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ABSTRACT 

 

 

CHARACTERIZATION OF STEM-LIKE CELLS IN A NEW ASTROBLASTOMA 

CELL LINE 

 

Astroblastomas are uncommon neuroepithelial tumors of glial origin. It predominantly 

affects younger people mainly teenagers and children with a high female proportion.  Only 

a single study so far reported that astroblastoma contains a high amount of neural stem like 

cells which had only partial proliferation capacity and differentiation.  

In our study a patient derived astroblastoma cell line was generated and presence of cancer 

stem cells was investigated. Primary cell lines are powerful tools for clarifying the 

biological characteristics of a cancer and for developing effective treatment strategies. 

Characterization for astroblastoma and stem cell markers through flow cytometric and 

gene expression analyses, capacity to differentiate into other lineages and recapitulation of 

the original tumor has been studied through several methods. 

The presence of stem cells in this heteregenous cell population might allow is to learn 

about the initiation, progression and chemoresistance of this specific astroblastoma cell 

line. This new cell line might be used as a model cell line for further studies that scientific 

people might have an interest in astroblastoma. 
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ÖZET 

 

 

YENİ BİR ASTROBLASTOMA HÜCRE HATTINDA KÖK HÜCRE 

KARAKTERİZASYONU 

 

Astroblastomlar glial kökenli yaygın olmayan nöroepitel tumörlerdir. Daha çok genç 

insanları ve çocukları etkilemekle birlikte kadınlarda görülme oranı daha yüksektir. 

Bugüne kadar sadece bir çalışmada astroblastomlarda yüksek oranda nöral kök hücre 

varlığı ve bu hücrelerin sadece kısmi oranda çoğaldıkları ve farklılaştıkları gösterilmiştir.   

Çalışmamızda astroblastomlu bir hastanın dokusundan primer hücre hattı geliştirilmiştir ve 

kök hücre varlığının tespiti araştırılmıştır. Primer hücre kültürleri kanserin biyolojik 

karakteristiğinin anlaşılmasında ve etkili tedavi stratejilerinin geliştirilmesinde çok güçlü 

bir araç olmaktadırlar. Astroblastomdaki kök hücre karakterizasyonu, flow sitometri ile 

kök hücre markerlerinin analizi, gen ekspresyonun analizi, diğer hücre soylarına 

dönüşebilmesi ve tümörün yeniden kendini oluşturması çalışmamızda pek çok yöntemle 

araştırılmıştır. 

Astroblastom hücre hattındaki heterojen olan hücre populasyonlarındaki kök hücre varlığı, 

tümörün başlatılması, prognozu ve ilaça dirençliliğinin anlaşılmasına yardım olacaktır.  Bu 

yeni hücre hattı devam eden çalışmalarda astroblastomla ilgilenen bilim insanlarına model 

olarak kullanılacaktır. 
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1. INTRODUCTION 

 

1.1. CANCER 

Cancer is the abnormal growth of cells in an organism. Being the second leading cause of 

death in USA, its origin goes back as early as 3000 BCE in Egypt. It is a neoplasm, which 

can uncontrollably proliferate and usually migrates by disseminating to the other tissues 

and organs of the body and causes destruction that can lead to organ failure and inevitably 

death. Intensive research and excessive budget has been spent on this deathly disease and 

as the years go by physicians, chemists, and even philosophers continue to show interest in 

finding different ways to treat it.  With increasing knowledge, new treatment methods are 

being investigated, however cancer maintains its unbeatable power and continues to be one 

of the deathly diseases of the century.  

Although the processes behind tumorigenesis are partially recognized, it is well known that 

the accumulation of mutations that occur in fundamental genes drive this process. After 

each mutation cells gain an advantage of outgrow over nearby cells which can be 

considered as Darwinian evolution model such that each mutation brings an adaptation 

potency to generate surviving cells against to overpowering the rules that regulate the 

normal cell growth hence namely clonal evolution [1]. It is very well known that cancer 

cells evades apoptosis, causes new blood vessels to form for nutrition supply, can replicate 

infinitely, and invade nearby tissues as well as migrate to distant tissues and organs 

through metastasis [2].  

When Weinberg and Hanahan declared the hallmarks of cancer (Figure 1.1) a new era has 

begun in scientific community. According to authors, cancer promotes its proliferation 

without external signals. Normal cells need mitogenic growth factors to move from a 

dormant state into an active proliferative state. These factors are transmitted in a signaling 

way into the cells by transmembrane receptors, which bind unique groups of signaling 

molecules such as diffusing growth factors, extracellular matrix elements, and cell-to-cell 

contact molecules. They suggested without these signals normal cells will not be able to 

proliferate. A variety of oncogenes act by imitating these growth signals in normal cells. It 
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was demonstrated that when external mitogenic factors were introduced into normal cells 

in cell culture and proper conditions are maintained for cells’ integrins, cells propagate as 

expected. This is exactly the opposite in cancer cells where appropriate propagation 

conditions are provided; cancer cells don’t tend to proliferate like normal cells do.  Various 

cancer cells acquire the capability to synthesize growth signals to which they are 

responsive and create an autocrine stimulation like proposed in human breast cancer cell 

lines which suggest that autocrine growth factors are secreted by the cancer cells and are 

essential for their growth in vitro [3].  

 

 

Figure 1.1 A diagram of hallmarks of cancer [4] 

As a second hallmark cancer cells show resistance to the growth inhibitory signals via 

mutations of tumor suppressor genes like TP53. Predisposition to cancer is indicated by 

deletions or mutations in the TP53 gene as observed in mice with homozygous p53 null 

mutation [5]. The disruption of the pRb signaling pathway governed by TGFb and other 

external factors, cause proliferation in certain types of human tumors [6]. Also, cancer 

cells can shut down the expression of integrins and other cell adhesion molecules, which 

* 

* * 

* 
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will send antigrowth factors, favoring their proliferation through pRb pathway [7]. The 

third hallmark of cancer is the evasion of apoptosis. The apoptotic mechanism can be 

divided into two classes of elements namely sensors and effectors. The sensors monitor the 

environment of inside and outside of the cell for conditions either normal or abnormal, 

which will decide whether a cell should survive or die. These sensors regulate the second 

element of apoptotic machinery, that function as effectors of apoptotic death [8]. 

Ultimately effectors of apoptosis including a group of intracellular proteases named 

caspases [9]. Two caspases 8 and caspace 9, are both activated by death receptors 

including Fas cell surface death receptor or by the cytochrome C which is released from 

mitochondria. These caspases promote the activation of a number of effector caspases that 

finish the death program, through destruction of structures inside the cells and organelles. 

In a study done bye Pitti et al., a mechanism for revoking the FAS death signal has been 

discovered in a high portion of lung and colon carcinoma cell lines [10]. It is highly 

expected that almost all cancer cells acquire alterations that enable evasion of apoptosis.  

The first three principals of cancer should be enough for enabling the production of the 

massive cell populations that comprise macroscopic tumors. In 1997, in his early work 

Hayflick revealed that cells in culture have a limited replicative capacity [11]. When cell 

populations reach to a number of doublings, they stop proliferating a phenomenon called 

senescence. By disabling pRb and p53, one can establish a human fibroblast cells 

undergoing senescence, which will end up crisis (death). Most types of tumor cells 

propagated in cell culture seem to be immortalized, recommending that infinite replicative 

potential that was acquired in vivo as the tumor progress. Infinitely replication sustains the 

malignancy state of many tumors.  

As the cancer cells get larger and bigger in size they require more oxygen and nutrients, 

which are supplied by the vasculature system.  It is important for functioning and survival 

of cells within a tissue to exist within 100 µm of a blood vessel. It is also essential for the 

organogenesis is that this closeness maintains the growth of vessels and parenchyma. A 

process called angiogenesis, which is the formation of new blood vessels is tightly 

regulated even though transient. Due to its dependence on close capillaries, Because of this 

dependence on nearby capillaries, it would seem reasonable to believe the cells within a 

tissue might have an intrinsic capability to that proliferating cells within a tissue would 

have an intrinsic ability to inspire new blood vessel formation. Yet the findings suggest the 



4 

opposite, which is that cells in abnormal proliferative state don’t have angiogenic ability 

limiting their capability for expansion. In order to progress to a bigger size, developing 

neoplasms must acquire angiogenic ability [12-14]. 

The last hallmark of cancer is the settlements of tumor cells as metastases, which are the 

reason of 90 per cent of human cancer deaths [15]. The ability for invasion and metastasis 

helps cancer cells to escape the primary tumor bulk and settle in a new territory in the 

organism in which nutrients and spaces are not limited. When cancer cells successfully 

invade the nearby tissue and metastasize to a new organ, it becomes difficult to tract down 

and control in place. Because of this acquired ability, cancer becomes malignant. A protein 

family namely cell–cell adhesion molecules (CAMs), which are the members of the 

immunoglobulin and calcium-dependent cadherin families, link cells to extracellular 

matrix components. Particularly, all of these “adherence” interactions transfer regulatory 

signals to the cells [16].  

Alterations in expression of CAMs also play critical roles in invasion and metastasis [17]. 

The best example showing the switch in expression of N-CAM from a highly adherent 

phase to a poorly adherent phase as happened in neuroblastoma and small cell lung cancer 

in addition to reduction in overall expressions in pancreatic and colorectal cancers [18,19]. 

Experiments in transgenic mice support a functional role for the normal adhesive form of 

N-CAM in suppressing metastasis [20]. The other significant parameter of invasive and 

metastatic ability of cancer cells relates to extracellular proteases [21,22]. Upregulation of 

protease genes and downregulation of inhibitor genes plus the inactive form of zymogen 

proteases are turned into active enzymes, which lead to degradation of extracellular matrix 

and hence metastasis [23,24]. 

