11q22.3 11-107.701285
184 ATM-49 11q22.3 11-107.705086
217 ATM-53 11q22.3 11-107.708696
261 ATM-56 11q22.3 11-107.711788
287 ATM-57 11q22.3 11-107.719162
345 ATM-59 11q22.3 11-107.723225
391 ATM-61 11q22.3 11-107.730735
249 ATM-62 11q22.3 11-107.740982
154 Referencea 02q12.3 02-108.906225
130 Referencea 03q21.3 03-129.999512
268 Referencea 05p15.31 05-009.490899
160 Referencea 07q21.3 07-093.873480
355 Referencea 08q22.3 08-105.578750
445 Referencea 13q14.3 13-050.428652
229 Referencea 15q25.2 15-082.497791
301 Referencea 16q13 16-055.490937
409 Referencea 17q21.2 17-037.637569
485 Referencea 18q21.1 18-045.630186
209 Referencea 20q11.23 20-034.978521
Median value all probe values: 

Height

1983

Area

28132

Ratio
H

1.26

Stdev

0.13

[REF]

=

[Sam]

=

Width

73

d[nt]

0.0
2341 33818 1.15 0.12 = = 97 0.0
8361 84191 1.19 0.14 = = 40 0.0
4625 47314 1.19 0.13 = = 39 0.0
3932 43727 1.01 0.1 = = 83 0.0
3544 38538 1.1 0.08 = = 43 0.0
2832 32345 1.13 0.08 = = 32 0.0
2348 31708 1.16 0.14 = = 78 0.0
9375 94338 1.2 0.12 = = 38 0.0
4747 49906 1.22 0.14 = = 32 -0.1
5114 52192 1.08 0.07 = = 36 0.0
6237 66531 1.09 0.12 = = 59 0.0
1454 22398 1.14 0.13 = = 72 0.0
2265 27299 1.19 0.12 = = 67 0.0
1629 21686 1.04 0.09 = = 57 0.0
7520 78650 1.16 0.12 = = 72 0.0
4168 43762 1.23 0.12 = = 39 0.0
4058 46082 1.16 0.14 = = 33 0.0
5817 58969 1.02 0.06 = = 36 0.0
7761 78415 1.21 0.12 = = 36 0.0
4303 46031 1.18 0.11 = = 36 0.0
2018 23259 0.97 0.05 = = 60 0.0
2096 25745 1.05 0.05 = = 64 0.0
3549 39041 1.13 0.1 = = 27 0.0
1131 16369 1.06 0.06 = = 62 -0.1
1176 18021 1.19 0.11 = = 67 -0.1
6769 71992 1.05 0.05 = = 84 0.0
5708 58401 1.05 0.11 = = 33 0.0
5190 53061 1.06 0.06 = = 35 0.0
3516 38355 0.99 0.05 = = 59 0.0
3089 35604 0.98 0.05 = = 79 0.0
2447 31199 1.17 0.13 = = 63 -0.1
1373 20666 0.96 0.05 = = 83 0.0
5181 54409 1.15 0.12 = = 31 0.0
6802 73513 1.05 0.06 = = 100 0.0
7583 75582 1.08 0.06 = = 25 0.0
3129 33415 0.96 0.05 = = 27 0.0
5587 57537 0.98 0.05 = = 35 0.0
1693 22098 0.99 0.06 = = 59 -0.1
1150 17500 1 0.05 = = 67 -0.1
4136 42058 1 0.04 = = 24 -0.1
2429 26693 0.97 0.09 = = 26 0.0
1226 17673 1.08 0.09 = = 72 -0.1
932 15202 0.97 0.06 = = 61 0.0
4610 47682 1.12 0.13 = = 37 0.0
3549 39041 1.08 0.09 57 a0.03

1Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.
MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 
or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Sample report: 13

Sample type: Sample | Project: ATM analysis | Experiment: Azeezas samplesnATM2 | Dye: 6-FAM | Performed by: Admin
Machine: ABI-3730 | Report date: 15/08/2018 | Run date: 09/12/2015 | Software Version: v.140721.1958 | Normal range: 0.7 - 1.3

Authorization

Date

MLPA probe mix: P042-ATM-2
Lot number: B1-0314
Sheet date: 09/12/2015 14:47:04
Control fragments: CF-003-[brown] QDX2 (A2-0
Analysis method: Block SSC: On
Used metric: Peak height

Reference Samples: 7 | 6 | 3 | 15 | 14 | 12

Nr of test probes: 45/45
Nr of ref probes 11/11
DNA concentration: NA
DNA denaturation NA
Expected gender: Female
Residual primer % OK 14%

FRSS: Warning 70%
FRMS: Warning 70%
PSLP: Warning -15%
RSQ: OK
RPQ: OK
CAS: OK? 75%

D [nt]

150

GeneaExon
ATM-3

Chr.band

11q22.3

hg18 loc.

