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1. Introduction 
 

1.1 Glioblastoma  
 
Glioblastoma (GBM) is the most common primary malignant brain tumour, which has 

a bad chance of survival once diagnosed (Sinigaglia, et al. 2019); (Sundar, et al. 

2014). GBM is assigned the highest severity (Grade 4) by the World Health 

Organization (WHO) for its fast spreading and destructive nature (Louis, et al. 2021); 

(Molinaro, et al. 2019); (Young, et al. 2015). 

1.1.1 Symptoms 
 
General symptoms caused by GBM can vary and include derangement, headaches, 

lethargy, dizziness, nausea, loss of vision, stroke-like symptoms or memory loss 

(Young, et al. 2015). The severity of these symptoms depends on a variety of factors, 

for example the size and the location of the tumour (Young, et al. 2015). The 

intracerebral edema caused by the tumour may also cause different neurological 

symptoms (Young, et al. 2015). 

 

1.1.2 Classification 
 

The WHO classification 2021 of brain and spinal cord tumours is based on 

histopathologic appearance and established molecular biomarkers (Louis, et al. 2021). 

Particularly the WHO classification includes three genetic parameters beside the 

invasive microvascular proliferation and necrosis as criteria for the diagnosis of 

GBM, isocitrate dehydrogenase  (IDH) wildtype (Grade 4) (Louis, et al. 2021). These 

are Telomerase Reverse Transcriptase (TERT) promoter mutation, Epidermal Growth 

Factor Receptor (EGFR) gene amplification, combined gain of entire chromosome 7 

and loss of entire chromosome 10 (+7/−10) (Louis, et al. 2021). The IDH-mutation is 

associated with favourable prognosis and mainly found in lower-grade gliomas 

(Louis, et al. 2021); (Brito, et al. 2019); (Molinaro, et al. 2019). 

 

The molecular classification of GBM provides many clinical and therapeutic benefits 

for better understanding of the malignant tumour, accurate diagnosis and choosing the 

appropriate procedure for treatment (Lee, et al. 2018); (Verhaak, et al. 2010). There 

are many mutations and abnormalities in tumour suppressor genes and oncogenes, 
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which were investigated and categorized into gene expression profiles (Lee, et al. 

2018); (Verhaak, et al. 2010). These gene expression profiles enable a 

characterisation of GBM into several subtypes such as classical, proneural and 

mesenchymal (Wang, et al. 2017); (Verhaak, et al. 2010). The classical subtype is 

known for its overexpression of Epidermal Growth Factor Receptor (EGFR), deletion 

of Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) and absence of Tumour Protein 

p53 (TP53) mutation (Lee, et al. 2018); (Verhaak, et al. 2010). The proneural subtype 

is described by several alteration markers such as the overexpression of Platelet-

Derived Growth Factor Receptor α (PDGFR α) (Lee, et al. 2018). Activation of 

PDGFRα triggers an intracellular signalling cascade leading to proliferation, 

regeneration and increased malignity in tumour cells (Heldin 2013). DNA 

methylation status is also involved in GBM subtype characterisation. Glioma 

cytosine-phosphate-guanine (CpG) island methylator phenotype (G-CIMP) is a 

molecular biomarker, which highly appears among the proneural subtype (Lee, et al. 

2018). The appearance of G-CIMP methylation is associated with IDH mutation 

(Malta, et al. 2018). Both are related to a better prognosis (Malta, et al. 2018). 

 

Furthermore, O6-methylguanine-DNA methyltransferase (MGMT) is a protein that 

repairs the DNA by removing the most common alkylation on the O6 position of 

guanine (O6-meG) (Lee, et al. 2018). This protein supresses the activity of alkylating 

agent e.g. temozolomide (Lee, et al. 2018). The methylation of MGMT promoter is 

associated with a better response to temozolomide therapy and a favourable prognosis 

in GBM (Brito, et al. 2019); (Malta, et al. 2018). 

 

Neurofibromin (NF1) gene is mutated in about 20% of GBM and it is mainly 

associated with the mesenchymal subtype (Wood, Mukherjee and Pieper 2018) and 

(Verhaak, et al. 2010). NF1 is a GTPase activating protein that downregulates the 

RAS signalling pathway and its pro-malignant effects under basal conditions (Wood, 

Mukherjee and Pieper 2018). The lack of NF1 activity causes neurofibromatosis type 

1, predisposition to gliomas and aggressive tumorigenesis (Wood, Mukherjee and 

Pieper 2018). 

 

Epidermal Growth Factor Receptor (EGFR) is a transmembrane protein receptor 

tyrosine kinases that can promote DNA transcription, anti-apoptosis and cell growth 
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(Zhang, et al. 2007). EGFR variant III mutation (EGFRvIII) is the most prominent 

EGFR mutation in GBM, in which the amino acids 6-273 are deleted from the N-

terminal domain (Lee, et al. 2018). This mutation causes structure changes rendering 

the receptor independence from extracellular ligand and expanded activity (Lee, et al. 

2018).  

 

Cyclin-dependent kinase inhibitor 2A (CDKN2A) is a gene located on chromosome 

9p21 and encodes two proteins p16 and p14ARF which are involved in cell cycle 

inhibition and tumour suppression (Helgadottir, et al. 2018). A mutated CDKN2A is 

associated with tumour cells growth and metastases (Helgadottir, et al. 2018). TP53 

gene encodes the protein tumour p53 which plays an important role in cell cycle, 

angiogenesis inhibition, tumour suppression and apoptosis (Jesionek-Kupnicka, et al. 

2014). Mutated TP53 gene disables p53 from fulfilling its role (Jesionek-Kupnicka, et 

al. 2014). 

 

1.2 NF- κB 

 
Nuclear Factor kappa-B (NF-κB) is a transcription factor that is practically found in 

all mammalian cells (Gilmore 2006). Its importance is observed in inflammation, 

immune response and autoimmunity (Evans, et al. 2018). 

 

1.2.1 Structure 

 
NF-κB is not a single molecule (Liu, et al. 2017). NF-κB but represents a family of 

five different protein subunits namely RelA (p65), RelB, c-Rel, NF-κB1 (p50/p105), 

and NF-κB2 (p52/p100) (Liu, et al. 2017). These protein subunits bind in different 

combinations to form homodimeric and heterodimeric NF-κB complexes (Liu, et al. 

2017). All these protein subunits contain a Rel Homology Domain (RHD) which is a 

domain of approximately 300 amino acids located toward the N terminus of the 

protein (Oeckinghaus and Ghosh 2009). RHD plays a major role in dimerization, 

interaction with IκB (Inhibitor of κB) and binding to DNA (Oeckinghaus and Ghosh 

2009). The protein subunits p100 and p105 have inhibitory domains which restrict the 

nuclear localisation and DNA binding (Mussbacher, et al. 2019). These protein 

subunits undergo to activation processes by proteasomes to generate p52 from p100 
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and p50 from p105 (Mussbacher, et al. 2019). Dimers of p50 and p52 act as 

transcriptional repressors (Mussbacher, et al. 2019). Although p50 and p52 can bind 

to promoter regions of DNA, they are unable to activate transcription processes due to 

the absence of transactivation domain (Mussbacher, et al. 2019). The other three NF-

κB protein subunits p65 (RelA), RelB, and c-Rel do not have these inhibitory domains 

(Mussbacher, et al. 2019). Therefore, p50 and p52 have to form dimers with one of 

the other three NF-κB protein subunits to enhance a transcription of target genes 

(Mussbacher, et al. 2019). The heterodimer p50/p65 is the common NF-κB form 

(Korc 2016); (Lash 2010). Most unstimulated cells contain NF-κB dimers bound with 

the inhibitor IκB which keep p50/p65 in the cytoplasm (Mussbacher, et al. 2019). 

Activation of NF-κB signalling is induced by release of p50/p65 from the cytoplasmic 

chaperones and translocation to the nucleus (Oeckinghaus and Ghosh 2009); (Hayden 

and Ghosh 2004).  

 

The IκB family consists of IκBα, IκBβ, IκBε, IκB-ζ and B-cell lymphoma 3-encoded 

protein (Bcl-3) (Bremner and Heinrich 2010); (Yamazaki, Muta and Takeshige 2001). 

The inducible post-translational modification specifically the phosphorylation of NF-

κB protein subunits is important for an efficient transcription of desired genes 

(Hochrainer, et al. 2013). The NF-κB protein subunit p65 which has the highest 

potency of transcriptional activation compared to other NF-κB protein subunits has 12 

phospho-acceptor sites of serine (ser) and threonine (thr) amino acids (Hochrainer, et 

al. 2013). There are five sites (ser-205, thr-254, ser-276, ser-281, and ser-311) located 

toward the N-terminal of RHD while seven sites (thr-435, ser-468, thr-505, ser-529, 

ser-535, ser-536, and ser-547) are located toward the C-terminal of transcriptional 

activation domains (Hochrainer, et al. 2013). The phosphorylation of these serine sites 

plays a major role in controlling modulation, activation and inhibition of NF-κB 

transcription functions (Alexander V. Bagaev, et al. 2019); (Christian, Smith and 

Carmody 2016). 
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1.2.2 NF-κB Signalling Pathway 
 
The activity of NF-κB is regulated by the canonical (classical) pathway and the non-

canonical (alternative) pathway (Liu, et al. 2012). The activation of the NF-κB in the 

canonical pathway is e.g. induced by several pro-inflammatory receptors like T Cell 

Receptor (TCR), B Cell Receptor (BCR), Toll-Like Receptor (TLR), Interleukin-1 

Receptor IL-1R (IL-1R) and Tumour Necrosis Factor Receptor (TNFR1) (Leon-

Boenig, et al. 2012). 

 

A signalling cascade through the canonical NF-κB pathways initiates an activation of 

IκB kinase complex (IKK) that consists of several subunits IKKα, IKKβ, and the 

regulatory subunit IKKγ (Mussbacher, et al. 2019); (Prescott and Cook 2018). 

Activating the IKK inactivates IκB by phosphorylation leading to the release of NF-

κB from the cytoplasmic chaperon and allowing its nuclear translocation (see Figure 

1) (Prescott and Cook 2018). On the other hand, the NF-κB non-canonical pathway 

can be stimulated by several receptors e.g. B-cell activating factor receptor (BAFFR), 

Lymphotoxin B receptor (LTβR) and Receptor Activator of Nuclear factor kappa-Β 

Ligand (RANKL) (Tegowski and Baldwin 2018). After receptor stimulation a 

signalling cascade is initiated to activate the NF-κB Inducing Kinase (NIK) 

(Tegowski and Baldwin 2018). The NIK and IKKα induce the proteasome of p100 

into RelB/p52 NF-κB complex (Tegowski and Baldwin 2018). Then the RelB/p52 

NF-κB complex can translocate to the nucleus and induce transcription processes (see 

Figure 1) (Tegowski and Baldwin 2018). 
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Figure 1 Overview of the activation of NF-κB through the canonical and the non-canonical pathways. Both 
pathways are initiated by binding of different ligands to the extracellular domain of the receptor in the cell 
membrane, where a signalling cascade starts. The canonical pathway of NF-κB activation is induced by several 
pro-inflammatory receptors like T Cell Receptor (TCR), B Cell Receptor (BCR), Toll-Like Receptor (TLR), 
Interleukin-1 Receptor (IL-1R) and Tumour Necrosis Factor Receptor (TNFR1). A signalling cascade triggers the 
activation of the IκB kinase (IKK) complex that include several subunits IKKα, IKKβ, and the regulatory subunit 
IKKγ. This complex phosphorylates Inhibitor of kappa-B (IκB), which is consequently ubiquitinated and degraded 
through the proteasomes, releasing NF-κB (the common components of which in the canonical pathway are p65-
p50 heterodimers), to translocate to the nucleus, where it plays a major role in the transcription of inflammatory 
and survival genes. The non-canonical pathway is stimulated by several receptors e.g. B-cell activating factor 
receptor (BAFFR), Lymphotoxin B receptor (LTβR) and Receptor Activator of Nuclear factor kappa-Β Ligand 
(RANKL). Binding of these ligands to its particular receptors stimulates a signalling cascade which activate the 
NF-κB Inducing Kinase (NIK). The NIK and IKKα triggers the proteasome of p100 into RelB/p52 NF-κB complex. 
Hence the RelB/p52 NF-κB complex can translocate to the nucleus and to induce transcription processes. 
(modified from Fig.1 in (Tegowski and Baldwin 2018)). 
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1.2.3 NF-κB Activation 
 
Cell stimuli such as Tumour Necrosis Factor α (TNFα), Interleukin-1 (IL-1) or 

Lipopolysaccharide (LPS) induce a signalling cascade that causes a release of NF-κB 

from its inhibitor IκB and allow its nuclear translocation (Diaz-Meco and Moscat 

2012). NF-κB as a dimer contains two of the subunits RelA (p65), RelB, c-Rel, 

p50/p105 (NF-κB1) or p52/p100 (NF-κB2) (Liu, et al. 2017). The heterodimer 

containing p50 and p65 subunits is the most common form of NF-κB (Korc 2016); 

(Lash 2010); (Vermeulen, et al. 2003). Phosphorylation of the Rel Homology Domain 

(RHD) of RelA (p65) is important for NF-κB transcriptional activity (Duran, Diaz-

Meco and Moscat 2003). The NF-κB phosphorylation is induced by several enzymes 

such as Protein Kinase A (PKA) which phosphorylates RelA/p65 on serine 276 

(Duran, Diaz-Meco and Moscat 2003) or Casein Kinase II (CKII) which 

phosphorylates RelA/p65 on serine 529 (Wang, et al. 2000). Protein Kinase C zeta 

(PKCζ) is an important member of Protein Kinase C enzymes (PKC) (Diaz-Meco and 

Moscat 2012). In response to TNFα stimulation, PKCζ triggers IκB degradation by its 

phosphorylation (Rimessi, et al. 2013); (Diaz-Meco and Moscat 2012).  

