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Sammanfattning 

Syftet med studien är att studera hög-risk cancerceller inom barncancersjukdomen 

neuroblastom (NB), genom att kartlägga återväxt efter kemoterapi-behandling med 

doxorubicin (doxo). En multiresistent neuroblastom cell-linje med hög-risk egenskaper, SK-

N-BE(2)-C( BE[2]-C),  användes som modell. Enligt en tidigare studie på BE(2)-C celler, 

utförd av Hultman et al., (2018), kan efter en enkel eller dubbelbehandling med doxo 

majoriteten av cellerna överleva, men endast en mycket liten andel kan också omedelbart 

fortsätta dela sig. Dessa celler benämndes som ”kvarvarande replikerande celler” (RRC). I 

denna studie undersöktes hypotesen att RRC är ansvariga för återväxt efter doxo-terapi, 

hypotetiskt återspeglande situationen vid återfall hos patienten. BE(2)-C celler odlades in 

vitro i petriskålar, behandlades med doxo, och analyserades sedan i mikroskop genom att 

använda två kemiska markörer för cell-delning; EdU (5-etynyl-2’-deoxyuridin) och BrdU (5-

bromo-2-deoxyuridin). Intressant nog, men något oväntat, indikerar resultaten att RRC 

troligen inte är ansvariga för återväxt. Detta skulle då tyda på att återväxten orsakas av 

andra cellpopulationer, utan förmåga att omedelbart efter kemoterapin fortsätta dela sig. 

Dock förekom tekniska utmaningar med valda metoder, t.ex. gränsvärdena för EdU- och 

BrdU-detektering, i kombination med utspädningen av DNA-markörer vid replikation. 

Därför krävs ytterligare studier med användning av andra metoder, t.ex. isotopmarkörer, för 

att fastställa vilka subpopulationer som är ansvariga för återväxt. 

Utöver att studera cellpopulationer ansvariga för återväxt så genomfördes även en 

pilotstudie med en kombination av doxo och annan typ av kemoterapi riktad mot cellens 

förmåga att reparera DNA skador; en ATM-inhibitor (KU-60019). Pilotstudien indikerar att 

återväxten av BE(2)-C förskjuts vid närvaro av KU-60019, både i kombination med enkel 

eller dubbelbehandling av kemoterapin doxo. 

Det naturvetenskapliga arbetssättet i denna studie, vilket inkluderas i ämnesplanerna för de 

naturvetenskapliga ämnena för gymnasieskolan, understryker betydelsen av att studera 

laborativt arbete. En litteraturstudie genomfördes med fokus på öppna och slutna 

laborationer. Tio forskningsartiklar analyserades och karaktäriserades; typ av laborationsstil 

(öppen eller sluten) och elevers lärandekompetenser. Resultatet från denna studie indikerar 

att öppna laborationer bidrar till att öka elevers intresse. Vidare visar resultatet att 

laborativt arbete i skolan inkluderar utvecklingen av främst problemlösningsförmågan och 

procedurförmågan. Forskningsprocedurer och processer involverade i detta examensarbete 

diskuteras. 

Nyckelord: Neuroblastom, Behandlingsresistans, Återfall, Öppna och slutna laborationer 



Abstract 

The aim of the current study is to study characteristics of high-risk cancer cells within the 

childhood disease neuroblastoma (NB) by mapping regrowth after treatment with the 

chemotherapy doxorubicin (doxo). The cell-line SK-N-BE(2)-C (BE(2)-C) was used as a 

model. Results from a previous study by Hultman et al., (2018) have indicated that while a 

majority of BE(2)-C cells could be shown resilient to a 1 µM dose of doxorubicin (doxo), only 

a very small fractions had the capacity for immediate replication following a single or double 

treatment of doxo (“remaining replicating cells”; RRC). The current study aims to 

investigate if RRC are responsible for regrowth. Cultured BE(2)-C cells were exposed to 

doxo and labelled with the nucleoside analogues EdU (5-ethynyl-2’-deoxyuridine) and BrdU 

(5-bromo-2-deoxyuridine). The results from the current study indicated that the RRC 

subpopulation might not be responsible for regrowth since the nucleoside labelling was not 

shown to be present in the cells of the regrowing colonies. However, technical challenges, 

e.g. the settings of thresholds for EdU and BrdU detection, in combination with the dilution 

of DNA markers in replication, call for further studies using additional methods, e.g. isotope 

markers, in order to firmly conclude that other subpopulation(s) than the RRC population 

are responsible for regrowth. 

Apart from studying cell populations responsible for regrowth, a pilot study was performed 

including another combination of treatment using an ATM-inhibitor (KU-60019) together 

with the chemotherapy doxo. There were some measurement points missing, but the current 

results indicate that regrowth is postponed when the ATM-inhibitor is added in combination 

with single or double treatment of doxo. 

The research procedures and processes involved in this thesis, are similar to those included 

in the syllabi for the natural science subjects for the upper secondary school. This underlines 

the importance of studying inquiry and laboratory work. A literature review was performed, 

analysing current research on open-and closed ended laboratory work. Ten research articles 

were collected and characterized by natural science subject, type of laboratory style (open or 

closed) and student learning competences. Findings from the current study indicate that 

open-ended laboratory work promotes student interest in the subject. The learning 

competences problem-solving ability and procedure ability are most commonly studied in 

laboratory work based on the results from the current study. 

Keywords: Neuroblastoma, Therapy resistance, Relapse, Open-and closed laboratory work 
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1 Abbreviations 

CT - Chemotherapy 

NB – Neuroblastoma  

RRC – Remaining replicating cells 

SK-N-BE(2)-C–BE(2)-C



2 
 

2 Introduction 

This master thesis includes two parts. One part related to cancer research at Karolinska 

Institute (KI), specifically focusing on childhood cancer called neuroblastoma. Experiments 

are performed in order to define cancer cells that are responsible for regrowth. The other 

part includes a literature review on laboratory work styles (open-and closed) and students 

learning competences, with a focus on the upper secondary school within the natural science 

subjects: biology, chemistry and physics. 

2.1 Cancer research: Neuroblastoma 
 

One cancer type that mainly affects children is neuroblastoma (NB) (Ahmed, Zhang, 

Reddivalla, & Hetherington, 2017). Among all solid tumours in children, NB counts for the 

second most common type, after brain tumours (Borriello, Seeger, Asgharzadeh, & 

DeClerck, 2016) and NB tumours are formed from the sympathetic nervous system (Cheung 

& Dyer, 2013). In Sweden, approximately 20 children, in the ages 0-24 months, are 

diagnosed with NB every year. Neuroblastoma is rare for children older than 7 years of age 

(Barncancerfonden, 2017). Neuroblastoma is formed by uncontrolled cell proliferation of 

neural crest derived cells (Cheung & Dyer, 2013). During development, neural crest cells will 

migrate out from their location adjacent to the spinal cord and populate several parts of the 

human body including the adrenal gland, neck, chest and abdomen, which coincide with the 

localisation of NB development (Genetics Home Reference, 2019a). The majority of children 

diagnosed with NB are cured, through interventions such as transplantation of stem cells, 

surgery and treatment with chemotherapy (CT) (Barncancerfonden, 2019). However, the 

main cause of death is clinical relapse and metastasis. Metastasis is defined as spread cancer 

that arises from one part of the body and travels through the lymph- or blood-systems, 

resulting in tumours in other parts of the body (National Cancer Institute, n.d.a). The 

adrenal medulla is often a starting point for NB to arise from. Neuroblastoma then 

commonly metastasizes to the bone marrow, bone cortex and regional lymph nodes (Waters 

& Beierle, 2014). 

To help predict how the tumour will respond to treatment, NB can be classified in either low, 

intermediate-, or high-risk characterise. Clinically, such classification is based on disease 

staging; using the “International Neuroblastoma Risk Group Staging System“(INRGSS) 

(Waters & Beierle, 2014). In parallel, an older system is still in use, the “International 

Neuroblastoma Staging System” (INSS), but this is gradually replaced. An important 

advantage with the newer INRGSS staging system is that stage can be determined before 

treatment has started, based on the patient’s age when diagnosed, amplification of the 

MYCN gene and the characteristics of the tumour histology (Cohn et al., 2009; Meany, 

2019). Number of genes with mutations is less in childhood tumours compared to adult 

tumours (Karlsson et al., 2018; Vogelstein et al., 2013). However, there are occurrence of 

mutations in NB. Neuroblastoma include mutations in the tyrosine kinase gene, ALK, which 

occurs in 8-10 % of all NB. Furthermore, inactivating mutations, rendering the protein non-

functional, in ATRX can be seen in subgroups of NB. These mutations are often found in 

high-risk NB and at the molecular level. Amplification of MYCN occurs in 20 % of all NB 

(Peifer et al., 2015) and the MYCN gene is amplified when more than ten copies of the 

MYCN gene occurs (National Cancer Institute, n.d.b). MYCN functions as a transcription 

factor activating genes involved in cellular functions such as cell proliferation and metastasis 

(Brodeur, 2003). In addition, MYCN has the ability to suppress gene expression of targets 

resulting in cell cycle arrest and/or cell differentiation. Neuroblastoma with MYCN gene 

amplification usually cause cells to achieve cancerous properties (Genetics Home Reference, 
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2019b; Huang & Weiss, 2013). No further genetic alterations need to be identified in order 

to define high-risk NB (Peifer et al., 2015). 

Neuroblastoma is characterized by large inter- and intra-tumour heterogenic characteristics. 

Inter-tumoral variations, variations between tumours, can be seen in the sense of spatial 

heterogeneity, i.e. different part of tumours can show to be different in their mutation 

(Morrissy et al., 2017). Apart from variations between tumours, there is also variations 

within tumours called intratumoral variations. Intratumoral variations are variations within 

tumours, and one example is that individual tumour cells can contain different types of 

mutations. Factors that give NB its high heterogeneity include changes in genetic ploidy, 

MYCN amplification, and deletions of chromosomes (1p and 11q) (Westermann & Schwab, 

2002; Cohn et al., 2009). Prediction of relapse in NB was shown to be dependent on 

segmental abnormalities with or without MYCN amplification, the patient’s age (older than 

18 months) and diagnosis related to the most severe disease stage (Stage 4), which include 

tumour metastasis (Waters & Beierle, 2014; Janoueix-Lerosey et al., 2009). 

For tumour cells to grow they need to dysregulate several processes. These include cell 

division (i.e. proliferation), and cell death. Proliferation of cells occur through the cell cycle 

which is divided into four phases: G1, S, G2, and M. Once the cell has divided it can either 

continue to divide or enter G0, the quiescent/dormant phase (Figure 1). During the cell 

cycle, cells will replicate their DNA in the S-phase. Replicated chromosomes are separated in 

mitosis which is followed by cytokinesis leading to cell division. The cells prepare for the 

upcoming phase during the G1-, S-, and G2-phase. During cell division it is crucial that the 

genetic information passed down to the daughter cells is correct and that the DNA is not 

damaged (Cooper, 2000). The cells have several cell cycle checkpoints to facilitate this and 

one crucial checkpoint is the DNA damage checkpoint, a complex multi-component 

signalling process that can impact on the G1/S, S, and G2/M phases of the cell cycle. The 

DNA damage checkpoint response to DNA damage by activating downstream targets 

including the ATM kinase, which in turn is able to activate the p53 protein (“the guardian of 

the genome”) (Golding et al., 2009). Activation of p53 will lead to cell cycle arrest providing 

time for DNA repair, or if the DNA damage is severe, induction of cell death (apoptosis).  
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Figure 1. Cell cycle phases. The cell cycle is divided into four phases starting with G1. Once the cell 

has divided it can either continue to divide or enter a quiescent state named G0. Source: own picture. 