A decade later in 2011, the same group has added two more enabling characteristics and 

two hallmarks into the previous ones [4]. One of the enabling characteristics is the genome 

instability and mutations of tumor cells acquired during tumorigenesis. Acquisition of the 

multiple hallmarks mentioned above depends largely on a series of changes in the genomes 

of tumorigenic cells. This means that cells with distinct mutant genotypes have an 

advantage on the overgrowth and becoming dominant compared to the other cells in the 

environment. We have known that tumor progression is a multistep process where each 

subclone is promoted by a set mutations coded in their genomes. Inactivation of tumor 

suppressor genes can be inherent while they can also be acquired via epigenetic 
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mechanisms including DNA methylation and histone modifications. Advanced molecular 

genetic analysis of cancer cell genome has demonstrated function changing mutations 

genomic instability during the progression of tumor. A wide range of chromosomal 

abnormality analysis shows the gains and losses of genomic copy numbers in a variety of 

tumors, which revealed the evidence of loss of genomic integrity. Essentially relapse of 

specific genomic abnormalities like duplications and deletions at distinct sites of the 

genome implies that these distinct sites are more likely to have genes whose changes will 

favor neoplastic formation and progression [25]. Therefore, genome instability is 

noticeably an enabling characteristic that is related to the acquirement of hallmark 

capabilities.  

The second enabling characteristic of tumors is tumor-promoting inflammation. 

Immunologist and pathologists are familiar with some tumors are being densely penetrated 

by cells of the innate and adaptive types of immune system which mimics inflammatory 

conditions occurring in non-neoplastic tissues. With the arrival of improved markers for 

the accurate identification of the certain cell types of the immune system, it is now obvious 

that almost every neoplastic tissue comprises immune cells ranging from minor 

infiltrations which can be only detectable with cell type specific antibodies to large 

inflammations that are deceptive even by standard immnunohistochemistry staining 

techniques [26,27]. 

Inflammation is even apparent in some cases of early stages of tumor progression. Also, 

inflammatory cells can release chemicals, especially reactive oxygen species, which have 

mutagenic effects on nearby cancer cells, leading their genetic makeup toward degrees of 

increased malignancy [28,29]. Overall, inflammation might be considered as an enabling 

characteristic for its roles on the achievement of hallmark capabilities. 

As we know more about the characteristics of cancer in general, there are other hallmarks 

emerged in time. One of the emerging hallmarks of cancer is the reprogramming of the 

energy metabolism of cancer cells. Uncontrolled cell proliferation requires an adjustment 

of energy metabolism to provide fuel to the cell growth. Normal cells under aerobic 

conditions, convert glucose to first pyruvate via glycolysis in the cytoplasm, to carbon 

dioxide in the mitochondria. However when the conditions unfavor like occurrence of 

anaerobic conditions, glycolysis is preferred and little pyruvate is shipped to the 

mitochondria. This irregular characteristic of cancer cell energy metabolism was first 
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observed by Otto Warburg [30-32] who stated that no matter how much oxygen is 

available in the environment, cancer cells can reprogram their glucose uptake, and thus 

energy production, by restricting their energy metabolism largely to glycolysis, leading to 

aerobic glycolysis. Glycolytic energizing has been shown to be related to activated 

oncogenes like RAS and MYC, and mutant tumor suppressor genes including TP53 whose 

changes were found to be selectively beneficial presenting the hallmark abilities of infinite 

cell division, avoidance of cell cycle controls and reduction of apoptosis [33,34].  

A second emerging hallmark evading immune destruction which still stays as an 

unresolved issue. It is the concept of immune system playing a role in fighting or 

destroying formation and progression of emerging neoplasias, late-stage tumors, and 

micrometastases. The role of imperfect immunological examining of tumors would appear 

to be proven by the noticeable increases of certain cancers in immunocompromised 

models. Recently a mounting body of evidence from genetically engineered mice as well 

as clinical trials suggests that the immune system works as a significant blockade to tumor 

development and progression. Deficiency of immune system in genetically modified mice 

has led the tumor development much faster than other mice with non-deficient immune 

system [35].  

1.1.1. Cancer Initiation, Promotion, and Progression 

When there is an abundance of food, oncogenes that drive certain pathways accommodate 

of carbon into molecules like proteins, nucleic acids, and lipids that are essential to 

metabolism. The driving force is to maintain cell survival and growth. In cancer, the 

pathways responsible for glucose and glutamine uptake and metabolism are regularly 

rearranged by mutations in genes such as MYC, TP53, the Ras-related oncogenes, and the 

LKB1-AMP kinase (AMPK) and PI3 kinase (PI3K) [4]. 

When the conditions are reversed like scarcity of nutrient, cancer cells are obliged to 

modify their metabolism and adapt to this new environment to optimize nutrient 

consumption. Cancer cells must be flexible both in vitro as well as in vivo to adapt the food 

availability.  Certain mutations including KRAS cause colon cancer cells to survive under 

low glucose environment [36]. In cell culture environment cancer cells do reshape their 

metabolism balance the absence of glucose or glutamine by using one or the other to fulfill 
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the nutrient requirement [37-39]. For instance, when there is stably low oxygen in the 

environment cells survive through oxidative phosphorylation [40].  

1.1.2. Oncogenes and Tumor Suppressors 

There are three types of genes altered and are responsible for tumorigenesis including 

oncogenes, tumor-suppressor genes, and stability genes or caretakers. Oncogenes 

contribute cancer initiation when proto-oncogenes (genes that control division and growth) 

become mutated and active constantly thereby leading cells to grow out of control. 

Chromosomal translocations that lead to amplification of certain genes cause the activation 

of oncogenes. The most common genetic alterations occur in BRAF proto-oncogenes 

changing a valine to a glutamate located in the activation of a kinase domain [41].  

Oppositely genetic alterations in tumor suppressor genes cause reduction in gene activity. 

For instance a mutation in TP53 protein contributes tumor formation by attenuating the 

apoptosis of genetically mutated cells [42]. Hence the accumulation of cells evaded from 

apoptosis leads uncontrolled cell growth.   

The third class of genes responsible for cancer initiation is stability genes or caretakers. 

They form tumors more differently than oncogenes and tumor suppressors such that genes 

involved in mechanisms like mismatch repair (MMR), nucleotide-excision repair (NER) 

and base-excision repair (BER) are responsible for repairing elusive mistakes created 

during regular DNA replication or exposition to several mutagens. Stability genes balances 

genetic changes to a minimum level so that if they are inactivated, mutations in other genes 

occur at a higher rate [43].  

1.1.3. Cancer and Energy Metabolism  

Cancer cells are grouped based on their growth rate as low, intermediate and fast. In ex 

vivo (animal studies), tumor degree is determined by its size, mitotic count, differentiation 

degree, and so on [44]. Based on their histological characteristics and clinical stage of 

tumor progression human tumors are categorized as slow growing or fast growing. Normal 

cells consume energy through mitochondrial oxidative phosphorylation (MOP). It 
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generates more adenosine triphosphate (ATP) when compared to glycolysis where 

produced only two ATP. The need for energy is very quick for cancer cells therefore 

cancer cells prefer aerobic glycolysis. However, one of the metabolic features of cancer 

cells is to avidly take up glucose for aerobic glycolysis. It was first defined by the German 

scientist Otto Warburg that this way of energy consumption in cancer cells is very 

inefficient and called as Warburg effect [30]. He thought that the reason behind the use of 

aerobic glycolysis was the defect function in MOP. Recent investigations deny this effect 

indicating that the MOPs do not exhibit in spontaneous tumors. Activated oncogenes, loss 

of tumor suppressors, mutations in mitochondria, and low levels of oxygen are general 

factors that cause tumor initiation [45]. Malignant tumors require mainly aerobic 

glycolysis, however MOPs are still used as energy route in some cancers [46].  

During carcinogenesis metabolism of cancer cells are regulated in four waves as proposed 

by Smolkova et al [47]. According to him, transformation of oncogenes in cancer stem 

cells (CSC) is found to be the first wave of regulation. Low levels of oxygen, which 

ultimately induces hypoxia-inducible factor (HIF), AMP-activated protein kinase (AMPK), 

and NF-κB signaling is the second wave of regulation. The first and the second waves 

cause cells to use glycolysis as energy source and inhibits MOPs under the reprogramming 

of oncogenic and hypoxic controls as akin to the classic Warburg effect. Depletion of 

nutrition due to the high proliferation rate also induces glycolysis whereas MOPS are 

partially used. In this wave, through several pathways including LKB1-AMPK-p53, and/or 

the PI3K-Akt-mTOR genes have gone through reprogramming to adapt glycolysis. In the 

last wave, mitochondria are revived to cause MOPs to lead energy consumption, which 

contradicts Warburg effect generalizing the dysfunction of mitochondria in cancer cells. 

1.2. CANCER STEM CELLS 

1.2.1. The Cancer Stem Cell Hypothesis 

Cellular bodies are comprised of stem cells that are organ-specific and undergo self-

renewal and differentiation into multiple types of cells. These stem cells are separated from 

embryonic stem cells by their defined differentiation to the specific organ of interest. 

Cancer is comprised of heterogeneous cell populations (Figure 1.2) specifically a small 

group involved in self-renewal and drug resistance, that recapitulate the original tumor 
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[48-51]. Based on its similarity, this subgroup of cells is called cancer stem cells. The 

cancer stem cell phenomenon has two distinct but related components. The first 

component interests the origin of tumors in a cellular level, questioning of if tumors result 

from tissue stem cells. A second component of this hypothesis is that tumors are originated 

by cellular factors that show ‘‘stem cell properties.’’  

 

Figure 1.2. The cancer stem cell hypothesis[52] 

This concept of cancers arising from a subset of population of cell that have stem cell 

properties was proposed 150 years ago [53]. It was suspected that tissue specific stem cells 

may be considered as the cell of origin of tumor [54]. A concept was proposed over 30 

years ago by Pierce et al., that cancers are a stage of stem cells which underwent 

maturation arrest [55]. In addition, the concept of tumors containing populations of cells 

with stem cell features was brought by in vitro ‘‘clonogenic assays’’ that demonstrated 

subpopulations of tumor cells with higher proliferative capability as supported by colony 

formation in in vitro assays utilizing cells isolated from tumor samples [56]. One of the 

major drawback of these assays, however, was that they quantified in vitro proliferation 

rather than actual self-renewal. Also, it has been detected that the production of human 
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tumor xenografts in animal models needed a large number of cells and yet it was uncertain 

whether this was due to the incompetence of these cells in endorsing tumor growth or to 

the presence of rare populations within a tumor bulk that were uniquely tumorigenic.  

