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Abstract 

Glioblastomas are the most common and the deadliest types of brain tumours. Due to their highly 

invasive behaviour, they are incurable by convencial therapeutical strategies. It was shown that 

some components of microtubules, namely class III β-tubulin, γ-tubulin and microtubule 

severing protein spastin are overexpressed  in glioblastoma cell lines as well  as glioblastomas. 

This diploma thesis is focused on the expression, subcellular distribution and function of katanin, 

another microtubule-severing enzyme, in gliobastoma cell lines. Katanin is formed by catalytic 

(p60) and regulatory (p80) subunits. Expression and cellular localization of both katanin subunits 

was studied in panel of human glioblastoma cell lines isolated form adults (T98G, U87MG, 

U118MG and U138 MG) and child (KNS42). Data presented in this thesis demonstrated that 

katanin subunits were overexpresed both on transcript and protein levels in T98G, U87MG and 

KNS42 cell lines, but not in U138MG and U118MG cell lines when compared to normal non-

transformed human astrocytes. Immunofluorescence microscopy revealed that both katanin 

subunits were diffusively distributed in cytoplasm and concentrated on spindle poles of mitotic 

cells and on leading edges of migrating cells. Examination of cell motility revealed that 

velocities in glioblastoma cell lines corelated with protein levels of both katanin subunits. T98G 

and U87MG cells migrated significantly faster when compared to U118MG and U138 MG cells. 

Depletion of either p60 or p80 katanin subunits by siRNA in T98G and U87MG cells resulted in 

reduced cell motility. These results were in T98G cell supported by a radial cell migration assay. 

Moreover, proliferation in T98G and U87MG cells was inhibited in katanin-depleted cells. 

    Collectively, presented results indicate, for the first time, that enhanced expression of katanin 

in glioblastoma cells might be linked to tumour cell proliferation, migration, and invasion. 
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Abstrakt 

Glioblastomy jsou nejčastější a nejzhoubnější typy nádorů mozku. Pro svůj agresivní charakter 

jsou tyto nádory neléčitelné konvenčními terapeutickými přístupy. Bylo prokázáno, že v 

buněčných liniích glioblastomů i v glioblastomech je zvýšená exprese nekterých 

mikrotubulárních proteinů, zejména βIII-tubulinu, γ-tubulinu, a spastinu; proteinu štěpícího 

mikrotubuly. Tato diplomová práce je zaměřená na expresi, buněčnou distribuci a funkci 

kataninu, dalšího proteinu, který štěpí mikrotubuly, v glioblastomových buněčných liniích. 

Katanin má katalytickou (p60) a regulační (p80) podjednotku.  Exprese a buněčná lokalizace 

obou podjednotek byla studována na panelu lidských glioblastomových liniích izolovaných z 

glioblastomů dospělých (T98G, U87MG, U118MG a U138 MG) nebo dítěte (KNS42). 

V porovnání s netransformovanými lidskými astrocyty byla zvýšená exprese obou podjednotek 

kataninu jak na úrovni transkriptu tak i proteinu v buněčných liniích T98G, U87MG a KNS42, 

nikoli však v liniích U138MG a U118MG. Immunofluorescenční mikroskopie ukázala difuzní 

distribuci obou podjednotek kataninu v celé buňce, jejich koncentraci na pólech dělícího 

vřeténka mitotických buněk a na vedoucím okraji u migrujících buněk. Podle výsledků měření 

buněčné migrace, koreluje rychlost migrace glioblastomových buněk s mírou exprese 

podjednotek kataninu. Buňky T98G a U87MG se pohybovaly výrazně rychleji než buňky 

U118MG a U138MG. Snížení exprese p60 nebo p80 podjednotky kataninu pomocí siRNA vedlo 

ke snížení migrace T98G a U87MG. Tyto výsledky byly u T98G buněk dále podpořeny i testem 

radiální buněčné migrace. Deplece podjednotek kataninu u T98G a U87MG buněk vedla ke 

snížení proliferace.  

    Na základě prezentovaných výsledků lze shrnout, že zvýšená exprese kataninu 

v glioblastomových buňkách může být spojena s proliferací, migrací a invazivitou glioblastomů.  
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Abbreviations 

+TIP   Plus-end tracking protein 

AAA ATPases associated with diverse cellular activities 

APC Anaphase promoting complex 

ATPase Adenosine triphosphatase 

BCA Bicinchonic acid 

BSA Bovine serum albumin 

cDNA Complementary DNA 

CTT C-terminal tail 

Cy3 Indo-karbocyanin 3 

DAPI 4',6-diamidino-2-phenylindole 

ddH2O Double destilled water 

DMEM Dulbecco's modified eagle medium 

Dy488 DyLight 488 

EB End binding 

EDTA Ethylenediaminetetraacetic acid 

EGTA Ethylene glycol tetraacetic acid 

FITC Fluorescein isothiocyanate  

FS Fetal serum 

GAM Goat-anti-mouse 

GAR Goat-anti-rabbit 

GCP Gamma-tubulin complex protein 

GTPase Guanosine triphosphatase 

HBSS Hank's balanced salt solution 

HRP Horseradish peroxidase 

IgG Immuno globulin G 

IgM Immunoglobulin M 

MAP Microtubule-associated protein 

MES 2-(N-morpholino)ethanesulfonic acid 

MIT domain Microtubule interacting and trafficking domain 

MSB Microtubule-stabilizing buffer 

MTOC Microtubule organizing center 

PBS Phosphate buffer saline 

PCR Polymerase chain reaction 

PEG Polyethylene glycol 

PP2 Protein phosphatase 2 

PTEN Phosphatase and tensin homolog 

RT-qPCR Quantitative real-time PCR 

RNAse Ribonuclease 

https://en.wikipedia.org/wiki/Fluorescein_isothiocyanate
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SDS Sodium dodecyl sulfate 

SDS-PAGE SDS-polyacrylamide gel electrophoresis 

siRNA Small interfering RNA 

TBA Tubulin-binding agent 

TBST Tris-buffered saline containing Tween 20 

TEMED N',N',N',N'Tetramethylethylenediamine 

TRIS Tris(hydroxymethyl)aminomethane 

v/v volume/volume % 

w/v weight/volume % 

γTuRC  γ-Tubulin ring complex 

γTuSC γ-Tubulin small complex 
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1. Introduction 

Cytoskeleton is a cellular network that consists of three types of fibres: microtubules, 

microfilaments and intermediate filaments. These fibres differ in their structural proteins, 

compositions and subcellular localizations. They interact with each other and various cellular 

organelles. Cytoskeleton is responsible for such fundamental processes as establishing cell shape 

and polarity, intracellular transport, adhesion, cell migration and cell division [Lodish et al., 

2013]. 

1.1. Microtubules  

Microtubules are dynamic polar structures. They arise from 13 protofilaments collaterally 

organised into a circle and thus creating a tubule with diameter of 25 nm. The basic building unit 

of microtubule protofilaments is an αβ-tubulin heterodimer. Heterodimers in microtubules have 

the same orientation. Microtubules are therefore polar, with α-tubulins at one end of the 

microtubules (minus end) and β-tubulins at the other end (plus end). The (-) ends of microtubules 

are usually anchored in MTOC (Microtubule Organizing Centers). Microtubules serve as a trail 

for mechano-chemical ATPases kinesins and dyneins (molecular motors). Kinesins walk from 

the (-) end to the (+) end while dyneins, walk in the opposite direction. Kinesins or dyneins bind 

cargo (organelles, vesicles, proteins or nucleic acids) and transport it along the microtubules. 

Intracellular transport is also important for establishing the cellular polarity. Microtubules can 

create complex structures such as cilia, flagella and centrioles. Microtubule structures undergo 

marked morphological changes during the cell cycle. In mammalian adherent, interphase cells 

microtubules form radial cytoplasmic network. In metaphase cells microtubules form mitotic 

spindle, which is responsible for proper distribution of chromosomes into daughter cells. Later 

on, in telophase, microtubules form midbody that controls abscission, the final step of cellular 
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division. Microtubules are modulated by post-translational modifications of tubulins and by 

multiple regulatory proteins [van der Vaart et al., 2009; Janke and Kneussel, 2010]. In this thesis 

I studied the expression, distribution and function of microtubule regulatory protein katanin in 

glioblastoma cells.  

1.1.1. Tubulins and microtubules 

Tubulins are globular proteins with relative molecular weight about 50 kDa. Both α- and β- 

tubulins bind GTP. The GTP binds non-exchangeably in α-subunit (N-site) and exchangeably in 

β-subunit (E site). Tubulins are highly conserved among eukaryotic species. In mammalian cells, 

there are about 8 α-tubulin and 8 β-tubulin genes that provide tubulin protein isotypes. The 

isotypes differ mainly in their C-terminal tail (CTT) domains that are exposed on the surface of 

microtubules. Due to their negative charge, the whole microtubule has negative charge. The 

CTTs of tubulins also influence the rate of microtubule polymerization and binding of many 

microtubule-associated proteins. Distribution of tubulin isotypes differs among tissues. Although 

some tubulin isotypes are tissue specific, their expression often changes in cancer cells and 

microtubules can have different properties. For example, neuron-specific class III β-tubulin is 

aberrantly expressed in gliomas [Katsetos et al., 2007]. Enhanced protein level of class III β-

tubulin is linked with cancer progression and correlates with resistance gliomas to taxanes 

[Katsetos et al., 2011].  

    Thirteen tubulin protofilaments interact side by side and form a ring. α-Tubulin interacts with  

α-tubulin and β-tubulin with β-tubulin, forming B-lattice, the basic structure of microtubules. 

Protofilaments in the ring are slightly shifted, so the thirteenth protofilament in the ring is shifted 

by 12 nm compared to the first one. In microtubules exist small “windows” of 1.5 x 2 nm in 

diameter, which can serve as an entrance for tubulin-binding agents such as taxol, which binding 
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site is in the lumen of microtubules [Diaz et al., 1998]. Arrangement of tubulin dimers in 

microtubule wall is shown in Figure 1b. 

1.1.2. Microtubule dynamics 

As the (-) ends of microtubules are anchored in MTOC and therefore stabilized, polymerization 

and depolymerization of microtubules occur on their (+) ends. Here, αβ-tubulin heterodimers 

with the bound GTP are added, and subsequently GTP is hydrolyzed. When the microtubules are 

growing, addition of αβ-tubulin heterodimers are faster than GTP hydrolysis. While β-tubulins in 

the interior of microtubules carry GDP, β-tubulins with bound GTP are on the very tip of 

microtubules. The tip of microtubules is therefore called “GTP cap”. It stabilizes microtubules 

and averts their depolymerization. When addition of the αβ-tubulin heterodimers ceases, the 

GTPs on the very tip of microtubules are hydrolyzed. This hydrolysis causes a conformational 

change of αβ-tubulin heterodimer in protofilament and protofilament curves. This leads to 

microtubule depolymerization. Transition from polymerization to depolymerization state is 

called catastrophe, rescue is the opposite process. The lowest concentration of free αβ-tubulin 

heterodimers for microtubule polymerization is called a critical concentration. The critical 

concentration is much higher for the (-) ends of microtubules than for the (+) ends. When the (-) 

ends are not blocked, they are usually depolymerized. Depending on a local concentration of free 

αβ-tubulin dimers and other factors, microtubules oscillate between polymerization and 

depolymerization (Figure 1c). This phenomenon is called dynamic instability of microtubules 

[Mitchison and Kirschner, 1984]. It is defined by polymerization and depolymerization rates, 

numbers of growing, shrinking and pausing microtubules, and by the frequency of catastrophes 

and rescues.  
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1.1.3. Microtubule nucleation 

Anchoring of microtubules in MTOC stabilizes their (-) ends and prevents microtubule 

depolymerization. The main MTOC in mammalian cells is centrosome that is formed by a pair of 

centrioles and perinuclear matrix. Centrosome duplicates at G1/S phase of cell cycle and form 

opposite poles of mitotic spindle. The anchoring of microtubules to MTOC is ensured by γ-

tubulin complexes. γ -Tubulin is a globular protein from tubulin family with relative molecular 

weight around 48 kDa. Two γ-tubulins interact with GCP (Gamma tubulin Complex Protein) 2 

and 3, and form Y-shaped γTuSC (γ-Tubulin Small Complex). 6–7 of γTuSC then interact with 

Figure 1. Microtubule structure and dynamic instability [Akhmanova and Steinmetz 2010]. 
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GCP 4, 5 and 6, forming γTuRC (γ-Tubulin Ring Complex).  γTuRC is bound to MTOC by 

GCP-WD/NEDD1 (Neural precursor cell Expressed Developmentally Down-regulated protein 

1). Apart from the centrosomal localization, γTuRC can also bind to a microtubule wall or 

cellular membranes where enables acentrosomal polymerization of microtubules.  