 

Triggering apoptosis of tumour cells is a main target when combating tumour growth. In 

addition, to initiate cell cycle arrest is one way for combating cancer cells (Jia et al., 2016). 

Chemotherapy is used for treatment of cancer patients (Merriam-Webster, n.d.) and one of 

the drugs used in the treatment of NB is doxorubicin (doxo), which is the drug of choice in 

this study. Doxo is a multifunctional drug: DNA replication is inhibited by doxo, resulting in 

cell division to stop (National Cancer Institute, n.d.d). Doxo cause DNA damage in cancer 

cells resulting in cell death (National Cancer Institute, n.d.c). Doxo has several functions 

which affects enzymes, the double helix in DNA and cell membranes. A cleavable enzyme 

used in DNA replication is affected and stabilized by doxo. As a result, nucleotide strand 

ligation is prevented after that the two strands in the DNA-double helix have been broken 

up. Free radicals of oxygen are also formed causing cytotoxicity to the structure of cell 

membrane lipids. Doxo is isolated from a bacteria named Streptomyces peucetius var. 

caesius (National Cancer Institute, n.d.d).  

A recent study by Hultman et al., (2018) indicated that a small fraction of CT resilient cells 

in a multi-resistant NB cell line, SK-N-BE(2)-C (BE[2]-C), had the capacity to continue 

proliferation following single or double exposures with 1µM doxo. Hultman et al., (2018) 

identified at least four phenotypes of doxo-resilient BE(2)-C cells, separated by the cell cycle 

phase. Actively replicating cells constituted 48 h after doxo exposure <1%, while the bulk of 

cells were arrested in late G2/M-phase (55%), G1/S/early G2-phase (32%) or in the G0-

phase (9%). The biological implications from the observed phenomenon with remaining 

replicating and arrested cells have not been elucidated. It is therefore important to further 

investigate cellular heterogeneities within the BE(2)-C cell line and to explore links between 

intra-tumour subpopulations and chemotherapy response.  
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2.2 Experiences from research procedure and process 
 

The research procedure and process include several steps and competences (Olsson & 

Sörensen, 2001). Firstly, a literature review on current and previous research is performed 

in order to give an overview of the area of choice. Research questions are then formulated, 

and hypotheses are stated. The next step is planning and designing experiments including 

selecting methods for the given study. The results are then analysed and interpreted as a 

type of scientific reasoning. In addition, comparisons and adjustments are involved, using 

competences such as problem-solving and critical thinking. In the end, communication 

skills are needed in order to present and document all parts involved and draw conclusions 

(Olsson & Sörensen, 2001). 

The research process in this study, started with formulated research questions based on 

previous findings and research articles. Hypotheses were formulated regarding regrowth 

from high-risk NB cells. Different techniques and methods were then discussed on how to 

detect the NB cells that are responsible for regrowth. In previous studies within the research 

group, a specific microscope was used for detecting cells stained with chemical markers, 

which therefore was an available option and the method of choice in this study. I also had to 

make sure that the appropriate microscope was available for a long period of time (3 weeks) 

and not occupied by other research groups. In addition, optimization of the microscope was 

needed in order to match my glass-coverslips used in the experiments, which required 

specific knowledge. Unexpected events occurred such as that the lamp of the microscope 

was broken, which delayed scanning of glass-coverslips. The cell-line used in the 

experiments was chosen since it is a multi-resistant human cell-line and when the sub-

populations of regrowth are defined for an aggressive cell-line, it might facilitate less 

aggressive cell-lines in the future. 

Statistical calculations were done on the fraction of BE(2)-C cells based on the scanning of 

glass-coverslips, and the results were analysed. The results were unexpected since the 

remaining replicating cells may not be responsible for regrowth. Furthermore, high spread 

(standard deviation) was obtained for the series in the experiments. Apart from that, 

thoughts on how to inhibit regrowth was discussed. Research articles were read and 

pathways for DNA damage repair system was investigated. As a result, I found a pathway 

including an ATM-inhibitor, which blocks DNA repair after doxo treatment. I performed an 

experiment with several combinations of single and double treatment of doxo with 

combination with the ATM-inhibitor. I followed the petri dishes over time and figured out 

that one combination was more successful than the others and that re-growth was 

postponed. Since the cells responsible for re-growth might arrest in G0/G1-phase and do not 

continue the cell cycle, differentiation of cells might have NB cells under control. Therefore, 

two other methods were discussed using light (wavelength), but the drug doxo used in these 

experiments is in the same range of wavelength. Other methods and techniques were 

discussed such as cell proliferation assay to measure cell division etc. In the end, the 

discussed methods were not useful for answering the research questions about re-growth. 

There are other aspects that may have an impact on the methods and procedures chosen in 

the current experiments such as funding and resources. Equipment, e.g. the microscope, 

needs to be available during a long time of period. In addition, the master thesis is over a 

determined period, which underlines the time aspect of performing experiments and 

analysing data within the given time. Funding is also needed in order to perform 

experiments which require chemical markers, cell-lines, drugs and other instruments. All 

these aspects may influence the methods of choice as described in this section. 
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2.3 Research process in the upper secondary school 
 

There are similar aims among the natural sciences subjects according to the syllabi in 

biology, chemistry and physics in the Swedish curriculum for the upper secondary school. 

Teaching in these subjects should include research and stimulate students’ interest and 

curiosity in the natural science subjects. Students should gain knowledge about both theory 

and experiment, as well as stating hypotheses and testing models. Moreover, teaching 

should include scientific working methods, which involves e.g. planning, making 

observations and conducting experiments. Furthermore, interpreting results and 

information, as well as discussing conclusions is essential (Skolverket, 2019a, 2019b, 2019c). 

In all courses for the upper secondary school of biology, chemistry and physics, students are 

supposed to develop learning abilities and competences (e.g. problem-solving, conceptual 

ability). Among these competences, students are supposed to gain knowledge regarding 

working methods and develop strategies to analyse, solve and formulate problems, as well as 

methods and results. In addition, students need to develop an understanding for 

interpreting experiments and observations, and additionally handle materials. Collection, 

calculations and presenting data are considered important to be developed among students 

(Skolverket, 2019a, 2019b, 2019c). 

As mentioned, there are many similarities among the syllabi within the natural sciences 

subjects. In contrast, there are some examples mentioned that are subject specific. In 

biology, students should be introduced to gain knowledge and understanding in e.g. 

medicine and protection of the ecosystem (Skolverket, 2019a). The syllabus in chemistry 

mentions several fields such as climate, environment as well as the human body. In general, 

knowledge in applications of chemistry such as development of new drugs and technologies, 

are supposed to be introduced to students (Skolverket, 2019b). In the syllabus in physics, 

knowledge about applications such as technology and medicine are supposed to be 

introduced to students (Skolverket, 2019c). 

The central content of syllabi in the courses Chemistry 1, Biology 1 and Physics 1, include 

several aspects of scientific working methods. These involve the formulation of a scientific 

problem as well as understanding models and theories over time. Furthermore, 

experimental work including testing hypotheses and theories. Students are supposed to plan 

experimental investigations and analyse both results and methods (Skolverket, 2019a, 

2019b, 2019c). In the course Biology 1, field studies are underlined as experimental work 

(Skolverket, 2019a). In the higher level of courses, Chemistry 2, Physics 2 and Biology 2, the 

syllabi on the working methods and nature of the subject, contain students’ reasoning 

regarding studying scientific problems (Skolverket, 2019a, 2019b, 2019c). In Biology 2, 

methods of molecular biology including sterilisation and cultivation of bacteria, can be 

included in teaching (Skolverket, 2019a). In Chemistry 2 and Biology 2, issues linked to 

sustainable development are included (Skolverket, 2019b). In Physics 2, mathematical 

calculations such as measured uncertainty, regression analysis etc are included among the 

working method (Skolverket, 2019c). 
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2.4 Laboratory work and inquiry in the upper secondary 
school 

 

Laboratory work and inquiry are described as different laboratory work styles. There is a 

wide range of styles and definitions on laboratory work and inquiry presented in this 

research field, which is highlighted in this section. 

Scientific inquiry has been included in the Swedish national curricula over many decades, 

even though changes have appeared. In the early Swedish national curricula, i.e. year 1962 

and 1969, formulating questions and hypotheses were not included related to inquiry. It was 

not until 1980 when students were supposed to formulate questions regarding planning of 

scientific inquiry. The current national curricula, from 2011, describes that students are 

supposed to draw conclusions when comparing the results. Critical thinking is also essential 

as well as discussing sources of error regarding scientific inquiry (Johansson & Wickman, 

2012). 

According to Bevins and Price (2016), the models of inquiry used in school science need to 

be extended and developed since the models are somehow restricted. Bevins and Price 

(2016) argue that inquiry-based teaching is composed of several stages that can be described 

as algorithmic, whereas inquiry is more complex. For example, clear scientific questions are 

not always the case for an inquiry (Bevins & Price, 2016). In a study by Berg, Bergendahl, 

Lundberg, & Tibell (2003), different laboratory styles of the same laboratory task were 

compared for students at university. Findings from the study show that the open-inquiry 

version contained more advantages than the expository style. The expository style included a 

recipe of instructions for methods and execution as well as predetermined results. In 

contrast, the open-inquiry version involved several problems related to the laboratory task 

that made the students keener to ask their own questions about different phenomena (e.g. 

pH, temperature). Advantages with the open-ended experiment were that students were 

more prepared for the laboratory and more interested in the subject (Berg, Bergendahl, 

Lundberg, & Tibell, 2003). 

Different levels of inquiry are described as guided, structured and open inquiry and are 

discussed in a study by Zion & Mendelovici (2012). Structured inquiry is described as linear 

in a sense of formulating questions followed by collecting data and then drawing 

conclusions. In contrast, guided inquiry is described by undetermined results and involves 

students to make their own decisions regarding collection of data. Teachers guide the 

students with questions and procedures. Open inquiry is characterized by students 

formulating questions as well as approaches within a chosen area by teachers. Students are 

involved in making decisions regarding in the process of inquiry. Scientists usually use the 

model of open inquiry which includes formulating research questions, designing of setups 

and using critical thinking Zion & Mendelovici (2012). 

Inquiry-based teaching could be one example of how to improve and influence laboratory 

work. A study by Ramnarain & Hlatswayo (2018) indicate both advantages and 

disadvantages with inquiry-based teaching and learning in South Africa for the upper 

secondary school. Findings from the study indicate that positive attitudes towards inquiry in 

physics were seen among teachers from the rural areas compared to teachers from schools 

from the city. In addition, students’ motivation and understanding of scientific concepts 

were factors that the teachers recognized as benefits with inquiry-based teaching and 

learning. Even though there are several advantages, teachers tend to exclude inquiry within 

their teaching. Laboratory equipment, areas, material and time were factors mentioned in 
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this study, as reasons for avoiding implementing inquiry-based teaching and learning 

(Ramnarain & Hlatswayo, 2018). 

Students’ opinions on the chemistry courses after they completed the courses were studied 

in a study by Broman, Ekborg & Johnels (2012). Several factors such as difficulty and 

interest were mentioned among students from the natural science programme in Sweden. In 

addition, students’ perceptions on the methods used during chemistry lectures were studied. 