 

Furthermore, PKCζ phosphorylates NF-κB p65 on serine 311 (ser311) which is an 

important step for NF-κB transcriptional activation (Reina-Campos, Diaz-Meco and 

Moscat 2019); (Rimessi, et al. 2013); (Diaz-Meco and Moscat 2012). Under basal 

conditions, the methyltransferase SET Domain-containing 6 (SETD6) methylates NF-

κB p65 on Lysine 310 (Rimessi, et al. 2013); (Diaz-Meco and Moscat 2012); (Levy, 

et al. 2011). Methylated Lysine 310 is recognised by G9a-related methyltransferase 

(GLP), which induces histone-methylation and leads to transcription repression of 

NF-κB target genes (Rimessi, et al. 2013); (Levy, et al. 2011). The phosphorylated 

serine 311 supresses the methylation of Lysine 310 by SETD6 and thereby disables 

the recognition of Lysin 310 by GLP (Rimessi, et al. 2013); (Diaz-Meco and Moscat 

2012); (Levy, et al. 2011). This allows the transcriptional coactivator CBP to acetylate 

Lysine 310 and other histone residues which leads to an opening of the chromatin 

structure and enhanced transcription of NF-κB regulated genes (see Figure 2) 

(Rimessi, et al. 2013); (Diaz-Meco and Moscat 2012); (Levy, et al. 2011). 
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Figure 2 Phosphorylation of NF-κB by Protein Kinase C zeta (PKCζ). The binding of different ligands such as 
Tumour Necrosis Factor α (TNFα), Interleukin-1 (IL-1) or Lipopolysaccharide (LPS) to their specific receptors in 
the cell membrane induces the formation of a signal cascade, which comprises two catalytic subunits of the 
Inhibitor of kappa-B Kinase (IKKα and IKKβ) and one regulatory subunit (IKKγ). This cascade leads to 
phosphorylation of Inhibitor of kappa-B (IκB), which is then ubiquitinated and eliminated by the proteasome 
system. NF-κB (the most common components are p65-p50 heterodimers) is then free to translocate into the cell 
nucleus and to interact with elements in the promoter of inflammatory and survival genes that contain κB elements 
in their promoters. PKCζ phosphorylates NF-κB p65 on serine 311 (ser311) as an important step in the 
recruitment of the transcriptional coactivator CBP. This indicates the acetylation of Lysine 310 to activate 
transcription. Under basal conditions, NF-κB p65 is methylated (M) at Lysine 310 by SET Domain-containing 6 
(SETD6), which induces the recruitment of G9a-related methyltransferase (GLP), which then leads to the 
inhibition of κB-dependent transcription. After ligand binding, the phosphorylation of serine 311 by PKCζ 
suppresses methylation to activate transcription. PKCζ is also capable of acting as an IKK kinase. (modified from 
Fig.3 in (Diaz-Meco and Moscat 2012)). 
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1.3 TNFα 
 
Tumour Necrosis Factor α (TNFα) is a cytokine that plays an important role in 

cellular processes such as inflammatory, controlling of tumour growth, autoimmunity 

and immunological reactions in various cell types (Belmellat, et al. 2017). 

 

1.3.1 Structure 
 
TNFα begins its synthesis as a transmembrane protein in lymphocytes, activated 

macrophages and other types of cells (Mitoma, et al. 2018). The initial form is 233-

amino acid-long (26-kDa) type II transmembrane protein called transmembrane TNFα 

(tmTNFα) (Mitoma, et al. 2018); (Caron, et al. 1999). The protease TNFα converting 

enzyme (TACE) cleaves tmTNFα between residues alanine 76 and valine 77 which 

results in the release of 157 amino acid long (17-kDa) soluble TNFα (sTNFα) peptide 

from the cell membrane (Mitoma, et al. 2018); (Mohan, et al. 2002). The remaining 

cytoplasmic domain of tmTNFα after TACE cleavage is subject to an additional 

cleavage by Signal Peptide Peptidase-Like 2B (SPPL2b) releasing Intracellular 

Domain (ICD) that migrates into the nucleus of the tmTNFα bearing cells where it 

triggers expression of pro-inflammatory genes (Horiuchi, et al. 2010); (Fluhrer, et al. 

2006). 

 

1.3.2 Signalling 
 
TNFα mediates its biological activities by binding with two types of receptors: 

Tumour Necrosis Factor Receptor 1 (TNFR1) and Tumour Necrosis Factor Receptor 

2 (TNFR2) (Deora, et al. 2017). TNFα mainly stimulates TNFR1 while tmTNF 

stimulates TNFR2 (Deora, et al. 2017). Activation of TNFR1 by TNFα mediates 

either cell survival by NF-κB activation or cell apoptosis by different pathways 

(Christofferson., Li and Yuan 2014); (McComb, et al. 2012). TNFR1 is interacting 

with an intercellular protein complex that contains Tumour Necrosis Factor Receptor 

type 1-associated Death Domain (TRADD), TNF Receptor-Associated Factor 2 

(TRAF2), Receptor Interacting Protein Kinase1 (RIP1) and Baculoviral IAP repeat-

containing protein 2 (cIAP1) (Zhou and Yuan 2014). This protein complex initiates a 

cascade after TNFR1 activation by TNFα which leads to IKK activation and the 
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release of NF-κb from IκB followed by transcription processes that serve the cell 

survival (Zhou and Yuan 2014).  

 

1.4 Cannabidiol (CBD) 
 
Since ancient times, preparations of the plant Cannabis sativa have been used in 

religious ceremonies and for therapy as a recreational drug (Devinsky, et al. 2014). 

The ancient chinese medicine used it to treat diseases such as rheumatic disorder, 

constipation and absent-mindedness (Devinsky, et al. 2014). Also in the medieval 

period, cannabis was used to treat pain, nausea, epilepsy and other diseases 

(Devinsky, et al. 2014). Cannabidiol (CBD) and delta-9 tetrahydrocannabinol (THC) 

are neuroactive cannabinoid components produced by Cannabis sativa beside more 

than 80 other cannabinoid compounds (Schoedel, et al. 2018). While THC induces 

euphoric effects, CBD has no psychoactivity (Schoedel, et al. 2018).  

 

1.4.1 CBD as Clinical Therapeutic 
 
Treatment using a drug containing CBD results in a positive outcome for patients with 

Multiple Sclerosis (MS) (Langford, et al. 2013). The treatment reduces the symptoms 

for the patients, enhances the performance of the daily activities and improves the 

quality of life (Zajicek and Apostu 2011); (Rog, et al. 2005). 

 

CBD was involved in many clinical trials and showed beneficial effects on several 

types of epilepsy in adults and children (Szaflarski, et al. 2018); (Devinsky, et al. 

2014). Furthermore, CBD showed an anti-inflammatory effect on mice in vivo as well 

as in vitro models (Pagano, et al. 2016); (Filippis, et al. 2011); (Jamontt, et al. 2010). 

The effect of CBD on GBM was investigated in some studies with in vitro models 

(Deng, Ng, et al. 2017); (Ivanov, Wu and Hei 2017). It was shown that CBD either 

reduced the cell proliferation or caused cell death (Deng, Ng, et al. 2017); (Ivanov, 

Wu and Hei 2017). 

 

1.4.2 Pharmacology 
 
Endocannabinoids and the phytocannabinoid THC bind to two types of receptors 

Cannabinoid-Receptor 1 (CB1) and Cannabinoid-Receptor 2 (CB2) (Dai, et al. 2017). 
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Both receptors are G protein-coupled receptors (Hillger, et al. 2017); (Dai, et al. 

2017). CB1 is primarily found in the central nervous system while CB2 is located 

mainly in cells and tissue of the immune system (Guo, et al. 2018); (Deng, Guindon, 

et al. 2014). THC is an agonist to CB1 and CB2 (Devinsky, et al. 2014). On the other 

hand, the pharmacology of CBD is largely unclear. CBD has multiple effects on a 

variety of molecular signalling pathways, of which only some have been 

characterised, e.g. weak CB1 and CB2 antagonist, potential G Protein-Coupled 

Receptor 55 (GPR55) antagonist, potential moderator of Serotonin 1A Receptor (5-

HT1A), potential inductor of Transient Receptor Potential Ankyrin 1 (TRPA1) and 

potential effector of proliferator-activated receptor (PPAR γ) (Ahmed, et al. 2018); 

(Ghovanloo, et al. 2018); (Ibeas Bih, et al. 2015). 

 

1.5 Immunocytochemistry 

 

Immunochemistry and particularly the immunocytochemistry (ICC) is a useful 

method to monitor and investigate cytological preparations using the 

immunoreactivity of antibodies (Renshaw 2017). The antibody isotype is an 

immunoglobulin (Ig) that binds to a specific antigen in previous fixed cells (Renshaw 

2017). The antigens can be visualized through primary antibodies that  binds directly 

to the antigens and secondary antibodies that binds to the primary antibodies 

(Renshaw 2017). The secondary antibodies are fluorescent labelled reporter which 

can be detected after exposure to a specific wavelength with selected sets of emission 

filters (Renshaw 2017). This allows the detection of the targeted antigen or protein 

bound to the primary antibody (Renshaw 2017). Selecting the emission filters allows 

the combination between two or more fluorescent dyes with different fluorochrome 

absorption and emission spectra without a significant overlap in the excitation e.g. 

DAPI (4′,6-Diamidin-2-phenylindol) and Alexa Fluor® 488 (Renshaw 2017). DAPI 

is used to stain the nuclei by its binding specifically to adenine–thymine (A-T) rich 

regions of double-stranded DNA (Renshaw 2017). It has a maximum absorption at 

wavelength of 359 nm and maximum emission at wavelength of 461 nm (blue) 

(Renshaw 2017). Whereas green fluorescent labels e.g. Alexa Fluor® 488 has a 

maximum absorption at a wavelength of 495 nm and maximum emission at a 

wavelength of 519 nm (green) (Renshaw 2017).  
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1.6 Aims and Objectives 

 
NF-κB plays an essential role in inflammation and anti-apoptosis in many human 

malignant tumours such as the most aggressive brain tumour glioblastoma. NF-κB 

induces cell proliferation and cell survival by controlling transcriptional activity. 

Inhibition of NF-κB activity is associated with poor survival in malignant cells. 