    Overexpression of γ-tubulin, as well as GCP2 and GCP3, was reported in gliomas [Dráberová 

et al., 2015]. It was shown that in glioblastoma cells γ-tubulin participates in DNA damage 

G2/M checkpoint activation [Hořejší et al., 2012]. The increased expression of γTuSC complex 

proteins can generally lead to enhancement of microtubule nucleating capacity through 

supernumerary MTOC and abnormal centrosome function, resulting in mitotic spindle 

abnormalities, and thus chromosome breaks and misssegregations. Overexpression of γTuSC 

complex proteins can be responsible for aneuploidy in populations of transformed daughter cells 

[Katsetos et al., 2009]. 

1.1.4. Regulation of microtubules 

1.1.4.1. Post-translational modifications of tubulins 

At present more than 15 post-translational modifications of tubulin subunits were described. The 

main tubulin modifications are acetylation of ε-amino group of Lys40 on α-tubulin, reversible 

detyrosination and tyrosination of α-tubulin C-terminus and irreversible conversion to Δ2–

tubulin by cleavage of penultimate glutamate of α-tubulin. Other important modifications are 

polyglutamylation or polyglycylation of α- or β-tubulin subunits. Combination of tubulin post-

translational modifications within microtubules generates “tubulin code”, which modulates 

microtubule stability and its interaction with other proteins. Glutamylated microtubules are more 

stable, but the negative charge given by the glutamyl residues can also attract proteins that have 

ability to destabilize the microtubules [Roll-Mecak and Vale, 2008; Lacroix et al., 2010]. The 
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length and localization of glutamyl side chain determines which proteins will be bound to the 

polyglutamylated microtubules [Lacroix et al., 2010]. Acetylation also stabilizes microtubules, 

but can also serve as a mark for binding of destabilizing proteins [Sudo and Baas, 2010]. Proteins 

that influence dynamics of the microtubule (+) end bind to tyrosinated microtubules [Janke and 

Kneussel, 2010]. The tubulin code differs in various tissues and also in various cell 

compartments. For example, highly stable polyglutamylated microtubules can be found in cilia 

of mammalian cells, acetylated and detyrosinated microtubules are on the leading edges of 

migrating cells [Janke and Kneussel, 2010]. 

1.1.4.2. MAPs 

Different MAPs (Microtubule-Associated Proteins) can stabilize or cleave microtubules, promote 

or block its polymerization (Figure 2). 

 

Figure 2. Microtubule associated proteins [Pollard and Ernshaw, 2008]. 

Typical stabilizing MAPs are proteins of MAP2/tau and MAP1 family. These proteins inhibit 

microtubule depolymerization and bind along microtubules through their C-terminal domains. N-

terminal projection domains of these MAPs are exposed to cytosol and can bind other proteins 
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and cross-link microtubules with other structures, such as cytoskeletal components or plasma 

membrane [Drewes et al., 1998]. Microtubule growth is promoted by EB (End Binding) proteins 

(EBs). These proteins belong to +TIP (Plus-end tracking protein) protein family. Independently 

on the other +TIPs, EBs bind to the (+) end of tyrosinated microtubule, stabilizes it, and promote 

microtubule growth [Komarova et al., 2009]. EBs are also important for loading of the other 

+TIPs to microtubules [Akhmanova and Steinmetz, 2010]. Typical member of this family is 

EB1. Stathmin, kinesin 13 and kinesin 8 are destabilizing +TIPs, which stimulates microtubule 

catastrophe. Stathmin promotes GTP hydrolysis on microtubule GTP cap [Gupta et al., 2013] 

and also binds to free αβ-tubulin heterodimers and thus decreases concentration of αβ-tubulin 

heterodimers that are available for polymerization [Cassimeris, 2002]. Kinesin 13 and 8 cause 

conformational change in αβ-tubulin heterodimers and thus promote protofilament curvature. 

Interaction between protofilament within microtubule is thus decreased and microtubules 

undergo catastrophe [Lodish et al., 2013]. 

1.2. Microtubule severing proteins 

Important class of microtubule regulatory proteins are microtubule severing proteins: katanin, 

spastin and fidgetin. These proteins belong to an AAA (ATPases Associated with diverse cellular 

Activities) ATPase protein family [Lupas and Martin, 2002; Sharp and Ross, 2012]. The AAA 

ATPases are enzymes that remodel protein complexes. They usually work as oligomers. AAA 

ATPase is characterized by one or two AAA domains, usually on its C-terminus. The AAA 

domain binds ATP and uses its hydrolysis for conformational change of the whole protein 

[Ogura and Wilkinson, 2001; Dougan et al., 2002]. Substrate binding domain is usually on N-

terminus of AAA ATPase [Dougan et al., 2002]. For katanin and spastin, the substrate binding 

domain is represented by MIT (Microtubule Interacting and Trafficking) domain [Salinas et al., 
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2007, Grode and Rogers, 2015]. Function of AAA ATPases can be modulated through adaptor 

proteins that target these enzymes to specific subcellular locations. Microtubule severing AAA 

ATPases usually form homo-hexameric rings that bind along microtubules to the negatively 

charged CTTs of tubulins (Figure 3). They use ATP hydrolysis to cleave microtubules into two 

CTT of tubulin 

Tubulin 

Severing protein hexamere 

MIT domain 

Figure 3. Mechanism of microtubule severing. Tubulin within microtubulus (green), tubulin 

C-terminal tail (CTT) (red), hexamer of microtubule severing protein (gray). Hexameric ring 

of microtubule severing protein binds to the side microtubulus by its MIT domain. 

Negativelly charged CTT of tubulin is then drag into positively charged pore of the ring [Roll-

Mecak and Vale, 2008]. 
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parts. New (+) and (-) ends of microtubules are thus created [Roll-Mecak and Vale, 2008]. 

Cleaved microtubules can then depolymerize from their (-) ends. Alternatively, microtubule 

pieces, when (-) ends are stabilized, can serve as a building blocks for new microtubule network. 

    Two models for mechanism of microtubule cleavage have been proposed: a translocation 

model and a dissociation model. According to the translocation model, ATP hydrolysis causes 

conformational change of oligomeric ring of the severing protein. This creates a mechanical 

force that pulls tubulin C-terminal tail through a positively charged central pore of the oligomeric 

ring and in this way it destabilizes tubulin interactions within the B-lattice. It is not clear, 

whether just the pulling of the tubulin C-terminal tail is sufficient for destabilization of B-lattice 

or whether the whole tubulin is pulled through the pore [Roll-Mecak and Vale, 2008]. The 

dissociation model claims that ATP hydrolysis causes conformational changes in αβ-tubulin 

heterodimer. This causes a curving of tubulin heterodimer and a destabilizing of microtubule B-

lattice [Matsushita-Ishidori et al., 2009]. Both of these models were proposed for spastin. It was 

suggested that the other microtubule severing proteins could work in a similar way. Twenty 

amino acid residues in the tubulin C-terminus are critical for the microtubule severing [White et 

al., 2007]. Increasing of the negative charge of these residues increases its interaction with the 

basic residues of AAA domain, which is localized inside the central pore of the severing protein 

oligomeric ring [Lacroix et al., 2010]. Therefore, glutamylated microtubules are cleaved with 

higher probability [Roll-Mecak and Vale, 2008].  

    It has been shown that severing of microtubules is crucial for basic cell processes such as cell 

migration [Zhang et al., 2011], reorganisation of interphase microtubule network to mitotic 

[Buster et al., 2002] or meiotic [Roll-Mecak and Vale, 2006; McNally and McNally, 2011] 

spindles, separation of anaphase chromosomes [Zhang et al., 2007, Sharp and Ross, 2012], 
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creation of central microtubule pair of cilia [Rasi et al., 2009], axonal pruning [Ahmad et al., 

1999; Solowska et al., 2010] and branching [Yu et al., 2008] in developing neurons, and also 

forming of cortical microtubule network in plants [Sharp, 2012]. 

1.2.1. Katanin 

Katanin was the first discovered microtubule severing protein. Its catalytic subunit, katanin p60, 

was isolated from sea urchin egg in 1993. Due to its ability to cleave microtubules it was called 

katanin after Japanese sword katana [McNally and Vale, 1993]. Eight years later the regulatory 

subunit katanin p80 was discovered [Hartman et al., 1998]. Katanin p80 regulates severing 

property of katanin p60 and also serves as an adaptor that targets katanin p60 to other proteins 

[Hartman et al., 1998]. Katanin is essencial for microtubule lenght and reorientation [Sharp and 

Ross, 2012], axonal pruning and branching, reorganisation of microtubular network into mitotic 

spindle, creation of cillia and flagella in Tetrahymena and for branching of cortical microtubules 

within plant cells. Katanin may also contribute to regulation of cell migration [Sudo and Maru, 

2008; Zhang et al., 2011; Ye et al., 2012]. 

1.2.1.1. Structure of katanin p60 

Gene KATNA1 that encodes katanin p60 is localized on chromosome 6 [Mungall et al., 2003]. 

There are two human isoforms of katanin p60. Human isoform 1 is 491 amino acids long (MW ~ 

55 kDa), while isoform 2 is 311 amino acids long (MW ~ 35 kDa). The AAA domain essential 

for the catalytic function is localized in the C-terminal domain of katanin p60. In the N-terminal 

region is localized MIT domain [Hartman and Vale, 1999]. Amino acid residues Ser42, Ser109 

and Thr133 can be phosphorylated by DYRK2 (Dual specifity tYrosine phosphorylation 

Regulated Kinase 2) kinase [Maddika and Chen, 2009]. In interneurons, katanin phosphorylation 
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is promoted by APC, by unknown mechanism [Eom et al., 2014]. The AAA domain of katanin 

was proposed on the homology with other AAA proteins but has not been confirmed yet. Based 

on homology with spastin, part of the katanin AAA domain, interacting with the C-terminal 

region of tubulin was proposed. MIT domain of katanin p60 consists of 3 antiparallel helixes α1–

α3. These helixes are linked by short loops. The α2 and α3 helixes are longer and they form a 

ledge that can interact with tubulin. Surface of the MIT domain has a strong positive charge and 

strengthens its binding to the negatively charged C-terminus of tubulin [Iwaya et al., 2010]. In 

the presence of ATP, katanin p60 forms hexameric rings [Hartman, 1998]. This happens more 

likely in the presence of microtubules. Microtubules probably serve as a scaffold for katanin 

hexamer formation [Hartmann and Vale 1999].  

1.2.1.2. Structure of katanin p80 

Gene KATNB1 that encodes katanin p80 is localized on chromosome 16. Resulting protein is 

655 amino acids long (MW ~ 72 kDa) [Hartman et al., 1998]. N-terminal region carries a 40 

amino acids long WD40 domain. WD40 domain negatively regulates katanin p60 and interacts 

with other proteins and targets katanin p60 activity to proper location [Hartman and Vale 1999]. 

C-terminal region carries CON80 (CONserved protein domain of katanin p80) domain that binds 

katanin p60 and is responsible for katanin p60 and katanin p80 dimerization and for binding of 

katanin p80 to microtubules [Hartman et a.,l 1998; McNally et a.,l 2000]. Close to the CON80 is 

also LZTS2 (Leucine Zipper, putative Tumor Suppressor 2) binding domain. When LZTS2 binds 

to its binding domain, it inhibits katanin p80 binding to microtubules. Affinity of katanin 

hexameric ring to microtubules is thus lower and severing of microtubules decreases [Sudo and 

Maru, 2008]. WD40 and CON80 are linked by a proline rich domain [Roll-Mecak and McNally, 

2010].  
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1.2.1.3. Katanin subcellular localization 

Subcellular localization of katanin is essential for its activity [Roll-Mecak and Nally 2010; Sharp 

and Ross 2012]. Generally, katanin is attracted to acetylated microtubules and does not bind to 

microtubules occupied by tau [Quiang et al., 2006; Sudo and Maru, 2010; Mao at al., 2014]. 

Both katanin subunits are distributed in the whole cell body of neurons [Ahmad et al., 1999; Yu 

et al., 2008]. Katanin p60 is enriched at the cell cortex in Rfl6 fibroblasts and Drosophila 

epithelial D17 and S2 cells [Zhang et al., 2011]. Both katanin subunits are enriched at spindle 

poles during mitosis [McNally and Vale,1998]. Whereas katanin p60 binds to the centrosomes 

directly, katanin p80 is targeted there by unknown adaptor protein [McNally et al., 2000]. 