Suggestions from students and teachers were discussed in order to make the chemistry 

courses more interesting in the upper secondary school. Questionnaires were distributed 

among 372 students within the natural science programme and 18 teachers. Apart from 

expressing experiences, they were able to suggest how the chemistry courses could be more 

meaningful. Findings from the study show that students think that the chemistry courses 

contain some subjects that are interesting and easy, e.g. the structure of atoms. In contrast, 

there are other concepts that are more interesting but harder to understand such as 

biochemistry. Connections between everyday life and chemistry, and more laboratory work 

were both two improvements that were the most common suggestions for improved 

chemistry courses in the upper secondary school in Sweden (Broman, Ekborg & Johnels, 

2012). 

Laboratory work in the form of practical session is studied by Millar & Abrahams (2008) 

and discussed with a perspective of students learning outcome. Observations of practical 

work in science were analysed. Findings from the study show that the learning outcome was 

associated with students’ knowledge in science and less focus was on students’ development 

of scientific procedures in inquiry such as reasoning (Millar & Abrahams, 2008). When 

talking about laboratory work, the word “experiment” is often involved. A study by 

Gyllenpalm & Wickman (2011) investigated student teachers view on the word “experiment” 

and its relations to laboratory work. Findings from the study showed that student teachers 

tend to associate “experiment” with laboratory work in a context of a teaching session and 

not related to a methodology in research. In general, student teachers argued that 

experiment and laboratory work are associated with teaching, whereas method of inquiry 

was not involved in laboratory work (Gyllenpalm & Wickman, 2011). 

To summarize, the literature describes different kinds of laboratory work and inquiry such 

as guided inquiry, structured inquiry, open inquiry and expository inquiry. In this section, 

several laboratory styles are presented in order to underline that this research field contains 

a wide range of definitions on the styles for laboratory work sessions. Therefore, the focus of 

the current study has involved some laboratory styles in order to facilitate analysis of 

laboratory work sessions and thus defining open-and closed ended laboratory work, which is 

described in section 3.4.2. 

 

2.5 Purpose 
 
There are two purposes with the current study. One of them is to analyse regrowth from a 

chemotherapy resistant tumour cell subpopulation in a high-risk NB, with the ultimate 

objective to help define the tumour cell subpopulations causing therapy-resistance and 

relapse. 

Specifically, the BE(2)-C NB model was selected and analysis performed following in vitro 

treatment with clinically relevant dosing of doxo. Thus, we here aim to follow up on the 

above described results by Hultman et al., (2018) and study to what degree the remaining 

actively replicating BE(2)-C cell population after doxo-exposure is responsible for later 

regrowth. 
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Research procedures and process are involved in this thesis. Scientific working methods are 

also included in the syllabi for the natural science subjects for the upper secondary school, 

which underlines the importance of studying inquiry and laboratory work.  Another purpose 

with the current study is to investigate the scientific working methods in a form of 

laboratory work for the upper secondary school, different laboratory styles and evaluate 

students learning from laboratory work, in a literature review. 

 

2.6 Research questions 
 

Using the multi-resistant human NB cell line BE(2)-C as in vitro model, I have addressed 

the following research questions: 

1) What is the time frame for regrowth after single or double treatment of 1µM doxo? 

2) From which BE(2)-C cell sub-population is the tumour regrowth originating? 

3) Can the re-growing cells be traced back to the RRC population? 

Considering recent advances in the knowledge on the impact of DNA repair systems and in 

particular anti-tumour effects from ATM blockers, an additional question arose during the 

study and a pilot study was performed to address how a combination of doxo and an ATM 

inhibitor (KU-60019) affects regrowth. 

For the pedagogical part of the current study, I have addressed the following research 

question: 

4) How can laboratory work in upper secondary school in the natural science subjects 

illustrate the scientific process? 

 

2.7 Hypotheses 
 

For the cancer research part of the current study, hypotheses were stated: 

Regrowth will occur after a lag period (allowing for recovery and repair of the doxo-induced 

damage) 

• A dose response will be seen, i.e. slower recovery after double dosing. 

• ATM-block will further delay the re-growth. 

The regrowth will mainly be driven by the remaining population of actively dividing tumour 

cells. 

For the pedagogical part of the current study, no hypotheses were stated. 

 

2.8 Ethical Considerations 
 

No ethical deliberations regarding the experiment (technical part of the Master thesis) 

planned for in this project are found. Permission for the planned experiments from an 

ethical review board is not needed, according to Swedish law. The use of anonymous tumour 
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cells, provided from an international cell bank (with consent of the donor), avoids ethical 

issues with traceable patient material. 

In the pedagogical part of the thesis, no ethical considerations are found. 
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3 Materials and methods 

3.1 Experimental setup 
 

The multi-resistant human NB cell line BE(2)-C was used as in vitro model. The BE(2)-C 

cell line was obtained from the American Type Culture Collection (ATCC). 

BE(2)-C is a subclone of the tumour SK-N-BE(2) which was originally derived from a bone 

marrow metastasis in a 2-year old boy diagnosed with NB 1972 and treated with intense 

chemotherapy and radiotherapy. Among other genetic aberrations BE(2)-C has an MYCN 

amplification and is p53 is mutated (ATCC, 2016). 

Prior to the experiments, the cells were tested for mycoplasma and a STR analysis 

performed in order to determine the authenticity of BE(2)-C (previously performed by other 

members of the laboratory and not included in the present thesis work). 

There were several experiments included in this thesis. 

Overview of the experimental setups performed: 

1) Optimization of scanning  

2) Regrowth assays following doxo treatment(s) – Kinetic study 

3) Pilot study using colony formation assay. Application of doxo in combination with 

an ATM-inhibitor. 

The methods, general principles and tasks for the experimental setup are described below. 

 

3.1.1 Cell cultures 
 

BE(2)-C cultures were kept in 75cm2 flasks (Sarstedt #83.3911.002) using RPMI 1640 

medium (Thermo Scientific HyClone) supplemented with 10% Fetal Bovine Serum, 1% L-

glutamine (Invitrogen, Carlsbad, CA, USA), and 1% penicillin/streptomycin (Invitrogen, 

Carlsbad, CA, USA), = “complete culture medium”. Cell culture conditions were 5% CO2 

with high humidity at 37˚C.  

For the experiments the BE(2)-C cells were cultured in petri dishes containing glass-

coverslips (VWR #631-0149). BE(2)-C cells were seeded at a concentration of 200 000 cells/ 

petri dish on day 0, in 10 ml complete medium per petri dish. Regrowth colonies were 

spread non-homogeneously on glass-coverslips, seen in Figure 2. 
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Figure 2. Glass-coverslip with regrowth colonies spread, colonies are distributed non-

homogeneously, following double treatments of doxo. 

The general principles and task of the experimental setup is illustrated in Figure 3, 

One petri dish was fixated per 48 hours, and one glass-coverslip per petri dish was randomly 

selected for the Imaging analysis (as described below). 

 

Figure 3. Illustration of the general principles and task of the experimental setup. 3.1) One petri dish 

with BE(2)-C cells grown on glass-coverslips. 3.2) One glass-coverslips is marked with a red circle. One 

glass-coverslip was taken from each petri dish for analysis. 3.3) Glass-coverslips were scanned first 

with the overview for selection of the area. 3.4) Glass-coverslips were then scanned with different 

wavelengths. Scanned glass-coverslip with a red square marked which is defined as a field.  
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3.1.2 Chemotherapy in combination with S-phase markers 
 

BE(2)-C cells were treated with a single or double treatment of doxo (Teva) 1µM (GIBCO ™ 

Life technology), administered to the cell culture medium. Doxo was used since it is a 

common drug used in cancer treatment (National Cancer Institute, n.d.d). The sublethal 

concentration used in this study (1µM) was selected for clinical relevance compared to doses 

of doxo given to NB patients. 

Two nucleoside analogues were added in the experiments in order to measure cell 

replication and define cell populations responsible for regrowth after doxo exposure. EdU 

(5-ethynyl-2’-deoxyuridine) and BrdU (5-bromo-2-deoxyuridine), are both nucleoside 

analogues of thymidine and thus incorporated into the DNA during the S-phase of the cell 

cycle (Gratzner, Leif, Ingram, & Castro, 1975; Salic & Mitchison, 2008). 

The schemes for adding doxo, EdU and BrdU is illustrated in Figure 4 below. The chemical 

marker EdU was added earlier than BrdU because it is a stronger chemical marker, and thus 

EdU may persist in the BE(2)-C cells over a longer time than BrdU. Since regrowth is 

studied, it is important that the chemical markers persist over time. The chemotherapy doxo 

was added once for the single treatment and twice for the double treatment. The chemical 

marker EdU was added at the same time as the last doxo treatment, since we wanted to 

mark BE(2)-C cells that continue dividing in conjunction with treatment. The other chemical 

marker BrdU was added two days before fixation and used as a marker for BE(2)-C cells that 

continue dividing.  

In brief, three experimental setups were performed: 

A) BE(2)-C cells were split on day 0 followed by doxo (1µM, 2.7µl) and BrdU (10µM, 3µl) 

treatment on day 1. The petri dishes were washed on day 3 before a second treatment of 

doxo (1µM, 2.7µl) was added in combination with EdU (10µM, 10µl). All petri dishes were 

fixed on day 5.  

B) BE(2)-C cells were split on day 0 followed by doxo (1µM, 2.7µl) and EdU(10µM, 10µl) 

treatment on day 1. The petri dishes were washed on day 3 and BrdU (10µM, 3µl) was added 

48 hours before fixation on each petri dish, until day 17.  

C) BE(2)-C cells were split on day 0 followed by doxo (1µM, 2.7µl) treatment on day 1. The 

petri dishes were washed on day 3 before a second treatment of doxo (1µM, 2.7µl) was added 

in combination with EdU (10µM, 10µl). The petri dishes were washed on day 5 and BrdU 

(10µM, 3µl) was added 48 hours before fixation on each petri dish, until day 25. Complete 

medium was replaced every 48 hours and petri dishes were fixated with 4% 

paraformaldehyde for 15 minutes before stored in 1xPBS +4˚C until used for staining. All 

experiments were performed in series of three each performed in duplicates.  
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Figure 4.  Schematic illustration of the experimental setup. A) Double treatment with doxo, BE(2)-C 

cells labelled with EdU and BrdU. Experimental setup used during optimization of microscope 

settings. B) Single treatment with doxo, BE(2)-C cells labelled with EdU and BrdU. Petri dishes were 

collected every 48 hours for in total 17 days. C) Double treatment of doxo, BE(2)-C cells labelled with 

EdU and BrdU. Petri dishes were collected every 48 hours for in total 25 days. This schematic strategy 

is modified from a previous Master Thesis illustration of Faye Keller 2018. 

 

3.1.3 Pilot study: Colony formation assay using doxo plus the 
ATM inhibitor KU-60019. 

 

BE(2)-C cells were plated (200 000 cells/petri dish, experiment performed in triplicate) for 

72h prior to start of treatment (Day 1).  

Doxo was given at a concentration of 1µM. The ATM inhibitor KU-60019 (TOCRIS) was 

given at a concentration of 10µM (diluted in DMSO). Cell colony formation measurements 

were performed using ocular inspection. The petri dishes were fixed with 4% 

paraformaldehyde for 15 min when extensive colony formation was observed. 

Treatments were administered as described in Table 1. 

In brief four combinations of treatment were investigated.  

1) Single treatment of doxo (D). 