Cannabidiol is an established drug for the treatment of neurological diseases. Previous 

studies have shown an anti-inflammatory effect of cannabidiol. This study 

investigates, by immunocytochemistry and immunofluorescence staining, the 

cannabidiol effects on NF-κB nuclear translocation and its phosphorylation on serine 

311 in vitro models on a larger set of human glioblastoma cell cultures. These effects 

on NF-κB are compared to the effects achieved by TNFα. Furthermore, this study 

investigates the NF-κB response in a range of transgenic murine glioblastoma cells. 

The pharmacological responses to CBD or TNFα, as compared to relevant controls, 

are analysed in order investigate inter-individual differences in NF-κB signalling and 

to get a defter insight into CBD initiated signalling processes. 
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2. Materials  
 

2.1 Laboratory Equipment and Devices 

 
Table 1  Laboratory Equipment and Devices 

Product Type / Cat. Nr Company 

Automated cell counter countess II FL Life Technologies 

Incubator CB150 Binder 

Microscope Diavert Leitz 

Fluorescence Microscope Axiovert 25 CFL Zeiss 

Fluorescence Microscope Axiophot Zeiss 

Microscope camera AxioCam MRm Zeiss 

Centrifuge Rotana/S Hettich 

Minishaker MS2 IKA 

Freezing Container Mr. 
Frosty 5100-0001 Sigma Nalgene 

Fume Hood 2-248-N Köttermann 

PH meter Multi-cal WTW 

Water bath VC/3 Julabo 

Autoclave DX23 Systec 

Pipettes 
 

10, 20, 100, 200 and 
1000 µl Eppendorf 

Refrigerators 4°C, -20°C Liebherr 

Freezer -80°C Thermo Scientific 

HERA safe Hood KS 12 Thermo Scientific 

 
 
 
 



 

24 
 

2.2 Consumables 
 

Table 2 Consumables 

Product Type / Cat. Nr Company 

Culture slides 354108 Falcon 

Cell culture flask T25 90026 TPP 

Cell culture flask T75 90976 TPP 

Cell culture flask T150 909151 TPP 

Cell culture dish 755923 Sigma-Aldrich 

Cover slips BBAD02400500#A1 Thermo Scientific 

Pipette 5 ml CLS4487 Costar 

Pipette 10 ml CLS4488 Costar 

Pipette 25 ml CLS4489 Costar 

Tubes 0,5 ml 0030121.023 Eppendorf 

Tubes 1,5 ml 0030121.694 Eppendorf 

Tubes 2 ml 0030120.094 Eppendorf 

Tubes 15 ml 91015 TPP 

Tubes 50 ml 352070 Falcon 

Pipette Tips 10, 20, 100, 200 and 1000 µl Eppendorf 
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2.3 Chemicals and Reagents 
 

Table 3 Chemicals and Reagents 

Product Type / Cat. Nr Company 

Cannabidiol  GW Pharmaceuticals 

TNFα 300-01A PeproTech 

Poly-L-ornithinehydrobromide P3655 Sigma-Aldrich 

Tween 20 P9416 Sigma-Aldrich 

Dimethyl sulfoxide (DMSO) D8418 Sigma-Aldrich 

Donkey Serum 017-000-121 Jackson ImmunoResearch 

Paraformaldehyde (PFA) P6148 Sigma-Aldrich 

Sodium chloride (NaCl) 1.06404 Emsure 

Tris base 77-86-1 Sigma-Aldrich 

Laminin L2020-IMG Sigma-Aldrich 

Trypan blue T8154 Sigma-Aldrich 

Phosphate-buffered saline 

(PBS) 
APO-ST016 Apotheke Klinikum LMU 

Cell Dissociation Reagent 
(Accutase) 

A11105-01 Gibco 

Fluorescence mounting 
medium 

S3023 Dako 

Antibody diulent S3022 Dako 
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2.4 Cell Culture Media and Supplements 
 

Table 4 Cell Culture Media and Supplements 

Product Cat.Nr. Company 

DMEM/F-12, no phenol red 21041025 Gibco 

DMEM/F-12, with phenol red 11320074 Gibco 

NeuroCult™ Basal Medium 

(Mouse) 05700 Stemcell Technologies 

NeuroCult™ Proliferation 

Supplement (Mouse) 
05701 Stemcell Technologies 

B-27™ Supplement 17504044 Gibco 

Penicillin-Streptomycin 15140122 Gibco 

Fibroblast Growth Factor (FGF) AF-100-18B PeproTech 

Epithelial Growth Factor (EGF) AF-100-15 PeproTech 

 

 

- NPC culture medium: DMEM/F-12, B-27™ Supplement, 1% Penicillin-

Streptomycin, 10 ng/ml FGF, 10 ng/ml EGF. 

- NSC culture medium: Basal Medium (Mouse), NeuroCult™ Proliferation 

Supplement (Mouse), 1% Penicillin-Streptomycin, 10 ng/ml FGF, 10 ng/ml 

EGF. 
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2.5 Antibodies 
 
Table 5 Antibodies and Dyes 

Antibody/Dye Company Cat.Nr. Isotyp Dilution 

Purified anti-
NFκB p65 
Antibody 

 

BioLegend 622601 
Rabbit 

Polyclonal IgG 
 

1:100 

Phospho-NF-κB 
p65 (Ser311) 
Polyclonal 
Antibody 

Thermo Fisher 
Scientific 

 

PA5-37720 
 Rabbit / IgG 1:200 

Hoechst 33342 Invitrogen H3570  1-2 µg/ml 

Alexa Fluor® 
488 

Jackson 
ImmunoResearch 711-545-152 

Donkey Anti-
Rabbit IgG 

(H+L) 
1:200 

 

2.6 Software 
 
Table 6 Software 

Software Provider 

AxioVision Microscopy Software Carl Zeiss 

GraphPad Prism GraphPad Software, Inc. 

ImageJ Wayne Rasband 

Microsoft Office (Word, Excel and 

PowerPoint) 
Microsoft 
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2.7 Glioblastoma (GBM) Cell Culture 
 

2.7.1 Human GBM Cell Cultures 
 
The human GBM cell cultures (see Table 7) were derived from patients. The cells 

were stored after its isolation in NPC medium (5% DMSO) in liquid nitrogen freezer 

at  -180° C. 

 
Table 7 Human GBM Cell Cultures 

Cell Culture Subtype 

Line#7 proneural 

GBM13 proneural 

NCH664 proneural 

NCH421k proneural 

Line#2 classical 

Line#6 mesenchymal 

Line#10 mesenchymal 

Line#11 mesenchymal 

GBM441 unclassified 

GBM14 unclassified 
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2.7.1 Murine GBM Cell Cultures  
 
The murine cell cultures (see Table 8) were genetically manipulated to generate 

alterations described in human GBMs. The mice were modified by knocking-out or 

floxing several tumour suppressors such as p53, CDKN2A, PTEN, p65 and NF1. The 

cells were stored in NPC medium (5% DMSO) in liquid nitrogen freezer at -180° C 

after its isolation. 

 
Table 8 Murine GBM Cell Cultures 

Cell Culture Subtype 

p53R172H, p65D/D, PDGFB Å Proneural 

p53-/-,PDGFBÅ Proneural 

cdkn2a-/-, EGFRÅ Classical 

cdkn2a-/-, PDGFB Å Proneural 

p53R172H, p65D/D, PDGFB Å Proneural 

*R172H: p53 R172H mutation, D: floxed gene, -/-: knocked out gene, Å: Overexpression 
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3. Methods  

3.1 Cell Culture 

 
3.1.1 Cell Culture Conditions 

 
This study incorporated ten human primary GBM cell cultures (Table 7) and five 

transgenic murine GBM cell cultures (Table 8). The GBM cells were cultured in NSC 

or NPC culture media. The human GBM cells labelled as (Line#) were cultured in 

NSC culture medium in T75 or T150 flasks while the murine cells were cultured on 

cell culture dishes in NPC culture medium. The cultures were maintained in an 

incubator at a temperature of 37° C and a humidified atmosphere of 5% CO2. The 

culture media were changed every 1-2 days and the cells were passaged 2 to 3 times 

per week to keep a cell density of 0,03-0,05´106 cells/ml. 

 

3.1.2 Changing the Cell Culture Media 

 

The cell culture media changing was performed in a sterile environment. First, the 

cultured cell suspension was collected from the flask or the culture dish using a 10 ml 

pipette. Then, it was transferred to either a 15 or 50 ml tube. The tubes were 

centrifuged at room temperature. After centrifugation, the supernatant was discarded. 

The remaining cell pellets were resuspended in a fresh pre-warmed culture media, 

returned to a new flask or culture dish and placed in the incubator. The pre-warming 

of culture medium was done by placing it in a fresh water bath at 37°  C. 

 

3.2 Preparations of Immunofluorescence Staining 

 
3.2.1 Slide Coating  

 
Sterile chambered cell culture slides were placed under the hood in sterile conditions 

and each well was filled with 100 µl of Poly-ornithine (50 µg/ml in PBS). The cell 

culture slides were incubated for 24 hours at 37° C. Then, the Poly-ornithine was 

removed and each well was washed once gently with sterile PBS for 5 minutes. Then, 

each well was filled with 100 µl of laminin (5 µg/ml in PBS) and incubated for two 

hours at 37° C. 
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3.2.2 Cell Plating 

 

Only if the cell viability was more than 90%, were the cells platted (50,000 cells per 

well in the pre-coated cell culture slides). The slides were placed in the cell culture 

incubator at 37° C for 24 hours in order to obtain a monolayer of adherent cells. 

 

3.2.3 Drug Treatment 

 
The treatment drugs and the vehicle control were diluted in culture medium 

(DMEM/F-12 no phenol red) and added to the cell culture slides for Treatment. The 

drugs used were CBD 10 (µmolar), TNFα (10 ng/ml) and the vehicle (DMSO 0,01%). 

 

3.2.4 Fixation 

 
After treatment (as indicated for individual experiments in results chapter) the 

supernatants were removed from the wells. Each well was washed once with PBS for 

5 minutes followed by removing the PBS and drying the wells for 30 seconds. The 

cells were fixed with PFA (4%) for 10 minutes in a ventilated cabinet. After removing 

of PFA, the wells were washed 3 times with PBS for 5 minutes each time. 

 

3.2.5 Permeabilisation 

 
For cell permeabilisation, the cells were incubated with TBST (3% normal serum, 

0,9% NaCl, 100 mM Tris Base, 1% tween 20) for 10 minutes at room temperature. 

Next, TBST was removed and the wells were washed 3 times with PBS for 5 minutes 

each time. 

 

3.2.6 Antibody Staining 

 
For the antibody staining the primary antibodies were diluted in Dako diluent and 

added to the wells. The culture slides were incubated over night at 4°C in the fridge. 

Then, the primary antibodies were removed and the cells were washed 3 times with 

PBS for 5 minutes each time followed by addition of the secondary antibodies. The 
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cells were incubated with the secondary antibodies in darkness for two hours at room 

temperature.  

 

3.2.7 Mounting 

 
After removing the antibodies and washing the cells 3 times with PBS for 5 minutes 

each time, the culture slides were placed in darkness to dry. Then, the chambers were 

removed from the culture slides. Finally, the culture slides were mounted by adding a 

drop of fluorescence mounting medium onto each well and covering it using cover 

slips. To avoid air bubbles the borders of the slides were sealed with clear nail polish. 

 

3.3 Microscopy 

 
In this study two type of microscopes were used: a transmitted light microscope and a 

fluorescence microscope. The transmitted light microscope was used to check the cell 

cultures vitality, while the fluorescence microscope was used to assess the 

immunofluorescence staining. The images for each cell culture experiment were taken 

by the fluorescence microscope with the same exposure time and 40x magnification. 

 

3.4 Analysis 

 
The software Image J was used for the quantification of the images taken on the 

fluorescence microscope. Excel was then used for the calculations of fold changes of 

different time periods and treatments. Graphpad Prism was used for the comparison 

between the different treatment groups and also for creating graphs of the cell cultures 

and treatments. The unpaired t-test was chosen for the comparison between two 

groups of different treatment or control. The difference is significant when (P-value < 

0.05). The one-way analysis of variance (one-way ANOVA) was used to compare 

whether the means among the different treatment groups are significantly different (P-

value < 0.05) or not. 
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For the quantification process, two analysis methods have been used within the 

experiments: Analysis of images stained with purified anti-NF-κB p65 antibody and 

analysis of images stained with phospho-NF-κB p65 (ser311) antibody. Figures 3, 4 

and 5 are produced to show the effect and properties of each method. 