Katanin is also localized to mitotic chromosomes in D. melanogaster [Zhang et al., 2007]. The 

WD40 domain of katanin p80 has been found in many proteins that bind to microfilaments. It is 

possible that katanin binds to microfilaments which are also in higher amount at the cell 

periphery [Zhang et al., 2011].  

1.2.1.4. Non-canonical function of katanin 

Besides its severing activity, katanin p60 also can depolymerize microtubules from (+) ends. It is 

not clear whether it removes tubulins from the microtubule tips or whether it severes the 

microtubules very close to their ends [Zhang et al., 2011]. Katanin p60 could bind to and remove 

stabilizing and polymerization promoting +TIPs, such as EB1, from the (+) end of microtubules. 

This can be done by grabbing the C-terminal tail of EB1, that resembles tubulin tail [Mishima et 

al., 2007]. In this way, new metastable (+) ends of microtubules are generated. The destabilizing 

kinesin 13 can bind to those microtubules and cause a catastrophe of the microtubules. Katanin 

p60 therefore indirectly causes microtubule depolymerization [Zhang et al., 2011].  
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1.2.1.5. The role of katanin in mitosis and meiosis 

For the transition from interphase cell to the mitotic or meiotic one, a rapid microtubule 

reorganisation is needed. Katanin is one of many regulators of this process. Role of katanin in 

formation of meiotic spindle was studied in C. elegans. First, long microtubules are cleaved into 

shorter pieces, which then serve as polymerization seeds. Microtubule mass in cell then increases 

[Roll-Mecak and Vale, 2006; Sonbuchner et al., 2010]. Mutation of katanin subunits inhibits this 

cleavage, microtubule mass is unchanged and meiotic spindle is non-functional [McNally and 

Vale, 2006]. The complete depletion of katanin p60 results in an absolute failure in meiotic 

spindle formation and microtubules are disorganized around chromosomes [McNally and 

McNally, 2011]. After oocyte fertilization, katanin has to be degraded for the successful 

transition to the first division in the zygote. In the case that katanin is not degraded, spindle does 

not work properly and the separation of chromosomes fails [Johnson et al., 2009]. Katanin 

degradation in C. elegans is ensured by its phosphorylation by a MBK-2 kinase (Mini Brain 

Kinase 2), dephosphorylation by PP2 (Protein Phosphatase 2) or by interaction with MEL-26 

(Maternal Effect Lethal 26), which serves as an adaptor for E3 ubiquitin ligase complex [Dow 

and Mains, 1998]. Similar pathways have also been observed in mammals [Johnson et al., 2009]. 

    Katanin is also needed for transition of an interphase cell to mitotic one. It cleaves 

microtubules from the centrosome, creating free (-) ends of microtubules. These (-) ends are then 

captured by γ-TuRC and transported by dyneins to the arising spindle poles, until the mitotic 

spindle is created [Buster et al., 2002]. In D. melanogaster katanin associates with kinetochores 

and contributes to the “Pacman-Flux” machinery that moves chromosomes to the spindle poles 

[Sharp and Ross, 2012]. In this process katanin cleaves the kinetochore microtubules and 

removes its stabilizing +TIPs, such as EB1. In this way it creates free (+) ends of microtubules 

that can be then depolymerized by kinesin-13, which is associated with kinetochores, and 



24 

 

microtubules shorten. Simultaneously, dynein that is attached to kinetochore walks along the 

shortening microtubules towards the spindle pole. Together these processes result in a movement 

of chromosomes to the spindle pole [Zhang et al., 2007]. 

1.2.1.6. Katanin in neuronal development 

During axonal transport, proteins, membrane vesicles and organelles are transported from the 

cell body to the synapsis (anterograde transport) and from cell periphery to cell body (retrograde 

transport). This process is fundamental for a neuronal differentiation and for proper function of 

neuron [Guzik and Goldstein, 2004]. Microtubules serve as a main road for the axonal transport. 

Regulation of microtubule dynamics and their arrangement within the axon is essential 

[Holzbaur, 2004]. In neurons, katanin is enriched at centrosomes, where it cleaves microtubules 

into shorter pieces. These short microtubules are more mobile than the longer ones [Ahmad et 

al., 2006]. They are transported along the axonal microtubules and used as building blocks for 

prolongation of microtubules at the growing cones of neurons [Ahmad et al., 1999]. Higher 

expression of both katanin subunits was observed in the developing neural system, where rapid 

elongation of axons is needed [Solowska et al., 2010]. Katanin levels are high during rapid 

phases of axonal growth but diminish as axons reach their targets [Karbay et al., 2004]. Apart 

from its centrosomal localization, katanin is also diffusively distributed along the axon, where 

contributes to the axonal branching [Yu et al., 2008]. Interestingly, axonal growth can also be 

inhibited by ovexpression of katanin [Karbay et al., 2004]. In periphery neurons, katanin p60 

loss led to increased elaboration of dendrites, whereas ovexpression of katanin p60 resulted in 

opposite [Eom et al., 2014]. Katanin functions in axon are regulated by the stabilizing MAP4 and 

tau proteins. These proteins bind to microtubules and inhibit katanin binding. In the branching 

points, MAPs become phosphorylated and their affinity to microtubules is thus lowered. This 
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enables binding of katanin, cleavage of microtubules and branching of the axon. In 

neurodegenerative diseases, such as Alzheimer disease, a hyperphosphorylation of tau protein 

has been observed [Mao et al., 2014]. This may result in dysregulation of katanin function and 

abnormal cleavage of axonal microtubules [Sharp and Ross, 2012]. 

1.2.1.7. Katanin and cell migration 

Migrating cells have polarised 

morphology and the migration results 

from the coordination of motions 

generated in diferent parts of a cell. The 

typical model for cell migration is 

fibroblast (Figure 4). In fibroblast, as 

well as in many other cell types, 

microfilaments are arranged into highly 

dense network under the membrane. 

Migration is initiated by nucleation of 

actin fibres by activated ARP2/3 

complex. The ends of microfilaments are 

adjacent to membrane at the front of the 

cell. As the actin meshwork at the cell 

front (leading edge) is under membrane, 

polymerization of those filaments creates a 

force, that push out the membrane and results in formation of membrane protrusions. The large 

broad membrane protrusion is called lamellipodium, the smaller finger-like protrusions are called 

Figure 4. Mechanism of fibroblast cell 

migration [Ladoux and Nicolas, 2012]. 
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filopodia. The extended membrane of these structures then become firmly attached to the 

underlying surface. This attachment is mediated by integrins, the transmembrane molecules that 

bind by its extracellular domain to matrix proteins, such as fibronectin or collagen. Cytoplasmic 

domain of integrins can be bound to the actin meshwork and other cellular structures. 

Attachment of the leading edge to the substratum prevents its retraction and also alows the rest of 

the cell to move forward. Cytosol from the cell body and rear end of the cell then flows forward. 

The membrane at the rear end detach from the surface, and the rear end can be stratched to the 

cell body by tension of the membrane and by stress fibers (acto-myosin contractile structure). As 

cell moves forward, integrins attached to the substrate gets to the rear end of the cell. Integrins 

are internalized by endocytosis and transported to the leading edge, where they can be used again 

to form a new attachments [Lodish et al., 2013]. 

    In D. melanogaster epithelial cells, katanin is localized at the cell cortex, where it induces 

catastrophes of microtubule (+) ends and inhibits their interactions with membranes. In this way 

it decreases the density of cortical microtubules network [Zhang et al., 2011]. Nonhomogeneous 

distribution of katanin at the cell cortex can then lead to differential behaviour of microtubules in 

this region. In migrating cells, katanin is enriched at the leading edge, where it may inhibit 

creation of membrane protrusions. In D. melanogaster cells with depleted katanin slowed wound 

healing. [Zhang et al., 2011]. Katanin has been also shown to contribute to migration of 

interneurons. Interneurons rapidly extend, retract and modify branches, change the orientation of 

leading processes and move in multiple different directions [Godin et al., 2012]. This neuronal 

migration based on rapid branching and remodeling of leading edge may require katanin for 

increasing dynamics of microtubules that facilite this activity [Eom et al., 2014]. In the 

interneurons expression of +TIP protein APC negativelly regulates katanin p60 function, by 
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promoting its phosphorylation, increasing tau binding to microtubules, and targeting of β2b-

tubulin to its subcellular localization [Preitner et al., 2014; Eom et al., 2014]. APC thus probably 

contributes to proper cell localization of katanin. In cultured neurons, katanin p80 

downregulation leads to decrease in cell motility [Sudo and Maru, 2008]. Increased expression of 

katanin p60 in human adenocarcinoma cells positively correlates with strongly aggressive 

behaviour of this tumour [Ye et al., 2012]. 

    Katanin plays different roles in Drosophila and human cells, but in both cases it contributes to 

dynamic interplay between microtubule severing and stability during cell migration.  

1.3. Gliomas 

Brain tumours are the most common type of solid tumours. Gliomas are the most abundant of 

primary tumours of central nervous system and can be divided into four groups depending on its 

malignity. The low grade gliomas (World Health Organisation [WHO  grades I and II]) and high 

grade ones (grade III and IV). The grade I actrocytoma does not invade into surrounding tissue 

and thus can be surgically resected and potentially cured. The grade II gliomas are diffuse and 

thus its therapeutical targeting is more complicated. They often undergo anaplastic 

transformation and become a high-grade gliomas. Prognosis for patients of all age groups 

remains dismal. Most of patients die within a year after diagnosis. For adults are typical primary 

brain tumours, which develop rapidly de novo. For children are typical secondary brain tumours, 

which develop through progression from low-grade diffuse astrocytoma or anaplastic 

astrocytoma. These tumours genetically differ. Primary gliomas are characterized by loss of 

heterozygosity, amplification of EGFR (Epidermal Growth Factor Receptor), deletion of 

p161NK4 and mutation in PTEN (Phosphatase and tensin homolog) [Hulsebos et al., 2004, 

Ohgaki and Kleihues, 2013]. The most frequent and the deadliest group of primary brain tumour 
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is a glioblastoma multiforme. Secondary gliomas are characterised by P53 mutations. In recent 

years, a lot of new findings about specific mutations that give arise tumours of distinct molecular 

subtypes have been discovered. This approach is gaining increasing clinical acceptance in the 

classification and typing of gliomas. Great improvement has been reached in the genomics and 

epigenetics of brain tumours. However, these discoveries have not been translated at the 

therapeutic level yet [McDonald at al., 2012]. 

    Standard treatment of gliomas involves initial surgical resection, followed by radiotherapy. 

Currently radiotherapy is supported also by chemotherapy with use of temozolomide, which 

increases median survival time by 9-15 months, compared with radiosurgery alone. Nevertheless, 

the increases for median survival have been low (6-9 months for median progression-free 

survival and 14.6 months for overall survival times) [Stupp et al., 2005]. One of the general 

strategies for cancer cell treatment is targeting microtubules. Disrupting microtubule network 

organization by anticancer TBA (Tubulin Binding Agents), such as taxanes, results in defects in 

mitotic spindle assembly and hence the cell is unable to successfully finish its division. Since 

microtubules also participate in regulation of cell migration, targeting of microtubules may also 

lead to the decrease in cancer cell migration rate. However, TBA treatment sometimes fail due to 

developing of drug resistance in cancer cells and due to suboptimal drug delivery owing to 

hindrance from the blood-brain barrier. Other approaches of disrupting microtubule network 

organisation in glioblastoma cells are thus needed [Katsetos et al., 2015].  

http://d360prx.biomed.cas.cz:2082/science/article/pii/S1071909115000236#200005197
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2. Aims  

It was shown previously, that high expression of microtubule-severing protein spastin correlates 

with increased histological grade in diffuse gliomas. Silencing of spastin significantly decreased 

cell motility in the human glioblastoma cell line T98G, characterized by enhanced cell motility. 

It was suggested that increased expression of microtubule-severing proteins could underlie the 

malignant behavior of glioma cells, and that silencing of microtubule-severing proteins might 

lead to inhibition of tumor cell invasion (Dráberová et al., 2011). Katanin is another microtubule-

severing protein. This diploma thesis is focused on function of katanin in glioblastoma cell lines. 

 

Specific aims of the diploma thesis were: 

1) To determine the level of katanin subunits expression in panel of glioblastoma cell lines. 

2) To analyze the subcellular distribution of katanin subunits in migrating and mitotic  

    glioblastoma cells. 

3) To determine the effect of katanin subunits silencing on glioblastoma cell migration. 

