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1. Abstract 

Glioblastoma multiforme (GBM) is the most common and aggressive malignant primary tumor of the central nervous system in adults. Despite the current therapeutic strategy with the
alkylating agent temozolomide (TMZ), the median survival prognosis of 12 months is still dismal. Previous results showed a link between kinase key signaling pathways and the very
complex pathogenesis of TMZ resistance in GBM. The purpose of this study was to determine which kinase genes are involved in the acquired resistance of TMZ in the glioblastoma cell
line LN-229. A positive and negative selection screen of 763 kinome genes in LN-229 using the CRISPR/Cas9 knockout technique were used to determine the involved genes. The
isolated genomic DNA was sequenced by next-generation sequencing (NGS), due to time reason the results could not be evaluated in time. Instead, a literature discussion about the
genes IGF1R and EGFR was done based on their involvement in the TMZ resistance in GBM cases. IGF1R and EGFR are tyrosine kinases responsible for the activation of the
PI3K/AKT pathway, which is known to be involved in this resistance. To obtain more insights the selected genes IGF1R and EGFR could be individually analyzed by a specific
knockdown with small interfering RNA (siRNA).

4. Material and Methods
Visualized workflow of all steps and methods of the experiment:

5. Results

In figure 5.1, the cumulative log2 enrichment of the cell doubling was compared to the
time point of the screen. The blue curve demonstrates the cumulative cell doubling in
log2e of the LN-229 human kinome CRISPR/ Cas9 KO library screen with TMZ
treatment and the purple curve shows the one without TMZ treatment. The cumulative
doubling difference of the whole screen was of 8.18. A cumulative doubling difference
of at least 6 is recommended in literature for CRISPR/Cas9 library screens.

The screen was conducted for 31 days with a TMZ dose of 6 µM. The log2e doubling 
was calculated during the whole screen. Due to time reason, the NGS results could not 
be analyzed and the genes could not be selected. 

The transduction rate could be determined by comparing the selected cells with the 
unselected cells and calculate the amount of transduce cells. The viral titer could be 
determined with a limiting dilution colony counting method. 

2. Introduction  

Glioblastoma multiforme

GBM is a malignant tumor of the central nervous system, associated with high mortality.
[1] Glioblastomas are difficult to therapy, due to the remarkable rate of invasiveness in
the surrounding brain tissue and due to its therapeutic resistances [2]. TMZ is currently
used as the standard chemotherapy, but its therapeutic benefits remain limited. Despite
several studies, the resistance mechanism at the cell level is still unclear [3]. An
association between TMZ resistance and alterations involving key signaling pathways
has been indicated [4].

CRISPR/Cas9 library screen

Clustered regularly interspaced short palindromic repeats (CRISPR) and the CRISPR-
associated protein 9 (Cas9) belong to the microbial adaptive immune system and were
used as an efficient genome editing tool. [5] The programmable endonuclease Cas9 is
guided by a single guide RNA (sgRNA), that is complementary to the target sequence.
Cas9 creates a double-strand break at the target sequence, resulting in a loss-of-
function frameshift mutation. [6] A human kinome CRISPR/Cas9 knockout plasmid
library was acquired and used for this experiment. The plasmid library expresses
different sgRNAs, targeting different kinome genes. The backbone of the plasmid also
encodes the endonuclease enzyme Cas9. The library used is restricted to a kinome
gene set.

3. Aims and Leading Questions  

The goal of this thesis is to establish a human kinome CRISPR/Cas9 knockout library
screen of 763 kinome genes in the LN-229 cell line and to determine the genes which
are involved in the TMZ resistance using NGS. To achieve this goal the following
questions were formulated:

1) How can the transduction rate and the viral concentration be determined in non-
fluorescent cells?

2) Which two genes, selected by the two highest hits on next-generation sequencing
(NGS) have an influence on the temozolomide resistance in LN-229 cells?

6. Discussion

Fig. 5.1: Overlay
of the
cumulative cell
doubling in
log2e of LN-229
human kinome
CRISPR/Cas9
library screen,
n=1, own figure.

Figures

Brain Figure: https://www.amnh.org/learn-teach/seminars-on-science/courses/the-brain-structure-function-
and-evolution, retrieved 15.04.2019.                                                                                            
Figure 5.1: Overlay of the cumulative cell doubling in log2e of LN-229 human kinome CRISPR/Cas9 library 
screen, own figure. 

The findings demonstrated interesting insights in the
temozolomide resistance in LN-229 cells. However, with
a sample size of one the obtained results have to be
validated with additional experiments. For validation,
the selected genes could be individually analyzed
through a specific knockdown with shRNAs.
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1) The transduction rate and the lentiviral titer were successfully determined. The
method used for the viral titer was adapted from the MD Anderson Cancer Center,
University of Texas and the method for the transduction rate was adapted from the
Broad Institute of MIT and Harvard. A multiplicity of infection (MOI) of 0.3 was
defined to ensure that one single host cell is infected by only one viral particle.
Having multiple infections means several sgRNAs operating in one cell, leading to
uncontrolled knockout of genes with an unintended response of the cell.

2) Due to time reason, the NGS results could not be analyzed
and the second leading question could not be answered. The
idea of this study was to compare the sequencing results from
the human kinome CRISPR/Cas9 knockout screen samples
T0 and T31 without TMZ treatment. Secondly, we would
compare the untreated T31 sample with the drug-treated one.
The results would help us to identify relevant depleted genes
that resulted in resistance to the alkylating agent TMZ.
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