 

3.4.1 Analysis of Images Stained with anti-NF-κB p65 Antibody  

 
By splitting the blue and green channels using Image J, it was possible to compare the 

nuclear staining in treated cells versus control. The blue channel presents the nuclei 

locations, which are stained with DAPI (Figure 3). The green channel presents the 

staining with the anti-NF-κB p65 antibody (Figure 3). The nuclei staining is 

considered to be positive when the primary antibody staining is detected in the 

nucleus location (as in Figure 3). While it is considered to be negative when the 

primary staining is not detected in the nucleus location (as in Figure 3). Note that 

Image J and Excel were used for quantifying, counting and tabulating the fold 

changes of different time periods and treatments in comparison to the control. 

 

 

 
Figure 3 Explanation of the nuclear staining of NF-κB p65 in fixed GBM cells. The images were taken by 
fluorescence microscope. Microscope channels: merge, nuclei in DAPI staining and NF-κB p65 staining. The 
scale bar in the images is equal to 50µm. 
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3.4.2 Analysis of Images Stained with Phospho-NF-κB p65 (ser311) Antibody  

 
In this section, Image J was used to compare nuclear NF-κB p65 phosphorylated on 

serine 311 (phspho-NF-κB p65 ser311) after different treatments and time periods. 

Phospho-NF-κB p65 (ser311) antibody was used as the primary antibody for the 

staining. The value compared was the Corrected Total Nucleus Fluorescence (CTNF), 

which is the integrated density of fluorescent staining of the nuclear region after 

subtracting the background staining. 

 

After splitting of the channels using Image J, the CTNF calculation begins by using 

the drawing tools to select the nuclei areas in the blue channel, which is stained with 

DAPI. Followed by that, the Region of Interest (ROI) tool is used to mask the selected 

nuclei areas onto the green channel, in which the primary antibody staining (phspho-

NF-κB p65 ser311) is presented (see Figure 4). After which, the integrated densities, 

areas and the mean of grey values are measured for the nuclear regions and the 

background. Excel is used to calculate the CTNF and its fold changes of different 

time periods and treatments (3 in Figure 4). 

 

 
Figure 4 Explanation for images taken by fluorescence microscope and measurement of nuclear 
immunofluorescence staining in fixed GBM cells. Selecting the nuclear region in the DAPI channel, then masking 
the selected nuclear regions using ROI tool as in phospho- NF-κB p65 (ser311) channel. The scale bar in the 
images is equal to 50µm. 
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4. Results  
 

4.1 Detection of NF-κB p65 Nuclear Translocation after TNFα Treatment 

 

The GBM cell culture Line#2 (see Table 7) was treated with TNFα (10 ng/ml) to 

investigate the nuclear translocation of NF-κB p65 induced by TNFα. Selected time 

periods of treatment were 60 and 120 minutes. The anti-NF-κB p65 antibody was 

used as primary antibody. Image-analysis was performed by counting the stained 

nuclei (see 3.4.1). The cell culture Line#2 showed a significant increase of positively 

stained nuclei in the group treated with TNFα compared to the control group with the 

vehicle (0,01% DMSO) (see Figure 5). 

 

 

 

 
 

Figure 5 GBM Cell Culture Line#2. Microscope images (in different channels: merge, DAPI and NF-
κB p65 antibody staining). The graph shows the fold changes of NF-κB p65 positive stained nuclei 
after TNFα (10 ng/ml) treatment for 60 and 120 minutes in GBM cell culture Line#2. TNFα led to a 
significant nuclear shift of NF-κB p65 after 60 minutes as well as after 120 minutes of treatment 
compared to the control groups. The unpaired t-test showed a significant different for both groups 
compared to the control groups (P-values < 0.0001). The scale bar in the images is equal to 20µm. 
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4.2 Detection of NF-κB p65 Nuclear Translocation after CBD/TNFα 
Treatments and Co-Treatments 

 
The NF-κB p65 nuclear translocation was investigated by counting the positively 

stained nuclei (see 3.4.1). GBM cell culture Line#2 (see Table 7) was divided into 

two groups of treatments. The first group was treated with CBD (10 µmolar) for 6 

hours followed by adding TNFα (10 ng/ml) for one hour (i.e. CBD and TNFα were 

co-applied for one hour). The second group was treated with TNFα (10 ng/ml) for one 

hour, where TNFα was added to the vehicle (DMSO 0,01%) as a control. Both groups 

were stained with anti-NF-κB p65 antibody as primary antibody. The cell culture 

Line#2 showed (see Figure 6) a significant elevation of NF-κB p65 nuclear 

translocation in the first group compared to the second group. 

 

 

 

 

 
Figure 6 GBM Cell Culture Line#2. Microscope images in different channels: merge, DAPI and NF-κB 
p65 positive stained nuclei. The graph shows the fold changes of NF-κB p65 positive stained nuclei 
after TNFα treatment for one hour in cell culture Line#2. The group pre-treated with CBD for 6 hours 
followed by TNFα treatment for one hour shows a significant elevation of NF-κB p65 positive stained 
nuclei in comparison to the group treated only with TNFα for one hour. The unpaired t-test showed a 
significant difference (P-value <0.0001). The scale bar in the images is equal to 20µm. 
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4.3 Effect of CBD/TNFα Treatments and Co-Treatments on NF-κB p65 
Nuclear Translocation 

 

The GBM cell cultures (see Table 7 and 8) were divided into four groups to observe 

the effect of CBD, TNFα treatments and the co-treatment of CBD and TNFα on the 

NF-κB p65 nuclear translocation. The first group was the control and was treated only 

with the vehicle (DMSO 0,01%). The second group was treated with CBD (10 

µmolar) for 16 hours. The third group was treated with TNFα (10 ng/ml) for one hour. 

Finally, the fourth group was pre-treated with CBD (10 µmolar) for 16 hours followed 

by a treatment with TNFα (10 ng/ml) for one hour as a co-treatment in addition to 

CBD. All groups were stained with anti-NFκB p65 antibody as primary antibody to 

detect the nuclear NF-κB p65. The nuclear translocation of NF-κB p65 was 

investigated by counting the positive stained nuclei (DAPI+ area that is 

immunopositive for NF-κB) (see 3.4.1). 

 

4.3.1 Cell Cultures Where CBD Treatment Affected the NF-κB p65 Nuclear 

Translocation 

 

CBD was able to induce a significant elevation of NF-κB p65 nuclear translocation 

after 16 hours of treatment in both the human and murine GBM cell cultures. The 

effect on human cell cultures is shown in Line#2 (see Figure 7), Line#6 (see Figure 

8), Line#7 (see Figure 9), Line#11 (see Figure 10), and NCH644 (see Figure 11). 

While the effect on murine cell cultures is shown in (cdkn2a-/-, EGFR+) ( -/-: signifies 

knock out gene, +: signifies Overexpression) (see Figure 12) and (p53-/-, PDGFB+) (see 

Figure 14). Similar to the effect of TNFα, CBD led to an elevation of NF-κB p65 

nuclear translocation. Vice versa, the murine cell culture (cdkn2a-/-, PDFGB+) (see 

Figure 13) showed significant elevation of NF-κB p65 nuclear translocation only in 

the group treated with CBD for 16 hours.  
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Figure 7 GBM Cell Culture Line#2. Microscope images of human cell culture Line#2 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as the following: CBD 
(10 µmolar)  for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. All 
treatments have led to a significant shift of NF-κB p65 to the nucleus comparing to the control group 
(P-value < 0.0001). The pre-treatment with CBD did not affect the ability of TNFα to induce a shift of 
NF-κB p65 to the nucleus after one hour of treatment. Considering CBD pre-treatment, there was no 
significant difference detected (P-value = 0.8411(ns)), whether the cells had been pre-treated with 
CBD for 16 hours or not. The applied One-way ANOVA was significant (P-value < 0.0001). The scale 
bar in the images is equal to 20µm. 
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Figure 8 GBM Cell Culture Line#6. Microscope images of human cell culture Line#6 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as the following: CBD 
(µmolar) for 16 hours, TNFα (10 ng/ml) for one hour, and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. All 
treatments have led to a significant shift of NF-κB p65 to the nucleus comparing to the control group 
(P-value < 0.0001). The pre-treatment with CBD for 16 hours did not affect the ability of TNFα to 
induce a shift of NF-κB p65 to the nucleus after one hour of treatment. Considering CBD pre-
treatment, there was no significant difference detected (P-value = 0.4610 (ns)), whether the cells had 
been pre-treated with CBD for 16 hours or not. The applied One-way ANOVA test was significant (P-
value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 9 GBM Cell Culture Line#7. Microscope images of human cell culture Line#7 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as the following: CBD 
(10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour, and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). The unpaired t-test showed the 
following results. All treatments are compared to the control group in the first raw of the image. All 
treatments have led to a significant shift of NF-κB p65 to the nucleus comparing to the control group 
(P-value < 0.0001). The pre-treatment with CBD for 16 hours did not affect the ability of TNFα to 
induce a shift of NF-κB p65 to the nucleus after one hour of treatment. Considering CBD pre-
treatment, there was no significant difference detected (P-value = 0.3314(ns)), whether the cells had 
been pre-treated with CBD for 16 hours or not. The applied One-way ANOVA test was significant (P-
value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 10 GBM Cell Culture Line#11. Microscope images of human cell culture Line#11 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as the following: CBD 
(µmolar) for 16 hours, TNFα (10 ng/ml) for one hour, and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. All 
treatments have led to a significant shift of NF-κB p65 to the nucleus comparing to the control group 
(P-value < 0.0001). The pre-treatment with CBD for 16 hours did not affect the ability of TNFα to 
induce a shift of NF-κB p65 to the nucleus after one hour of treatment. Considering CBD pre-
treatment, there was no significant difference detected (P-value = 0.1573 (ns)), whether the cells had 
been pre-treated with CBD for 16 hours or not. The applied One-way ANOVA test was significant (P-
value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 11 GBM Cell Culture NCH644. Microscope images of human cell culture NCH644 in 
separated channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as the 
following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour, and pre-treatment of CBD 
(10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The unpaired t-test showed 
the following results. All treatments have led to a significant shift of NF-κB p65 to the nucleus 
comparing to the control group (P-value < 0.0001). The pre-treatment with CBD for 16 hours 
increased the ability of TNFα to induce a shift of NF-κB p65 to the nucleus after one hour of treatment. 
Considering CBD pre-treatment, there was a significant difference between the group pre-treated with 
CBD in comparison to the group with no CBD pre-treatment (P-value = 0,0084(ns)). The applied One-
way ANOVA test was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 12 GBM Cell Culture (cdkn2a-/-, EGFR+). Microscope images of murine cell culture (cdkn2a-/-, 
EGFR+) in separated channels: merge, DAPI and NF-κB p65 nuclear staining. The Treatments were as 
the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour, and pre-treatment of 
CBD (10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The unpaired t-test showed 
the following results. All treatments have led to a significant shift of NF-κB p65 to the nucleus 
comparing to the control group (P-value < 0.0001). The pre-treatment with CBD for 16 hours did not 
affect the ability of TNFα to induce a shift of NF-κB p65 to the nucleus after one hour of treatment. 
Considering CBD pre-treatment, there was no significant difference detected (P-value = 0.2284 (ns)), 
whether the cells had been pre-treated with CBD for 16 hours or not. The applied One-way ANOVA 
test was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 13 GBM Cell Culture (cdkn2a-/-, PDGFB+). Microscope images of murine cell culture   
(cdkn2a-/-, PDGFB+) in separated channels: merge, DAPI and NF-κB p65 nuclear staining. The 
treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and 
pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα 
(10 ng/ml). All treatments are compared to the control group in the first raw of the image. Only the 
group treated with CBD for 16 hours showed a low significant shift of NF-κB p65 to the nucleus 
compared to the control group, the unpaired t-test showed a (P-value = 0.0456). The other treatment 
groups did not show a significant difference of positive stained nuclei in comparison to the control 
group. The unpaired t-test results are as following: the group treated with TNFα for one hour vs 
control showed a (P-value = 0.1821 (ns)), the group pre-treated with CBD for 16 hours followed by 
one hour co-treatment of CBD and TNFα vs control showed a (P-value = 0.2441 (ns)). There was no 
significant difference detected between the group treated with CBD for 16 hours and the group treated 
with TNFα for one hour (P-value = 0.3059 (ns)). The applied One-way ANOVA test was non-
significant (P-value=0.1291 (ns)). The scale bar in the images is equal to 20µm. 
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Figure 14 GBM Cell Culture (p53-/-, PDGFB+). Microscope images of murine cell culture (p53-/-, 
PDGFB+) in separated channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were 
as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of 
CBD (10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The unpaired t-test showed 
the following results. All treatments have led to a significant shift of NF-κB p65 to the nucleus 
comparing to the control group (P-value < 0.0001). The pre-treatment with CBD for 16 hours did not 
affect the ability of TNFα to induce a shift of NF-κB p65 to the nucleus after one hour of treatment. 
Considering CBD pre-treatment, there was no significant difference detected (P-value = 0.8645 (ns)), 
whether the cells had been pre-treated with CBD for 16 hours or not. The applied One-way ANOVA 
test was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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4.3.2 Cell Cultures Where CBD Treatment Did not Affect the NF-κB p65 