Since its first description by Dick et. al, in acute myeloid leukemia in the late 1990s [57], it 

has been studied extensively in all of the solid and liquid tumor types. According to this 

hypothesis, tumor is composed of different groups of cells that create a heterogeneous 

structure in itself. Treatment with chemotherapy and/or radiotherapy causes tumor to 

shrink without eliminating it entirely. After a certain time, the tumor begins to grow even 

more aggressively and metastasize to other parts of the organism. A very small subgroup 

of cells is known to resist chemotherapy/radiotherapy through drug efflux mechanisms 

driven by ATP-binding cassette sub-family G member 2, ABCG2.[58,59] 

1.2.2. Cancer Stem Cells in Solid Tumors 

In a recent workshop Clarke et. al, stated that “cancer stem cells can only be defined 

experimentally by their ability to recapitulate the generation of a continuously growing 

tumor” [60]. In order to identify stem cell populations in a tumor, cells that are isolated 

from the patient are labeled with various antibodies against cell surface markers either 

singly or in combinations. One of the techniques generated to do this is termed 

fluorescence-activated cell sorting (FACS), which is based on separation of cells labelled 

with different cell surface marker against cells that are unlabeled [61]. These selected cells 

according to their specific surface markers are then used to initiate tumor in 

immunocompromised mice. The ability of these cells to recapitulate the original tumor 

defines whether these cells are cancer stem cells or not. To detect this several assays have 

been run through including immunostaining and flow cytometric analyses and clonal 

marking of the sequential tumors of the parental. Once all the assays prove the similarity of 

the cell populations to the cells composing the primary tumor then after the serial 

transplantation of these cells to the immunocompromised mice must reform the primary 

tumor.  

At last, to show the multiple secondary tumors based on same clonal propagation, the 

capacity of these cancer stem cells to self-renew and raise the same tumor must be 

demonstrated. Therefore the original tumor can only be recapitulated after initiation and 
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serial transplantation in immunocompromised mice. It is simpler to show this in liquid 

tumors such as in acute myeloid leukemia. In the case of acute myeloid leukemia, cancer 

stem cells present a certain cell surface markers to isolate of distinct cells such as 

hematopoietic stem cells (HSCs) a phenotype with a phenotype CD34+CD38 [62] and 

CD90 [63].  These CD34+CD38  CD90 cells were only point one–one per cent of the 

total cells but had the ability to reform AML in NOD/SCID mice.  

In contrast with liquid tumors, solid tumors require a more significant identification   and 

characterization of CSCs due to the lack of knowledge on normal tissue hierarchy system.  

It is important to select the specific markers separating normal cells from the malignant 

ones to identify the original cells of the tumor. Unlike liquid tumors, solid tumors are not 

very easy to mimic as grafting of the cells into the origin of the tumor especially if 

orthotopically. Some of the organs including lung, colon, and bladder make even harder to 

inject the cells technically [64]. To overcome these problems several methods were 

developed such as subcutaneous injection or implantation under the kidney capsule, which 

still require confirmation that these xenografts resembles the histology of the patient 

tumors. 

Among these solid tumors, breast cancer stem cells are the ones that was first described by 

Al-Hajj et al., [65]. He isolated and identified a subgroup of cells in a breast tumor tissue 

and demonstrated that these cells have the ability to reform the tumor unlike the remaining 

non-cancer stem cells did not reform the tumor even though injected at higher doses of 

amount.  Based on their cell surface markers, the phenotype of this particular tumor type 

was indicated as Lineage-CD44+CD24 /low. They concluded that when as low as 200 

cells of this phenotype were injected into immunocompromised mice, the cells initiate the 

tumor of the origin.  After the first identification of solid tumor cancer stem cell 

phenotype, the others came immediately after. It was found that multiple myeloma consists 

of subgroup of cells that lack the expression CD138, which is a marker for plasma and 

epithelial cells [66]. Several other studies have shown the particular stem cell markers for 

other solid tumors including HNSCC [67], pancreatic cancer [68], and colon cancer 

[69,70].  
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1.2.3. Brain Tumor Stem Cells 

Brain tumors were demonstrated to be one of the first solid tumors among others that 

possessed cellular hierarchy for tumor onset [71,72]. These subgroups of cells within the 

brain tumor cells show stem cell characteristics like resistance to conventional therapies 

[73]. They may also localize inside a vasculature place similar to normal neural stem cells 

[74-76]. Animal studies show that there is a similarity in the tumor initiation hierarchy of 

brain tumors between as to in vitro models, which highly indicates that the origin of the 

tumor is either progenitor cells or stem cells [77-79]. In vitro models improved from 

normal neural stem cells promise great opportunities for large drug or chemical screening 

for generating new molecular targets in drug discovery [80,81].  

Stem cell approach has furthered the research in brain tumors while there is still a 

controversy about the exact distinctiveness of brain tumor initiating cells. Prior to findings 

in other solid tumors, human neural stem cells were found to express prominin one (prom1 

or CD133) on their cell surfaces [82]. When as few as 100 CD133+ cells from human 

brain tumors including Glioblastoma Multiforme (GBM) and medulloblastomas were 

injected into immunocompromised mice, cells reformed the tumors. On the other hand 

CD133- cells did not constitute new tumors [83]. In a study done on metastatic colon 

cancer cells, CD133 expression was not found to be the initiator population. In fact, 

CD133+ and CD133- cells both formed spheres in vitro and accomplished lasting 

tumorigenesis in a NOD/SCID mouse model.   

1.3. ASTROBLASTOMA 

Astroblastomas are uncommon neuroepithelial glial tumors derived from the astroblasts 

that may invade the brain and spinal cord. It predominantly affects younger people mainly 

teenagers and children with a high female proportion. [84] In contrast to Fu et al. [85], 

recent study done by Ahmed et. al [86] shows that different age profile might have 

dissimilar prognosis resulted from genetic variations between young and elder people.  

Since its discovery by Bailey and Cushing in 1924, rare cases have been reported that 

cause difficulty in terms of diagnosis and typing among other brain tumors [87]. The tumor 

was located in various parts of the brain as lobulated, cystic and solid masses however, 
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other locations such as cerebellum, brainstem, and ventricles (Figure 1.3) were also 

reported for the diagnosis of this tumor [88].  

 

 

Figure 1.3. Parts of the brain 

 

Only a single study so far reported that astroblastoma contains a high amount of neural 

stem like cells which had only partial proliferation capacity and differentiation [89].  In the 

same study authors declared that the functional role of this stem-ness in astroblastoma is 

unknown. This was the inspiration to us to investigate further the possible role of stem like 

cells in development, progression and chemotherapy resistance of astroblastoma. 

1.3.1. Classification and Subtypes 

Based on the recurrence rate astroblastoma might be divided into three subtypes namely, 

low-grade, well-differentiated, and high-grade, anaplastic astroblastoma [90]. Vivek et. al, 

reported a case of a low grade group without necrosis, filtration into brain parenchyma and 

high mitotic activity [91]. Poor prognosis is usually known with its high recurrence rate 

that requires more invasive surgeries. As opposed to poor prognosis, good prognosis is 
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known for patients with well-differentiated, low grade astroblastoma. These patients 

usually do not go through strict treatment regimens [92,93]. Low grade astroblastomas 

usually recover after the surgery and do not recur however there are some cases reported 

for the opposition [94,95]. Usually people who have been diagnosed with low grade 

astroblastoma do not tend to show the symptoms of the tumor after the surgery, however 

may suffer from the recurrence in one to two years. At this point the size of the tumor 

determines the follow up treatment [96,97], which most of the time do not require extra 

operation and other treatment methods remain sufficient. 

As for the high grade astroblastomas, survival rate is quiet high although there are number 

of cases diagnosed with high grade and end up dying due to the recurrence. This type of 

astroblastoma tend to metastasize uncontrollably to other parts of the body [98]. 

Synergistic effect of chemotherapy and radiotherapy may only slow down the recurrence 

rate yet not kill the tumor entirely, although there are reports that show the survival benefit 

of chemotherapy after the surgery [99].  

1.3.2. Epidemiology  

Astroblastoma is a type of glial neoplasm seen infrequently with an incidence between 

0.45 to 2.8 per cent of all brain gliomas [100].  The origin of this tumor is usually 

unknown with an indefinite prognosis. As opposed to older ages, younger people are being 

more affected. According to Kaplan-Meier analysis done by Sugruhe et. al, indicated that 

although astroblastoma is usually considered a pediatric brain tumor, the incidence of this 

tumor is bimodal with a noticeable five to ten and 21-30 are being more effected [84,96]. 

The inconsistency might be explained that parents of the younger children are more likely 

to complain their children’s complaints than young adults do as they tend to ignore the 

symptoms like nausea and headache as insignificant illnesses.  

In reported cases of astroblastoma the percentage of affected females show much higher 

incidence than male population with unknown reasons [98]. Sughrue et. al, shows that as 

opposed to the number of affected male against females is 30 per cent while female is 70 

per cent. Some studies displays that there might be genetic predisposition of females to 

undergo astroblastoma than males yet there is not an explanation behind this [101,102].  

Cancer is known to be caused by environmental effectors like viral infections, carcinogens, 
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and radiation as well as genetic changes and predispositions. Upto date there has not been 

a single case reported for astroblastoma to be caused by environmental factors. 