4) To determine the effect of katanin subunits silencing on glioblastoma cell proliferation. 
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3. Material and methods 

3.1. Material 

3.1.1. Laboratory devices 

Centrifuge Universal 16 R Hettich Lab Technology, Tuttlingen, Germany 

Centrifuge Heraeus Biofuge 13 Heraeus, Newport Pagnell, Great Britain 

CO2 Incubator HERAcell240 Thermo Electron Corporation, Marietta, USA 

Laboratory scales Schoeller Pharma, Prague, Czech Republic 

Laminar box Telstar bio-II-A Telstar Group, Terrassa, Spain 

Lass 3000 for chemiluminiscence detection Fujifilm, Tokyo, Japan 

Mini-Protean 3 vertical electrophoresis Bio-Rad, Hercules, USA 

Mini Trans-Blot blot system Bio-Rad, Hercules, USA 

Olympus A70 Provis fluorescence microscope Olympus Corporation, Tokyo, Japan 

Olympus CK40 light microscope Olympus Corporation, Tokyo, Japan 

pH meter, pH 340i WTW, Weinheim, Germany 

Micropipettes Nichiryo, Tokyo, Japan 

SensiCam CCD camera PCO IMAGING, Kelheim, Germany 

Sunrise microplate reader  Tecan Trader AG, Männedorf, Switzerland 

Teflon 10-well Slides Creative Scientific Methods, Phoenix, USA, Cat. No.CSM001 

Thermomixer comfort Eppendorf AG 

Water bath TE-10D Techne, Stone, UK 

Vortex MS1 IKA, Staufen, Germany 

PowerPac Basic power supply Bio-Rad, Hercules, USA 

3.1.2. Laboratory consumables 

Bürker`s chamber Meopta, Přerov, Czech Republic 

Cell Sedimentation manifold Creative Scientific Methods, Phoenix, USA, Cat. No. CSM001 

Coverslips Assistent, Sondheim, Germany, Cat. No.1001/10 

Glass slides P-lab, Prague Czech Republic, Cat. No. H829101 

Nitrocelulose membrane Protran BA 85 Whatman, Dassel, Germany, Cat. No.  8548446 

Parafilm Pechinery Plastic Packaging, Chicago, USA, Cat. No. PM996 

Saran Wrap foil Dow Chemical Companym, Midland, USA 
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3.1.3. Chemicals 

Name Supplier Catalogue No 

2-Mercaptoethanol Sigma-Aldrich, St. Louis, USA M7154 

Acrylamid Sigma-Aldrich, St. Louis, USA A3553 

BSA Sigma-Aldrich, St. Louis, USA A7906 

DAPI Sigma-Aldrich, St. Louis, USA D1388 

DMEM  Gibco, New York, USA 41966-052 

EDTA IMG ASCR, Prague, Czech Republic - 

EGTA Sigma-Aldrich, St. Louis, USA E4378 

Fetal bovine serum Biochrom AG, Berlin, Germany S0115 

Glycerol Sigma-Aldrich, St. Louis, USA G5516 

Glycine Sigma-Aldrich, St. Louis, USA G8898 

Hoechst 33342 Sigma-Aldrich, St. Louis, USA 33342 

Laminin Sigma-Aldrich, St. Louis, USA L2020 

MES Sigma-Aldrich, St. Louis, USA M0895 

N,N´-methylen-bisacrylamide Sigma-Aldrich, St. Louis, USA M7279 

Methanol Lach-Ner, Neratovice, Czech Republic 20038-ATO 

Opti-MEM Gibco, New York, USA 31985-070 

Mowiol 4-88 Calbiochem, La Jolla, USA 475904 

Paraformaldehyde SERVA, Heildelberg,Germany 31628 

Penicilin/ Streptomycin PAA Laboratories, Pasching, Austria P11-010 

Phalloidin/FITC Sigma-Aldrich, St. Louis, USA P5282 

Polyethylene glycol 6000 Sigma-Aldrich, St. Louis, USA P4463 

Puromycin Sigma-Aldrich, St. Louis, USA P8833 

Reactive brown 10 Sigma-Aldrich, St. Louis, USA R0385 

SDS Sigma-Aldrich, St. Louis, USA L5750 

Molecular weight standart Sigma-Aldrich, St. Louis, USA M4038 

TEMED Sigma-Aldrich, St. Louis, USA 411019 

Triton X-100 Pharmacia Biotech AB, Uppsala, Sweden 17-1315-01 

TRIS SERVA, Heildelberg, Germany 37180 

Trypsin IMG ASCR, Prague, Czech Republic - 

Tween 20 Sigma-Aldrich, St. Louis, USA P1379 
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3.1.4. Antibodies 

3.1.4.1. Primary antibodies 

Antigen Name/clone Host Supplier 
Catalogue 

No. 

Actin anti-actin Rabbit, polyclonal Sigma Aldrich A2066 

α-Tubulin anti-α-tubulin Rabbit, polyclonal Genetex GTX15246 

α-Tubulin TU-01 
Mouse, monoclonal 

(IgG1) 
Lab. Biol. Cytoskel. 

IMG ASCR 
 - 

γ-Tubulin  (DQ-19) Rabbit, polyclonal Sigma Aldrich T3195 

γ-Tubulin TU-30 
Mouse, monoclonal 

(IgG1) 
Lab. Biol. Cytoskel. 

IMG ASCR 
 - 

Katanin p60 
anti-katanin p60 

(EPR5071) 
Rabbit, monoclonal 

(IgG) 
Abcam ab111881 

Katanin p80 
anti-katanin p80 B1 

(clone C4) 
Mouse, monoclonal 

(IgG1) 
Santa Cruz sc377226 

Katanin p80 
anti-katanin p80 B1 

(H300) 
Rabbit, polyclonal  Santa Cruz sc292216 

3.1.4.2. Secondary antibodies 

Name Host Supplier Catalogue No 

anti-mouse Cy3-conjugated Goat Jackson Immunoresearech Lab. 115-165-146 

anti-mouse Dy488-conjugated Goat Jackson Immunoresearech Lab. 115-485-146 

anti-mouse HRP-conjugated Rabbit Promega W402B 

anti-rabbit Cy3-conjugated Goat Jackson Immunoresearech Lab. 115-165-146 

anti-rabbit Dy488-conjugated Goat Jackson Immunoresearech Lab. 115-165-146 

anti-rabbit HRP-conjugated Rabbit Promega W401B 

3.1.5. Cell lines 

Name original tissue p53 status source 

NHA 
Normal human 

astrocytes 
wild type Cambrex Bio Science, USA; CRL - 1690 

T98G 
Glioblastoma 

multiforme 
mutant American Type Culture Collection, USA; CRL - 1690 

U87MG 
Glioblastoma, 

astrocytoma 
wild type American Type Culture Collection, USA; HTB - 14 

U118MG 
Glioblastoma, 

astrocytoma 
mutant American Type Culture Collection, USA; HTB - 15 

U138MG Glioblastoma mutant American Type Culture Collection, USA; HTB - 16 

KNS42 Glioma mutant JCRB Cell Bank, Japan 
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3.1.6. Solutions 

Solutions were made using distilled H2O, unless stated otherwise. 

Acrylamide-bisacrylamide  

30% (w/v) acrylamide and 0.8% (w/v) N,N´-methylen-bisacrylamide in water. 

Electroblotting buffer  

20% (v/v) methanol in 12 mM glycine; 25 mM Tris. 

Formaldehyde in MSB  

3% (w/v) solution was made by dissolving 3 g of paraformaldehyde in 100 ml of MSB (Microtubule 

stabilising buffer), and pH was adjusted to 6.9 with 1M KOH. 

Hank`s balanced salt solution (HBSS)  

137 mM NaCl, 5 mM KCl, 1.1 mM NaH2PO4, 0.4 mM KH2PO4, 5.5 mM glucose, 4 mM NaHCO3. 

Microtubule stabilizing buffer (MSB)  

100 mM MES (pH 6.9), 2 mM EGTA, 2 mM MgCl2 and 4% (w/v) PEG 6000 were dissolved in HBBS, 

and pH was adjusted to 6.9 using 1M KOH. 

Mounting media  

0.99 g of Mowiol 4-88 was dissolved in 2.376 ml of water and mixed with 2.376 g of glycerol. The 

mixture was stirred overnight at room temperature. Resulting solution was mixed with 4.752 ml of 0.2 M 

Tris-HCl and the mixture was incubated at 50°C until dissolved. Finally, 0.1 ml of 10% (w/v) DAPI stain 

was added and solution was mixed properly. 

Phosphate buffer saline (PBS)  

137 mM NaCl2, 7 mM KCl, 1 mM KH2PO4, 0.65 mM NaH2PO4 (pH 7.4) 

Solution for staining proteins blotted on nitrocelulose 

5% (w/v) Reactive Brown 10 in water 

SDS-sample buffer for electrophoresis (2-times concentrated) 

125 mM Tris (pH 6.8), 20% (v/v) glycerol, 4% (w/v) SDS 
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SDS-electrophoresis buffer  

0.1% (w/v) SDS in 25 mM Tris, 192 mM glycine 

TBST buffer  

0.05% (v/v) Tween 20 in 10 mM Tris (pH7.4), 150 mM NaCl 

Tris buffer pH 6.8  

0.25 M Tris-HCl, pH adjusted to 6.8 using KOH 

Tris buffer pH 8.8  

0.75 M Tris-HCl in water, pH adjusted to 8.8 using KOH 

3.1.7. Commercial kits 

SuperSignal West Pico chemiluminiscence substrate 

Thermo Scientific, Rockford, USA, Cat. No. 34080 

RNAeasy Mini Kit 

QIAGEN, Düsseldorf, Germany, Cat. No. 204143 

SuperScript® VILO™ cDNA Synthesis Kit 

Thermo Scientific, Rockford, USA, Cat. No. 11754-250 

Kit contains reaction and enzyme mix. Reaction Mix includes random primers, MgCl2, and dNTPs in a 

buffer formulation that has been optimized for qRT-PCR. Enzyme Mix includes SuperScript III reverse 

transcriptase, RNaseOUT™ Recombinant Ribonuclease Inhibitor, and a proprietary helper protein. 

QuantiTect SYBR Green PCR kit 

QIAGEN, Düsseldorf, Germany, Cat. No. 204143 

Kit contains: HotStarTaq DNA Polymerase, QuantiTect SYBR Green PCR Buffer, dNTP mix including 

dUTP, SYBR Green I, ROX passive reference dye, 5mM MgCl2 din RNAse free water. 

Micro BCA protein assay kit 

Thermo Scientific, Rockford, USA, Cat. No. 23235 

Kit contains: Micro BCA reagent MA, Micro BCA reagent MB, Micro BCA reagent MC. 
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3.1.8. Oligonucleotides 

Primers 

Primer Sequence Amplicon length 

Fwd KATNA1 5′- AGCACTCCCTTGAAAGCGG-3′ 
107 bp 

Rev KATNA1 5′- GCGTTTTCTAGGTCCTGGTGA -3′ 

Fwd KATNB1 5′- AACCTGTGGTCCATCAACAAG -3′ 
170 bp 

Rev KATNB1 5′- CATGAGTGTGCGAAGAATTTTGG-3′ 

Fwd Actin 5′- ATGTGGCCGAGGACTTTGATT-3′ 
106 bp 

Rev Actin 5′- AGTGGGGTGGCTTTTAGGATG-3′ 

 

Silencer Select Validated siRNA 

Target Ref. sequence ID Cat. No. Supplier Sequence  

Katanin p60 
NM_001204076.1 

NM_007044.3 
s21897 Ambion 5′-GGAGGAGCUAUUACGAAUAtt-3′ 

Katanin p60 
NM_001204076.1 

NM_007044.3 
s21896 Ambion 5′-CACCGUUCAUCUGCACAGAtt-3′ 

Katanin p60 
NM_001204076.1 

NM_007044.3 
s21895  Ambion 5′-GGCUCGAUUUUAUUCUCCAtt -3′ 

Katanin p80 NM_005886.2 s20142 Ambion 5′-GCAGAUGACCACACCGUGAtt-3′ 

Katanin p80 NM_005886.2 s20141 Ambion 5′-GCAGAUGACCACACCGUGAtt-3′ 

Katanin p80 NM_005886.2 s20140 Ambion 5′-GAACAUCGUCAACCAGAAAtt-3′ 

Non-target  AM4611 Ambion  

http://www.ncbi.nlm.nih.gov/nuccore/NM_001204076.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_007044.3
http://www.ncbi.nlm.nih.gov/nuccore/NM_001204076.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_007044.3
http://www.ncbi.nlm.nih.gov/nuccore/NM_001204076.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_007044.3
http://d360prx.biomed.cas.cz:2259/nuccore/NM_005886.2
http://d360prx.biomed.cas.cz:2259/nuccore/NM_005886.2
http://d360prx.biomed.cas.cz:2259/nuccore/NM_005886.2
https://www.lifetechnologies.com/order/catalog/product/AM4611
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3.2. Methods 

3.2.1. Cell cultures 

Proliferating non-immortalized, non-transformed human fetal astrocytes, isolated from the 

cerebral hemisphere of an 18-gestation week human male fetus (Clonetics Astrocyte Cell 

Systems), were purchased from Cambrex Bio Science (Walkersville, MD). The cells were 

maintained as monolayer cultures for 6 to 9 days in an astrocyte growth medium (CC-3186; 

Clonetics AGM BulletKit) containing Astrocyte basal medium (CCMD 190, Clonetics) and the 

following growth supplements: human recombinant growth factor, insulin, ascorbic acid, 

gentamicin-amphotericin B, L-glutamine, and 5% fetal bovine serum. The cells were harvested 

and cryopreserved before the primary cultures reached confluence and were analyzed at the first 

passage out of cryopreservation. T98G, U87MG, U118MG, U138MG and KNS42 cells were 

cultured in Dulbecco’s modified Eagle’s medium containing 10% (v/v) fetal bovine serum, 4 

mM L-glutamine, 100 U/ml of penicillin, 0.1 mg/ml streptomycin and 0.4 mg/ml gentamycin. 