Nuclear Translocation 

 

For another subset of the GBM cell cultures, the CBD (10 µmolar) treatment for 16 

hours showed no effect on the nuclear translocation of NF-κB p65. This was noticed 

in the human cell cultures Line#10 (see Figure 15), GBM13 (see Figure 16), GBM14 

(see Figure 17) and NCH421k (see Figure 18). On the other hand, TNFα induced the 

NF-κB p65 nuclear translocation after one hour of treatment also when the cells were 

pre-treated with CBD for 16 hours. The human cell culture NCH441 (see Figure 19) 

showed a high level of nuclear NF-κB p65 in the control with no changes after 

treatments. Both murine cell cultures (p53R172H, p65D/D PDGFB+ ) (R172H: signifies p53 

R172H mutation, D: signifies floxed gene, + : signifies Overexpression) are NF-κB p65 knocked-

out and showed no nuclear staining of NF-κB p65 (see Figure 20 and Figure 21). 

 

 
 
Figure 15 GBM Cell Culture Line#10. Microscope images of human cell culture Line#10 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were as the following: CBD 
(10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. The 
CBD treatment for 16 hours have not led to a significant shift of NF-κB p65 to the nucleus comparing 
to the control group (P-value = 0.0789 (ns)). TNFα was able to induce a shift of NF-κB p65 to the 
nucleus after one hour of treatment (P-value <0.0001). TNFα was also able to induce a shift of NF-κB 
p65 to the nucleus after one hour in the group pre-treated with CBD for 16 hours (P-value < 0.0001). 
Considering CBD pre-treatment, there was no significant difference detected, whether the cells had 
been pre-treated with CBD for 16 hours or not (P-value = 0.9933 (ns)). The applied One-way ANOVA 
was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 16 GBM Cell Culture GBM13. Microscope images of human cell culture GBM 13 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were as the following: CBD 
(10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. The 
CBD treatment for 16 hours have not led to a significant shift of NF-κB p65 to the nucleus comparing 
to the control group (P-value = 0.4456 (ns)). TNFα was able to induce a shift of NF-κB p65 to the 
nucleus after one hour of treatment (P-value <0.0001). TNFα was also able to induce a shift of NF-κB 
p65 to the nucleus after one hour in the group pre-treated with CBD for 16 hours (P-value < 0.0001). 
Considering CBD pre-treatment, there was no significant difference detected, whether the cells had 
been pre-treated with CBD for 16 hours or not (P-value = 0.1366 (ns)). The applied One-way ANOVA 
test was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 17 GBM Cell Culture GBM14. Microscope images of human cell culture GBM 14 in separated 
channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were as the following: CBD 
(10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 
hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to 
the control group in the first raw of the image. The unpaired t-test showed the following results. The 
CBD treatment for 16 hours have not led to a significant shift of NF-κB p65 to the nucleus comparing 
to the control group (P-value = 0.5076 (ns)). TNFα was able to induce a shift of NF-κB p65 to the 
nucleus after one hour of treatment (P-value = 0.0138). TNFα was also able to induce a shift of NF-κB 
p65 to the nucleus after one hour in the group pre-treated with CBD for 16 hours (P-value = 0.0021). 
Considering CBD pre-treatment, there was no significant difference detected, whether the cells had 
been pre-treated with CBD for 16 hours or not (P-value = 0.1846 (ns)). The applied One-way ANOVA 
was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 18 GBM Cell Culture NCH421k. Microscope images of human cell culture NCH421k in 
separated channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were as the 
following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD 
(10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The unpaired t-test showed 
the following results. The CBD treatment for 16 hours have not led to a significant shift of NF-κB p65 
to the nucleus comparing to the control group (P-value = 0.1322 (ns)). TNFα was able to induce a shift 
of NF-κB p65 to the nucleus after one hour of treatment (P-value <0.0001). TNFα was also able to 
induce a shift of NF-κB p65 to the nucleus after one hour in the group pre-treated with CBD for 16 
hours (P-value < 0.0001). Considering CBD pre-treatment, there was no significant difference 
detected, whether the cells had been pre-treated with CBD for 16 hours or not (P-value = 0.9516 (ns)). 
The applied One-way ANOVA test was significant (P-value < 0.0001). The scale bar in the images is 
equal to 20µm. 
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Figure 19 GBM Cell Culture NCH441. Microscope images of human cell culture NCH441 in 
separated channels: merge, DAPI and NF-κB p65 nuclear staining. The treatments were as the 
following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD 
(10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. All treatment groups did 
not show a significant difference of positive stained nuclei in comparison to the control group in the 
unpaired t-test. The unpaired t-test results are as following: the group treated with CBD for 16 hours 
vs control (P-value = 0.5054 (ns)), the group treated with TNFα for one hour vs control (P-value = 
0.2389 (ns)), the group pre-treated with CBD for 16 hours followed by one hour co-treatment of CBD 
and TNFα vs control (P-value = 0.5637 (ns)). Considering the TNFα for one hour there was no 
significant difference detected, whether the cells had been pre-treated with CBD for 16 hours or not 
(P-value = 0.4385 (ns)). The applied One-way ANOVA test was non-significant (P-value=0.1916 (ns)). 
The scale bar in the images is equal to 20µm. 
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Figure 20 GBM Cell Culture p53R172H, p65D/D PDGFB+. Microscope images of murine cell culture 
p53R172H, p65D/D PDGFB+ (NF-κB p65 knocked-out) in separated channels: merge, DAPI and NF-κB 
p65 nuclear staining. The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 
ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-
treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first 
raw of the image. Nuclear staining of NF-κB p65 could not be seen in the images. All treatment groups 
did not show a significant difference of positive stained nuclei in comparison to the control group in 
the unpaired t-test. The unpaired t-test results are as following: the group treated with CBD for 16 
hours vs control (P-value = 0.6754 (ns)), the group treated with TNFα for one hour vs control (P-value 
= 0.9753 (ns)), the group pre-treated with CBD for 16 hours followed by one hour co-treatment of 
CBD and TNFα vs control (P-value = 0.8350 (ns)). The applied One-way ANOVA test was non-
significant (P-value = 0.9121 (ns)). The scale bar in the images is equal to 20µm. 
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Figure 21 GBM Cell Culture p53R172H, p65D/D PDGFB+. Microscope images of murine cell culture 
p53R172H, p65D/D PDGFB+ (NF-κB p65 knocked-out) in separated channels: merge, DAPI and NF-κB 
p65 nuclear staining. The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 
ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-
treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first 
raw of the image. Nuclear staining of NF-κB p65 could not be seen in the images. All treatment groups 
did not show a significant difference of positive stained nuclei in comparison to the control group in 
the unpaired t-test. The unpaired t-test results are as following: the group treated with CBD for 16 
hours vs control (P-value = 0.5157 (ns)), the group treated with TNFα for one hour vs control (P-value 
= 0.1870 (ns)), the group pre-treated with CBD for 16 hours followed by one hour co-treatment of 
CBD and TNFα vs control (P-value = 0.1505 (ns)). The applied One-way ANOVA test was non-
significant (P-value=0.4425 (ns)). The scale bar in the images is equal to 20µm. 
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4.4 Detection of Nuclear Accumulation of NF-κB p65 Phosphorylated on 
Serine 311 after TNFα Treatment 

 
4.4.1 Nuclear Accumulation of NF-κB p65 Phosphorylated on Serine 311 within 

60 minutes after TNFα Treatment  

 
To detect the time point of nuclear accumulation of NF-κB p65 phosphorylated on 

serine 311 (phospho-NF-κB p65 ser311), the human GBM cell culture Line#2 was 

treated with TNFα (10 ng/ml) for several times ranging from 10 to 60 minutes. The 

image-analysis was obtained by counting the Corrected Total Nucleus Fluorescence 

(CTNF) (see 3.4.2). The cells were stained with phospho-NF-κB p65 (ser311) 

antibody as primary antibody. It is noticed that TNFα induced a significant elevation 

of the nuclear phospho-NF-κB p65 ser311 signal in the range from 10 to 60 minutes 

(see Figure 22). The highest nuclear phospho-NF-κB p65 ser311 signal was detected 

at 60 minutes (see Figure 22 and Figure 23). 
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Figure 22 GBM Cell Culture Line#2. Fold changes of nuclear accumulation of NF-κB p65 
phosphorylated on serine 311 (phospho-NF-κB p65 ser311) after TNFα (10 ng/ml) treatment for 10 to 
60 minutes in cell culture Line#2. The unpaired t-tests showed significant elevation of nuclear 
phospho-NF-κB p65 ser311 in all treatment groups as following: TNFα for 10 minutes vs control (P-
value = 0.0171(*)), TNFα for 20 minutes vs control (P-value <0.0001(***)), TNFα for 30 minutes vs 
control (P-value = 0.0002(***)), TNFα for 60 minutes vs control (P-value <0.0001 (***)). 

 
 
 
 
 
 

 
Figure 23 GBM Cell Culture Line#2. The images of cell culture Line#2 in the pospho-NF-κB p65 
ser311 staining channel. Cells stained with phospho-NF-κB p65 ser311 antibody as primary antibody 
and Alexa Fluor® 488 as the secondary antibody. Treatment with TNFα (10 ng/ml) for 10 to 60 
minutes. The scale bar in the images is equal to 50µm. 
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4.4.2 Nuclear Accumulation of NF-κB p65 Phosphorylated on Serine 311 after 

TNFα Treatment for 60 and 120 minutes 

 
For further observation of phospho-NF-κB p65 ser311 nuclear accumulation over 

time, the cell culture Line#2 was treated with TNFα (10 ng/ml) for 60 and 120 

minutes, then stained with phospho-NF-κB p65 (ser311) antibody as the primary 

antibody. By counting the CTNF, the nuclear accumulation of phospho-NF-κB p65 

ser311 increased significantly after TNFα treatment in comparison to the controls at 

both time points (see Figure 24).  

 

 

 

 

 
 
Figure 24 GBM Cell Culture Line#2. Microscope images and graph cell culture Line#2 show the fold 
changes of nuclear accumulation of NF-κB p65 phosphorylated on serine 311 (phspho NF-κB p65 
ser311) after TNFα (10 ng/ml) treatment for 60 and 120 minutes. Both treatment groups showed a 
significant elevation of the nuclear accumulation of phspho NF-κB p65 ser311 in comparison to the 
control groups. The unpaired t-test showed a (P-value < 0,0001) for both groups. The scale bar in the 
images is equal to 20µm. 
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4.5 Detection of NF-κB p65 Phosphorylated on Serine 311 Nuclear 
Accumulation after CBD/TNFα Treatments and Co-Treatments 

 
The accumulation of NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 

ser311) was observed initially in the human GBM cell culture Line#2 by staining with 

phospho-NF-κB p65 (ser311) antibody as primary antibody and counting the 

Corrected Total Nucleus Fluorescence (CTNF) according to the method (in 3.4.2). 