1.3.3. Symptoms and Signs 

Astroblastomas bear the prevalence of symptoms including headache, nausea, and 

damaged vision. One of the major symptoms of astroblastomas is intracranial pressure that 

leads to severe headaches. Both low and high grade astroblastoma patients suffer severe 

headaches with high grade going through more severely. These people usually end up 

staying home and minimize their routine work [103].  In a case report presented by Caroli 

et. al, a Computerized Tomography (CT) showed a large left temporal tumor with 

inhomogeneous enhancement and significant shift of the midline structures with scarce 

edema [104]. Other cases also report similar findings of a large fronto-parietal cystic mass 

[90] in CT findings, and other symptoms on examination, including imbalance and 

difficulty with walking are found. Symptoms also include vomiting, poor feeding, and 

[105], drowsiness, decreased sensation, and seizure [93,106,101,94]. Some high grade 

patients might even see hallucinations [107]  

1.3.4. Clinical, Radiologic, and Histopathologic Features 

In general, astroblastomas are observed as large and peripheral supratentorial tumors with 

bubbly appearance. Brat et. al, showed that out of 20 cases of astroblastomas, all were 

categorized histologically by astroblastic pseudorosettes, and most displayed noticeable 

perivascular hyalinization (glassy appearance), regional hyaline changes, and aggressive 

borders in regard to neighboring brain. As for the radiographic images, all of the lesions 

were contrast-enhancing and solid, frequently with a cystic element. Tumor cells were 

found to be highly immunoreactive S-100 positive as well as GFAP, and VIMENTIN.  

As diagnostic markers, BETA III TUBULIN, GFAP, NESTIN, VIMENTIN, NEURO D, 

TYROSINE HYDROXYLASE are used to identify the astroblastoma cells. Beta III 

Tubulin is a microtubule element of the tubulin family and clinically when overexpressed 

it leads to aggressiveness and drug resistance of tumor. Glial fibrillariy acidic protein 
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(GFAP) is also an intermediate filament which is found in almost all types of cells in the 

central nervous system and is predicted to maintain the mechanical strength of astrocytes 

[108]. Nestin is a neural stem cell marker and also an intermediate filament type VI and a 

useful marker for exploratoring the infiltration of malignant cells into neighboring tissue 

[109-111]. Vimentin is found in mesenchymal cells and along with other tubulin and 

filament proteins comprise the entire cytoskeleton. Neuro D and TH are also found in 

certain parts of the brain [112]. Half of the cases were considered to be "well 

differentiated" and others as "malignant," due to the increased mitotic indices, vascularity 

growth, and necrosis [113].  

1.3.5. Treatment and Prognosis 

Complete surgical removal is the treatment of choice in astroblastomas [114], although 

high-grade tumors have a high recurrence rate. Previous studies show that surgical 

interventions have the greatest effect on handling these tumors [115,106,116]. Usually 

high-grade astroblastoma is treated with surgery and radiotherapy, it is difficult to predict 

the prognosis of the tumor even if the total resection is taken place [117]. Radical surgical 

resection is the treatment of choice for astroblastomas. Salvati et. al, claims that 

radiotherapy may assist in the treatment of high-grade tumors as opposed to chemotherapy 

whose role is still debating. As for high grade cases, they propose an aggressive treatment 

with temozolomide (TMZ), frequently used in Glioblastoma Multiforme, used parallel and 

subsequently to radiotherapy [118]. In a similar case, total resection and radiation therapy 

after the surgery would be efficient in high-grade astroblastomas [94].  

Primary treatment in astroblastomas is total resection of the tumor. It is believed that the 

surgery would be sufficient to stop dividing the tumor cells turn them into the benign state. 

Until the second resection chemotherapy is not required. Then chemotherapy is used after 

the second round of surgery to kill the cells that were once at benign state after the first 

surgery [98]. We believe that after the first surgery, the cells that are left behind and 

believed to be benign might not be that benign as it is thought and may have the capacity 

to renew themselves and cause the tumor relapse. These cells might be stem-like cells 

which also are the source in many other solid and liquid cancers that lead cancer stem cells 

to evade chemotherapy and continue the grow and accumulate to reform the original tumor 
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and even metastasize to other parts of the body and resist to conventional drug therapies. 

Therefore, chemoresistance stay as a problematic method to continue after the surgery.  

Hirano et. al, described a standard chemotherapy procedure start with two rounds of 

nimustine hydrochoride (4-Amino-2-methyl-5-pyrimidinyl)methyl]- 3-(2-chlorethyl)-3-

nitrosoharnstoff), etoposide, vincristine, and interferon-beta [107]. The time required for 

drug administration is determined by whether there is a need for the second surgery. If 

after the second surgery tumor relapse occur, then other drugs including ifosfamide, 

cisplatin, and etoposide will be given to the patient in a six-round program and hope for 

the relapse would not occur again. At this stage chemotherapy would be the last hope, but 

still the recurrence might occur and also affects severely the patient’s health state. 

Continuation of temozolomide intake orally would recommend to the patient [119,120,99].  

1.3.6 Cytogenetics and CGH Array Profile 

When Bailey and Cushing proposed described astroblasts in 1924, they depicted that the 

astroblasts are embryonic cells, which are fated to become astrocytes especially at a 

developmental stage between spongioblasts and astrocytes. They showed that astroblasts 

were clearly stained by Cajal's gold-sublimate method [121]. Although the exact 

cytogenesis profile for astroblastoma is unknown, a few cases in literature continue to 

enlighten characteristic of genetic background of astrocytoma.  

Comparative genomic hybridization array (CGH array) is based detecting whether a DNA 

strand binds to its conjugated pair or not depends on the presence of chromosomal loss or 

gain. With this technology one can detect the chromosomal imbalances due to the subtle 

chromosome alterations. According to Brat et. al, the most prominent chromosomal 

changes detected by CGH were gains of chromosome arm 20q and chromosome 19 which 

occurred in two well differentiated and one malignant case of astroblastoma [113].  

1.4. THE AIM OF THE STUDY 

In this thesis, we explore a rare neoplasm that is composed of heterogeneous sub-

populations of cells. Because these tumors are very scarce, it is not clearly known the 
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details of the behavior of the tumor and to cure them. Although gross resection of the 

tumor is highly recommended and applied for low-grade tumors, recurrent ones associated 

with bad prognosis require additional therapies such as radiotherapy and chemotherapy 

with a limited survival rate. Therefore, novel methodologies are needed to battle with this 

tumor. Due to the scarcity of this tumor there is inadequate models to learn about the 

pathways involved in the initiation and progression of the tumor and generate new 

technologies to cure it.  

The presence of stem cells in cancer helped scientists to learn about the pathways 

associated with the nature of the tumor of any type in a better way. The progenitor and 

stem cells’ occurrence were found to be the origin of the initiation, progression, and 

metastasis of various cancers. With this study we aim to learn the characteristics of this 

novel cell line and investigate the possible existence of stem like cells among these very 

heterogeneous cell populations, which may allow us to learn more about the characteristics 

of the tumor and provide a novel model for drug development and therapy. 
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2. MATERIALS AND METHODS 

 

2.1. PATIENT HISTORY 

A 24-year old male presented with headache and nausea. An MRI image showed contrast- 

enhancing lesion in the left frontal lobe that underwent “a gross total resection”. The 

pathologist noted it as a glial tumor that had some aspects of astroblastoma. Microscopic 

slides showed few mitotic figures although labeling index rather high and looked like an 

aggressive tumor. The patient did not re-checked into the hospital for any reason. Five 

years after the surgery patient died of an unknown reason due to the lack of information of 

patient prognosis after the surgery.  

2.2. SPECIMEN COLLECTION AND MAINTENANCE OF A TUMOR CELL 

LINE 

Tissue sample was obtained in accordance with approved ethical standards of the 

responsible committee of Yeditepe University Hospital. Tissue sample was lysed through 

mincing with a scalpel to one mm pieces and a let the cells to adhere to the bottom of 

tissue flasks and grow from there. Culturing media, Dulbecco’s Modified Eagle’s Medium, 

(DMEM, #41966-029, Invitrogen, Gibco, UK) supplemented with 10 per cent fetal bovine 

serum (FBS, #10500-064, Invitrogen, Gibco, UK) and 1 per cent 

Penicillin/Streptomycin/Amphotericin (PSA, Invitrogen, Gibco, UK) in a humidified 

chamber at 37 °C and 5 per cent CO2, were changed twice a week and when cells have 

reached to the confluence of 60-70 per cent they were trypsinized. Briefly, cells were 

incubated with 0.25 per cent trypsin for 5 minutes in the humidified chamber at 37 °C and 

5 per cent CO2 until the cells detach. Detached cells were collected in a falcon tube and 

centrifuged at 500 g for 5 minutes. Supernatant was removed and cells were resuspended 

in culturing media.  The first passage of the cells was frozen with culturing medium 

supplemented with five per cent dimethyl sulfoxide (DMSO) and 10 per cent FBS in a 

cryovial tube and stored in a liquid nitrogen tank as an original stock. The rest of the cells 

were left to continue to grow for further characterization assays. The name HERK is a 
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combination of the first/middle/last name of the patient of which for the confidentiality 

reason it won’t be declared. 

2.3. PROLIFERATION RATE ASSAY 

The analysis of cell proliferation is significant to calculate the average proliferation rate of 

a cell population.  Cells were seeded onto three 96-well plates (each plate for a day) as 

1000 cells per well for six (replicates) wells and incubated at 37°C for three days. Next day 

the proliferation rate of one out of three plates was measured via a calorimetric assay 

namely 3-(4,5-di-methyl-thiazol-2-yl)-5-(3-carboxy-methoxy-phenyl)-2-(4-sulfo-phenyl)-

2H-tetrazolium (MTS)-assay (#G3582, CellTiter96 AqueousOne Solution; Promega, 

Southampton, UK). The degradation of tetrazolium salt into formazan product at 490 nm 

gave an absorbance value for each well in the plate. An average of six wells was calculated 

and standard deviation was calculated based on it. A curve of three days was obtained and 

doubling time for this specific cell type was calculated accordingly. 