Cells were grown at 37°C in 5% CO2 in air. To detach the cells from the substrate, trypsin 

solution was mixed with EDTA to final concentration 0.25% (w/v) trypsin and 0.01% (w/v) 

EDTA. 

3.2.2. RNA silencing 

Short RNA sequences 20-25 nt in length, called short interfering RNA (siRNA), were transfected 

to cells for protein depletion. The sequence of siRNA is complementary to the part of targeted 

mRNA coding for selected protein. In cell, siRNA forms a complex with Argonaut protein, 

which cleaves targeted mRNA leading to its degradation [Kisielow et al., 2002]. 
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    150,000 cells/well were seeded in a 6-well plate. Next day, cells were transfected with 

silencing mixture prepared according to manufacturer’s instructions by mixing 2 μl siRNAs at 

concentration 10 µM, 5 μl Lipofectamine RNAi MAX, 500 μl Opti-MEM medium and 1.5 ml 

DMEM medium with 3% (w/v) FS without antibiotics; final concentration 10 nM siRNA. 

Scrambled RNA was used as a negative control. Next day, the DMEM medium with siRNA 

mixture was replaced by 2 ml of DMEM supplemented with 10% (v/v) FS and antibiotics. Cells 

were used in assays 72h after transfection. 

3.2.3. Reverse transcription real-time quantitative PCR (RT-qPCR) analysis 

3.2.3.1. RNA isolation 

Total cellular RNA was isolated from three independently prepared samples using RNAeasy 

Minikit. Ten μl of 2-mercaptoethanol was added per 1 ml of RLT buffer (from kit) before 

isolation. Cells were cultured in 6 cm Petri dishes until 100% cell confluence. Cells were 

detached by trypsin and diluted in 5 ml of DMEM with 10% FS. Cell suspension was centrifuged 

at 300 g for 5 min at room temperature and washed three times in PBS. Supernatant was 

completely aspirated and cells were lysed by resuspending in 600 μl of RLT buffer. To support 

the lysis, cells were passed through a 0.9 mm diameter needle. 600 μl of 70% ethanol was added 

to lysate and mixed. 700 μl of the sample was transferred into an RNAeasy spin column and 

centrifuged at 8,000 g for 15 s. Remaining 500 μl was loaded into the column by the same way. 

RNA binds to the matrix of spin column. To wash out proteins and inhibit RNAses, 700 μl  

RW1 buffer from the kit was added and column was centrifuged at 8,000 g for 15 s. This step 

was repeated for two more times with 500 μl RPE buffer containing ethanol. Finally column was 

centrifuged to remove remaining ethanol. RNA was eluted from the column by adding 30 µl 

water and centrifuging column at 8,000 g for 1 min. Isolated RNA was cooled on ice and RNA 
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concentration was determined on spectrophotometer NanoDrop 1000 (Thermo Fisher Scientific, 

Waltham, Massachusetts) at 260 nm. The quality of RNA was checked up on Agilent 2100 

Bioanalyzer. Samples were stored at -70°C.  

3.2.3.2. Reverse transcription 

Reverse transcription was used to create cDNA according to mRNA template with use of reverse 

transcriptase and random primers. Reaction mixture was prepared by mixing 4 μl SuperScript 

Vilo cDNA reaction mix, 2 μl SuperScript Vilo cDNA enzyme mix, 1 µg isolated RNA and 

water to the final volume 20 μl. As a control was used dd H2O. Primer annealing was at 25°C, 10 

min, primer extension at 42°C, 60 min and reverse transcriptase was inactivated at 85°C, 5 min. 

Samples were stored at 4°C. 

3.2.3.3. Quantitative PCR 

Samples were prepared by diluting cDNA in ddH2O 1:40. Standards for creating the calibration 

curve were prepared by diluting the cDNA with the highest expected amount of cDNA (dilution 

of sample 3x, 10x, 30x, 100x). As a negative control, was used ddH20 instead of cDNA. Each 

sample was in triplicate. Actin was used as housekeeping gene in all experiments, as actin 

expression in all tested samples was similar, as verified previously by V. Sládková. 

    Reaction mixture was prepared by mixing 0.25 μl dd H2O, 2.5 μl Lightcycler 480 SYBR 

Green I Master mix, 0.25 μl 10 μM forward and reverse gene specific primers mixture and 2 μl 

prepared cDNA. Primer sequences are summarized in chapter 3.1.8. The quantitative PCR 

reaction was carried out on Lightcycler PCR 480 System, version 1.5 (Roche Diagnostic, Basel, 

Switzerland). PCR was initiated by preincubation at 95°C for 5 min, which was followed by 50 

cycles of amplification (denaturation at 94°C for 15 sec, primer annealing at 60°C for 15 sec, and 
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extension at 72°C for 15 sec). Fluorescence intensity was measured during each elongation step. 

Melting curve analysis was performed at the end of each turn to measure presence of single 

amplicon.  

3.2.4. Preparation of cell lysates 

Cells were cultured in 3.5 cm Petri dishes to cell confluence, then washed three times in PBS and 

lysed in 150 μl 1x SDS-sample buffer. Lysed cells were mechanically detached from the Petri 

dish and transferred to Eppendorf microtube. Lysates were boiled for 5 min at 95°C. After 

measuring protein concentration, the lysates were diluted to the same concentration using SDS-

sample buffer, and 2-mercaptoethanol was added to final concentration 5%. Bromphenol blue 

was also added to the samples. Samples were stored at -20°C. 

3.2.5. Protein quantification in cell lysates 

Protein concentration in lysates was measured using Micro BCA (Bicinchonic Acid Complex) 

protein assay kit. The procedure was done according to manufacturer’s instructions. Standards 

for calibration curve were made by diluting BSA (from Micro BCA kit). Standards, blank 

(ddH2O) and 1:50 diluted protein lysates were pipetted into 96-well plate (150 μl/well, samples 

in triplicate). 150 μl working reagent was added to each well and the plate was incubated at 37°C 

for 2 h. After incubation, the absorbance was measured at 562 nm using microplate reader 

Sunrise (Tecan Trading AG, Männedorf, Switzerland). Protein concentration in samples was 

calculated using Magellan data analysis software (Tecan Trading AG, Männedorf, Switzerland). 

3.2.6. SDS - PolyAcrylamide Gel Electrophoresis (SDS-PAGE) 

The separating gel was prepared by mixing components according to Table 1. Mixture was 

pipetted between two glass plates with 0.75 mm spacers, 1.5 cm bellow the upper edge. Liquid 
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was overlaid with 70% (v/v) ethanol and left for 30 min, until the gel solidified. Ethanol was 

aspirated from the separating gel and the stacking gel, mixed according Table 1, was pipetted 

over the separating gel, to the upper edge. A comb with 15 wells was inserted into the stacking 

gel. After 15 min, when gel solidified, the comb was removed. The glass plates with prepared gel 

were inserted into an electrophoretic chamber and overfilled with SDS electrophoresis buffer. 

Molecular weight marker (5 µl) was pipetted into the first well and 10 μl samples were pipetted 

into remaining wells. Electrophoresis ran at 20 mA/gel. Electrophoresis was finished when 

Bromphenol Blue reached the bottom of the gel.  

Table 1. Preparation of separating and stacking gels for SDS-PAGE 

Separating 7.5% (w/v) SDS-polyacrylamide gel: 

Component Volume [ml] 

0.75 M Tris buffer (pH 8. 8) 2.5 

30%- 0.8% AA-bisAA 1.25 

ddH2O 1.15 

10% (w/v) SDS 0.05 

w/v 10%Amonium persulphate 0.05 

TEMED 0.005 

Stacking 4% (w/v) SDS-polyacrylamide gel: 

Component Volume [ml] 

0.25 M Tris buffer (pH 6. 8) 1.25 

30% -0.8% AA-bisAA 0.325 

ddH2O 0.875 

10% (w/v) SDS 0.025 

w/v 10% Amonium persulphate 0.025 

TEMED 0.005 
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3.2.7. Immunoblotting 

Immunoblotting is the method of transferring proteins from gel to nitrocellulose membrane using 

electric field. Proteins on the nitrocellulose membrane can be stained with antibodies and 

quantified by densitomety. 

    After electrophoresis, separated proteins were transferred onto a nitrocellulose membrane 

using Mini trans-blot Cell (Bio-Rad) according to Towbin (1979). The power supply was set to 

the constant voltage of 100 V. The blotting ran for 80 min in cooled electrobloting buffer. 

Membranes were thereafter washed with distilled water. Proteins on the membrane were 

reversibly stained with 5% (w/v) Reactive Brown 10 in ddH2O, to mark position of the molecular 

weight standards. Reactive Brown 10 was washed off from membrane with ddH2O. Non-specific 

binding sites on the membrane were blocked by incubation of membrane with 2% (w/v) BSA in 

TBST for 30 min. Membranes were stained with primary antibodies diluted in TBST overnight 

at 4°C. Rabbit monoclonal antibody to katanin p60 (Abcam) antibody was diluted 1:2,000, rabbit 

polyclonal antibody to actin was diluted 1: 10,000. Mouse monoclonal antibody to katanin p80 

was diluted 1:50. Next day, the primary antibody was washed out in TBST (3x10 min) and the 

membranes were stained for 1 h at room temperature with secondary anti-mouse or anti-rabbit 

antibodies conjugated with horseradish peroxidase diluted 1: 10,000 in 2% (w/v) non-fat dried 

milk in TBST. Secondary antibodies were washed out 3x15 min in TBST. Secondary antibodies 

were detected by chemiluminiscent reaction of horseradish peroxidase with SuperSignal West 

Pico Chemiluminiscent substrate, according to manufacturer’s instructions.  Images of 

immunoblots were taken by LAS-3000 image reader (FujiFilm, Tokyo, Japan) and analyzed 

using Aida Image Analyzer 4.18 (Raytest, Straubenhardt, Germany). 
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3.2.8. Immunofluorescence microscopy 

3.2.8.1. Extraction of cytoskeleton 

Cells were seeded in Petri dish with coverslips at 20% confluence. Next day, cytoskeleton was 

prepared using four different fixation and extraction methods. Extraction and fixation steps were 

carried out at room temperature, unless stated otherwise. (1) Cells were rinsed with microtubule 

stabilising buffer (MSB) and then routinely fixed in 3% (w/v) paraformaldehyde in MSB for 20 

min. Formaldehyde was thereafter washed out with MSB and cells were for 4 min extracted in 

0.5% (v/v) Triton X-100 in MSB. Triton X-100 was then washed out by MSB (fixation F/Tx). 

(2) Formaldehyde fixed cells were post-fixed in precooled methanol (-20°C) for 5 min. 

Coverslips were dried and washed with PBS (fixation F/Tx/M). (3) Cells were rinsed with MSB 

and then extracted for 1 min in 0. 2% (v/v) Triton X-10 in MSB. Triton X100 was washed out by 

MSB and cells were fixed in 3% (w/v) paraformaldehyde in MSB for 20 min. Paraformaldehyde 

was washed out with MSB buffer (fixation Tx/F). (4) Cells were rinsed with PBS and fixed with 

precooled methanol (-20°C) for 10 min. Coverslips were the dried and washed with PBS 

(fixation M). Fixed cells were stored in PBS at 4°C. 