The cell culture Line#2 was divided into two treatment groups. The first group was 

treated with TNFα (10 ng/ml) for one hour added to the vehicle (DMSO 0,01%) as a 

control. The second group was pre-treated with CBD (10 µmolar) for 6 hours 

followed by a co-treatment of CBD and TNFα (10 ng/ml) for one hour. CBD was 

unable to affect the nuclear accumulation of phospho-NF-κB p65 ser311 after 6 hours 

of treatment (see Figure 25). 

 

 

 

 

 
Figure 25 GBM Cell Culture Line#2. Microscope images of cell culture Line#2 in different channels: 
merge, DAPI and phospho-NF-κB p65 ser311 staining. The treatment groups were TNFα (10 ng/ml) 
for one hour as a control in comparison to the other group which was pre-treated with CBD (10 
µmolar) for 6 hours followed by adding TNFα (10 ng/ml) for one hour as co-treatment. The graph 
shows the fold changes of nuclear phospho-NF-κB p65 ser311 accumulation after TNFα treatment for 
one hour with no significant effect of CBD pre-treatment for 6 hours. The P-value of unpaired t-test 
was (0,4609) (ns). The scale bar in the images is equal to 20µm. 
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4.6 Effect of CBD/TNFα Treatments and Co-treatments on the Nuclear 

Accumulation of NF-κB p65 Phosphorylated on Serine 311 

 
For further evaluation of the effect of CBD on the nuclear accumulation of NF-κB 

p65 phosphorylated on serine 311 (phospho-NF-κB p65 ser311), the treatment time 

with CBD was increased to 16 hours. Here the GBM cell culture Line#2 was divided 

into four groups of treatments; 1) A control group that only has the vehicle (DMSO 

0.01%); 2) a group treated with CBD (10 µmolar) for 16 hours; 3) a group treated 

with TNFα (10 ng/ml) for one hour and 4) a group treated with CBD (10 µmolar) for 

16 hours followed by a co-treatment treatment of CBD and TNFα (10 ng/ml) for one 

hour. All groups were stained with NF-κB p65 (ser311) antibody as primary antibody. 

In the cell culture Line#2, the 16 hours treatment with CBD not only showed an 

inhibition of the nuclear accumulation phospho-NF-κB p65 ser311, but also a 

significant reduction of nuclear accumulation of phospho-NF-κB p65 ser311 caused 

by TNFα (see Figure 26). The nuclear accumulation of phospho-NF-κB p65 ser311 

was investigated by analysing CTNF (see 3.4.2). To expand these findings, the GBM 

cell cultures (Table 7 Human GBM Cell Cultures and Table 8 Murine GBM Cell Cultures) 

were treated for the same periods and under the same conditions. 

 

 

4.6.1 Cell Cultures where CBD Treatment Inhibited the Nuclear Accumulation 

of NF-κB p65 Phosphorylated on Serine 311 

 
This part shows the effect of CBD on the nuclear accumulation of phospho-NF-κB 

p65 ser311 after 16 hours of treatment in both human and murine cell cultures. In the 

human cell cultures Line#2 (see Figure 26), Line#6 (see Figure 27), Line#7 (see 

Figure 28), Line#11 (see Figure 29) and NCH644 (see Figure 30) was it noticed that 

CBD inhibited the nuclear accumulation of phospho-NF-κB p65 ser311 after 16 

hours. Similar findings were observed in the murine cell cultures (cdkn2a-/-, EGFR+) 

(-/-: signifies knock out, +: signifies Overexpression) (see Figure 31) and (cdkn2a-/-, PDGFB+) 

(see Figure 32). While TNFα enhanced the nuclear accumulation of phospho-NF-κB 

p65 ser311 after one hour of treatment, it was unable to reach the same effect in the 

groups pre-treated with CBD for 16 hours. 
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Figure 26 GBM Cell Culture Line#2. Microscope images of human cell culture Line#2 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The CBD treatment for 16 hours have not led to a significant accumulation of nuclear NF-κB 
p65 ser311 in comparison to the control group (P-value = 0.1731 (ns)). TNFα elevated significantly 
the nuclear accumulation of NF-κB p65 ser311 after one hour in comparison to the control group (P-
value < 0.0001). Furthermore, TNFα could elevate significantly the nuclear accumulation of NF-κB 
p65 ser311 after one hour in the group pre-treated with CBD for 16 hours comparing to the control 
group (P-value = 0.0006). The pre-treatment with CBD for 16 hours reduced significantly the ability of 
TNFα to induce a nuclear accumulation of NF-κB p65 ser311 after one hour in comparison to the 
group which was not pre-treated with CBD (P-value < 0.0001). The applied One-way ANOVA test 
showed a significant P-value (< 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 27 GBM Cell Culture Line#6. Microscope images of human cell culture Line#6 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours have not led 
to a significant accumulation of nuclear NF-κB p65 ser311 in comparison to the control group (P-
value = 0.0602 (ns)). TNFα elevated significantly the nuclear accumulation of NF-κB p65 ser311 after 
one hour in comparison to the control group (P-value < 0.0001). The pre-treatment with CBD for 16 
hours reduced significantly the nuclear accumulation of NF-κB p65 ser311 comparing to the control 
group (P-value = 0.0088). Furthermore, it reduced the ability of TNFα to induce a nuclear 
accumulation of NF-κB p65 ser311 after one hour of treatment in comparison to the group which was 
not pre-treated with CBD (P-value < 0.0001). The applied One-way ANOVA test showed a significant 
P-value (< 0.0001). The scale bar in the images is equal to 20µm. 

 
 
 
 
 
 
 
 



 

60 
 

 
 
 
 
 
 
 
 
 

 
 
Figure 28 GBM Cell Culture Line#7. Microscope images of human cell culture Line#7 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours have not led 
to a significant accumulation of nuclear NF-κB p65 ser311 in comparison to the control group (P-
value = 0.5743 (ns)). TNFα elevated significantly the nuclear accumulation of NF-κB p65 ser311after 
one hour in comparison to the control group (P-value < 0.0001). The pre-treatment with CBD for 16 
hours inhibited the ability of TNFα to induce a nuclear accumulation of NF-κB p65 ser311 after one 
hour of treatment in comparison to the control group (P-value =  0.2866 (ns)). Considering TNFα 
treatment for one hour, a significant difference was detected between the group pre-treated with CBD 
for 16 hours and the group which was not pre-treated with CBD (P-value < 0.0001). The applied One-
way ANOVA test showed a significant P-value ( < 0.0001). The scale bar in the images is equal to 
20µm. 
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Figure 29 GBM Cell Culture Line#11. Microscope images of human cell culture Line#11 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours have not led 
to a significant accumulation of nuclear NF-κB p65 ser311 in comparison to the control group (P-
value = 0.1989 (ns)). TNFα elevated significantly the nuclear accumulation of NF-κB p65 ser311 after 
one hour in comparison to the control group (P-value = 0.0014). The pre-treatment with CBD for 16 
hours inhibited the ability of TNFα to induce a nuclear accumulation of NF-κB p65 ser311 after one 
hour of treatment in comparison to the control group (P-value =  0.2887 (ns)). Considering TNFα 
treatment for one hour, a significant difference was detected between the group pre-treated with CBD 
(10 µmolar) for 16 hours and the group which was not pre-treated with CBD (P-value = 0.0021). The 
applied One-way ANOVA was significant (P-value  < 0.0001). The scale bar in the images is equal to 
20µm. 
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Figure 30 GBM Cell Culture NCH644. Microscope images of human cell culture NCH644 in 
separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-
κB p65 ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 
ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-
treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first 
raw of the image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours 
have not led to a significant accumulation of nuclear NF-κB p65 ser311 in comparison to the control 
group (P-value = 0.8606 (ns)). TNFα elevated significantly the nuclear accumulation of NF-κB p65 
ser311 after one hour in comparison to the control group (P-value < 0.0001). The pre-treatment with 
CBD for 16 hours inhibited the ability of TNFα to induce a nuclear accumulation of NF-κB p65 ser311 
after one hour of treatment in comparison to the control group (P-value = 0.2050 (ns)). Considering 
TNFα treatment for one hour, a significant difference was detected between the group pre-treated with 
CBD for 16 hours and the group which was not pre-treated with CBD (P-value <0.0001). The applied 
One-way ANOVA was significant (P-value < 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 31 GBM Cell Culture (cdkn2a-/-, EGFR+). Microscope images of murine cell culture (cdkn2a-/-, 
EGFR+) in separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 
(phospho-NF-κB p65 ser311). The Treatments were as the following: CBD (10 µmolar) for 16 hours, 
TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one 
hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in 
the first raw of the image. The unpaired t-tests showed the following results. The CBD treatment for 16 
hours have not led to a significant accumulation of nuclear NF-κB p65 ser311 in comparison to the 
control group (P-value = 0.0541 (ns)). TNFα elevated significantly the nuclear accumulation of NF-κB 
p65 ser311 after one hour in comparison to the control group (P-value <0.0001). Furthermore, TNFα 
could elevate significantly the nuclear accumulation of NF-κB p65 ser311 after one hour in the group 
pre-treated with CBD for 16 hours comparing to the control group (P-value = 0.0007). The pre-
treatment with CBD for 16 hours reduced significantly the ability of TNFα to induce a nuclear 
accumulation of NF-κB p65 ser311 after one hour in comparison to the group which was not pre-
treated with CBD (P-value <0.0001). The applied One-way ANOVA test showed a significant P-value 
(< 0.0001). The scale bar in the images is equal to 20µm. 
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Figure 32 GBM Cell Culture (cdkn2a-/-, PDGFB+). Microscope images of murine cell culture   
(cdkn2a-/-, PDGFB+) in separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on 
serine 311 (phospho-NF-κB p65 ser311). The Treatments were as the following: CBD (10 µmolar) for 
16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed 
by one hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control 
group in the first raw of the image. The unpaired t-tests showed the following results. The CBD 
treatment for 16 hours have not led to a significant accumulation of nuclear NF-κB p65 ser311 in 
comparison to the control group (P-value = 0.4650 (ns)). TNFα elevated significantly the nuclear 
accumulation of NF-κB p65 ser311 after one hour in comparison to the control group (P-value < 
0.0001). The pre-treatment with CBD for 16 hours inhibited the ability of TNFα to induce a nuclear 
accumulation of NF-κB p65 ser311 after one hour of treatment in comparison to the control group (P-
value =  0.1450 (ns)). Considering TNFα treatment for one hour a significant difference was detected 
between the group pre-treated with CBD for 16 hours and the group which was not pre-treated with 
CBD (P-value <0.0001). The applied One-way ANOVA test showed a significant P-value (< 0.0001). 
The scale bar in the images is equal to 20µm. 
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4.6.2 Cell Cultures Where CBD Treatment Has no Effect on the Nuclear 

Accumulation of NF-κB p65 Phosphorylated on Serine 311 

 

When observing the human cell cultures: Line#10 (see Figure 33), GBM13 (see 

Figure 34), GBM14 (see Figure 35), NCH421k (see Figure 36) and NCH441 (see 

Figure 37), it was noticed that there are no significant changes of the nuclear 

accumulation of NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 

ser311) after treatment with CBD for 16 hours. Similarly, there were no significant 

changes in the murine cell culture (p53-/-, PDGFB+) (see Figure 38). 

 

On the other hand, when observing the group pre-treated with CBD for 16 hours, it 

was noticed that TNFα induced a significant nuclear accumulation of phospho-NF-κB 

p65 ser311 in the human cell cultures: Line#10 (see Figure 33), GBM13 (see Figure 

34) and GBM14 (see Figure 35). In a similar manner, TNFα had the same effect on 

the murine cell culture (p53-/-, PDGFB+) (see Figure 38). The same effects were 

noticed when observing the group pre-treated with CBD for 16 hours. 

 

The human cell cultures, NCH421k (see Figure 36) and NCH441 (see Figure 37) 

showed no changes of the nuclear phospho-NF-κB p65 ser311 after treatments. 