2.4. SHORT TANDEM REPEAT (STR) ASSAY 

Short tandem repeats (STR) found in the human genome are susceptible to copy number 

variation polymorphisms that can be amplified by PCR and analyzed by gel 

electrophoresis. Based on this one can quantify the size of the DNA fragment and detect 

the number of repeats because the both are proportional to each other in size. The number 

of repeats offers a genetic identification for each person. The cells in our study are 

unknown for its short tandem repeat. Short tandem repeat (STR) assay was accomplished 

according to the protocol described in AmpFlSTR® Identifiler® PCR Amplification 

(#4322288, Appliedbiosystems, USA). Briefly, AmpFlSTR® PCR Reaction Mix, was 

mixed with AmpFlSTR® Identifiler® Primer Set, AmpliTaq Gold® DNA Polymerase, 

and DNA sample with a concentration of one ng/ µL. after the PCR procedure sample was 

treated with formamide (#F9037, sigma-Aldrich, USA) before scanning through 

electrophoresis (#3100/3100-Avant, Appliedbiosystems, USA).  
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2.5. ARRAY COMPARATIVE GENOMIC HYBRIDIZATION (ARRAY CGH) 

2.5.1. DNA Isolation 

DTAB buffer (eight per cent DTAB, 100 mM Tris pH 8, 1.2 M NaCl, 50 mM EDTA) was 

added to HERK cells that were trypsinized and resuspended in 300 µL and incubated at 65 

°C for five minutes. Onto this mixture 500 µL of chloroform was added and vigorously 

shaken for at least five minutes. The tubes were centrifuged at 13 000 rpm for five minutes 

and aqueous phase was transferred into a new tube followed by an addition of 100 µL of 

CTAB buffer (five per cent CTAB, 400 mM NaCl) and 900 µL of sterile deionized water 

(or nuclease free water). The mixture was gently mixed and incubated at -20 °C for 10 

minutes. The mixture was then centrifuged at 10 000 rpm for five minutes and the 

supernatant was discarded. The pellet was resuspended in 200 µL of 1.2 M NaCl and 300 

µL of cold 100 per cent EtOH. It was mixed gently and centrifuged at 10 000 rpm for five 

minutes and the supernatant was discarded. The pellet was washed with 700 µL 70 per 

cent EtOH and let the EtOH evaporate. The pellet was resuspended in either nuclease free 

water or TE buffer for the following experiments.  

2.5.2. Dilution of DNA for CGH Array 

Isolated DNA sample from the previous work was measured for the quantification as well 

as the purity. Depending on the required amount the dilution was made as final 

concentration of 50 ng/µL.  

2.5.3. Restriction Digestion 

All steps were done on ice. For one sample the following material was mixed and five µL 

DNA was added onto it. 
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Table 2.1. Restriction mixture 

 

dH2O 11. 55 µL 

NspI Buffer 2 µL 

NspI Enzyme 1 µL 

100X BSA 0.2 µL 

 

 

Table 2.2. Restriction digestion thermal cycler program 

 

37 °C 2 hours 

65 °C 20 minutes 

4 °C 5 minutes 

 

 

Table 2.3. Ligation mixture 

 

 

10X T4 DNA ligase buffer 

 

2.5 µL 

Adaptor, NSPI 0.75 µL 

T4 Ligase Eznyme 2 µL 

 

On top of this mixture 19.75 µL DNA sample digested with NspI enzyme was added. 

Ligation was performed by the following program as indicated in (Table 2.4). 

 

Table 2.4. Ligation thermal cycler program 

 

16 °C 3 hours 

70 °C 20 minutes 

4 °C 5 minutes 
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On top of 25 µL PCR product, 75 µL dH2O was added. For one sample the following four 

tubes of reaction mixture was prepared. This mixture was mixed with 10 µL ligation 

product (Table 2.5).  

 

Table 2.5. PCR reaction mixture of ligation product 

 

dH2O 50.3 µL 

Titanium Taq Polymerase 10 µL 

Betain 10 µL 

dNTP Mix 3.5 µL 

PCR Primer 4.2 µL 

50X Enzyme 2 µL 

 

 

 

Table 2.6. PCR program of ligation product 

 

95 °C 1 minute 1 cycle 

95 °C 30 seconds  

30 cycles 60 °C 45 seconds 

68 °C 60 seconds 

68 °C 7 minutes 1 cycle 

4 °C 5 minutes 1 cycle 

 

2.5.4. Gel Electrophoresis for The PCR Products 

The samples were run on two per cent agarose gel at 120 Voltage for 25 minutes and 

images were taken under UV light.  
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2.5.5. Purification of PCR Products 

All the PCR products collected in a round bottom eppendorf tubes were mixed with 

purification beads and incubated at room temperature for 10 minutes. Then the samples 

were centrifuged at 13000 rpm for three minutes and the supernatant was discarded. One 

milliliter of washing buffer was added and vortexed for two minutes. They were at 

centrifuged at13000 rpm for three minutes and the supernatant was discarded. An 

eppendorf tube was placed in magnetic stand and washing buffer was removed from the 

pellet. Further drying step was done by letting the tube standing at room temperature for 10 

minutes. Elution buffer (52 µL) was added onto the pellet and vortexed at maximum speed 

for 10 minutes. It was centrifuged at 13000 rpm for three minutes. An eppendorf tube was 

paced onto the magnetic stand and waited for 10 minutes. New sample (47 µL) was taken 

and transferred into a new tube.  

2.5.6. Quantification of PCR Products 

One microliter of PCR product was diluted with nine µL dH2O and measured by 

Nanodrop.  

2.5.7. Fragmentation 

All the steps are done on ice during the procedure. One microliter of fragmentation reagent 

was diluted in nine µL dH2O mixed with seven µL of dH2O, 11 µL 10X fragmentation 

buffer and two µL fragmentation enzyme. From this mixture five µL was transferred onto 

45 µL of first PCR product and run through thermal cycler via following program 

indicated in the (Table 2.7). 
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Table 2.7. PCR program for fragmentation 

 

37 °C 35 minutes 

95 °C 15 minutes 

4 °C 5 minutes 

2.5.8. Gel Electrophoresis of Fragmentation Products 

Two grams of agarose was weighed and mixed with 50 mL of Tris base, acetic acid and 

EDTA mixture (TAE) and boiled in microwave.  When it is cooled down three µL of EtBr 

was added. The gel was poured onto a cassette with combs attached. When it is hardened 

the three µL from samples and one µL loading dye was mixed and added onto the gels and 

run through. The images were observed under the UV light. 

2.5.9. Labeling Stage and Its Program 

TdT and DNA labeling regent mixture was added onto the fragmented product and 

incubated at a thermal cycler with the following program as indicated in the (Table 2.8). 

 

 

Table 2.8. Thermal cycler program for labeling 

 

37 °C 4 hours 

95 °C 15 minutes 

4 °C 5 minutes 
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2.5.10. Hybridization Stage and Its Program 

Hybridization oven must be turned on one hour before the hybridization. All the buffers 

must be left at the room temperature. A mixture of all the buffers as indicated in the Table 

must be prepared and added onto the sample and incubated in the thermal cycle with a 

program indicated in the (Table 2.9). Outcome product was loaded onto a chip. 

 

 

Table 2.9. Hybridization mixture 

 

Hybridization Buffer 1 82.5 µL 

Hybridization Buffer 2 7.5 µL 

Hybridization Buffer 3 3.5 µL 

Hybridization Buffer 4 0.5 µL 

Oligo Control Reagent 1 µL 

 

 

Table 2.10. Hybridization program 

 

95 °C 10 minutes 

49 °C 5 minutes 

2.5.11. Loading on to a Chip, Washing and Scanning Steps 

Loaded chip was incubated at oven at 50 °C rotated at 60 rpm for 16 hours. After the 

incubation step the chip was washed with chip fluidics and placed onto the scanner and 

scanned.  
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2.6. INVASION ASSAY 

Among other brain tumor cells HERK is a novel and an unknown kind for its invasiveness 

therefore it was compared with a Glioblastoma Multiforme (GBM) cell line, U-87 MG 

(ATCC® HTB-14). All cells were seeded as 200,000/well onto 8 µm porous chambers 

coated with growth factor reduced matrigel (#356230, Corning, USA), and a non-coated 

insert as a negative control. Cells were incubated for two days in a humidified chamber at 

37 °C and 5 per cent CO2. After incubation, media were removed from the chambers, and 

inner membrane of the insert was cleaned gently with a cotton swab to remove the non-

invasive cells. Inserts were placed in new wells filled with Giemsa dye (provided in the 

kit) for ten minutes at room temperature. Excessive dye was removed and cleaned with 

dH2O for three times and let the chambers dry for a period of time before visualizing 

under a light microscopy. Cells stained with Giemsa were counted as invasive by Image J 

and compared with the control group. In addition each insert was transferred to an empty 

well, adding 200 µL of Extraction Solution per well and then incubated 10 minutes on an 

orbital shaker. Extracted solution (100 µL from each sample) was transferred into to a 96-

well microtiter plate and the OD 560nm was in a plate reader and calculations were done.  

2.7. MIGRATION ASSAY (WOUND HEALING) 

The capacity of HERK cells for migration was measured and compared to U-87 MG. 