3.2.8.2. Immunostaining 

Immunofluorescence microscopy with specific antibodies was used to visualize cellular 

structures. Bound primary antibodies were detected with secondary fluorophore-labelled 

antibodies. Primary and secondary antibodies were diluted in 2% (w/v) BSA in PBS. Coverslips 

were stained with primary antibodies for 45 min at room temperature. Primary antibodies were 

washed out with PBS (3 x 5 min) and coverslips were stained with secondary antibody for 45 

min. Secondary antibodies were washed out with PBS (3 x 5 min). Coverslips were quickly 

washed in distilled water and mounted in MOWIOL 4-88 with DAPI. Double-label staining was 
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used for staining of katanin subunits together with α-tubulin, γ-tubulin or actin. Fixed samples 

were incubated with rabbit polyclonal antibody to katanin p60 (Abcam) together with mouse 

monoclonal antibody TU-01 to α-tubulin or mouse monoclonal antibody TU-30 to γ-tubulin or 

phalloidin conjugated with FITC. Alternatively, fixed samples were incubated with mouse 

monoclonal antibody to katanin p80 with rabbit antibody to α-tubulin (Genetex), or rabbit 

antibody to γ-tubulin (Sigma) or phalloidin conjugated with FITC. For double-label staining of 

katanin p60 with α-tubulin or γ-tubulin, combination of Dy488-conjugated GAM and Cy3-

conjugated GAR was used. For double-label staining of katanin p80 with α-tubulin or γ-tubulin, 

combination of Cy3-conjugated GAM and Dy488-conjugated GAR was used. Rabbit polyclonal 

antibodies to katanin p60 (Abcam), α-tubulin (Genetex), γ-tubulin (Sigma) were diluted 1:500. 

Mouse monoclonal antibodies to katanin p80 (Santa Cruz), TU-01 to α-tubulin (IMG ASCR) and 

TU-30 to γ-tubulin (IMG ASCR) were diluted 1:500, 1:10 and 1:1, respectively. Antibodies TU-

01 and TU-30 were used in the form of hybridoma spent culture media. For actin staining, 

phalloidin conjugated with FITC was used at dilution 1:200 in 2% (w/v) BSA in PBS. Secondary 

antibodies GAM or GAR conjugated with Cy3 were diluted 1:500. Secondary antibodies GAM 

or GAR conjugated with Dy488 were diluted 1:200. Samples were examined on Olympus A70 

Provis microscope, with 60x water N.A. 1.2 objective. For Cy3 was used filter U-MWIG, for 

Dy488 and FITC filter U-MNIBA, for DAPI filter U-MNUA. Images were taken by cooled 

camera SensiCam CCD controlled by Cell P computer program from Soft Imaging System 

(Olympus Corporation, Tokyo, Japan) and processed by ImageJ (Public domain). Conjugates 

alone did not give any detectable immunoreactivity. 
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3.2.9. Evaluation of cell growth 

Cell growth was evaluated in katanin-depleted cells and corresponding controls. One day after 

transfection, the cells were detached, counted and seeded into ten 6 cm Petri dishes; 2×105 

transfected cells per 6 cm Petri dish. Cells were counted at various time intervals from 2 to 6 

days after transfection. Each day, two independent countings from two Petri dishes were 

performed. The evaluation of cell growth was based on three independent experiments. 

3.2.10. Time-lapse imaging 

T98G cells were transfected with katanin p60-specific, katanin p80-specific or negative control 

siRNA. Two days after transfection the cells were detached, counted, diluted in culture media to 

5,000 cells/ml and seeded into a 6-well culture dish; 2 ml cell suspension/well. The cells were 

allowed to adhere for 24 h and then culture medium was replaced with medium containing 

Hoechst 33342 at final concentration 0.5 μg/ml. The cells were monitored by 10x/N.A. 0.30 dry 

objective on an Olympus IX-81 microscope equipped with Cell^R system (Olympus Corporation, 

Tokyo, Japan), motorized stage and objectives, and a temperature-controlled chamber at 37°C 

and 5% CO2. Images were taken both in bright-field channel to visualize the whole cells and in 

fluorescence channel (Ex: 350/50, Em: 460/10) to visualize nuclei. The total imaging time was 

10 h with 10-min intervals. In each experiment, 10 time-lapse sequences from 2 independent 

wells were taken both for katanin-depleted cells and for negative control. Nuclei images were 

adjusted using ImageJ and transformed from 16-bit to 8-bit image. Nuclei tracking was done by 

Ellipse program, version 2.07 using algorithm written in house [Dráberová et al, 2011]. 

Statistical analysis was performed with the Student two-tailed unpaired t-test using Microsoft 

Excel.  
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3.2.11. Radial cell migration assay 

T98G cells were transfected with katanin p60-specific, katanin p80-specific or negative control 

siRNA. Two days after transfection, 10-well Teflon slides in a sterile Petri dish were sterilized 

with 90% (v/v) ethanol and washed with sterile distilled water. Laminin (20 µl) was pipetted 

onto each well. A dish with water was placed into the Petri dish with slides, to secure sufficient 

moisture. Teflon slides were incubated for 80 min at 37°C, to polymerize laminin. Laminin non-

specific binding sites were then blocked with 2% (w/v) BSA in PBS for 30 min at room 

temperature. BSA solution was then replaced with PBS and Petri dish with Teflon slides was 

cooled to 4°C. Both the transfected cells and the negative control cells were detached, counted 

and diluted to 106 cells/ ml. PBS in wells of the Teflon slide was replaced with 50 μl of culture 

media. Cell sedimentation manifold was then placed on the Teflon slides, so that each channel of 

the manifold lead into each well of the Teflon slide. Using a microliter pipette with a sterile tip, 1 

μl of media from each well was aspired through each channel of sedimentation manifold. 2 μl of 

cell suspension were then pipetted into each channel. Five channels for katanin p60- or p80- 

depleted cells, five for negative control. Cells were allowed to sediment at 4°C for 60 min. Cells 

on slides were grown at 37°C in 5% CO2 for 24h. The sedimentation manifold was removed 

from Teflon slides, medium was aspirated and the cells were fixed in formaldehyde for 10 min at 

the room temperature. Formaldehyde was aspirated and washed out by PBS. The cells were then 

stained with 0.1% (w/v) toluidine blue in PBS for 10 min. Toluidine blue was washed out with 

PBS (3 x 10 min) and slides were briefly rinsed with water. Slides were dried and images of cell 

colonies were taken by LAS-3000 image reader (FujiFilm, Tokyo, Japan) and colony size was 

analyzed using Aida Image Analyzer 4.18 (Raytest, Straubenhardt, Germany). Statistical analysis 

was performed with the Student two-tailed unpaired t-test using Microsoft Excel.  
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Example of stained colonies is in Figure 5.  

 

Figure 5. Example of stained cell colonies from radial migration assay. A Negative control. B Cells with depleted level 

of katanin p80. 

A B 
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4. Results 

4.1. Katanin p60 and p80 are differentially expressed in glioblastoma cell lines 

Quantitative real-time PCR experiments (RT-qPCR) and immunoblotting were used to evaluate 

expression of katanin subunits in normal human astrocytes and in panel of glioblastoma cell 

lines. In tested panel cells were derived from adult (T98G, U87MG, U118MG, U138MG) and 

child (KNS42) tumors. Substantially higher amounts of both katanin subunits were detected in 

T98G, U87MG and KNS42 cell lines, when compared to NHA. On the other hand, the levels of 

both katanin subunits in U118MG and U138MG cell lines were comparable to NHA (Figure 6). 

    These results were supported by immunoblotting experiments. As documented in Figure 7A, 

higher amount of katanin p60 was detected in T98G, U87MG and KNS42 cell when compared to 

NHA. Level of katanin p60 was not significantly different in the case of U118MG and U138MG 

cell lines and NHA. As a loading control was used α-tubulin. Densitometric evaluation of 

Figure 6. Transcription of genes for katanin p60 (KATNA1) and katanin p80 (KATNB1) in human 

glioblastoma cell lines isolated from adults (T98G, U87MG, U118MG, U138MG) and child (KNS42) relative 

to the level in normal non-transformed human astrocytes(NHA). Data are presented as the mean fold change ± 

SEM obtained from three independent experiments with triplicate samples. **, p < 0.01. 
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immunoblots revealed three times more katanin p60 in T98G, U87MG and KNS42 cell lines, 

when compared to NHA. Similar results were obtained in the case of katanin p80 (Figure 7B). 

These data suggest that both katanin subunits are differentially expressed in glioblastoma cell 

lines.  

    Immunofluorescence microscopy was also used to compare the level of both katanin subunits 

in glioblastoma cell line T98G and NHA. First we tested different fixation conditions. The best 

results were obtained using fixation with formaldehyde followed by extraction with Triton X-100 

(F/Tx). Higher levels of both katanin subunits were detected in T98G, U87MG and KNS42 cells 

when compared to NHA. Staining of T98G and NHA with antibodies to katanin subunits is 

Figure 7. Comparison of katanin p60 and katanin p80 expression in normal non-transformed astrocytes and 

glioblastoma cell lines. Immunoblot analysis of whole-cell lysates from human glioblastoma cell lines isolated 

from adults (T98G, U87MG, U118MG, U138MG) and child (KNS42), and astrocytes (NHA). Immunoblots 

were stained with antibodies to katanin p60 (A) katanin p80 (B) and α-tubulin (loading control). Densitometric 

quantification of immunoblots normalised to NHA  and the amount of α-tubulin is shown bellow the 

immunoblots. 
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shown in Figure 8. In NHA, a faint staining was observed throughout the cytoplasm both for 

katanin p60 (Figure 8A, a) and katanin p80 (Figure 8B, a). In contrast, there was more prominent 

and widespread staining for katanin p60 (Figure 8A, c) and katanin p80 (Figure 8B, c) in T98G 

cells. Detailed examination revealed more intensive staining for katanin subunits in cell 

periphery of T98G cells. 

4.2. Subcellular distribution of katanin subunits in glioblastoma cell lines 

To evaluate subcellular distribution of katanin p60 and katanin p80 in more detail, 

immunofluorescence staining was performed on glioblastoma cell lines (T98G, U87MG, 

U118MG and U138MG) in interphase and mitosis, using fixation F/Tx. For double-label staining 

of katanin subunits with γ-tubulin, fixation F/Tx/M was used. Double-label immunofluorescence 

of katanin subunits with microtubules or microfilaments was performed in interphase cells. 

Double-label immunofluorescence of katanin subunits with microtubules or γ-tubulin was 

performed in the case of mitotic cells. Immunostaining is documented for cell lines T98G 

(Figure 9 and Figure 10), U87MG (Figure 11 and Figure 12) and U118MG (Figure 13 and 

Figure 14). Immunostaining for U138MG cell line, that resembled U118MG, is not shown. In all 

tested cell lines, diffusive staining of both katanin subunits was observed throughout cytosol of 

interphase cells. Characteristic feature of migrating cells was enrichment of both katanin 

subunits on leading edges. No obvious concentration of both katanin subunits was observed at 

centrosomes of interphase cells (Figure 9a, g; Figure 11a, g and Figure 13a, g). In mitotic cells 

both katanin subunits concentrated at spindle poles (Figure 10d, j; Figure 12d, j and Figure 14d, 

j), but diffusive staining was also observed on mitotic spindle (Figure 10a, g; Figure 12a, g and 

Figure 14a, g). Staining was along mitotic microtubules, but not at kinetochores.  
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Figure 8. Comparison of katanin p60 and katanin p80 expression in normal non-transformed astrocytes 

(NHA) and T98G glioblastoma cell line. (A) Immunofluorescence staining of NHA (a - b) and T98G 

cells (c - d) with anti-katanin p60 antibody (Abcam). Superposition of katanin p60 staining (red) with 

DAPI (blue) is shown in b and d. (B) Immunofluorescence staining of NHA (a - b) and T98G cells (c - 

d) with anti-katanin p80 antibody (Santa Cruz, sc-377226). Superposition of katanin p80 stainig (red) 

with DAPI (blue) is shown in b and d. Fixation F/Tx. Fluorescence images were captured and processed 

in the same manner. Bars, 10 μm. 

Katanin p60 

T
9
8

G
 

A 

N
H

A
 

a b 

c d 

Katanin p80 

T
9
8

G
 

B 

N
H

A
 

a b 

c d 



51 

 

 

Figure 9. Distribution of katanin subunits in interphase T98G cells. (a-c) Double-label staining with antibody to 

katanin p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; 

DAPI, blue). (d-f) Double-label staining with antibody to katanin p60 (d) and phalloidin conjugated with FITC to 

detect microfilaments (e). Superposition of images (f; katanin p60, red; microfilaments, green; DAPI, blue). (g-i) 

Double-label staining with antibody to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; 

katanin p80, red; microtubules, green; DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and 

phalloidin-conjugated with FITC to detect microfilaments (k). Superposition of images (l; katanin p80, red; 

microfilaments, green; DAPI, blue). Fixation F/Tx. Bars, 10 μm. 
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Figure 10. Distribution of katanin subunits in mitotic T98G cells. (a-c) Double-label staining with antibody to katanin 

p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; DAPI, blue). 