 

Both murine cell cultures (p53R172H, p65∆/∆, PDGFB+) (R172H: signifies p53 R172H 

mutation, ∆: signifies floxed gene, + : signifies Overexpression) (see Figure 39 and Figure 40) 

are NF-κB p65 knocked-out and showed no nuclear staining. 
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Figure 33 GBM Cell Culture Line#10. Microscope images of human cell culture Line #10 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours did not 
affect the nuclear accumulation phospho-NF-κB p65 ser311 comparing to the control group (P-value 
= 0.5540 (ns)). TNFα could induce a significant accumulation of nuclear phospho-NF-κB p65 ser311 
after one hour of treatment comparing to the control group (P-value = 0.0240). Moreover, TNFα 
induced an accumulation of nuclear phospho-NF-κB p65 ser311 after one hour in the group pre-
treated with CBD for 16 hours compared to the control group (P-value = 0.0085). Considering CBD 
pre-treatment, there was no significant difference detected, whether the cells had been pre-treated with 
CBD for 16 hours or not (P-value = 0.7438 (ns)). The applied One-way ANOVA test was significant 
(P-value = 0.0275). The scale bar in the images is equal to 20µm. 
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Figure 34 GBM Cell Culture GBM13. Microscope images of human cell culture GBM13 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours did not 
affect the nuclear accumulation phospho-NF-κB p65 ser311 comparing to the control group (P-value 
= 0.1622 (ns)). TNFα could induce a low significant accumulation of nuclear phospho-NF-κB p65 
ser311 after one hour of treatment comparing to the control group (P-value = 0.0343). However, 
TNFα could not show a significant accumulation of nuclear phospho-NF-κB p65 ser311 after one hour 
of treatment in the group pre-treated with CBD for 16 hours compared to the control group (P-value = 
0.4056 (ns)). Considering CBD pre-treatment, there was no significant difference detected, whether the 
cells had been pre-treated with CBD for 16 hours or not (P-value = 0.0688 (ns)). The applied One-way 
ANOVA test was non-significant (P-value = 0.1129 (ns)). The scale bar in the images is equal to 20µm. 
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Figure 35 GBM Cell Culture GBM14.  Microscope images of human cell culture GBM14 in separated 
channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 
ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for 
one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-treatment of 
CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first raw of the 
image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours did not 
affect the nuclear accumulation phospho-NF-κB p65 ser311 comparing to the control group (P-value 
= 0.3308 (ns)). TNFα could induce a significant accumulation of nuclear phospho-NF-κB p65 ser311 
after one hour of treatment comparing to the control group (P-value < 0.0001). Moreover, TNFα 
induced an accumulation of nuclear phospho-NF-κB p65 ser311 after one hour in the group pre-
treated with CBD for 16 hours compared to the control group (P-value < 0.0001). Considering CBD 
pre-treatment, there was no significant difference detected, whether the cells had been pre-treated with 
CBD for 16 hours or not (P-value = 0.1326 (ns)). The applied One-way ANOVA test was significant 
(P-value < 0.0001). The scale bar in the images is equal to 20µm 
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Figure 36 GBM Cell Culture NCH421k. Microscope images of human cell culture NCH421k in 
separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-
κB p65 ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 
ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-
treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first 
raw of the image. None of the treatment groups showed a significant difference of the nuclear phospho-
NF-κB p65 ser311 level in comparison to the control group in the unpaired t-test. The unpaired t-test 
results are as following: the group treated with CBD for 16 hours vs control showed a (P-value = 
0.1913 (ns)), the group treated with TNFα for one hour vs control showed a (P-value = 0.2133 (ns)), 
the group pre-treated with CBD for 16 hours followed by one hour co-treatment of CBD and TNFα vs 
control showed a (P-value = 0.0881 (ns)). Considering the TNFα for one hour there was no significant 
difference detected, whether the cells had been pre-treated with CBD for 16 hours or not (P-value = 
0.6100 (ns)). The applied One-way ANOVA test was a non-significant (P-value = 0.4222 (ns)). The 
scale bar in the images is equal to 20µm. 
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Figure 37 GBM Cell Culture NCH441. Microscope images of human cell culture NCH441 in 
separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 (phospho-NF-
κB p65 ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, TNFα (10 
ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one hour co-
treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in the first 
raw of the image. The unpaired t-tests showed the following results. The CBD treatment for 16 hours 
showed a low significant accumulation of nuclear phospho-NF-κB p65 ser311 comparing to the 
control group (P-value = 0.0380). Furthermore, TNFα could induce a low significant accumulation of 
nuclear phospho-NF-κB p65 ser311 after one hour of treatment comparing to the control group (P-
value = 0,0142). However, the group pre-treated with CBD for 16 hours followed by TNFα treatment 
for one hour in a co-treatment showed no significant difference of the nuclear phospho-NF-κB p65 
ser311 in comparison to the control group (P-value = 0,2128) (ns)). Considering CBD pre-treatment, 
there was no significant difference detected, whether the cells had been pre-treated with CBD for 16 
hours or not (P-value = 0.2029 (ns)). The applied One-way ANOVA test was non-significant (P-value 
= 0.0713 (ns)). The scale bar in the images is equal to 20µm. 
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Figure 38 GBM Cell Culture (p53-/-, PDGFB+). Microscope images of the murine cell culture (p53-/-, 
PDGFB+) in separated channels: merge, DAPI and nuclear NF-κB p65 phosphorylated on serine 311 
(phospho-NF-κB p65 ser311). The treatments were as the following: CBD (10 µmolar) for 16 hours, 
TNFα (10 ng/ml) for one hour and pre-treatment of CBD (10 µmolar) for 16 hours followed by one 
hour co-treatment of CBD and TNFα (10 ng/ml). All treatments are compared to the control group in 
the first raw of the image. The unpaired t-tests showed the following results. The CBD treatment for 16 
hours showed a low significant accumulation of nuclear phospho-NF-κB p65 ser311 comparing to the 
control group (P-value = 0.0217). On the other hand, TNFα could induce a significant accumulation of 
nuclear phospho-NF-κB p65 ser311 after one hour of treatment comparing to the control group (P-
value < 0,0001). Moreover, the group pre-treated with CBD for 16 hours followed by TNFα treatment 
for one hour in a co-treatment showed significant difference of the nuclear phospho-NF-κB p65 ser311 
in comparison to the control group (P-value < 0,0001). Considering CBD pre-treatment, there was no 
significant difference detected, whether the cells had been pre-treated with CBD for 16 hours or not 
(P-value = 0.0527 (ns)). The applied One-way ANOVA test was significant (P-value < 0,0001). The 
scale bar in the images is equal to 20µm. 
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Figure 39 GBM Cell Culture p53R172H, p65D/D, PDGFB+. Microscope images of murine cell culture 
p53R172H, p65D/D, PDGFB+ (NF-κB p65 knocked-out) in separated channels: merge, DAPI and nuclear 
NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 ser311). The treatments were as the 
following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD 
(10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The nuclear staining of 
phospho-NF-κB p65 ser311could not be seen in the images. All treatment groups did not show a 
significant nuclear accumulation in comparison to the control group. The unpaired t-test results are as 
following: the group treated with CBD for 16 hours vs control (P-value = 0.0635 (ns)), the group 
treated with TNFα for one hour vs control (P-value = 0.9319 (ns)), the group pre-treated with CBD for 
16 hours followed by one hour co-treatment of CBD and TNFα vs control (P-value = 0.1104 (ns)). The 
applied One-way ANOVA test was non-significant (P-value=0.0599 (ns)). The scale bar in the images 
is equal to 20µm. 
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Figure 40 GBM Cell Culture p53R172H, p65D/D, PDGFB+. Microscope images of murine cell culture 
p53R172H, p65D/D, PDGFB+ (NF-κB p65 knocked-out) in separated channels: merge, DAPI and nuclear 
NF-κB p65 phosphorylated on serine 311 (phospho-NF-κB p65 ser311). The treatments were as the 
following: CBD (10 µmolar) for 16 hours, TNFα (10 ng/ml) for one hour and pre-treatment of CBD 
(10 µmolar) for 16 hours followed by one hour co-treatment of CBD and TNFα (10 ng/ml). All 
treatments are compared to the control group in the first raw of the image. The nuclear staining of 
phospho-NF-κB p65 ser311could not be seen in the images. All treatment groups did not show a 
significant nuclear accumulation in comparison to the control group. The unpaired t-test results are as 
following: the group treated with CBD for 16 hours vs control (P-value = 0.5704 (ns)), the group 
treated with TNFα for one hour vs control (P-value = 0.5289 (ns)), the group pre-treated with CBD for 
16 hours followed by one hour co-treatment of CBD and TNFα vs control (P-value = 0.7625 (ns)). The 
applied One-way ANOVA test was non-significant (P-value=0.6936 (ns)). The scale bar in the images 
is equal to 20µm. 
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5. Discussion 
 
 
This section reveals the quantification and analysis, antibody control, time course of 

TNFα activation, NF-κB as a survival factor and CBD effect on nuclear NF-κB in 

several GBM (Glioblastoma) cell cultures. 

 

Activated NF-κB regulates cell proliferation, inflammation and has been noted in 

numerous human cancers as a major factor that induces cell survival and treatment 

resistance (Vlahopoulos, et al. 2015). These findings were also observed in GBMs (da 

Nóbrega, et al. 2018). On the other hand, inhibiting or blocking NF-κB in malignant 

cells is associated with better response to therapy, proliferation reduction and hence 

cell death (Zeligs, Neuman and Annunziata 2016). This set NF-κB as a target for this 

study by investigating its phosphorylation and nuclear translocation in GBM cells. 

 

These investigations were carried out on fixed cells that were treated in vital state 

without cell lysing or damaging. The used methods were immunofluorescence 

staining and immunocytochemistry. This method was applied to this study to 

investigate the effect of CBD on the nuclear translocation of NF-κB p65. Also to 

investigate the nuclear accumulation of NF-κB p65 phosphorylated on serine 311 in 

GBM cells by staining with different immunofluorescent antibodies. 

 

The quantification and the analysis of immunofluorescence staining to detect the 

localisation or expression levels of different proteins in fixed cells were also used in 

(Zeng, et al. 2018); (Ruiz-Perera, et al. 2018); (Lee, et al. 2014). In this study, Image J 

software was used to analyse the images taken on fluorescence microscope of fixed 

cells after treatments. The images of each cell culture experiment were taken on the 

fluorescence microscope with the same exposure time for the control and the 

treatment. Image J allowed the separation of the different colour channels and the 

quantification of stained nuclei as well as the density of nuclear staining. This method 

allows converting the collected results from the fixed cells images into numbers that 

can be analysed and compared using Excel and Graphpad Prism. 
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One of the best methods to control the specificity of the primary antibodies is to 

knock-out the genes coding for the antigen (Burry 2011). The advantage of this 

method is that the primary antibody can be tested on knocked-out samples under the 

same conditions as otherwise used for the genetically unmanipulated samples in the 

experiments (Burry 2011). However, in some cases the knocked-out cells/tissues were 

still able to express mutated non-functional proteins and protein-epitopes (Burry 

2011). Two of the several GBM cell cultures used in this study are NF-κB p65 

knocked-out cell cultures. None of these two cell cultures showed NF-κB p65 nuclear 

staining. On the other hand, the remaining cell cultures in which NF-κB p65 had not 

been genetically manipulated showed different levels of nuclear staining for NF-κB 

p65. Therefore, the control method was adequate to test the specificity of the used 

primary antibodies. 

 

TNFα is a cytokine that induces cellular proliferation, inflammatory response and 

anti-apoptotic functions via NF-κB (Chatterjee, et al. 2019). The activation and 

nuclear translocation of NF-κB p65 in response to TNFα were observed within ~30-

60 minutes in several studies (Maguire, O'Loughlin and Minderman 2015); (Moreno, 

et al. 2010); (Noursadeghi, et al. 2008). This study shows similar findings when 

investigating nuclear accumulation of unphosphorylated NF-κB p65 or NF-κB p65 

phosphorylated on serine 311 after TNFα treatments. The highest increase of nuclear 

NF-κB p65 phosphorylated on serine 311 was observed after 60 minutes of TNFα 

treatment when compared to shorter periods of time. 