Wound healing assay was performed to measure the closure of a scratch and the migration 

rate of the cells according to the protocol described by Liang et. al [122].  Cells were 

seeded onto a well of 12-well plate as a confluent monolayer and incubated in a humidified 

chamber at 37 °C and 5 per cent CO2 for one day. The next day a scratch with a p200 tip 

was created and media was renewed to remove the detached cells. Cells were incubated in 

a humidified chamber at 37 °C and 5 per cent CO2 for two days and images were taken on 

each day under an inverted microscopy and closure was measured, quantified and 

comparisons between two cell lines were made. 
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2.8. IMMUNOCYTOCHEMISTRY 

Astroblastoma cells are known to possess certain diagnostic markers including glial 

fibrillary acidic protein (GFAP), vimentin, nestin, neuro D, TH, and beta-III-tubulin. By 

immunocytochemistry these markers were detected on HERK cells. Briefly, cells were 

seeded onto poly-L-Lysine (PLL) coated microscope slides and incubated at a humidified 

chamber with 37 °C, five percent CO2, and 18 per cent O2. Adhered cells were washed with 

PBS three times and fixed with two per cent PFA for half an hour at 4° C. Cells were 

washed with PBS three times for five minutes on each wash. PBS was aspirated and 

permeabilized with 0.1 per cent Triton-X 100 for half an hour at room temperature. Cells 

were washed with PBS three times and blocked with 10 per cent Goat Serum (GS) 

containing PBS for one hour at room temperature. Primary antibodies diluted in three per 

cent Goat Serum containing PBS 4° C for overnight. Cells were washed with PBS three 

times and incubated with secondary antibody solution in the same buffer as used for the 

primary antibody. Phalloidin, which stains actin filaments in the cytoplasm of the cells, 

was added to the secondary antibody solution at a concentration of 1/1000 and cells were 

incubated with this mixture for one hour and 40 minutes at room temperature. After 

completion the cells were washed with PBS three times well before the induction of DAPI 

(five µg/mL) diluted in PBS for nuclear staining for 10 minutes. Cells were washed with 

PBS once and slides were removed from the wells and covered on another microscope 

slide reversely before viewing under confocal microscope. Slides were kept in dark. 

Images were taken at 20 X. 

2.9. CHARACTERIZATION ASSAY BY FLOW CYTOMETRY 

Through flow cytometric analysis stem cells markers were detected on antibody labeled 

HERK Cells. Cells were trypsinized and washed with Phosphate Buffered Saline (PBS) 

twice. Washed cells were fixed with two per cent Paraformaldehyde (PFA) for half an hour 

at 4° C and washed with PBS twice. Cells were permeabilized with 0.1 per cent Triton-X 

100 for half an hour at room temperature. After completion cells were washed with PBS 

twice and incubated with selected antibodies, CD90 (#ab95700, ABCAM, USA), CD73 

(#ab157335, ABCAM, USA), CD34 (#ab18227, ABCAM, USA), CD14 (#ab82434, 
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ABCAM, USA), CD105 (#ab53321, ABCAM, USA), CD31 (#ab27333, ABCAM, USA), 

CD44 (#ab58754, ABCAM, USA), CD29 (#ab27314, ABCAM, USA), CD45 (#ab134202, 

ABCAM, USA), and Integrin beta at a concentration of 10 μL/10^6 cells at 4° C for 

overnight. After labeling with antibodies, cells were washed with PBS and resuspended in 

500 μL PBS to analyze through Flow Cytometry (FACS Calibur, BD, USA). 

2.10. DIFFERENTIATION ASSAYS 

Stem cells have differentiation potential to other lineages of interest when induced with 

various differentiating agents. Cells were plated onto six-well plates (4 X 10^4 cells/well) 

and cultured in osteogenic differentiation medium (ODM) consisting of DMEM (with high 

glucose), 10 per cent FBS, 50 µg/ml Ascorbic acid (#A92902, Sigma-Aldrich, USA), 10 

mM β-glycerophosphate (#G9422, sigma-Aldrich, USA) and 10 nM Dexamethasone 

(#D1756, Sigma-Alrich, USA). The media were changed every other day for total of 21 

days followed by washing in cold Phosphate Buffered Saline (PBS, # 20012068, Thermo-

Fisher, USA), fixing with absolute EtOH and staining 40 mM Alizarin Red S (#33010, 

Sigma-Aldrich, USA), pH 4.1 [123] Calcium deposits were visualized under the light 

microscopy.  

For chondrogenic differentiation, cells (1 X 10^5 cells/drop (50 μL)) were cultured as a 

drop in the middle of the well and incubated in Chondrogenic Differentiation Medium 

(CDM) consisting of DMEM (with high glucose), 100 µg/ml sodium pyruvate (#P2256, 

Sigma-Aldrich, USA), 10 ng/ml TGFβ3 (#SC83 P, Santa Cruz, USA), 100 nM 

dexamethasone, 25 µg/ml 2-phospho ascorbate (#49752 , Sigma-Aldrich, USA)[124]. The 

media were changed every other day for total of 21 days followed by washed, fixed in two 

per cent paraformaldehyde (PAF) (#P6148, Sigma-Aldrich, USA) for 20 min at 4° C, 

washing with PBS several times and staining with Alcian Blue (#A5268, Sigma-Aldrich, 

USA) in 3 per cent acetic acid (pH 2.5) for 30 min and observed at the light microscopy.  

As for neural differentiation cells (3 X 10^4/well) were seeded onto 22x22 mm slides 

coated with one mg/mL Poly-D-Lysine (#27964-99-4, Sigma-Aldrich, USA) and placed in 

wells of six-well plate (#CLS3516, Corning, Sigma-Aldrich, USA).  Cells were incubated 

in Differentiation Medium consisting of 1 μM all-trans-Retinoic Acid (ATRA) (#R2625, 

Sigma-Aldrich, USA) in DMEM (with high glucose and 10 per cent FBS and 1 per cent 



30 

PSA) [125]. Media were changed every other day for 21 days and terminated by washing 

with cold PBS, fixing in two per cent PAF for 20 minutes at 4° C, washing with PBS 

several times and stained with cresyl staining (#C5042, Sigma-Aldrich, USA) for 30 

minutes. Active neurons were visualized under light microscopy.  

2.11. GENE EXPRESSION ANALYSES 

Differentiated HERK cells for all three lineages were collected for RNA isolation. RNAs 

were isolated according to protocol described in High Pure RNA Isolation Kit 

(#11828665001, Roche, USA). Briefly, cell pellet was treated with lysis buffer 

(supplemented in the kit) and lysed through several pipetting or vortexing for two minutes. 

Lysed cells were loaded onto blue spin columns provided in kit and centrifuged with bench 

top centrifuge at 9000 g for 30 seconds. Lysed product was mixed with 70 per cent EtOH, 

mixed well and loaded onto pink columns present in the kit and centrifuged for 30 seconds 

at the previous speed. The span down lysate was discarded and the collection tube was 

reattached to the column. The column was treated with DNAse mixed with DNAse I buffer 

supplemented in the kit and incubated at room temperature for 15 minutes. After the 

incubation step wash buffer 1 was added onto the lysate in the column and centrifuged for 

30 seconds. Additional steps of washing were done for two times and finally elution buffer 

was added onto the column and centrifuged for 1 minute to elute RNA. Purity of RNAs 

were measured and the ratio for pure RNA A260/280 is ~2. Complementary DNAs were 

synthesized according to protocol described in QuantiTect Reverse Transcription Kit 

(#205310, Qiagen, USA) by using total one μg of total RNA in the reaction. Primers used 

in realtime PCR were described in (Table 2.1) and gene expression folds were calculated 

and normalized to house keeping gene, BETA ACTIN. 
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Table 2.11. Sequences of the primers 

 

Primers Sequences 

GFAP Hs00909233_m1 

MGMT Hs01037698_m1 

IDH1 Hs01855675_s1 

IDH2 Hs00158033_m1 

NANOG Hs04399610_g1 

OCT3/4 Hs00999632_g1 

C-MYC Hs00153408_m1 

BETA ACTIN Hs01060665_g1 

NESTIN Hs04187831_g1 

BETA ACTIN 
5’ TTCTACAATGAGCTGCGTGTG 3’ 

5’ GGGGTGTTGAAGGTCTCAAA 3’ 

COL1A1 
5’ CCACGCATGAGCGGACCCTAA 3’ 

5’ ATTGGTGGGATGTCTTCGTCTTGG 3’ 

ALP 
5’ GGGTGGACTACCTCTTAGGTC 3’ 

5’ ATGATGTCCGTGGTCAATCCTG 3’ 

RUNX2 
5’ TAAGAAGAGCCAGGCAGGTGC 3’ 

5’ AGGTACGTGTGGTAGTGAGTG 3’ 

SOX9 
5’ GAACGCACATCAAGACGGAG 3’ 

5’ TCTCGTTGATTTCGCTGCTC 3’ 

 

2.12. ALDEFLUOR ASSAY 

The ALDEFLUOR™ assay (#01705, Stem Cell, USA) is used to isolate human 

stem/progenitor cells based on their aldehyde dehydrogenase (ALDH) activity. It has been 

reported that normal and cancer precursor cells including mesenchymal, hematopoietic, 
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and endothelial express high levels of ALDH, which is brighter and can be counted using 

regular flow cytometer or sorted through fluorescently activated cell sorting technology 

(FACS). Opposed to the conventional methods like immunostaining cells with certain 

antibodies against surface markers, isolation of stem and progenitor cells in a 

heterogeneous cell population is a good alternative in cancer stem cell research. In our 

study we aim to isolate the sub-population of stem/progenitor like cells via aldefluor assay.  

According to the protocol cells were trypsinized and resuspended in one mL Aldefluor 

Assay Buffer supplied in the kit. In a separate tube, five µL of diethylaminobenzaldehyde 

(DEAB, provided in the kit) was pipetted. On top of one mL suspension of cells, five µL 

of Aldefluor Reagent was added and immediately half of the amount in the first tube 

(suspension of cell and aldefluor reagent) was added onto the second tube containing 

DEAB only. The tubes were incubated at 37 °C for half an hour. After the incubation, cells 

were centrifuged at 250 g for five minutes. Supernatant was discarded and pellets were 

resuspended in 500 µL aldefluor assay buffer. Flow cytometer was set with proper dot 

blots and cells were analyzed based on their expression of Aldehyde Fluor.  

2.13. SPHERE FORMATION ASSAY 

A single cell with a self-renewal capacity should reform a clone by consecutive divisions. 

To evaluate the self-renewal capacity of HERK cells sphere formation assay was done. 