2) Single treatment of doxo in combination with the ATM-inhibitor KU-60019 (D+A).  

3) Double treatments of doxo (D+D).  
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4) Double treatments of doxo in combination with double treatments with the ATM-

inhibitor KU-60019 (D+A, D+A). 

 

Table 1. Combinations of treatments including doxo and ATM-inhibitor KU-60019.   

Treatments Day 0 Day 1 Day 3 Day 5 

D Split Doxo  Wash 
Wash every 48 or 96 h until 

colony formation 

D+A Split 
Doxo + ATM 

inhibitor 
 Wash Wash until colony formation 

D, D Split Doxo 
Wash 

Wash until colony formation 

Doxo 

D+A, D+A Split 
Doxo + ATM 

inhibitor 

Wash 

Wash until colony formation Doxo + ATM 

inhibitor 

     

 

3.1.4 Staining with S-phase markers  
 

Staining of S-phase markers (EdU and BrdU), as indicators of DNA replication, was 

performed on paraformaldehyde fixed cells. Before staining the cells were blocked in room 

temperature for 30 minutes with TNB buffer (0.5 g of blocking reagent [#FP1020] to 100 ml 

TBS buffer [Tris/NaCl pH=7.4]). Following block, Click-iT® EdU 488 Imaging Kit 

(Invitrogen) was used for detection of EdU. First, 1xBuffer additive fresh and EdU reaction 

buffer were diluted 1:10 in dH2O. The reaction mixture (500µl) was composed of the 

following ingredients; 475µl 1xReaction buffer, 20µl CuSO4, 0,6µl Alexa Fluor azide, 5µl 

10xBuffer additive. Approximately 250µl of the reaction mixture was added per glass-

coverslip followed by incubation, in dark, for 30 minutes at room temperature. After 

washing with 1xPBS 1x5 minutes, denaturation of DNA was occurred with 4M HCl 0.1% 

Triton X for 10 minutes followed by washing with 1xPBS for 3x5 minutes. BrdU-FITC 

(abcam ab220074) antibody from rat (diluted 1:100 in TNB buffer) was added to each glass-

coverslip (25µl/coverslip) and incubated for 1 hour, in dark, at room temperature. Following 

washing with 1xPBS for 3x5 minutes and glass-coverslips were then fixed with ice-cold 

freshly prepared 4% paraformaldehyde for 1 hour at room temperature in dark. After 

washing with 1xPBS for 3x5 minutes, glass-coverslips were mounted with ProlongGold w 

DAPI (ThermoFisher P36935) in order to visualize staining of cell nuclei. 

 

 

 



16 
 

3.1.5 Imaging and optimization of microscope 
 

Glass-coverslips were analysed using the microscope Carl Zeiss AxioImager.Z2, with the 

magnification 10x or 20x. Metafer5 Slide scanning platform was used for identification of 

BE(2)-C cells.  

First, the glass-coverslips were scanned using the with an overview scan in order to detect 

the cells with respect to background (Figure 2a right), followed by selecting the area of 

choice for scanning with the selected wavelengths (Figure 2a left). 

Background noise and overlapping cells were excluded. Analysis of the high-through output 

from Metafer5 Slide program was done. Based on the scanning of BE(2)-C cells, thresholds 

for EdU positive cells and BrdU positive cells were set. 

In a pre-study, the microscope settings were optimised for the analysis. The following 

parameters were tested and changed in order to optimize scanning and selection of BE(2)-C 

cell; Background colour was adjusted in order to increase selection of weaker signals from 

BE(2)-C cells with low intensities. Integration time (light exposure time) was another 

parameter that was chosen for DAPI, EdU and BrdU for capturing pictures of BE(2)-C cells.  

A comparison between scanning with the 10x or the 20x magnification was also performed 

(described in more detail below). 

 

3.2 Statistical methods 
 

RStudio was used for calculating percentage of positive cells and standard deviation of mean 

(SEM%) of fluorescence intensities in cells selected during scanning. T-tests (distribution 2 

and sample 2) were performed for optimization 10x and 20x (n=6). One-way analysis of 

variance (Anova) was used for multiple analysis followed by Tukey’s multiple comparison 

post-hoc test to adjust for multiple testing for single and double doxo treatment (n=3). 

Statistical significance was set at * = p<0.05; **** = p<0.0001.  

 

3.3 Pedagogical part 
 

The research method used for this pedagogical part was a qualitative literature review where 

research articles were collected (Håman, 2016). A literature review was performed to give an 

overview of themes on laboratory work within natural science subjects and student learning. 

The process of searching and selecting is described below. The research articles were then 

categorized according to subject (biology, chemistry, physics and science). Student learning, 

i.e. competences and skills to develop, was also studied and categorized based on subject 

and research article (Håman, 2016). 

 

3.3.1 Review of ten articles on laboratory work 
 

Several databases were used in order to collect research articles within the areas of interest. 

Research articles about laboratory work (open and closed) and inquiry-based teaching in the 
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upper secondary school were underlying concepts for this study. The focus of this study is 

the natural sciences subjects such as biology, chemistry and physics. All natural science 

subjects were selected since the number of searches and relevant research articles including 

laboratory work sessions for the upper secondary school were limited (see inclusion criteria 

below for further descriptions). Furthermore, interdisciplinary collaboration between the 

natural science subjects may be current in my future career as a teacher. 

Databases used for the literature analysis were Google Scholar, KTH Primo, Web of Science 

and Scopus. Keywords were both written in Swedish and English. When searched with one 

or two words, many searches (e.g. 1 000 000) were shown up and therefore more words 

were added in order to get a more suitable match. 

For Google Scholar, keywords were e.g. “Frihetsgrader laboration” and “Upper secondary 

school chemistry laboratory in Sweden”. For KTH Primo, keywords were e.g. “Upper 

secondary school Sweden chemistry laboratory” and “Kemins arbetssätt”. For Web of 

Science, keywords were e.g. “Laboratory work in upper secondary school” and “Inquiry-

based teaching for upper secondary schools”. For Scopus, keywords were “Students’ 

opinions on laboratory work” and “Upper secondary school laboratory” (Appendices 1-2). 

Inclusion criteria used for selection of research articles were: 

1) Research articles published after 2000 

2) Upper secondary school (i.e. not secondary school, university) 

3) Natural Sciences subjects: Physics, Chemistry, Biology, Science 

4) Peer-reviewed articles 

5) Research articles written in English and Swedish  

Fifteen research articles were collected and then summarized including research questions, 

methods and results. Ten research articles were then chosen that included open or closed 

laboratory work (Table 2). For complete mapping of searched articles, number of searched 

articles, keywords, databases, dates for searches etc, see Appendices 1-2. 

Table 2. Number of selected articles distributed on the natural science subjects, n=10. 

 Biology Chemistry Physics Science 

Number of 

articles 

5 1 2 2 

 

3.3.2 Definition of open-and closed ended laboratory work 
 

There are several definitions described in this thesis about laboratory work styles and 

inquiry, which underlines the wide range. Therefore, some definitions are chosen in order to 

facilitate analysis of research articles based on open-and closed laboratory work sessions. 

An open-ended laboratory is based on the students’ willing to determine research questions, 

material and methods needed for the experiment as well as running an experiment and 

present it in a report (Kofli & Rahman, 2011). Laboratory instructions styles can be divided 

into four subgroups: expository, discovery, problem-based and inquiry. Each subgroup is 

then divided into three descriptors: The outcome, predetermined or undetermined results 

from a laboratory session. The approach towards a laboratory session could either be 

inductive (observations of circumstances resulting in students using principles) or deductive 
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(students apply and use principles already mentioned for understanding a phenomena). The 

procedure during a laboratory session could be given to the students (e.g. a manual), or the 

procedure can be developed by the students themselves (Domin, 1999). 

Expository laboratory style is characterized by predetermined outcome (expected results), 

deductive approach and a given procedure. In contrast, discovery laboratory style contains 

an inductive approach where students make observations to derive their principles. 

Problem-based laboratory style is characterized by predetermined outcome, deductive 

approach and a procedure made by students (student generated). Undetermined outcome is 

included in an inquiry laboratory style, when teachers and students do not know the 

expected results. Furthermore, an inquiry laboratory style includes an inductive approach 

and the procedure is student generated (Domin, 1999). 

Table 3. Laboratory styles categorized by Domin (1999). 

Laboratory style Approach Outcome Procedure 

Expository Deductive Expected Given 

Discovery Inductive Expected Given 

Problem-based Deductive Expected Student generated 

Inquiry Inductive Undetermined Student generated 

 

Based on previous descriptions and definitions of laboratory styles, open laboratory work 

and personal experiences as a student and student teacher, I define an open-ended 

laboratory with at least one of the below criteria: 

1) Research question: Students formulate a question for an experiment, a 

laboratory session or a field study, without the teachers’ intervention. 

2) Approach: Students observe phenomena in an experiment, a laboratory or a field 

study, and deduce principles based on observations. 

3) Procedure: Students plan and develop methods on their own for running an 

experiment, laboratory session or field study. 

4) Results: The outcome from an experiment, laboratory session or field study is 

undetermined. 

 

3.3.3 Learning competences and abilities 
 

In the syllabi of the courses for the natural sciences subjects; chemistry, biology and physics, 

several competences and abilities are mentioned that students are supposed to develop as 

stated below (Skolverket, 2019a, 2019b, 2019c): 

 

1) Problem-solving ability: Students’ ability to formulate, identify and solve 

problems related to natural sciences subjects and analyse results. Students’ ability to 

reflect on strategies and results as well as evaluating them. 

2) Communication skills: Students’ ability to use knowledge in order to 

communicate as well as use critical thinking. 

3) Procedure ability: Students’ ability to plan, perform and interpret experiments 

and observations, as well as manage equipment and other materials required. 
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4) Conceptual ability: Students’ ability to gain knowledge of theories, models and 

concepts. 

5) Relevance ability: Students’ ability to discuss knowledge regarding the 

importance of science, chemistry, biology or physics on an individual perspective 

and society. 

Based on these learning competences and previous described definitions of an open and 

closed ended laboratory work, the collected research articles were analysed.  
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4 Results 

4.1 Optimization of scanning 
 

The cancer research part of the current study involved optimization of scanning. For the cell 

analysis we have used an automated scanning system called the Metafer system. This system 

allowed us to analyse markers on single BE(2)-C cells and in this way visualise and 

quantitatively measure therapy outcome and regrowth. 

The research group has previously optimised scanning parameters for scans using the 20x 

magnification for the microscope. However, the duration of such scan is long (3h/glas) and 

bleaching of glass-coverslips was indicated which may affect the read-out of scanned BE(2)-

C cells. Furthermore, it was observed that a fraction BE(2)-C cells are not detected by the 

microscope, resulting in fewer number of cells, when using magnification 20x. We therefore 

wanted to investigate of how we could further optimise the scans by switching to a 10x 

magnification when scanning. In this technical pre-study, we treated BE(2)-C cells with a 

double treatments of doxo and used the chemical markers EdU and BrdU for staining. The 

time for scanning one glass-coverslip when using the magnitude 10x was 1.5 h/glass-

coverslip. Furthermore, when the same glass-coverslip was scanned with both 10x and 20x, 

there was a difference in the number of cells detected (DAPI) for all glass-coverslips (Figure 

4). There is a statistically significant difference between the number of cells using 

magnification 10x and 20x (p<0.0001) (Figure 5). The reasons for the difference in the 

number of cells is still unknown. 