 

There are several drugs that show an inhibitory effect on NF-κB. For example, 

Denosumab as monoclonal antibody inhibiting Receptor Activator of NF-κB Ligand 

(RANKL) is a drug used in form of subcutaneous injection to treat osteoporosis 

(Boyce 2017). By inhibition of RANKL, denosumab reduces the inflammatory and 

improves the therapy response (Bonnet, et al. 2019). Although this work considers 

brain tumour (GBM), the denosumab is found to be associated with better therapeutic 

outcome for bone tumour patients e.g. for giant-cell tumour of bone (Chinder, et al. 

2019). Potential side effects of denosumab i.a. are atypical femur fractures, 

osteonecrosis of the jaw, severe symptomatic hypocalcaemia, and anaphylaxis 

(Kalayanamitra, et al. 2019); (Abe, et al. 2019); (Zaheer, LeBoff and Lewiecki 2015). 
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Moreover, cortisol, the glucocorticoid hormone is known for its anti-inflammatory 

and anti-rheumatic effects (Gualtierotti, Parisi and Ingegnoli 2018); (Dong, et al. 

2019). Eventually cortisol shows a downregulation of NF-κB by inhibiting the 

expression of various proinflammatory prostaglandins, interleukins, cytokines and the 

suppression of pro-inflammatory genes like cyclooxygenase (Dong, et al. 2019). Note 

that it is not possible to ignore the side effects of cortisol such as mood changes, 

osteoporosis, altered metabolism and the increased susceptibility to diabetes and 

Cushing's syndrome (Oprea, et al. 2019).  

 

Furthermore, the activation of NF-κB pathway can also be downregulated by 

immunosuppressants such as the calcineurin inhibitors cyclosporine and tacrolimus. 

Also, the NF-κB pathway can be downregulated by the inhibitor of mammalian 

Target Of Rapamycin (mTOR) everolimus (Wu, Tong and Ran 2020); (Emal, et al. 

2019); (Spadazzi, et al. 2019). The calcineurin inhibitors have many benefits such as 

immunosuppression after organ transplantation and autoimmune diseases. However, 

they may cause side effects such as hepatotoxicity, nephrotoxicity and gingival 

hyperplasia (Nastasio, et al. 2019); (Lee, et al. 2019).  

 

Moreover, the monoclonal antibodies that inhibit TNFα (e.g. adalimumab), which are 

widely used to treat autoimmune diseases and intestinal inflammation (e.g. crohn’s 

disease) show eventual inhibition of NF-κB (Urbano, Soccol and Azevedo 2014); 

(Park, et al. 2019). On the other hand, these monoclonal antibodies downregulate the 

immune response, which probably activate a latent tuberculosis and facilitates 

infections (Sator 2018); (Colombel, et al. 2017). 

 

In comparison to the aforementioned drugs, the considered cannabidiol (CBD) in this 

study is an active ingredient in the cannabinoids group with anticonvulsant and 

neuroprotective properties (Sekar and Pack 2019). CBD can be administered orally, 

buccally and by inhalation (Urits, et al. 2019). CBD and tetrahydrocannabinol (THC) 

are the components of the oromucosal cannabinoid spray nabiximols (Sativex®) 

(Urits, et al. 2019). Nabiximols (Sativex®) is approved in Canada and some European 

countries for treating multiple sclerosis spasticity (Urits, et al. 2019).  
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Unlike THC, CBD is not psychoactive. Lately, CBD (Epidiolex®) was approved in 

the United States by the US Food and Drug Administration (FDA) and in the 

European Union for the treatment of epilepsy in children caused by Dravet and 

Lennox-Gastaut syndromes (European Medicines Agency 2021); (Greenwich 

Biosciences 2018). Administering the epilepsy agent Epidiolex® does not cause 

serious side effects in comparison to the side effects caused by the aforementioned 

drugs. Some of these non-serious side effects are diarrhea, drowsiness, poor appetite, 

fever and vomiting (European Medicines Agency 2021); (Thiele, et al. 2019); (Sekar 

and Pack 2019). 

 

The effects of CBD as an anti-proliferative and pro-apoptotic agent were observed in 

numerous human cancers (Chakravarti, Ravi and Ganju 2014); (Massi, et al. 2013). 

Furthermore, CBD shows a cytotoxicity in GBM cells (Nabissi, et al. 2013); (Marcu, 

et al. 2010). In regards to the anti-inflammatory effects, CBD was able to reduce the 

NF-κB activation, which is induced by epidermal growth factor (Elbaz, et al. 2015). 

In GBM cells, CBD was shown to have minor effects on the level of NF-κB-p65 

phosphorylated on serine 568 and NF-κΒ-p65 phosphorylated on serine 536 (Ivanov, 

Wu and Hei 2017). However, it was able to induce apoptosis in these cells after the 

suppression of NF-κB activation (Ivanov, Wu and Hei 2017).  

 

This study investigated the effect of CBD on NF-κB nuclear translocation. It includes 

a number of GBM cell cultures for this purpose. The GBM as a malignant tumour 

shows different mutations and subclasses. The responses to the treatments vary from 

one mutation to another. CBD induced NF-κB nuclear translocation in some GBM 

cell cultures, which was also comparable to TNFα effects, while other cell cultures 

were not affected by CBD. As for TNFα effect, it was noticed that there is no 

induction of NF-κB nuclear translocation in part of the observed GBM cell cultures. 

This can be due to the high level of nuclear NF-κB in these GBM cells. The high level 

of nuclear NF-κB could be attributed to the deletion of NFKBIA, which is the gene 

encoding the IκBα (NF-ΚB inhibitor alpha). Note that this deletion is detected in 

approximately 25% of GBMs (Masilamani, et al. 2017). The absence of NF-κB 

inhibition is associated with high level of NF-κB activity, increased therapy resistance 

and poor survival (Kinker, et al. 2016); (Cahill, Morshed and Yamini 2015); (Bredel, 

et al. 2010). 
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Since NF-κB requires phosphorylation to initiate its full transcriptional activity, the 

effect of CBD on the nuclear accumulation of NF-κB p65 phosphorylated on serine 

311 has also been investigated. Similarly, the GBM cell cultures showed various 

responses. In most GBM cell cultures that were affected by CBD, it was noticed that 

CBD inhibited the nuclear accumulation of NF-κB p65 phosphorylation on serine 311 

induced by TNFα. Note that this inhibition was achieved after CBD pre-treatment for 

16 hours. CBD could not show an inhibition of nuclear NFκB p65 phosphorylation on 

serine 311 in shorter time periods, specifically after pre-treatment for 6 hours. 

 

The molecular biomarkers in transgenic murine glioblastoma cells included in this 

study show different responses to the CBD treatment. The GBM cells with mutated 

tumour protein p53 reacted to CBD by elevation of the nuclear NFκB p65. But 

nevertheless, CBD could not inhibit the phosphorylation of NFκB p65 on serine 311 

in this cells. Moreover, the overexpression of Platelet-Derived Growth Factor 

Receptor (PDGFB) is not expected to play an obvious role in response to the CBD 

treatment, as it was specified in groups that responded to CBD treatment and also in 

another groups that did not respond. Glioblastoma cells with a lack of Cyclin-

dependent kinase inhibitor 2A (CDKN2A) and an overexpression of the Epidermal 

Growth Factor Receptor (EGFR) showed an inhibition of the phosphorylation of 

NFκB p65 on serine 311 caused by CBD. 
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Summary 
 

Glioblastoma is classified by the World Health Organization (WHO) as a grade 4 

tumour. NF-κB as a transcription factor plays a major role in glioblastoma surviving 

by inducing inflammatory and anti-apoptotic pathways. This study investigates the 

effect of cannabidiol as a therapeutic option on the transduction signals at a molecular 

level in the highly malignant glioblastoma. In particular, the effect of cannabidiol on 

the nuclear translocation of NF-κB and its phosphorylation.  

 

This study was performed on free glioblastoma cells in vitro. The chosen methods 

that have been used for this study were the immunocytochemistry and 

immunofluorescence staining. The used methods allowed investigating the nuclear 

NF-κB on fixed cells without lysing or damaging their structure. Furthermore, this 

study investigated the effect of TNF alpha as a positive control on the 

phosphorylation and nuclear translocation of NF-κB. 

 

The vital glioblastoma cells were treated with cannabidiol for different time periods 

prior to fixing them. The corresponding antibodies were selected for the 

immunofluorescence staining. In particular, anti NF-κB antibody and phospho NF-κB 

serin 311 antibody. The analysis was performed on images taken by 

immunofluorescent microscope using Image J software for quantification and 

measurements of nuclear staining. 

 

Glioblastoma cells shown different responses to cannabidiol treatment. In some of the 

glioblastoma cell cultures, cannabidiol could induce the nuclear translocation of NF-

κB, which is comparable to the effect of TNF alpha. On the other hand, cannabidiol 

inhibit the nuclear accumulation of NF-κB phosphorylated on serine 311 in most of 

these cells. However, other glioblastoma cell cultures show no response to the 

cannabidiol in terms of phosphorylation and nuclear translocation of NF-κB. Some of 

these cell cultures do not even show response to TNF alpha. 

 

 



 

80 
 

Zusammenfassung  
 

Glioblastom wird von der Weltgesundheitsorganisation (WHO) als Tumorgrad 4 

eingestuft. NF-κB als Transkriptionsfaktor spielt eine wichtige Rolle beim Überleben 

der Glioblastomen, indem es entzündliche und anti-apoptotische Signalwege 

induziert. Diese Studie untersucht die Wirkung von Cannabidiol als therapeutische 

Option auf die Transduktionssignale auf molekularer Ebene im hochmalignen 

Glioblastomzellen. Insbesondere die Wirkung von Cannabidiol auf die nukleare 

Translokation von NF-κB sowie auf seine Phosphorylierung. 

 

Diese Studie wurde an nicht-adhärenten Glioblastomzellen in vitro durchgeführt. Zu 

den angewendeten Methoden zählten die Immunzytochemie und 

Immunfluoreszenzfärbung. Sie ermöglichten die Untersuchung von NF-κB in 

fixierten Zellen, ohne die Zellen zu lysieren oder ihre Struktur zu beschädigen. 

Weiterhin wurde der Effekt von TNF-alpha als Positivkontrolle für die NF-κB 

Phosphorylierung und nukleäre Translokation untersucht. Hierfür wurden zahlreiche 

Glioblastom-Zellkulturen analysiert. 

 

Die Glioblastomzellen wurden in verschiedene Behandlungsgruppen aufgeteilt. Die 

Behandlungsgruppen wurden mit Cannabidiol, TNFα, und mit beiden für jeweils 

verschiedene Zeiträume behandelt. Nach der Behandlung wurden die 

Glioblastomzellen fixiert und mit zwei verschiedenen NF-κB p65 Antiköpern gefärbt. 

Die Antikörper dienen der Detektion der nukleären Lokalisation von NF-κB. Der 

erste Antikörper wird für die Detektion des Gesamt-NF-κB p65 verwendet, während 

der zweite Antiköper für die Detektion des phosphorylierten Phospho-NF-κB-p65-

Serin 311 verwendet wird.  

 

Nach der Immunfluoreszenzfärbung wurden Bilder der Zellen mit einem 

Immunfluoreszenzmikroskop aufgenommen. Diese wurden mit einem Imaging 

Programm analysiert - dies beinhaltet das Zählen der Zellen und die Messung der 

Intensität der Immunfluoreszenzfärbung. Nach der Analyse wurden die Ergebnisse 

der verschiedenen Behandlungsgruppen mit der Kontrolle verglichen. 
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Das Glioblastom zeigt verschiedene Mutationen und Unterklassen, wodurch das 

Ansprechen auf verschiedene Medikamente variiert. Cannabidiol zeigte in einigen 

Glioblastom-Zelllinien einen Effekt auf NF-κB nukleäre Translokation. Dies war 

auch vergleichbar mit dem Effekt von TNFα. Andere Glioblastom-Zelllinien waren 

nicht betroffen. In einigen von ihnen induzierte sogar TNFα keine nukleäre 

Translokation von NF-κB. Ein Teil dieser Zelllinien zeigte durchwegs einen hohen 

Anteil an nukleärem NF-κB.  
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