(d-f) Double-label staining with antibody to katanin p60 (d) and antibody to γ-tubulin (e) to label spindle poles. 

Superposition of images (f; katanin p60, red; γ-tubulin , green; DAPI, blue). (g-i) Double-label staining with antibody 

to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; katanin p80, red; microtubules, green; 

DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and antibody to  γ-tubulin (k) to label spindle 

poles. Superposition of images (l; katanin p80, red; γ-tubulin, green; DAPI, blue). Fixation F/Tx (a-c, g-i) or fixation 

F/Tx/M (d-f, j-l). Bars, 10 μm. 
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Figure 11. Distribution of katanin subunits in interphase U87MG cells. (a-c) Double-label staining with antibody to 

katanin p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; 

DAPI, blue). (d-f) Double-label staining with antibody to katanin p60 (d) and phalloidin conjugated with FITC to 

detect microfilaments (e). Superposition of images (f; katanin p60, red; microfilaments, green; DAPI, blue). (g-i) 

Double-label staining with antibody to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; 

katanin p80, red; microtubules, green; DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and 

phalloidin-conjugated with FITC to detect microfilaments (k). Superposition of images (l; katanin p80, red; 

microfilaments, green; DAPI, blue). Fixation F/Tx. Bars, 10 μm. 
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Figure 12. Distribution of katanin subunits in mitotic U87MG cells. (a-c) Double-label staining with antibody to 

katanin p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; 

DAPI, blue). (d-f) Double-label staining with antibody to katanin p60 (d) and antibody to γ-tubulin (e) to label spindle 

poles. Superposition of images (f; katanin p60, red; γ-tubulin , green; DAPI, blue). (g-i) Double-label staining with 

antibody to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; katanin p80, red; microtubules, 

green; DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and antibody to  γ-tubulin (k) to label 

spindle poles. Superposition of images (l; katanin p80, red; γ-tubulin, green; DAPI, blue). Fixation F/Tx (a-c, g-i) or 

fixation F/Tx/M  (d-f, j-l). Bars, 10 μm. 
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Figure 13. Distribution of katanin subunits in interphase U118MG cells. (a-c) Double-label staining with antibody to 

katanin p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; 

DAPI, blue). (d-f) Double-label staining with antibody to katanin p60 (d) and phalloidin conjugated with FITC to 

detect microfilaments (e). Superposition of images (f; katanin p60, red; microfilaments, green; DAPI, blue). (g-i) 

Double-label staining with antibody to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; 

katanin p80, red; microtubules, green; DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and 

phalloidin-conjugated with FITC to detect microfilaments (k). Superposition of images (l; katanin p80, red; 

microfilaments, green; DAPI, blue). Fixation F/Tx. Bars, 10 μm. 
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Figure 14. Distribution of katanin subunits in mitotic U118MG cells. (a-c) Double-label staining with antibody to 

katanin p60 (a) and antibody to α-tubulin (b). Superposition of images (c; katanin p60, red; microtubules, green; 

DAPI, blue). (d-f) Double-label staining with antibody to katanin p60 (d) and antibody to γ-tubulin (e) to label spindle 

poles. Superposition of images (f; katanin p60, red; γ-tubulin , green; DAPI, blue). (g-i) Double-label staining with 

antibody to katanin p80 (g) and antibody to α-tubulin (h). Superposition of images (i; katanin p80, red; microtubules, 

green; DAPI, blue). (j-l) Double-label staining with antibody to katanin p80 (j) and antibody to  γ-tubulin (k) to label 

spindle poles. Superposition of images (l; katanin p80, red; γ-tubulin, green; DAPI, blue). Fixation F/Tx(a-c, g-i) or 

fixation F/Tx/M  (d-f, j-l). Bars, 10 μm. 
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4.3. Cell migration in glioblastoma cell lines 

To determine whether different levels of katanin subunits in glioblastoma cell lines (T98G, 

U87MG, U118MG and U138MG) correlates with migration rate, cell motility was monitored 

using time-lapse imaging for 10 hours. U87MG cells displayed higher cell velocities when 

compared to T98G cells. On the other hand, U188MG and U138MG migrated significantly 

slower than T98G cells. Velocities in T98G, U87MG, U118MG and U138MG cells, 

respectively, were 10.90 ± 5.24 (n = 287); 12.95 ± 5.6 (n = 170); 8.48 ± 3.57 (n = 260) and 7.5 ± 

3.03 (n = 198) μm/h (mean ± SD) (Figure 15). These results indicate that migration rates of 

glioblastoma cells correlate with levels of katanin subunits in tested cell lines. 
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Figure 15. Comparison of cell velocities in glioblastoma cell lines. Statistical analysis of cell velocities in 

glioblastoma cell lines U87MG (n= 170), U118MG (n=260), and U138MG (n=198) relative to T98G (n=287). 

Three independent experiments, > 56 cells evaluated for each experimental condition. The black and gray lines 

within the boxplot represent the median (the 50th percentile) and mean, respectively. The bottom and top of the 

box represent the 25th and 75th percentiles. Whiskers below and above the box indicate the 10th and 90th 

percentiles. *** p < 1 x 10
-5. 
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4.4. Katanin depletion inhibits cell migration in T98G and U87MG cells 

To evaluate whether depletion of katanin subunits affects cell migration in T98G cells, RNAi 

approach was applied. Katanin subunits were depleted by siRNAs. Set of three different siRNAs 

was used for depletion of katanin p60 (s21895, p60-KD1; s21896, p60-KD2; s21897, p60-KD3) 

or katanin p80 (s20140, p80-KD1; s20141, p80-KD3; s20142, p80-KD2). After RT-qPCR 

analysis, two the most efficient siRNAs were selected for depletion of katanin p60 or katanin 

p80. Protein depletion of katanin p60 with selected siRNAs (p60-KD1 and p60-KD2) is shown 

in Figure 16A. Protein depletion of katanin p80 with selected siRNAs (p80-KD1 and p80-KD2) 

is shown in Figure 16B.  
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Figure 16. Immunoblot analysis of katanin depleted cells. (A) Whole cell lysates from control T98G cells and cells 

after depletion of katanin p60 with two siRNAs (p60-KD1, p60-KD2). (B) Whole cell lysates from control T98G 

cells and cells after depletion of katanin p80 with two siRNAs (p80-KD1, p80-KD2). Immunoblots were stained with 

antibodies to katanin p60,  katanin p80 or actin (loading control). Densitometric quantification of immunoblots 

normalised to control cells and the amount of actin is shown bellow the blots. 
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    Cell motility in katanin-depleted T98G cells was monitored using time-lapse imaging for 10 h 

in 10 min intervals. Three independent experiments were performed for each siRNA. When 

compared to control cells, depletion of katanin p60 with two siRNAs (p60-KD1 and p60-KD2) 

resulted in decrease in cell velocities in T98G cells (Figure 17A). Similarly, depletion of katanin 

p80 with two siRNAs (p80-KD1 and p80-KD2) led to decrease in cell velocities (Figure 17B). 

The similar results were obtained in the case of U87MG cells (not shown). Examples of cell 

trajectories in control, katanin p60- and p80-depleted cells (Control, n=100; p60-KD1, n=100; 

p80-KD2, n=100) from one experiment are shown in Figure 18. These results together document 

substantial changes in cell motility in T98G glioblastoma cells with depleted katanin subunits. 
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Figure 17. Effect of katanin depletion on migration of T98G cells. (A) Statistical analysis of cell velocities in 

katanin p60-depleted cells. Three independent experiments, ≥ 99 cells evaluated for each experimental condition. 

Box plot of depleted cells (p60-KD1, n = 297; p60-KD2, n = 488) relative to control cells (Control, scrambled 

siRNA, n = 868). (B) Statistical analysis of cell velocities in katanin p80-depleted cells. Three independent 

experiments, >109 cells evaluated for each experimental condition. Boxplot of depleted cells (p80-KD1, n = 328; 

p80-KD2, n = 582) relative to control cells (Control, scrambled siRNA, n = 939). The black and the gray lines 

within the boxplot represent the median (the 50th percentile) and mean, respectively. The bottom and top of the 

box represent the 25th and 75th percentiles. Whiskers below and above the box indicate the 10th and 90th 

percentiles. *** p < 10
-5 . 
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4.5. Katanin depletion affects invasivity of T98G cells 

To explore more about role of katanin in aggressive migration of gliomas, colony spreading in 

katanin-depleted T98G cells was examined using radial migration assay. Colony size of p60-

KD2 cells after 12-16 h of growth was smaller when compared to control cells. Similarly, colony 

size of p80-KD2 cells after 12-16 h of growth was smaller compared to control cells (Figure 19). 

These data further suggest that katanin may have role in high invasivity of glioblastoma cells. 
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Figure 18. Examples of migration tracks in negative control and katanin p60 and katanin p80–depleted T98G 

cells. Randomly chosen time-lapse sequences were analyzed, and all tracks were aligned, with their starting 

points at the coordinate position  [0,0]. Tracks resulting from detection errors and tracks crossing the borders of 

image were not included. One hundred trajectories were analyzed in control and katanin-depleted cells.  
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4.6. Katanin depletion inhibit cell proliferation in T98G and U87MG cells 

To evaluate whether depletion of katanin subunits affects cell proliferation, T98G cell growth 

was analyzed from the first to the sixth day after transfection. Growth curves were obtained by 

counting cells each day. Effectivity of katanin p60 and p80 depletion at each day was evaluated 

by immunoblotting (Figure 20A and Figure 20B). When compared to control cells, cell growth 

of both katanin p60- (Figure 20C) or p80-depleted cells (Figure 20D) was inhibited. The 

decrease in cell proliferation was observed from the third day after transfection. The same effect 

was observed also in the case of U87MG cells (data not shown). Collectively, these results 

document changes in proliferation in katanin-depleted glioblastoma cell lines. 

Figure 19. Effect of katanin depletion on colony size of T98G cells in radial cell migration assay. (A) Statistical 

analysis of colony size in katanin p60-depleted cells. Diameter  of cell colonies was evaluated in three 

independent experiments. Box plot of depleted cells (p60-KD2, n = 18) relative to control cells (Control, 

scrambled siRNA, n = 19).  (B) Statistical analysis of colony size in katanin p80-depleted cells. Diameter of cell 

colonies was evaluated in three independent experiments. Box plot of depleted cells (p80-KD2, n = 20) relative 

to control cells (Control, scrambled siRNA, n = 19). The black and the gray lines within the boxplot represent the 

median (the 50th percentile) and mean, respectively. The bottom and top of the box represent the 25th and 75th 

percentiles. Whiskers below and above the box indicate the 10th and 90th percentiles. * p < 10
-2. 
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Figure 20.  Effect of katanin p60 and katanin p80 depletion on cell proliferation in T98G cells. (A) Immunoblots of 

whole-cell lysates from cells with depleted levels of katanin p60.  Cells were collected a day before transfection (0) 

and from the 1st to the 6th day after transfection (1-6). Immunoblots were stained with antibodies to katanin p60 or 

actin (loading control). (B) Immunoblots of whole-cell lysates from cells with depleted levels of katanin p80.  Cells 

were collected a day before transfection (0) and from the 1st to the 6th day after transfection (1-6). Immunoblots were 

stained with antibodies to katanin p80 or actin (loading control). Densitometric quantifications of immunoblots 

normalized to Day 0  and the amount of actin are shown bellow the blots. (C) Growth curves in negative control 

(Control, scrambled siRNA) and katanin p60-depleted cells (p60-KD2). (D) Growth curves in negative control 

(Control, scrambled siRNA) and katanin p80-depleted cells (p80-KD2). In C and D 2 x 10
5
 cells were plated 1 day 

after transfection both in control and katanin depleted cells. Values indicate mean ± SD; n = 4. 
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5. Discussion  

Results of this study demonstrate differential expression of microtubule severing AAA ATPase 

katanin in glioblastoma cell lines, and correlation between katanin expression level and cell 

migration. Increased expression of both katanin subunits p60 and p80 was found both on 

transcript and protein levels using RT-qPCR, immunoblotting and immunofluorescence. When 

compared to normal human astrocytes, higher expression of katanin subunits was in rapidly 

migrating glioblastoma cell lines T98G and U87MG. On the other hand, expression of katanin 

subunits in slowly migrating glioblastoma cell lines U118MG and U138MG was comparable to 

that in astrocytes. Accumulation of both katanin subunits at the leading edge was characteristic 

feature of migrating glioblastoma cells. Finally, depletion of both katanin subunits resulted in the 

inhibition of both cell migration and proliferation, indicating their important role in these 

processes. 