 

Glass coverslips: 1 2 3 4 5 6 

10x 2056 2539 2146 1276 2547 2583 

20x 953 688 764 772 1183 914 

 

Figure 5. Number of BE(2)-C cells detected by the microscope for the magnification 10x and 20x. Six 

glass-coverslips were scanned for cells with both magnifications. The number of detected BE(2)-C cells 

is higher when magnification 10x is used. There is a significantly difference between the number of 

cells using magnification 10x and 20x (p<0.0001). 
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In order to define EdU (red) and BrdU (green) positive cells, the Metafer5 platform was 

used for setting thresholds based on the fluorescence intensities. BE(2)-C cells that were 

detected by the microscope are shown with white lines as marked cells (Figure 6). It is 

observed that more BE(2)-C cells are marked with white lines when magnification 10x 

(Figure 6A) was used compared to 20x (Figure 6B). The white lines indicates that the BE(2)-

C cells are detected by the microscope, which underlines that less BE(2)-C cells were 

detected with magnification 20x.  

 

 

Figure 6. A) Optimization of microscope, 10x. BE(2)- C cells detected (DAPI), BrdU and EdU positive 

cells. B) Optimization of microscope, 20x. BE(2)-C cells detected (DAPI), BrdU and EdU positive cells. 

 

The microscope gives information about the fluorescence intensities of EdU and BrdU and 

thresholds were determined based on those values for defining an EdU positive and BrdU 

positive cell. The results are presented as fraction of positive cells. For the 10x 

magnification, there was 1.4 % ± 0.2 EdU positive cells and 75.2 % ± 1.3 BrdU positive cells. 

For the 20x magnification, there was 1.5 % ± 0.4 EdU positive cells and 79.9 % ± 0.4 BrdU 

positive cells (Figure 7). Our results showed no significant difference in detection levels with 

respect to fractions of cells between 10x and 20x for EdU positive cells (p=0.46) and BrdU 

positive cells (p=0.77). Based on these results I continued my analysis using the 10x 

magnification. 
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Figure 7. Fraction of EdU respectively BrdU positive cells (%) when optimization of microscope with 

magnification 10x or 20x.  

 

4.2 Time frame for regrowth of BE(2)-C cells after single 
or double exposure with 1µM doxo 

 

To determine regrowth kinetics of BE(2)-C cells following a single or a double treatment of 

doxo, we cultured cells for an extended period of time and measured the number of 

cells/field. The experiment was terminated when >10 colonies/petri dish was observed and 

the number of cells per field was calculated (Figure 8).  

The highest number of cells per field was detected on the first observation point, day 5 after 

single treatment of doxo. Day 7 after single treatment of doxo exposure revealed the first 

statistically significant decrease in number of cells per field (p<0.0001). The first 

statistically significant increase in number of cells per field was detected by day 17 

(p<0.0001) (Figure 8A).  

For double treatment of doxo there was a statistically significant decrease in number of cells 

per field (p<0.05) on day 7-11.  A statistically significant increase in number of cells per field 

(p<0.05) was detected by day 11-21 (Figure 8B). 
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Figure 8. A) Number of cells per field with standard deviations during days 5-17 after single 

treatment with doxo. Glass-coverslips were fixed every 48 h. Statistically significant decrease 

****=p<0.0001 for number of cells per field day 5-day 7 and statistically significant increase 

****=p<0.0001 day 7-day 27. There was an outlier excluded on day 17 based on mean±2∙σ. B) Number 

of cells per field including standard deviations during days 7-25 after double treatment with doxo. 

Glass-coverslips were fixed every 48 h. Statistically significant decrease *=p<0.05 for number of cells 

per field days 5-7 and statistically significant increase during day 7-25. There was an outlier excluded 

on day 25 based on mean±2∙σ. 

 

4.3 Tracing regrowth from doxo-resilient replicating 
BE(2)-C cells 

 

In order to study if the small replicating subpopulation of BE(2)-C cells after single or 

double treatments of doxo are responsible for regrowth over prolonged time, a scheme with 

EdU and BrdU labelling was designed.   

The experiments were stopped at time points based on the data obtained in the above kinetic 

analysis, i.e. on day 17 respectively day 25 when >10 colonies of regrowth were observed. 

Scanning of glass-coverslips using the same microscope setup as described above was 

performed to detect EdU/BrdU positive cells.  

Figure 9 illustrates the results for the remaining replicating cells. EdU positive cells 

decreased over time (days 5-11) and the fraction of EdU positive cells after single exposure 

was below detection level or at a level of detection from day 13 (Figure 9A, Table 4). For the 

double treatment of doxo, EdU positive cells decrease over time (days 7-11) and the fraction 

of EdU positive cells after double exposure was below detection level or at level of detection 

from day 15 (Figure 9B, Table 5). 
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Figure 9. A) Fraction (%) of BE(2)-C cells staining positive for EdU following single treatment of 

doxo. Experiment was ended on day 17 when regrowth colonies were observed. B) Fraction (%) of 

BE(2)-C cells staining positive for BrdU following double treatment of doxo. Experiment was ended on 

day 25 when regrowth colonies were observed. 

Fractions of positive cells (%) are shown in table 4 and table 5 below for single respectively 

double treatment of doxo. In table 4 which represents BE(2)-C cells following single 

treatment of doxo, there can be seen that the fraction of EdU positive cells and double 

positive cells are below detection level on day 13, with an slight increase on day 15-17. The 

percent fraction of BrdU positive cells ranged between 50-75% (Table 4) over the 

observation period, indicating viable culture conditions and consistent proliferation. 

 

Table 4. Fraction of positive cells (%) for BE(2)-C cells following single treatment of doxo. EdU 

positive, BrdU positive and double positive cells were calculated. Belongs to Figure 9. 

 

 

EdU positive 

(%) 

BrdU positive (%) EdU and BrdU positive (%) 

Day 5 59.8 ± 10.2 80.4 ± 16.9 54.2 ± 12.0 

Day 7 44.8 ± 13.3 58.3 ± 31.3 32.6 ± 20.5 

Day 9 19.6 ± 16.7 70.9 ± 15.1 18.9 ± 15.4 

Day 11 20.2 ± 13.0 69.4 ± 15.3 14.3 ± 7.5 

Day 13 0.0 ± 0.0 57.3 ± 31.1 0.0 ± 0.0 

Day 15 0.1 ± 0.2 56.5 ± 46.6 0.0 ± 0.0 

Day 17 0.3 ± 0.3 62.5 ± 43.1 0.3 ± 0.3 

 

For the double treatment of doxo, fractions of BE(2)-C cells containing the chemical 

markers EdU and BrdU are presented in table 5. There can be seen that the fraction of EdU 

positive cells and double positive cells are below detection level on day 11, day 13 and day 21-

25. For double treatment of doxo, the fractions of EdU positive cells was below or at the level 

of detection (0.0 % ± 0.0) from day 11 (Table 5) with a slight increase on day 17-19. The 

fraction BrdU positive (cells indicated a positive trend of increasing proliferation, but this 

was however not statistically significant (p>0.05). 
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Table 5. Fraction of positive cells (%) for BE(2)-C cells following double treatment of doxo. EdU 

positive, BrdU positive and double positive cells were calculated. Belongs to Figure 9. 

  EdU positive 

(%) 

BrdU positive 

(%) 

EdU and BrdU positive (%) 

Day 7 2.5 ± 1.7 25.1 ± 18.0 1.2 ± 1.4 

Day 9 1.4 ± 1.7 22.6 ± 18.5 1.3 ± 1.5 

Day 11 0.0 ± 0.0 18.2 ± 12.7 0.0 ± 0.0 

Day 13 0.3 ± 0.6 44.1 ± 11.9 0.3 ± 0.6 

Day 15 0.0 ± 0.0 43.7 ± 23.4 0.0 ± 0.0 

Day 17 0.6 ± 1.3 26.9 ± 16.3 0.6 ± 1.3 

Day 19 0.8 ± 1.7 42.7 ± 30.3 0.0 ± 0.0 

Day 21 0.0 ± 0.0 42.1 ± 31.2 0.0 ± 0.0 

Day 23 0.0 ± 0.0 53.2 ± 35.7 0.0 ± 0.0 

Day 25 0.0 ± 0.0 41.2 ± 35.6 0.0 ± 0.0 

 

 

Glass-coverslips were scanned over a long period of time. Figure 10 illustrates overview-

scans for BE(2)-C cells following single treatment of doxo on day 5, day 7 and day 17. A small 

part of one glass-coverslip on day 17 is selected showing regrowth (Figure 10a). This small 

area, Figure 10a, is then showing nuclear staining (blue), BrdU positive cells (green) and 

EdU positive cells (red). The last photo shows this small area of a regrowth colony after 

scanning. 

 

Figure 10. A) Overview-scans for BE(2)-C cells following single treatment of doxo on day 5, day 7 and 

day 17. On day 17, one regrowth colony is observed. Boxed area (a) indicate a regrowth colony day 17. 

Three channels were used for distinguishing cells. Bottom pictures illustrate nuclear DAPI staining 

(blue), BrdU positive cells (green), EdU positive cells (red) and a combined overlay picture with all 

colours. 
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Figure 11 illustrates overview-scans for BE(2)-C cells following double treatment of doxo on 

day 7, day 17 and day 25 A small part of one glass-coverslip on day 25 is selected showing 

regrowth (Figure 11a). This small area, Figure 11a, is then showing nuclear staining (blue), 

BrdU positive cells (green) and EdU positive cells (red). The last photo shows this small area 

of a regrowth colony after scanning. 

Figure 11. A) Overview-scans for BE(2)-C cells following double treatment of doxo on day 7, day 17 

and day 25. On day 25, there are several colonies observed. a) A part of a regrowth colony from day 25 

is selected showing nuclear staining (DAPI), BrdU positive cells (green), EdU positive cells (red) and 

an overall picture with all colors. 

 

4.4 How a combination of doxo and an ATM-inhibitor 
(KU-60019) affects regrowth 

 

Even though BE(2)-C cells were treated with clinically relevant doses of chemotherapy doxo 

(1µM), we found that BE(2)-C cells could recover resulting in regrowth (hypothetically 

reiterating clinical relapse). For BE(2)-C to recover from Doxo treatment they will need to 

repair DNA damage caused by the treatment. Therefore, inhibiting DNA repair might 

further delay or inhibit regrowth. A previous study by Ryl et al., (2017) described how an 

ATM-blocker (KU-60019) could block DNA repair for NB cells. Therefore, in line with such 

studies, I wanted to investigate the effects of the same ATM-blocker in the BE(2)-C model. 

For this, I performed experiments with single and double doses of doxo with and without the 

ATM-blocker (KU-60019).  

Figure 12 illustrates the first colonies observed for single treatment of doxo on day 11, 

whereas with combination of ATM-inhibitor there were colonies observed on day 15. This 

describes a delay with 4 days in observing regrowth colonies when an ATM-inhibitor is 

added for single treatment of doxo. For double treatment of doxo, there was observed 

colonies on day 15, whereas with combination of ATM-inhibitor there was observed colonies 

on day 20. This described a delay with 5 days in observing regrowth colonies when an ATM-

inhibitor is added for double treatment of doxo. Three series were performed, but only one 

serie was documented regarding counting regrowth colonies, which is shown in Figure 12. 

The petri dishes were fixated upon extensive colony formation, unfortunately there are no 

measurement point following >10 colonies per petri dish for D, D and D+A, D+A. 
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Figure 12. Regrowth colonies for one serie for BE(2)-C cells following single treatment of doxo (D), 

doxo and ATM inhibitor (D+A), double treatment of doxo (D, D) and double treatment of doxo 

combined with ATM inhibitor (D+A, D+A). 

