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1. Abstract

The origin of this work lies in the Glioblastoma multiforme (GBM) disease. GBM is considered as malignant glioma that is genetically unstable and highly infiltrative and therefore one 
of the most frequent and aggressive primary tumours. The treatment of this tumour consists of surgical resection followed by radiotherapy and the most common alkylating agent 
temozolomide (TMZ). Unfortunately, resistance mechanisms occur during the TMZ treatment. The clarification of these resistance mechanisms could provide a better understanding 
how to treat GBM patients in the future. Therefore, the goal of this diploma thesis was to establish glioblastoma stem cells CRISPRi/a cell lines with glioblastoma stem cell 3 (GSC3) 
in order to analyse gene functions correlates with the resistance mechanism in the future. To do that, the cells were transduced with lentiviral particles to express the dCas9 protein 
and FACS sorted to obtain the dCas9 expressing cells. With the help of control sgRNA constructs the expression and functionality of the dCas9 were verified by flow cytometry and 
RT-qPCR. However, due to the COVID-19 pandemic the diploma thesis could not be finished totally but it seems that GSC3, a stem cell line, are able to express the dCas9 without 
undergoing apoptosis. This assumption and the other results were generated by flow cytometry. Furthermore, it seems to be usable as a model to investigate the resistance 
mechanism of TMZ on the gene expressional level.

4. Material and Methods

3. Aims/ Leading Question

The goal of this thesis is to establish a glioblastoma stem cell line with a stable 
dCas9 expression for CRISPRi/dCas9 and CRISPRa/dCas9 using glioblastoma stem 
cells 3 (GSC3). In order to be able to perform research on primary glioblastoma stem 
cells in the future.

1) How to make a stable transduction of GSC3 with a transduction rate of at least 
60% and are the cells able to undergo the fluorescence-activated cell sorting?

2) Is a stable transduction of GSC3 possible for at least two months therefore is an 
integration and expression of dCas9 possible for this period of time?

3) Is the CRISPRi/a method applicable to glioblastoma stem cells and are the gene 
expression alteration detectable with RT-qPCR and flow cytometry?

2. Introduction
Glioblastoma multiforme 

Glioblastoma multiforme (GBM) has heterogeneous cells that are genetically unstable and highly infiltrative [1]. Therefore, GBM is one of the most frequent and aggressive primary 
malignant tumours in adults, because it is developing de novo and growing within three months [2]. The most common chemotherapeutic agent for GBM is temozolomide (TMZ). 
TMZ is an orally administered alkylating agent, that can pass the blood brain barrier (BBB) [3]. Temozolomide treatment increase the average survival chance of the patients but the 
variety of resistance mechanism remains in the struggle against GBM [4]. 

CRISPRi/a-dCas9

For a precise regulation of gene expression in eukaryotic cells CRISPRi/a can be used as a general tool. A lentivirus-compatible backbone needs to be modified by inserting the 
dead Cas9 (dCas9) with an effector domain and a distinct regulatory function enables stable and efficient transcriptional activation and inhibition in human cells [5]. The dead Cas9 is 
a nuclease-deficient protein which do not induce DNA double-strand breaks [6]. The targeted gene sequences remain largely unchanged and off target effects are minimized with this 
technique [7]. 

5. Results

For virus generation HEK-293T were
transfected with the constructs
pHRdSV40-scFV-GCN4-sfGFPVP64-
GB1-NLS, pHR-SFFVdCas9-BFP-KRAB, 
pHRdSV40-dCas9-10xGCN4_v4-P2A-
BFP, pCRISPRi-v2-DPH1, pCRISPRi-v2-
UBE4A or pCRISPRa-v2-SLC4A1 and
controlled with a fluorescence inverted
microscope (Fig. 5.1). 

6. Discussion
1) The mentioned methods in this thesis were adapted by Phour Jaison from the Institute for Pathology in the University of Bern. The viral particles production and additional spinfection

for transduction to produce a stable transduction of GSC3 with a transduction rate of at least 60% still has to be further developed for GSC3 CRISPRa cells. However it seems to work 
for GSC3 CRISPRi. Because of the COVID-19 pandemic the cells couldn’t be sorted at all and therefore it cannot be answered if the cells are able to undergo the fluorescence-
activated cell sorting, it is expected that most of the cells should survive the FACS sorting procedures.

2) Due to the current situation of the COVID-19 pandemic, it is only known that the transduction is stable for four weeks. Further analysis has to be performed to be sure if an integration 
and expression of dCas9 is possible for two months.

3) Due to the COVID-19 pandemic the CRISPRi/a method have not been performed yet and this means that this leading question can’t be answered at all and have to be further 
investigated in the lab.
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Fig. 5.1: Transfected HEK-293T cells with pCRISPRi-v2-
DPH1 –DAPI channel 
Representative image of HEK-293T cells after 1 day 
post-transfection. 
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Fig. 4.1: Workflow with visualized steps used to generate CRISPRi and CRISPRa cells. Fig. 5.2: Excerpt of an analysis with FlowJo -
histogram of re-transduced GSC3 
CRISPRi compared to GSC3 parentals.

Fluorescence signals of the transduced 
GSC3 CRISPRi and GSC3 CRISPRa were 
CytoFLEX S flow cytometer (Beckman 
Coulter) and analysed with FlowJoTM  

v10.6.2 (Fig. 5.2) The GSC3 CRISPRi celles 
showed a transduction rate of approximately 
80% after the re-transduction.