5.1. Katanin expression and subcellular distribution 

Differential expression of katanin subunits in glioblastoma cells resembles that of another AAA 

ATPase, spastin. Expression of spastin was followed in three glioblastoma cell lines (T98G, 

U87MG and U138MG). When compared to normal human astrocytes, substantial higher 

expression of spastin was in T98G and U87MG cells. The level of spastin in U138MG cells was 

increased only moderately. It was shown that high expression of spastin correlates with increased 

histological grade in diffuse gliomas [Dráberová et al., 2011]. Immunohistochemical evaluation 

of katanin subunits in gliomas was so far not reported, but preliminary data indicate that katanin 

p80 is overexpressed in glioblastoma multiforme [GBM, grade IV glioma; C.D. Katsetos, 

personal communication]. Overexpression of spastin and katanin subunits in GBM might be thus 

linked with dysregulation of cell migration in highly invasive gliomas [Katsetos et al., 2015]. 
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Analysis of subcellular distribution of katanin in four glioblastoma cell lines revealed that 

both p60 and p80 katanin subunits have diffuse distribution throughout cytoplasm and in 

migrating cells concentrate at leading edges. In mitotic cells both subunits accumulated at 

spindle poles, however they were also found on mitotic spindles. Such localization of katanin 

subunits is in agreement with previous findings. Drosophila katanin p60 [Dm-Kat60] 

concentrated at the cell cortex of S2 cells during interphase and at the leading edge of migratory 

D17 cells [Zhang et al., 2011]. In mitotic S2 cells Dm-Kat60 was detected on mitotic spindles 

and on spindle poles [Zhang et al., 2007]. Katanin p80 was in rat fibroblast located at spindle 

poles together with p60 [Matsuto et al., 2013]. In tested glioblastoma cells, no clear 

accumulation of katanin subunits was found in interphase centrosomes or in midbodies. On the 

other hand, katanin p60 was detected in centrosomes and co-localized with γ-tubulin in human 

fibroblast MSU1.1 [McNally and Thomas, 1998] and katanin p80 localized to centrosomes in 

human Hela cells [Toyo-Oka et al., 2005]. In rat fibroblast cell line 3Y1 katanin p60 was located 

in the midzone of midbody where, however, did not bind to katanin p80 [Matsuto et al., 2013]. It 

was shown previously that spastin did not locate to interphase centrosomes or midbodies in 

glioblastoma cells [Dráberová et al., 2011]. This suggests that either overabundance of katanin 

and spastin in cytosol obscure their detection on these structures or that both proteins have 

aberrant localization in glioblastoma cells. 

5. 2. Katanin and cell motility 

Gene-expression profiling in gliomas has revealed upregulation of genes related to cell motility 

and is now thought that increased cell motility may be the main contributor to the invasive 

phenotype of diffuse gliomas [Giese et al., 2003]. Many proteins that regulate cell migration 

localize to the leading edge [Rikitake and Takai, 2011]. To confirm the importance of katanin 
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subunits in cell migration, katanin p60 or katanin p80 were depleted with siRNA in T98G and 

U87MG cells, and the migration rates of these cells were compared to the migration rates of 

control cells treated with scrambled siRNA. Depletion of both katanin subunits led to decrease in 

the migration rate in both cell lines. These experiments point to important role of katanin in 

regulation of cell motility in cells with different morphology types. While T98G cells have 

morphology of fibroblast and so fibroblast-like movement can be expected, U87MG cells have 

morphology of epithelial cell and exhibit amoeba-like migration [Panapoulos et al., 2011]. 

It was reported that overexpression of katanin p60 in prostate cancer contributed to cancer 

cell metastasis via a stimulatory effect on cell motility. Its expression in the metastatic cells in 

bone was associated with the re-emergence of a basal cell-like phenotype [Ye et al., 2012]. Our 

results represent another link between overexpression of katanin subunits and enhanced cell 

migration in cancer cells. Moreover, the inhibition of katanin p60 has been shown to reduce 

neuronal migration in mice [Toyo-Oka et al., 2005], while the inhibition of katanin p80 slowed 

the movement of cultured rat epithelial cells [Sudo and Maru, 2008]. In stark contrast to these 

findings, the depletion of Dm-Kat60 in migrating Drosophila D17 cells resulted in substantial 

increase in cell motility [Zhang et al., 2011]. While Dm-Kat60 depletion had no obvious effect 

on establishment of cell polarity, it increased both the frequency and displacement of membrane 

protrusions. The authors proposed that role of Dm-Kat60 on the leading edge is to remove 

tubulins or EB1 from microtubules that come in close proximity to the cell cortex. Many of 

newly created plus-ends immediately enter a paused state and became available for 

depolymerization by Drosophila kinesin-13 (KLP10A). Microtubules therefore transit from stage 

of growth to shrinkage. Dm-Kat60 thus functions as microtubule depolymerase that regulates 

cortical-microtubule plus-end interactions. It also fine-tunes cell migration by suppressing actin 
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protrusions [Zhang et al., 2011]. Above described differences in cell motility may result from 

different model systems and experimental set ups used for measuring of cell migration. While 

migration of glioblastoma cells was followed in cells that were without contacts to other cells, 

Zhang with co-authors used wound healing assay, in which cells were in contact with each other. 

Importantly, wound-healing assay may reflect not only changes in cell migration, but also in cell 

proliferation. Cell types can substantially affect cell migration as well. 

5.3. Severing proteins in migrating cells 

Cell motility, extensively analyzed in mammalian fibroblasts and keratinocytes, is an actin-

dependent process principally functioning through the extension of lamellipodia or filopodia 

[Pollard and Borisy, 2003; Fletcher and Mullins, 2010]. Although microtubules have been long 

implicated in cell motility, their role in this process varies with cell types. The mechanism of 

their involvement in cell motility is not completely understood. In migrating cells microtubules 

serve for transport of membrane vesicles to the leading edge and as a scaffold for activation 

small GTPase Rac1. Rac1 localizes to the leading edge, where it promotes actin polymerization 

and branching needed to drive and sustain membrane protrusions. Furthermore, Rac1 facilitates 

the turnover of adhesion plaques. Thus, destabilization of microtubules by severing proteins may 

lead to a decrease of membrane protrusions and turnover of adhesion plaques, events that are 

needed for proper cell migration [Kaverina and Straube, 2011]. However, microtubules may also 

have negative effect on cell migration. It was shown, that suppression of microtubule dynamics 

by drugs resulted in relatively small reduction of the speed of migrating cells but caused a large 

increase in resting states, during which cells failed to translocate. These cells were still able to 

extend lamelipodia and elongate in the direction of migration, but they spent a long time in the 

elongated state unable to retract rare ends [Ganguly et al., 2012]. Consensus has been established 
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that microtubules play a secondary role, guiding directed motility at the leading edge of the cell 

[Watanabe et al., 2005]. However, it was recently postulated that microtubules normally act to 

restrain cell motility [Ganguly et al., 2012].  

Severing of microtubules can have a different effect on microtubule mass. Severing proteins 

can simply decrease amount of microtubules or alternatively shorter microtubule pieces are 

stabilized by other proteins to build denser microtubule arrays. As example can serve katanin in 

neurons, that cleaves microtubules near their nucleation site and microtubule pieces are then used 

to a build new microtubule array at the cell cortex [Ahmad et al., 1999]. Severing of 

microtubules may thus have different effects on cell migration, depending on localization of 

severing proteins and interplay with other involved proteins and signaling pathways. 

Interestingly, it was reported that human glioblastoma cells remain motile in the absence of actin 

polymers, but their motility ceases when microtubule assembly is suppressed. The motility in the 

absence of assembled actin involved extension of protrusions toward which the rest of the cell 

glides. These protrusions had abundant microtubules and no actin fibers, and their morphology 

was unlike that of lamellipodia or filopodia [Panopoulos et al., 2011].  

Collectively taken, katanin might affect cell motility by different mechanisms in dependency 

on tissue origin of studied cell. Moreover, in glioblastoma cells dysregulation of the other 

microtubule proteins as βIII tubulin [Katsetos et al., 2011], could affect properties of 

microtubules and katanin function(s). Interestingly, the depletion of spastin resulted in a 

significant decrease in cell migration rate in the T98G cells. Large number of migrating cells had 

long protrusions after spastin depletion [Dráberová et al., 2011]. Frequency of migrating cells 

with long protrusions in tail end was substantially lower after depletion of katanin subunits. This 

suggest that spastin and katanin might affect cell motility by different mechanisms.  
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5.4. Katanin and cell proliferation 

Apart from its role in cell migration, katanin also contributes to cell proliferation. It does by 

participating in mitotic spindle formation and by pacman-flux machinery that moves 

chromosomes towards spindle poles [Zhang et al., 2007]. Our immunofluorescence experiments 

revealed katanin on spindle poles in all tested glioblastoma cell lines. Depletion of both katanin 

subunits resulted in decreased proliferation in both T98G and U87MG cell lines. We 

hypothesized that decrease of cell proliferation and migration rate would lead to decrease of 

colony spreading. For this spreading of T98G cell colonies with depleted level of katanin and 

controls was examined in the radial migration assay. Inhibition of spreading was observed in 

cells with lower amount of katanin when compared to control cells. Ability of glioma cells to 

migrate and invade appears to be inversely related to their proliferative activity [Giese et al., 

2003; Kim, 2013]. In highly invasive adenocarcinoma cells, katanin overexpression correlated 

with higher migration and lower proliferation [Ye et al., 2012]. Spastin is overexpressed in 

highly migrating T98G cells, however its depletion resulted in inhibition of cell motility of T98G 

cells, but cell proliferation was increased [Dráberová et al., 2011]. On the other hand, depletion 

of katanin p60 or p80 caused both decrease in migration and proliferation rate. Changes in 

katanin expression are thus not linked to transition of glioblastoma cells from migratory to 

proliferating state. Further studies are needed to elucidate the role of katanin in the growth and 

invasion of gliomas, as this microtubule-severing enzyme may be subject to differential 

regulation by divergent signaling effectors within the brain tumor microenvironment. 
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5.5. Future directions 

To our knowledge, this is the first study demonstrating increased levels of both katanin subunits 

in highly motile human glioblastoma cells. Localization of katanin to the leading edge of 

migrating cells and RNAi experiments indicate that katanin may be one of the factors responsible 

for the high invasivity of glioblastomas. Such conclusions need to be confirmed in vitro by 

phenotypic rescue experiments. As cell motility is dependent on substrate-adhesion molecules, 

migration rates should also be measured on different substrates. Immunohistochemical study on 

large cohort of clinical samples could reveal if katanin expression correlates with clinical grading 

of gliomas. Finally, in vivo experiments in immunodeficient mice with human glioblastoma cells 

(controls and cells with depleted level of katanin subunits) heterotransplanted into brain might 

confirm whether inhibition of the katanin will diminish tumor spreading and invasion and 

ameliorate the aggressive behavior of glioblastoma. Finding that katanin depletion led also to 

partial inhibition of glioblastoma cell proliferation indicate that it could be better potential 

therapeutical target for treatment of gliomas than spastin. Given that microtubule-severing 

proteins are ATPases, the synthesis of drugs that will specifically inhibit them would seem to be 

a surmountable challenge, as drugs that specifically inhibit kinesins have been successfully 

developed [Valensin et al., 2009]. Targeting of microtubule-severing proteins, such as katanin 

and spastin in vivo, may represent a novel mechanism and strategy to treat diffuse high-grade 

gliomas. 
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6. Conclusions 

 

1) Katanin subunits are differentially expressed in glioblastoma cell lines. When compared to 

non-transformed human astrocytes, increased expression of both subunits was revealed, using 

RT-qPCR, immunoblotting and immunofluorescence microscopy, in T98G, U87MG and KNS42 

cell lines, but not in U118MG and U138MG cells. 

 

2) Katanin subunits are diffusely distributed in cytoplasm and concentrate on leading edges of 

migrating cells and on spindle poles of mitotic cells. 

 

3) Examination of cell motility revealed, that velocities in glioblastoma cell lines correlate with 

expression of katanin subunits. Depletion of both katanin subunits resulted in reduced cell 

motility and invasivity. 

 

4) Depletion of both katanin subunits resulted in reduced cell proliferation. 

 

Collectively, presented data indicate, for the first time, that enhanced expression of both katanin 

subunits in glioblastoma cells might be linked to tumor cell proliferation, migration and invasion. 
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