 

Petri dishes were fixed when regrowth colonies were observed. Regrowth colonies are 

observed in Figures 13 and 14 for single and double treatment of doxo and with combination 

of the ATM-inhibitor. 

 

Figure 13. D) Petri dish D, single treatment of doxo, fixation day 19. D+A) Petri dishes D+A, single 

treatment of doxo combined with ATM-inhibitor, fixation day 23. 
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Figure 14. D,D) Petri dish D, D, double treatment of doxo, fixation day 19. D+A, D+A) Petri dish 

D+A, D+A, double treatment of doxo combined with ATM-inhibitor, fixation day 35. 

 

4.5 Laboratory styles and learning competences within 
natural science subjects 

 

The pedagogical part of the current study included a literature review of research articles on 

laboratory styles and learning competences. Ten research articles were selected and 

characterized by the type of laboratory according to definitions of open and closed ended 

laboratory (see table 6). The research articles are described below in order to give an 

overview of the material selected. 

One study by Andersson & Enghag (2017) investigates both open and closed ended 

laboratory work in physics and is therefore included in both groups. This study investigates 

different laboratory styles compares and the learning outcome in a form of students’ 

communication skills (Andersson & Enderhag (2017). Another study by Hamza & Wickman 

(2009) involves a session with a focus on electrochemical cells and students learning in 

describing concepts and principles in chemistry and is an open-closed laboratory session. De 

Vries & Marzin (2013) focused on students developing methods on their own for a procedure 

in biology and includes an open-ended laboratory work session. Another study by Harms & 

Heyduck (2015) involves students at a research center outside school and is a closed-ended 

laboratory work session. Students were introduced to equipment and biological mechanisms 

in genetics, and then students were supposed to identify conditions in samples at a lab. An 

open-closed laboratory session is described in a study by Rens, Pilot & Schee (2010) that 

investigates students’ knowledge and perceptions regarding scientific investigations and 

students’ interest. A study by Mellving & Nilsson (2015) involves a field study in biology, and 

a comparison between indoor and outdoor learning. The focus of the study was students 

learning on concepts and procedures in ecology and includes open-ended laboratory work. 

Another study by Ottander, C., & Grelsson (2006) involves teachers’ assessment methods in 

laboratory work in biology and focus on the learning outcome as well as aim and involves 

open-ended laboratory work session. A study by Bandiera & Bruno (2006) includes a closed 

laboratory work session on genetically modified organisms (GMOs) with given laboratory 
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instructions to the students. Students were then supposed to write texts including 

argumentation and reasoning (Bandiera & Bruno, 2006). Another study by Andersson, 

Anderhag, Holst, Nordling & Danielsson Thorell (2014) involves two laboratory work 

sessions, but only one of them is for the upper secondary school. The laboratory work 

session in the upper secondary school includes Newton's second law and focus on students 

learning in a form of communication skills and is a closed-ended laboratory session 

(Anderhag, Holst, Nordling & Danielsson Thorell, 2014). 

Characterization based on the type of laboratory style and learning competences was done to 

show an overview of the material collected based on laboratory work style and natural 

science subject. As shown in table 6, there were 5 research articles collected within biology, 

whereas there were 2 research articles in chemistry. There were 2 open-ended laboratory 

work sessions and 2 closed-ended in physics. Science included one of each type of laboratory 

work. The number of open-ended laboratory work sessions is the same as the number of 

closed-ended laboratory work sessions (table 6). 

 

Table 6. Number of selected research articles for natural science subjects characterized by the type of 

laboratory (open or closed), n=10. 

 Biology Chemistry Physics 

 

 

 

Open ended 

laboratory 

3 

(De Vries & 

Marzin, 2013) 

(Ottander, C., & 

Grelsson, 2006) 

(Mellvig & 

Nilsson, 2015) 

2 

(Hamza and 

Wickman, 2009) 

(Rens, Pilot, & 

Schee, 2010) 

2 

(Pizzolato, Fazio, & Battaglia, 

2013). 

(Andersson & Enghag, 2017) 

 

 

 

Closed ended 

laboratory 

2 

(Harms and 

Heyduck, 2015) 

(Bandiera & 

Bruno, 2006). 

 2 

(Andersson & Enghag, 2017) 

(Andersson, Anderhag, Holst, 

Nordling & Danielsson 

Thorell, 2014) 

 

Among ten research articles discussing open and closed laboratory, students’ learning 

processes, competences and abilities were studied. Table 7 below presents the competences 

and abilities regarding students’ learning for each research article. Several learning 

competences can be included in one research article. According to table 7, problem-solving 

ability and procedure ability are the most common learnings competences that are studied 

in the research articles collected. In contrast, relevance ability is less studied. 
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Table 7. Research articles (n=10), characterized on natural science subject and what type of learning 

that was studied. 

 Biology Chemistry Physics 

 

 

 

Problem-solving 

ability 

3 

(De Vries & 

Marzin, 2013) 

(Harms and 

Heyduck, 2015) 

(Bandiera & 

Bruno, 2006) 

1 

(Rens, Pilot, & 

Schee, 2010) 

 

2 

(Pizzolato, Fazio, & 

Battaglia, 2013). 

(Andersson, Anderhag, 

Holst, Nordling & 

Danielsson Thorell, 2014) 

 

 

Communication 

ability 

1 

(Bandiera & 

Bruno, 2006) 

 2 

(Andersson & Enghag, 

2017) 

(Andersson, Anderhag, 

Holst, Nordling & 

Danielsson Thorell, 2014) 

 

 

 

 

Procedure ability 

4 

(De Vries & 

Marzin, 2013) 

(Harms and 

Heyduck, 2015) 

(Mellvig & 

Nilsson, 2015) 

(Ottander, C., & 

Grelsson, 2006) 

 

2 

(Hamza and 

Wickman, 2009) 

(Rens, Pilot, & 

Schee, 2010) 

1 

(Pizzolato, Fazio, & 

Battaglia, 2013). 

 

 

Conceptual ability 

1 

(Mellvig & 

Nilsson, 2015) 

 

1 

(Hamza and 

Wickman, 2009) 

2 

(Andersson & Enghag, 

2017) 

(Andersson, Anderhag, 

Holst, Nordling & 

Danielsson Thorell, 2014) 

 

Relevance ability  

1 

(Harms and 

Heyduck, 2015) 

1 

(Rens, Pilot, & 

Schee, 2010) 

 

 

 

 

 

 

 



31 
 

4.6 Open-and closed ended laboratory work related to 
students learning 

 

Among 10 research articles, this section illustrates examples of open and closed laboratory 

work in practise at upper secondary school. Some examples of the research articles that were 

collected and included open or closed laboratory work are presented below. 

One example among the research articles is a study by Andersson & Enderhag (2017) that 

investigates several laboratory styles such as discovery and expository according to Domin’s 

(1999) categories of laboratory styles. One example of a closed laboratory session is 

associated with an expository laboratory style. The assignment for the laboratory session 

was to calculate acceleration using equipment in the lab. The students were introduced to 

the materials, how to use the equipment and read for measurements. In addition, the 

teacher guided the students on how to collect and analyse data. Mathematical formulas were 

given, and students followed instructions for the procedures. Findings from the study show 

that the students completed the task during the given time. Students followed the 

instructions given by the teacher and prepared the tape timer. The given equation for 

calculating acceleration was used by the students. Four out of five groups managed to 

analyse the results in the end. The fifth group spent more time on preparation of the 

equipment needed for the lab. Generally, students spent less time on planning the activity 

since the teacher introduced the laboratory session in the beginning. The acceleration unit 

was unclear to some students and was discussed within the group (Andersson & Enderhag, 

2017). 

Another example of a laboratory session is a study by Hamza & Wickman (2009). 

Laboratory instructions included a given question, given methods and expected results, 

which indicates a close ended laboratory session. On the other hand, students use their 

observations in order to deduce their principles, which is an inductive approach (Domin, 

1999). According to the definition, the study by Hamza and Wickman (2009) is therefore an 

example of an open laboratory work session. The study focused on the chemistry course 

chemistry A for the natural science programme in the upper secondary school in Sweden. 

Electrochemistry was the topic for a laboratory session with a focus on electrochemical cells 

and voltage. The study investigates the students’ learning regarding scientifically reasoning 

when performing a laboratory session with electrochemical cells. Laboratory instructions 

were given for the set-up of the electrochemical cell and questions were introduced by the 

teacher for the students to discuss. In contrast to normal laboratory sessions, this laboratory 

session did not involve the teacher’s intervention and students were supposed to help each 

other on their own. Students were asked to make observations, measure the voltage and 

explain the electron direction stream, chemical reactions and principles. The study 

investigates students’ abilities to describe a natural phenomenon. Findings from the study 

indicate that there is a lack of students’ making distinctions (eg. differences in ions, half 

cells) and describing the chemical processes using concepts such as oxidation and reduction. 

Furthermore, students had problems to read from the equipment and measurements 

(Hamza & Wickman, 2009). 

Another study shows an example of an open-ended laboratory session in a study by de Vries 

& Marzin (2013). Students were a part of developing a scientific method that involved the 

students to design a procedure in a biology lecture in France. The performance of 99 

students in a laboratory session in the upper secondary school was observed. Students were 

involved in designing a scientific procedure for measurements of facial angles of a cranium 

in order to improve their understanding of concepts within science. Students were supposed 

to make a protocol for investigating the cranium. Several instructions were given to the 
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students such as definitions and measurement methods. Students could choose anything in 

order to design a procedure such as writing a text or drawing to show their reasoning and 

problem-solving. Findings from the study show that students developed a protocol of their 

experimental actions with less actions compared to an expert procedure. The students 

included 4.5 actions in average, whereas the expert procedure contained 10 actions. For the 

students, identification of measurements points on the cranium and drawing lines between 

points were two important actions. According to the students, actions such as removing the 

sheet from the cranium and pointing out two pairs of points, were not clear. The students 

developed their experimental skills regarding actions in a scientific procedure that is 

involved in the scientific method (de Vries & Marzin, 2013). 

Another example of an open-ended laboratory session is when students were at a research 

center. Harms and Heyduck (2015) present a biological laboratory with focus on epigenetics 

for upper secondary school students. Students could develop laboratory skills and learn how 

scientific research is running. Introduction to research and mechanisms for epigenetics and 

basic genetics were required for participation. Students were divided into groups at place 

and were practised on how to use micropipettes and other equipment. Laboratory 

techniques such were used in order to investigate characteristics of DNA. DNA samples with 

different conditions were used in the laboratory session and the students were supposed to 

identify these conditions. As a result of this biological laboratory, students were experienced 

with current scientific biological problems. Findings from the study show that mostly all 

students succeeded in identifying the conditions. In contrast, students had troubles with 

pipetting small volumes which affected the DNA samples (Harms & Heyduck, 2015). 

Among the research articles collected, there are shown examples of open-ended laboratory 

work in a range of different types and closed-ended laboratory work. Some open-ended 

laboratory work sessions include all criteria according the open-ended definition, whereas 

other include one criterion (e.g. inductive approach). Students may still learn about 

scientific working methods from closed laboratory work, although a more open-ended 

laboratory style may imply that more learnings competences are developed. 

