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1. Abstract

The glucocorticoid dexamethasone used to treat cerebral edema in glioblastoma 
patients was shown to have controversial effects on the glioblastoma stem cells’ 
(GSCs) biology making the tumor more aggressive. The purpose of this study is to 
develop an inducible system to down-regulate the glucocorticoid receptor (GR) in 
GSCs towards a better understanding of dexamethasone induced side effects in 
glioblastoma. 

Using SMARTvector™ technology (Dharmacon™) patient derived GSC lines were 
transduced with lentiviral particles introducing small hairpin RNAs (shRNAs) 
targeting the GR, into the cells’ genome. The GR expression in transgenic GSCs 
was quantified on messenger RNA (mRNA) and protein level by real-time 
polymerase-chain-reaction (PCR) and western blot experiments. 

The inducible lentiviral-mediated gene knock-down system was successfully 
established in GSCs. Two stably transduced GSC lines were selected and the GR 
expression of induced samples compared to non-induced. On mRNA level a GR 
down-regulation of 70% was achieved, while western blot analysis showed 
inconsistent results.

4. Material and Methods

The plasmids containing the shRNA constructs targeting the GR gene were 
amplified using bacteria. The plasmids were isolated by spin column and the 
quality and quantity determined.

A calcium phosphate transfection was performed in HEK 293T cells to produce 
non-self-replicating lentiviral particles. Therefore HEK 293T cells were co-
transfected with the shRNA constructs and the lentiviral packaging mix.

The viral particles were collected and concentrated using polyethylene glycol 
(PEG) virus precipitation solution. The titer of the lentiviral particle stocks were 
determined in HEK 293T cells.

GSC lines were transduced with different MOIs. Upon various criteria the most 
suitable MOI was chosen and the cell cultures extended for further experiments.

To determine the effect of the inducible GR gene knock down on mRNA and 
protein level two GSC lines, GSC3 and GSC4, were continuously cultivated with 
and without doxycycline for three and six days. The analysis of the GR expression 
was done using flow cytometry, quantitative RT-PCR and western blot.

3. Aims and Leading Questions

Establishment of SMARTvector™ system to 
produce lentiviruses for gene silencing by shRNA, 
followed by transduction of several GSC lines with 
different lentiviral particles to potentially induce a 
down-regulation of the GR expression. 

1) Which multiplicity of infection (MOI) is ideal for a 
down-regulation of the GR without causing visible 
changes in the morphology of GSCs or cell death? 

2) To what extend can a matching construct down-
regulate the GR expression in GSCs? 

2. Introduction

Glioblastoma, originating from glioblastoma stem cells, is the most malignant 
primary brain tumor in adults [1]. A major characteristic of glioblastoma is the 
abundant growth of blood vessels leading to cerebral edema and concomitant 
neurological damage. The clinical standard for treating this vasogenic edema is 
the glucocorticoid dexamethasone. Its therapeutic effects are primarily mediated 
through binding of the GR. However, numerous studies, in vitro and in vivo [2][3], 
have shown that dexamethasone has controversial effects on the GSC biology 
making the tumors grow more aggressively, potentially reducing survival in 
glioblastoma patients.

To help understand dexamethasone induced side effects in GSCs an inducible 
gene knock-down system targeting the GR is chosen for GSC transduction. The 
SMARTvector™ inducible lentiviral shRNA system from Dharmacon™ meets 
these conditions as it is supplied with the following elements:

 It enables permanent integration of a desired piece of DNA into the host cell’s 
genome.

 The gene down-regulation is based on RNA interference, meaning the inserted 
shRNA silences the target gene expression in the nucleus.

 Based on in silico prediction three constructs coding for shRNA targeting 
different exons of the GR are tested. One non-targeting construct is included.

 The shRNA and a reporter gene expression are controlled by a 
doxycycline-inducible system.

 The vector contains a constitutively expressed 
puromycin resistance gene.

5. Results

For both GSC lines the MOI 0.3 was chosen for further experiments.

Flow cytometry (Fig. 5) showed that more than 
95 % of the selected and induced GSCs 
expressed the reporter gene (red peak). While the 
non-induced (light blue peak) and the non-
transduced (dark blue peak) showed no 
expression.

The GR expression of doxycycline-induced and 
non-induced cells were normalized to two 
housekeeping genes and the GR expression 
compared to each other using LightCycler® 480 
software. RT-PCR results showed that all targeting 
constructs in induced GSC3 and GSC4 had a 
down- regulating effect on the GR mRNA 
expression level. For both cell lines an even better 
down-regulation was achieved after six days of 
induction.

Relatively quantified western blot results were 
inconsistent due to high signal variation of the 
detected GR.

6. Discussion

The goal of the diploma thesis, developing a tool 
that can be used for gene down-regulation of the 
GR gene in GSC lines, was achieved.

1) For GSC3 and GSC4 the optimal MOI was 0.3. 
The transgenic cell lines showed no morphological 
changes  and the cell proliferation was not 
affected. The transduced cells gained the 
puromycin resistance integrated in the 
SMARTvector™ and expressed the reporter gene, 
linked to the shRNA expression, after induction.

2) The best down-regulation on mRNA level was 
achieved after six days of induction. In GSC3 the 
top down-regulating construct reduced GR 
expression to 60 %, in GSC4 to 70 %. On protein 
level down-regulation was inconsistent and will 
need further investigation. A possible explanation 
is that proteins in general have longer half-life than 
mRNAs. Another possibility for the high sample 
variation could be the polyclonal property of the 
cell lines. 

Fig. 5.: Doxycycline-induced GSC3 (GSC NT+) 
analyzed with the FlowJo® software. DsRed 
values measured  > 105 show the reporter 
gene expressing cells (96.8%). The blue peaks 
are DsRed negative.
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