Monolayer HERK cells grown in complete medium was switched to non-adherent 

conditions treated with serum-free medium containing two per cent B27, 20 ng/ml of basic 

broblast growth factor (bFGF, # F5392, Sigma-Aldrich, USA), 20 ng/ml of epidermal 

growth factor (EGF, # E9644, Sigma-Aldrich, USA), one per cent Insulin-Transferrin-

Selenium (ITS, # I3146, Sigma-Aldrich, USA)), one per cent L-Glutamine, and one per 

cent PSA. Cells were incubated in 37 °C with five per cent CO2 and 18 per cent O2 

replenishing sphere forming media every other day for the following two weeks until the 

spheres with a diameter between 100 and 200 µM are observed. 
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2.14. CHEMOTHERAPY INDUCTION (VIABILITY ASSAY) 

As a healthy control, human astrocytes, kindly obtained from Dr. Huseyin Cimen, were 

seeded onto 96-well plates for the induction of drugs of interest namely Cisplatin, Velcade, 

Taxotere, Cytarabine and Fludarabine to determine the concentrations that does not have a 

lethal effect (IC50). Treatment will be performed for four days and each day the percentage 

of viability was measured via a calorimetric assay. The absorbance of the formazan 

product at OD 490 nm was measured in a 96-well microtiter plate reader and percentage of 

viability was calculated. Based on the findings of proper doses, HERK cells were seeded 

onto 96-well plates and induced with the same drugs. Viability for each treatment was 

calculated against non-treated HERK cells.  

2.14.1. Early Apoptosis Assays (Annexin V Binding Assay) 

Translocation of membrane phosphatidylserine (PS) proteins from inside of the membrane 

is one of the earlier events of programmed cell death (apoptosis) to the surface of the cell 

membrane. A Ca2+-dependent phospholipid-binding protein namely Annexin V has high 

capacity to bind for PS. Annexin V FITC apoptosis detection kit on the BD Calibur system 

was then used for the detection of PS exposed on the membrane. Based on the previous 

chemotherapeutics analyses the selected drug, Velcade was introduced to the HERK cells 

and early apoptosis marker was analyzed through Annexin V labeling.  Cells were treated 

with Velcade (five nM) for one day and followed with trypsinization and washing with 

PBS. Detached and washed cells then were resuspended in Annexin Binding Buffer (ABB) 

as mentioned in the protocol. Cells were incubated with five μL Annexin V and one μL 

Propidium Iodide (PI) as supplied in the kit for 15 minutes at room temperature followed 

by additional 500 μL ABB. Cells were then analyzed via BD Facs Calibur system and 

results were analyzed.  

2.14.2. Cell Cycle Assay 

The quantitation of DNA content through cell cycle analysis was performed by utilizing 

flow cytometry. The DNA of mammalian as well as other organisms’ cells can be stained 
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via several DNA binding dyes. These dyes can bind proportionally to the amount of DNA 

found in the cell. According to this cells that are in the synthesis phase should have more 

DNA content than on the G1 phase. More cells should take up more dye and fluoresce 

more brightly. Therefore, the cells in G2 phase should bright as twice as cells in G1 phase.  

When cells are treated with a chemical or a drug and die as a result, this might be because 

of termination of cell division leading to brightening less then the untreated control cells 

when a dye like PI given.  

According to the protocol cells were trypsinized and washed with PBS, and fixed with 70 

per cent EtOH for at least two hours at –20 °C. after fixation cells were incubated with a 

mixture comprising 40 μg/mL PI, 10 μg /mL RNase A, and 0.1 per cent Nonidet P40 for 

half an hour at 37 °C. Cells were then analyzed through Flow Cytometry (BD Facs 

Calibur).  

2.15. STATISTICAL ANALYSIS 

The data were statistically analyzed using one-way analysis of variance and student’s t-

test. The values of P 0.05 were considered statistically significant.  
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3. RESULTS 

 

3.1. IMAGE OF THE PRIMARY CELL LINE, HERK 

As seen in (Figure 3.1) HERK cells possess the typical appearance of neuron cells with an 

elongated star and spindle shape.  

 

 

Figure 3.1. The star shaped astrobastoma cells pointed with red arrows showing typical 

appearance of neural cells 

 

3.2. PROLIFERATION RATE DETERMINATION 

Cells that were seeded as 1000 cells/well on a 96-well plate were incubated for three days 

and each day the number of cells were determined by the digestion of tetrazolium salts to 

colored end products namely formazans and the color indication show the increase in 
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viable cells. Based on this assay HERK cells showed doubling time of nearly 60 hours as 

in (Figure 3.2), which shows that the fold change of 2.5 is the fold in increase in numbers 

of cells in 72 hours.  

 

Figure 3.2. Doubling time of HERK cells 

 

3.3. STR ANALYSIS  

According to short tandem repeat analysis assay, the alleles are found designated loci as 

demonstrated in (Table 3.1). Due to the absence of patient’s blood sample the confirmation 

of the STR analysis could not be done.  
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Table 3.1. STR analysis for HERK cells 

 

Locus 

Designation 

Alleles included in AmpFlSTR® 

Identifiler® Allelic Ladder 

D8S1179 10  

D21S11 31.2 32.2 

D7S820 11  

CSF1PO 10  

D3S1358 18  

THO1 9  

D13S317 8  

D16S539 8  

D2S1338 20 26 

D19S433 13  

VWA 18  

TPOX 9 10 

D18S51 10  

AMEL X Y 

D5S818 12  

FGA 24  

 



3.4. ARRAY CGH  

According to CGH array

there are a number of gains in HERK cell line.  Chromosomes number one, two, five

seven, nine, ten, 16, 19, 20, 21 and an extra Y 

without any losses. In general, gains in all chromosomes possess the genes associated with 

neurological diseases including c

sclerosis (rare neurological disease)

spinocerebellar ataxia, and r

duplicated in 1p13.3) 

disease, nephropathy and

duplicated in this cell line. 

axon guidance, invasion, 

duplications in chromosome 5 that 

this tumor type. In chromosome five there is also 

cancers. Diseases like migraine, s

also associated with the duplicated genes in this chromosome. 

Figure 3.3

 

According to CGH array, which shows the submicroscopic alterations in chromosomes, 

there are a number of gains in HERK cell line.  Chromosomes number one, two, five

even, nine, ten, 16, 19, 20, 21 and an extra Y chromosome appear to have 

In general, gains in all chromosomes possess the genes associated with 

neurological diseases including choreoathetosis/spasticity, spastic paraplegia

sclerosis (rare neurological disease), anorexia nervosa, susceptibility

spinocerebellar ataxia, and retardation. Diseases associated with TSPAN2 

duplicated in 1p13.3) include migraine with or without aura. In addition 

and susceptibility basal cell carcinoma related genes were found 

duplicated in this cell line. There is also duplication in PLXNA2 gene, which has a role in 

on guidance, invasion, and cell migration. Other chromosomal alterations include 

duplications in chromosome 5 that increases susceptibility to glioma highly compatible to 

this tumor type. In chromosome five there is also TERT gene that is highly expressed in 

cancers. Diseases like migraine, schizophrenia, glaucoma, and restless legs syndrome are 

also associated with the duplicated genes in this chromosome.  

Figure 3.3. Array CGH, Karyoview of whole chromosomes
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3.5. INVASION ASSAY  

In reference to control group in which no matrigel coated inserts were used, 64.9 per cent 

(Figure 3.5) of HERK cells passed through the matrigel membrane. As a comparison 84.1 

per cent of the U-87 MG cells passed through the membrane indicating that HERK cells 

might be almost as invasive as glioblastoma multiforme cells. This proves that the HERK 

is an aggressive type of brain tumor. 

 

Figure 3.4. Comparison of invasioness between HERK cells and U-87 MG cells (numbers 

indicated in percentage) 
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3.6. MIGRATION ASSAY (WOUND HEALING)  

Migratory ability of HERK cells was analyzed through wound healing assay. HERK cells 

closed the scratched area in 48 hours while U87 MG cells migrated at a faster rate closing 

the gap in 24 hours as shown in (Figure 3.5).  

 

Figure 3.5. Migration ability of HERK cells compared to U-87 MK cells. Top is 0-24 hrs. 

Bottom is 0-48 hrs 
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3.7. ALDEFLUOR ASSAY  

Aldehyde fluor assay was performed to separate stem like cells among other 

subpopulations of HERK. As shown while DEAB treated HERK cells are 0.18 per cent, 

there are 11.71 percent ALDH positive cells (Figure 3.6) in HERK cell line suggesting the 

presence of stem cells.  
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Figure 3.6. Aldehyde fluor negative cells in control group (top, DEAB treated) Aldehyde 

positive cells in tested cells (middle, treated with only Aldehyde Fluor Regent). Percentage 

distribution of aldehyde negative cells (A01) vs. positive cells (A02) (P<0.05) 
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3.8. STEM CELL CHARACTERIZATION BY SURFACE MARKERS  

In order to determine the molecular signature of HERK cells and define subpopulations 

within, cells were labeled with stem cell surface markers and analyzed through flow 

cytometry. Based on the findings HERK cells appear to have mesenchymal stem cell 

characteristics with high percentage of CD90 (92.52 per cent) and CD73 (99.3 per cent). 

HERK cells also express highly of adhesion markers like CD44 (99.36 per cent), and a 

metastatic (diffusion) marker, CD29 (99.23 per cent) another name for beta integrin 1)). 

Other surface markers like CD34 and CD45, which are endothelial markers are found in 

low percentage as 8.58 per cent and 0.92 per cent, respectively.  