 

4.7 Students development of learning competences in 
laboratory work 

 

Students learning from laboratory work is investigated in several research articles. One 

study by Andersson & Enghag (2017) investigates the design of physics laboratory work for 

the upper secondary school and its impact on students’ communication skills. Several 

laboratory styles such as expository and discovery are compared as students are introduced 

to different activities and laboratory work sessions. Several steps were included in the 

activities such as planning, collecting and analysing data. Findings from the study show that 

the design of the laboratory work and activities influence students’ engagement in their 

conversations between each other filled with consideration of their ideas. In addition, 

critical engagement in sharing ideas are seen when the students performed open ended 

laboratory work (Andersson & Enghag, 2017). 

Another study by Rens, Pilot & Schee (2010) investigates the changes with respect to 

students’ knowledge and the importance of scientific procedures in a scientific research 

community. Students’ knowledge regarding scientific investigations and their interest in 

research were two factors that were analysed. Participants for the study were from an upper 

secondary school. Even though all students were ambitious that had taken two years of 

chemistry education for upper secondary school, inquiry-based teaching in chemistry was 
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not common experience by the students. For 6 weeks, students were able to get familiar with 

a research community, do laboratory work, discuss chemical principles and present their 

results. The findings from the study show that students were confused with the research 

question’s connection to the importance of studying a specific process. Furthermore, 

students critical thinking regarding the laboratory work was considered (Rens, Pilot & 

Schee, 2010). 

One study by Mellving & Nilsson (2015) investigates field studies in a way of outdoor 

learning and compares it with indoor learning in the classroom. The study includes the 

school subject biology for the upper secondary school in Sweden. Students’ knowledge 

regarding concepts and procedures within ecology was measured by questionnaires that 

were distributed among 64 students. These questionnaires, i.e. tests, were given to the 

students before and after outdoor and indoor teaching for comparison. One group of 

students experienced classroom teaching, whereas another group of students went out for a 

field study in nature. The same central concepts within ecology were included in both 

groups. After that, the groups changed environment and activities and the first group went 

for out for a field study and the other group had classroom teaching. The same procedure 

was occurred with tests before and after. Findings from the study show that there was no 

difference in the students results from the tests when the groups were compared regarding 

outdoor and indoor teaching. Researches in the study claim that there were motivated 

students involved in the study that might have an impact on the results. Motivated students 

may still be focused and develop learning competences, no matter the learning context and 

environment (Mellvig & Nilsson, 2015). 

To conclude, some research articles include studies of students learning competences such 

as problem-solving abilities, communication skills and procedure ability. Students learning 

from laboratory work including scientific working methods is discussed. 
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5 Discussion 

5.1 Discussion of cancer research: Neuroblastoma 
 

Chemotherapy resistance and clinical relapse is the main cause of death in patients with NB 

(Lucena et al., 2018). It is therefore of great importance to understand the underlying 

mechanisms leading to therapy resistance and relapse. 

In this study, we have investigated the relation between cell cycle progression and relapse in 

an established multi-resistant NB cell line; BE(2)-C. The model is an example of high-risk 

NB cell line derived after multiple intense therapies. By studying aggressive cell-lines, it 

might facilitate efforts to treat less resistant cell-lines in the future.  

BE(2)-C cells were treated either with a single or a double exposures of the chemotherapy 

doxo and studied over prolonged time using methods for detecting DNA synthesis, 

incorporation of either EdU and/or BrdU. For the analysis we have used a cell scanning 

system called Metafer, to detect single cells and to identifying their properties regarding 

replicative capacities. During the optimization of microscope, we detected a significant lower 

number of cells when 20x magnifications was used compared to 10x (p<0.0001). However, 

our results showed no significant difference in detection levels with respect to the fraction of 

EdU positive cells (p=0.46), or BrdU positive cells (p=0.77) between 10x and 20x 

magnifications. To conclude, a magnification of 10x was used due to lower scanning time, 

minimized bleaching of glass-coverslips and increased detection of cells. Apart from this, 

there were concerns with the settings of the thresholds for defining EdU and BrdU positive 

cells. The threshold was set with ocular inspections leading to small variations in 

fluorescence intensity, affecting the observed frequencies of positive cells. However, special 

care was given to minimise this effect.  

Other discovered technical challenges involved the petri dishes used in the experiments. 

BE(2)-C cells were cultured on glass-coverslips positioned in the bottom of petri dishes. This 

method raised some challenges. First, the colony re-growth was unevenly distributed, both 

within one petri dish and between petri dishes (Figure 11). As a result, a high spread (noted 

as high standard deviation) affected the statistical evaluations. To minimize bias from the 

observer, coverslips were selected randomly for staining and scanning. In future 

experiments studying regrowth, other methods would be more appropriate, e.g. using 96-

plates with smaller wells to handle problems with non-homogeneous spread of regrowth. 

However, given the time frame necessary for the evaluation of regrowth (up to 4 weeks), 

small culture vessels with small volumes of medium is disadvantageous. 

Our results confirm that BE(2)-C cells are able to recover and proliferate after exposure to  

doxo. Analyses of proliferation capacity revealed that they were able to enter the cell cycle 

after treatment (fraction of EdU/BrdU double positive cells). Despite the capacity to 

continue dividing there is a decrease in overall fraction of EdU positive cells. This could be 

due to increased cell death. Investigation of number of cells per field shows a statistically 

significant decrease after doxo treatment supporting the notion of cell death. Further studies 

are needed to verify any occurrence cell death over the experimental duration of time. One 

technique that could be used for this is TUNEL which measures double DNA breaks 

associated with cell death (Kyrylkova, Kyryachenko, Leid, & Kioussi, 2012).  

The nucleoside analogues EdU and BrdU used in the current study incorporate into DNA 

during S-phase in the cell cycle (Salic & Mitchison, 2008, Gratzner, Leif, Ingram, & Castro, 

1975). One factor that needs to be further considered is the assumption that positive cells 
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represent continued proliferation. Some cells might arrest in other cell cycle phases or stop 

dividing after entering S-phase. Another factor that needs to be considered is the intensity of 

the EdU marker. Dividing cells might show low concentrations of EdU. In order to 

conclusively determine whether cells EdU labelling persist over a longer time of period, a 

control experiment for duration of EdU should be performed. An alternative approach 

would be to use DNA labelling isotope, which detection persist over longer periods of time. 

Furthermore, the observed low values of persistent EdU labelling, even below detection 

levels, do not conclusively conclude lack of regrowth from this population, since there might 

be only a very low number of cells responsible for regrowth. 

Despite single or double treatment with the chemotherapy doxo, regrowth of BE(2)-C cells 

was observed. A previous study by Ryl et al., (2017) showed that a combination of doxo and 

an ATM inhibitor (KU-60019) resulted in failure to activate ATM causing cell death when 

tested in another high-risk NB cell line, IMR32 (MYCN amp and P53 wt). Therefore, we 

wanted to investigate if the same phenomena occurred in the BE(2)-C cell line (MYCN amp 

and P53 mut) and also occurring over a longer period of time. 

A pilot study indicated a delay in the observed regrowth when an ATM-inhibitor was added 

in combination with the chemotherapy doxo. Regrowth colonies were postponed for 4 days 

after single exposure to doxo, and 5 days after double exposure to doxo. 

The pilot study was incomplete in some ways. Unfortunately, the results showed that there 

were some measurement points missing in the pilot study. Also, the evaluation method 

used, number of occurring colonies, does not give any information about the size of the 

colonies. For example, one colony might be 10 times larger in area than another colony, 

indicating that more intense regrowth was observed for the largest colony. However, the 

results available indicated that the doxo-resilient BE(2)-C were delayed in outgrowth but 

cells had the capacity to recover after doxo treatment, despite inactivation of ATM. 

From a clinical perspective a delay in tumour regrowth may increase the relapse free time 

among patients. Adding combinations of drugs and chemicals, such as chemotherapy doxo 

and the ATM-inhibitor, has in the literature been suggested as a prudent way to treat and 

cure cancer. It is important to underline that NB shows high intra- and intertumoral 

heterogeneity. Cancer therapies need to be developed to kill the whole tumor and not just a 

specific piece. When multi-regional pieces of tumors from patients were analyzed for 

another childhood cancer type called medullablastoma, there was observed that mutations 

gave rise to high heterogeneity (Morrissy et al., 2017). This underlines the complexity of 

treating childhood cancers. 

To conclude, in the current study cell cycle phases characteristics of BE(2)-C cells were 

studied as well as cells responsible for regrowth. The results provided no support for the 

notion that the doxo-resilient and immediate replicating BE(2)-C cells are responsible for 

regrowth, and that an ATM-inhibitor combined with the chemotherapy doxo indicate 

postponed regrowth. If immediate replicating BE(2)-C cells are not responsible for 

regrowth, then this may be caused by arrested BE(2)-C cells re-entering the cell cycle.  

The results cannot be generalised to other NB tumours and further research is needed on 

how to inhibit spread and re-growth in order to optimise treatment regiments thereby 

inhibiting relapse and metastasis of NB. 
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5.2 Discussion of research process in laboratory work 
 

In the pedagogical part of the current study, research on scientific working methods and 

laboratory work for the upper secondary school within the natural science subjects were 

investigated in a literature review. Scientific working methods are also included in the aim in 

the syllabi for all natural science subjects, which underlines the importance of studying the 

outcome and use. This includes formulating questions, performing experiments and 

analysing results as well as presenting it (Skolverket 2019a, 2019b, 2019c). Laboratory styles 

and inquiry-based teaching are described and defined differently among the research 

articles collected. Open-and closed laboratory work were therefore defined in the current 

study based on Domin’s (1999) laboratory styles, personal experiences from cancer research 

in this thesis and as a student and student teacher. 

Interestingly, I collected more research articles in the natural science subject biology than 

for example chemistry. Three out of five research articles in biology contained an open-

ended laboratory work session. Even though this literature review contained 10 research 

articles, it shows a tendency that there might be easier to implement open-ended laboratory 

work in some natural science subjects than others. One reason could be that there might be 

hazardous chemicals involved in chemistry which requires special equipment and 

procedures, whereas in biology less dangerous equipment might be used and needed. This 

was also shown in a study by Ramnarain & Hlatswayo (2018), where teachers considered 

open-laboratory work as time-consuming and stricter requirements such as safety aspects 

and appropriate lecture halls. In contrast, teachers underlined that students’ motivation and 

understanding of scientific concepts (conceptual ability) were advantages with open inquiry-

teaching (Ramnarain & Hlatswayo, 2018). However, reasons for teachers avoiding 

implementing open-laboratory work may also be followed by school science traditions. As 

described by Johansson & Wickman (2012) scientific inquiry has been included in the 

Swedish national curricula over many decades but did not involve formulating questions 

and stating hypotheses from the start. The current national curricula involve students to 

draw conclusions and use critical thinking as well as sources of errors in inquiry (Johansson 

& Wickman, 2012), which is essential in open-laboratory work. Another example of school 

tradition seen among student teachers was in a study by Gyllenpalm & Wickman (2011), 

where the student teachers argue that method of inquiry is not included in laboratory work. 

Student teachers considered that laboratory work and experiments are associated primarily 

with teaching and that inquiry is not a part of teaching in the first place (Gyllenpalm & 

Wickman, 2011). 