11-107.603703

250 ATM-7 11q22.3 11-107.620815

463 ATM-9 11q22.3 11-107.624892

215 ATM-11 11q22.3 11-107.627935

412 ATM-12 11q22.3 11-107.628759

373 ATM-13 11q22.3 11-107.629847

262 ATM-15 11q22.3 11-107.633459

292 ATM-18 11q22.3 11-107.644411

448 ATM-20 11q22.3 11-107.647275

156 ATM-21 11q22.3 11-107.648427

191 ATM-24 11q22.3 11-107.657007

209 ATM-25 11q22.3 11-107.658636

170 ATM-28 11q22.3 11-107.664991

142 ATM-30 11q22.3 11-107.668598

161 ATM-32 11q22.3 11-107.670949

203 ATM-35 11q22.3 11-107.677594

328 ATM-36 11q22.3 11-107.678850

382 ATM-39 11q22.3 11-107.686031

341 ATM-41 11q22.3 11-107.691766

178 ATM-43 11q22.3 11-107.693358

311 ATM-45 11q22.3 11-107.697268

220 ATM-47 11q22.3 11-107.702093

198 ATM-48 11q22.3 11-107.703616

358 ATM-50 11q22.3 11-107.706170

280 ATM-51 11q22.3 11-107.707413

346 ATM-52 11q22.3 11-107.707867

394 ATM-54 11q22.3 11-107.709834

238 ATM-55 11q22.3 11-107.710889

427 ATM-58 11q22.3 11-107.721746

232 ATM-60 11q22.3 11-107.729703

273 ATM-61 11q22.3 11-107.731288

474 ATM-62 11q22.3 11-107.739228

419 ATM-62 11q22.3 11-107.739925

286 ATM-63 11q22.3 11-107.741279

436 Referencea 01q23.3 01-159.406366

319 Referencea 03q13.2 03-113.667629

131 Referencea 03q21.3 03-129.999515

256 Referencea 04q25 04-110.941155

365 Referencea 05q33.3 05-158.137017

301 Referencea 06q22.33 06-129.511860

136 Referencea 07p14.3 07-030.974908

401 Referencea 08q12.2 08-061.913286

184 Referencea 09p24.2 09-002.644106

454 Referencea 13q13.1 13-031.879392

485 Referencea 18q21.1 18-045.630186

Median value all probe values: 

Height

4357

Area

24586

Ratio
H

0.97

Stdev

0.07

[REF]

=

[Sam]

=

Width

43

d[nt]

-0.1

2666 16251 1.14 0.09 = = 49 -0.1

756 6695 0.98 0.09 = = 58 0.0

3179 19663 1.08 0.09 = = 45 -0.1

738 5900 1.06 0.09 = = 36 -0.1

1137 8338 1.08 0.08 = = 38 -0.1

2136 13573 1.01 0.1 = = 48 0.0

1934 12539 1.03 0.06 = = 48 -0.1

987 8384 1.07 0.11 = = 57 0.0

4069 25950 1.13 0.08 = = 40 -0.1

3423 19741 0.95 0.08 = = 52 0.0

1705 18148 1.05 0.08 = = 55 0.0

4979 31135 1.12 0.08 = = 39 0.0

4553 25404 1.02 0.07 = = 43 0.0

4186 24056 1.02 0.07 = = 42 0.0

3086 18600 0.97 0.07 = = 34 0.0

1355 8965 1.07 0.08 = = 45 -0.1

1331 9759 1.08 0.09 = = 43 0.0

1563 10717 1.1 0.07 = = 39 -0.1

2740 16035 1.02 0.07 = = 41 0.0

1710 11480 0.95 0.08 = = 39 -0.1

2619 16425 0.99 0.06 = = 32 0.0

3336 19251 0.98 0.06 = = 55 0.0

1105 8133 0.92 0.07 = = 44 -0.1

2349 15024 1.1 0.08 = = 46 -0.1

1279 8756 1.08 0.07 = = 43 -0.1

947 7248 1.04 0.07 = = 54 0.0

2310 13993 1.03 0.07 = = 47 0.0

728 5820 1.04 0.08 = = 40 -0.1

2850 17231 1.06 0.07 = = 43 0.0

2401 15100 1.02 0.09 = = 35 -0.1

746 6326 1.14 0.09 = = 41 0.0

783 6436 1.06 0.08 = = 42 -0.1

2316 14662 1.16 0.09 = = 41 0.0

709 5717 1.08 0.09 = = 41 -0.1

1734 11847 1.06 0.07 = = 39 -0.1

4668 27223 1.04 0.08 = = 52 -0.1

2277 14901 1.11 0.08 = = 34 -0.1

1072 7549 0.98 0.06 = = 35 0.0

1104 7392 0.7 0.04 aa = 46 -0.1

4725 26756 0.94 0.06 = = 50 -0.1

778 6119 0.98 0.08 = = 36 0.0

2655 14796 1.03 0.07 = = 37 0.0

936 7653 0.98 0.07 = = 48 0.0

599 5553 0.96 0.06 = = 40 -0.1

1934 13573 1.04 0.08 43 a0.05

1
Normal range: 0.7 - 1.3 Essential information on the use of this product is present in the product description which is available on http://www.mlpa.com. For questions, mailto:info@mlpa.com.

MRC-Holland does not and cannot warrant the performance or results you may obtain by using the software. In no event will MRC-Holland be liable for any damages, claims or costs whatsoever 

or any consequential, indirect, incidental, damages, or any lost profits or lost savings, even if an MRC-Holland representative has been advised of the possibility of such loss, damages, claims or costs.
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Appendix 4 

The Targeted Panel of 55 Cancer Genes including the ATM used in the NGS 

Experiment. NGS Services Provided by the Children’s Hospital, Sheffield, UK. 

 
BRCA1 

 
STK11 EPCAM GPC3 FANCD2 

 
BRCA2 

 
PPM1D SMAD4 HNF1A FANCE 

 
TP53 

 
NBN MEN1 MET FANCF 

 
ATM 

 
MLH1 PRKAR1A MITF FANCG 

 
BAP1 

 
MSH2 RET TSC1 FANCI 

 
BRIP1 

 
MSH6 SDHB TSC2 FANCL 

 
CDH1 

 
PMS1 SDHC VHL FANCM 

 
CHEK2 

 
PMS2 SDHD WT1 PALB2 

 
RAD51D 

 
APC SDHAF2 FANCA RAD51C 

 
RB1 

 
MUTYH FH FANCB SLX4 

 
PTEN 

 
BMPR1A FLCN (BHD) FANCC ERCC4 

 