School traditions and other difficulties mentioned may affect implementing the choice of 

laboratory work style. However, findings from this literature review show a tendency that 

students encounter other types of challenges and develop their learning competences when 

an open-ended laboratory session is performed in school education. For example, when 

students developed their own procedure in a scientific method in a study by de Vries & 

Marzin (2013), students developed their learning competences procedure ability and 

communication skills. Moreover, students critical thinking was stimulated when open-

laboratory work was performed (de Vries & Marzin, 2013). In contrast, in a closed laboratory 

session when students followed instructions and used given mathematical formulas, 

students struggled with units with their calculations. Some laboratory sessions are not 

completely open-ended but contains one out of four criteria for being defined as open. For 

example, students encountered an inductive approach in a study by Hamza & Wickman 

(2009), observing phenomena in the electrochemical cells, and then the students were 

supposed to explain their observations using concepts in chemistry. Learning competences 

such as conceptual ability (describing phenomena using scientific concepts and definitions) 
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was therefore developed but did not include other learning competences such as problem-

solving and method ability. Findings from the current study show that the learning 

competences problem-solving ability and procedure ability are most commonly studied in 

laboratory work (see Table 7). 

Interestingly, when students were asked what could be improved with the chemistry courses 

in the upper secondary school in Sweden, there were two aspects mentioned: more 

laboratory work and connections between everyday life and school science (Broman, Ekborg 

& Johnels, 2012). In contrast, findings from another study by Millar & Abrahams (2008) 

shows that students learning from laboratory work is not associated with scientific 

procedures in inquiry, which could be described by development of learnings competences 

such as procedure ability and problem-solving. Rather there is a focus on students learning 

in science, which may imply students’ conceptual ability. This illustrates an example of a 

closed laboratory work session when students develop their conceptual ability, which 

underlines that closed laboratory work is contributing to students learning. When several 

laboratory styles were compared including closed recipe laboratory instructions and an 

open-inquiry version in a study by Berg, Bergendahl, Lundberg, & Tibell (2003), there was 

seen that students asked more questions about phenomena in the open-inquiry version. In 

addition, students were more prepared and interested in the laboratory work when open-

inquiry laboratory work was performed. 

This underlines the importance of laboratory work in school science. Furthermore, the style 

of laboratory work may affect students learning outcome and interest. Scientific working 

process may be illustrated by laboratory work when changing towards open-ended 

laboratory work. The choice of what type of laboratory work that is appropriate depends on 

several aspects. The syllabi of natural science subjects in the national curricula in Sweden 

involves scientific working methods, which includes stating hypotheses and formulating 

questions etc. Several learning competences need to be developed according to the syllabi 

for the natural science subjects (Skolverket, 2019a, 2019b, 2019c). 

Open-ended laboratory work and inquiry may be time consuming and school traditions in 

school science may affect teacher’s choice of laboratory style. Personal experiences from 

cancer research in the current study underlines that there are differences and gaps between 

the scientific process in research compared to laboratory work in upper secondary school. 

For example, the results from the cancer research part in this thesis include high spread 

(high standard deviations) and the current results show that the remaining replicating cells 

may not be responsible for regrowth. The results were unexpected and undetermined results 

which may indicate a more open-ended laboratory work style. Furthermore, although it was 

based on research articles including pathways for DNA damage repair system, I developed 

procedures for an additional experiment including an ATM-inhibitor. In this aspect, 

developing experimental setups may imply a more open-ended laboratory work style, but at 

the same time they were based on current research on pathways. In contrast, a more closed-

ended laboratory work style may be seen in the cancer research part of the current thesis, 

such as the use of the microscope which was the available and decided by the research group 

to use. 

The scientific process may be illustrated by laboratory work, but examples from cancer 

research only involves my personal experiences and the literature review includes relatively 

few research articles which may indicate that more research articles and other studies are 

needed to increase reliability. Further research is needed on teachers and students’ 

perceptions and students’ development of learning competences from open and closed 

laboratory work related to the scientific process. Further studies on students and teachers 

from different schools in Sweden may increase the transferability and generalizability 
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regarding implementing open-ended laboratory work in the school science subjects for the 

upper secondary school. 
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8 Appendices  

Appendix 1. Search history with a focus on chemistry. 

Date Database Key 

words/Boolean 

operators 

Number 

of 

searches 

Abstracts 

read 

Selection 

2019-

01-23 

Google 

Scholar 

Kemins arbetssätt 

Inga booleska 

operatörer 

1090 4  None 

2019-

01-23 

Google 

Scholar 

Öppna laborationer 

Inga booleska 

operatörer 

3910    None 

2019-

01-23 

Google 

Scholar 

Kemilaborationer 

och forskning 

“OCH” 

109    None 

2019-

01-23 

KTH 

Primo 

Laborativt arbete, 

Online 

276 13 Gymnasieelever, 

laborativt arbete 

2019-

01-23 

KTH 

Primo 

Laboration kemi, 

Artiklar 

15    None 

2019-

01-23 

KTH 

Primo 

Kemins arbetssätt 2 1 Kemilabortaioner 

på gymnasiet, 

elevers 

uppfattningar 

2019-

01-24 

Google 

Scholar 

Upper secondary 

school chemistry 

laboratory in 

sweden 

56 400 6 Too many searches 

2019-

01-24 

Web of 

Science 

Chemistry 

laboratory for upper 

secondary schools 

6 1 International 

studies. Upper 

secondary schools. 

2019-

01-24 

Web of 

Science 

Inquiry-based 

teaching for upper 

secondary schools 

10 2  None 

2019-

01-24 

Web of 

Science 

Laboratory work in 

upper secondary 

school 

12 1  None 

2019-

01-24 

Scopus Laboratory work for 

upper secondary 

schools 

AND 

156 4  None 

2019-

01-24 

Scopus Upper secondary 

school chemistry 

AND 

99 10  None 

2019-

01-24 

Scopus Students’ opinions 

on laboratory work 

AND 

108 5  None 

2019-

01-24 

Scopus Students’ opinions 

on chemistry 

laboratory 

37 15 Chemistry 

laboratory and 

students’ 

perceptions on 
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Google 

Scholar 

Frihetsgrader 

laboration 

191 3   

2019-
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KTH 

Primo 

Frihetsgrader i 

laborationer 

4 2 Gymnasiet 

2019-
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KTH 

Primo 
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school Sweden 
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laboratory 

Articles: 
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7 Chemistry 

laboratory 

2019-

01-24 

KTH 

Primo 

Laborationer på 

gymnasiet 

32 5  None 

2019-

01-25 

KTH 

Primo 

Upper secondary 

school students' 

opinions on 

laboratory work 

4821 4  None 

2019-

01-25 

Scopus Upper secondary 

school students' 

opinions on science 

AND 

11 9  None 

2019-

01-25 

Scopus Upper secondary 

school laboratory 

AND 

126 15 Laboratory for 

students in upper 

secondary school 

2019-

01-25 

Scopus Science laboratory 

in upper secondary 

school 

AND 

26 

 

 

8 Upper secondary 

school, laboratory 

2019-

01-25 

Scopus Research in science 

in upper secondary 

school 

AND 

194 10 Students’ 

experiences of 

research and 

laboratory 

2019-

01-25 

Scopus Upper secondary 

school chemistry 

AND 

99 10  None 

2019-

02-25 

Scopus Inquiry-based 

teaching upper 

secondary school 

AND 

10 9 Inquiry, upper 

secondary school 

2019-
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Scopus Open inquiry-based 

laboratory 

78    None 

  

  

 

 

 

 



45 
 

Appendix 2. Search history with focus on science, biology, chemistry and physics. 

Date Database Key 

words/Boolean 

operators 

Number 

of 

searches 

Abstracts 

read 

Selection 

2019-

01-28 

Google 

Scholar 

Kemins arbetssätt 

Inga booleska 

operatörer 

1080 12 Inget. Majoritet  

examensarbeten. 

2019-

01-28 

Google 

Scholar 

Kemilaborationer 

och forskning 

“OCH” 

109   Inget. Majoritet 

examensarbeten. 

2019-

01-28 

KTH 

Primo 

Laborativt arbete, 

Online 

Articles: 

9 

6 Gymnasieelever, 

laborativt arbete 

2019-

01-28 

KTH 

Primo 

Laboration kemi, 

  

Articles: 

16 

  Inget. Sökträffar ger 

laborationer. 

2019-

01-28 

KTH 

Primo 

Kemins arbetssätt Articles: 

0 

0 Inget. 

2019-

01-28 

Google 

Scholar 

Upper secondary 

school chemistry 

laboratory in 

sweden 

56 400 6 Too many searches. 

2019-

01-28 

Web of 

Science 

Chemistry 

laboratory for 

upper secondary 

schools 

6 4 International 

studies. Upper 

secondary schools. 

Laboratory. 

2019-

01-28 

Web of 

Science 

Inquiry-based 

teaching for upper 

secondary schools 

10 10 Science. Inquiry-

based teaching. 

2019-

01-28 

Web of 

Science 

Laboratory work in 

upper secondary 

school 

12 12 Laboratory. 

Science. Upper 

secondary school. 

2019-

01-28 

Scopus Laboratory work 

for upper 

18 18 Laboratory. 

Science. Upper 
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secondary schools 

AND 

secondary school. 

2019-

01-28 

Scopus Upper secondary 

school chemistry 

AND 

100 80 Science. 

Laboratory. Upper 

secondary school. 

2019-

01-28 

Scopus Students’ opinions 

on laboratory work 

AND 

109 10 None. University  

and secondary 

school. 

2019-

01-28 

Scopus Students’ opinions 

on chemistry 

laboratory 

38 25 Nothing. University 

and secondary 

school. 

2019-

01-29 

Google 

Scholar 

Frihetsgrader 

laboration 

191 10 Nothing. Mostly 

master thesis. Some 

master thesis that 

are about 

laboratory; 

reference lists were 

skimmed. 

2019-

01-29 

KTH 

Primo 

Frihetsgrader i 

laborationer 

Articles: 

1 

1 Nothing. 

University. 

2019-

01-29 

KTH 

Primo 

Upper secondary 

school Sweden 

chemistry 

laboratory 

Articles: 

3587 

(filter 

articles) 

7 Articles about 

chemistry 

laboratory. Lab 

executions 

excluded. Too many 

searches. 

2019-

01-29 

KTH 

Primo 

Laborationer på 

gymnasiet 

Articles: 

2 

1 No peer-reviewed 

articles. University. 

2019-

01-29 

KTH 

Primo 

Upper secondary 

school students' 

opinions on 

laboratory work 

Articles: 

4146 

10 Too many searches. 

Lab executions 

excluded. 

Chemistry 

laboratory included. 

2019- Scopus Upper secondary 

school students' 

11 11 Biology included 
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01-29 opinions on 

science 

AND 

this search. 

2019-

01-29 

Scopus Upper secondary 

school laboratory 

AND 

126 60 Laboratory for 

students in upper 

secondary school. 

This time included 

science. 

Inquiry-based 

teaching. 

2019-

01-29 

Scopus Science laboratory 

in upper secondary 

school 

AND 

26 10 Upper secondary 

school, laboratory. 

Older articles from 

the 80’s were 

excluded. 

This time; science. 

2019-

01-29 

Scopus Research in science 

in upper secondary 

school 

AND 

194 40 Students’ 

experiences of 

research and 

laboratory in 

science 

2019-

01-29 

Scopus Upper secondary 

school chemistry 

AND 

100 10 Similar results to 

previous searches. 

2019-

01-29 

Scopus Inquiry-based 

teaching upper 

secondary school 

AND 

10 9 Inquiry, upper 

secondary school 

Science included. 

2019-

01-31 

Scopus Open inquiry-

based laboratory 

79 60 Only high school 

and upper 

secondary school. 
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