 

Figure 3.7. Stem cell characterization by mesenchymal stromal markers (CD90, CD105, 

CD29, CD44 positive, and CD45 negative) 
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3.9. CHARACTERIZATION OF ASTROBLASTOMA BY ICC  

Astroblastoma is known to exhibit the certain diagnostic markers like Nestin, GFAP, Beta 

III Tubulin, Neuro D, TH, and Vimentin. For the confirmation of cells for astroblastoma 

origin, cells were stained with these markers via immunocytochemistry and images were 

taken under confocal microscopy. According to these images (Figures 3.8), cells express 

astroblastic characteristics positively except for the TH, which has a very low intensity of 

fluorescence.   
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Figure 3.8. Immunocytochemistry  images for A: Beta III tubulin, B: GFAP, C: Nestin, D: 

Vimentin, E: Neuro D, F: TH (obj, 20x) 
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3.10. SPHERE FORMING ASSAY  

Stem like cells in a tumor tend to recapitulate the entire tumor under non-adherent sphere 

forming conditions. In our study HERK cells tend to form spheres as seen in (Figure 3.9). 

Each sphere has nearly more than 100 cells.  

 

 

Figure 3.9. HERK cells form sphere under sphere forming conditions (20X obj) 

 

3.11. DIFFERENTIATION ANALYSES  

3.11.1. Osteogenic Differentiation 

Alizarin Red dye can be used to identify calcium in cells. When cells treated with 

osteogenic differentiation media they were stained with Alizarin Red Dye more then the 

untreated control cells. Genetically cells were found to express some of the osteogenic 

markers such as hCol1A1, hALP, and hRunx2 (Figure 3.10) higher when induced with an 

osteogenic differentiation media.  
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Figure 3.10. Osteogenic differentiation treatment. A: Alizarin red staining of HERK cells 

differentiated with osteogenic differentiation medium on top right (ODM), and untreated 

cells as negative control (top left, 10X obj), B: Gene expression analysis of osteogenic 

markers (increased levels of osteogenicity under ODM treatment) 

3.11.2. Chondrogenic Differentiation 

Alcian blue stains specifically acidic polysaccharides like glycosaminoglycans in 

cartilages of cells. One of the detection methods to show the increase in chondrogenicity is 

to dye glycosaminoglycans especially when induced with chondrogenic differentiation 

media. When HERK cells are induced with CDM they showed clearly the increased 

chondrogenicity. Gene expression analysis also indicates the increase in expression of 

selected chondrogenic markers including Sox9, hCol2A, and CD44 (Figure 3.11).  
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Figure 3.11. Chondrogenic differentiation treatment. A: Alcian blue staining of HERK 

cells differentiated with chondrogenic differentiation medium on right (CDM), and 

untreated cells as negative control (10X obj), B: Gene expression analysis of chondrogenic 

markers (increased levels of chondrogenicity under CDM treatment, (P<0.05)) 

3.11.3. Neurogenic Differentiation  

HERK cells seemed to have a neural origin based on the tissue pathology and positivity for 

astroblastoma markers like, GFAP, Vimentin, Beta III tubulin, hence when induced with a 

neural differentiation media, it is not likely to see an increase in neurogenicity of the cells. 

This was shown when cresyl violet staining performed. According to the figure both 
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untreated and NDM treated cells have a similar staining profile. Cresyl violet acetate 

solution is used to dye endoplasmic reticulum in the cytoplasm of active neurons of the 

brain. It is difficult to measure the difference in dye intensity between two pictures (Figure 

3.12). In addition to this, when the expression profiles of neural markers are compared 

there is not a significant change among most of the genes (Taqman Primer Probes were 

used) such as GFAP (Hs00909233_m1), IDH1 (Hs01855675_s1), and IDH2 

(Hs00158033_m1).  On the other hand stem cell markers like Nanog (Hs04399610_g1), 

Oct3/4 (Hs00999632_g1), and C-myc (Hs00153408_m1) decreased significantly after the 

induction of neural differentiation marker, indicating that when cells become more 

differentiated and determined they have lost the stemness properties.  
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Figure 3.12. A:  Gene expression analysis of altered levels of neurogenicity under CDM 

treatment, B: Gene expression analysis of decreased levels of stemness under NDM 

treatment (P<0.05) 

3.12. CHEMOTHERAPY ASSAY  

3.12.1. Dose Determination on Healthy Astrocytes 

Healthy astrocytes were used as a reference to HERK cells in determination of the drug 

concentrations (IC50) in drug assay trials. Drugs that decrease the viability over 70 per cent 

are chosen for drug trials. These drugs are namely Cisplatin (2.5 μM), Velcade (five nM), 
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Taxotere (five nM), Fludarabine (five μM), and Cytarabine (five μM) were not found 

lethal doses to healthy astrocytes as seen in (Figure 3.13) 

 

 

Figure 3.13. Determination of lethal and non-lethal dose on astrocytes when induced with 

Cisplatin (2.5 μM), Determination of lethal and non-lethal dose on astrocytes when 

induced with Velcade (5 nM), Taxotere (5 nM), Fludarabine (5 μM), with Cytarabine (5 

μM) 
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3.12.2. Chemotherapy Trials on HERK cells 

Based on previous findings on healthy astrocytes, the proper concentrations were 

determined to apply on HERK cells. After incubation for four days cells the viability of 

HERK cells went down to 57.25 per cent when treated with cisplatin, 8.38 per cent wit h 

velcade, 39.5 per cent with fludarabine, 62.6 per cent with taxotere, and 73.4 per  cent with 

cyatarabine (Figure 3.14).  

 

Figure 3.14. Determination toxicity on HERK cells when induced with Cisplatin (2.5 μM), 

Velcade (5 nM), Taxotere (5 n M), Fludarabine (5 μM), Cytarabine (5 μM) (P<0.05) 



3.12.3. Early Apoptosis (Annexin V) Assay

One of the early markers of apoptosis was demonstrated via Annexin V assay. According 

to it, HERK cells went through en early apoptosis in after 24 hours of Velcade treatment. 

While 14 per cent untreated cells had early apoptosis, cells treated with Velcade was 38

per cent (Figure 3.15).  

Figure 3.15. HERK cells go through early apoptosis in higher

3.12.4. Cell Cycle Analysis

The cell cycle assay is a powerful tool that indicates the G0/G1 phase versus S phase, and 

G2, in cells steps. Being treated with Velcade leads the decrease in the percentage of 

that are S (DNA Synthesis

be affected by the treatment, however the number of cells that went to G2/M phase 

increased by 20 per cent
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One of the early markers of apoptosis was demonstrated via Annexin V assay. According 

cells went through en early apoptosis in after 24 hours of Velcade treatment. 

untreated cells had early apoptosis, cells treated with Velcade was 38 
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4. DISCUSSION 

Recent data in cancer research have suggested that tumor is a heterogeneous entity 

comprised of which especially a small group of cells having the properties of self-renewal 

and differentiation into other cells and still divide uncontrollably. Differentiation nature of 

these cells would help to understand the phenotypic dissimilarity of the tumors. In early 

1990s a group of scientist proposed the cancer stem cell concept in leukemia and onward 

studies have grown like a snowball.  

Among other solid tumors a subgroup of brain tumor-derived cells have several properties 

with the neural stem cells and named as Brain Tumor Stem Cells (BTSC) [126-128]. Two 

groups of scientists independently reported the existence of BTSC in heterogeneous 

tumors of neuro-epithelial tissue and later approved by others [129,130,72,131]. Cancer 

stem cells were identified based on the expressing the certain surface markers like CD133 

[72] or forming neurospheres [127,131] in vitro conditions although CD133 is not 

considered as a cancer stem cell markers in several tumors as in our case.   

In this study, we describe the generation of a novel human astroblastoma cell line (HERK) 

by using a surgical tissue derived from a patient who was diagnosed with astroblastoma. 

With knowing its characteristics, this cell line may allow us to study the molecular 

pathways of a rare type of a brain tumor, astroblastoma, and use it in biotechnological as 

well as biomedical purposes that use human rather than rodents or other animals. 

Successful establishment of primary human astroblastoma cells for in vitro studies is 

limited due to shortage of sufficient human material and the failure to passage these cells 

in culture environment for a long period of time.  

Up to date there is only a single study suggesting a possible existence of a population of 

stem cells in a pediatric astroblastoma. The tissue specimen from an 11-year old was 

processed and cells were cultured in an established in vitro environment. Then, the cells 

were FACS sorted by surface markers, CD133, CD24, CD34, and CD45. CD133 positive 

cells versus negative others were chosen as the stem cell subgroup. As further studies they 

formed spheres in stem cells media and the cells proliferated but not for a persistent time 

of period and therefore, could not be used for further study. This still bears a problem since 

these cells do not exist anymore. The absence of these types of cells still stands as a big 
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gap in cancer stem like cells in astroblastoma. The role of cancer stem like cells in the 

initiation, progression, and chemoresistance of astroblastoma is yet unknown. Therefore 

more extensive studies are needed to be done to take this area into a higher level of 

research hence a better in vitro modeling is required.  

Here we present a case diagnosed with astroblastoma with aggressive pathology. The 

patient had died for an unknown reason five years after being diagnosed. The patient may 

have gone through recurrence of the same tumor or a metastasis of the tumor into a new 

organ/tissue. The patient did not check in the same hospital as was diagnosed before that’s 

why no further information has been gathered after the first surgery. The cell line was 

derived from his/her surgical material in regular tissue culturing methods and passaged 

over 40 times successfully with a same phenotypic appearance.   

We characterized these cells as astroblastic via detection of diagnostic markers including 

Beta III Tubulin and GFAP, which was also confirmed with pathology results. First the 

doubling time of these cells were determined as approximately 60 hours which make this 

tumor is not very aggressive as other types including lung adenocarcinoma cell line, A549 

owing nearly 22 hours of doubling time [132]. Yet, we cannot conclude this tumor as a 

benign one by doubling time since 60 hours is not very long time when compared to other 

slow growing but metastatic tumors [133]. The migration and invasion ability of HERK 

cells were compared to a glioblastoma cell line, U-87 MG, which is conferred for its high 

migratory and invasion capabilities through downregulation of NF-κB signaling pathway 

causing loss of endogenous interleukin 8 (IL-8) [134]. Accordingly, HERK cells are 

almost as invasive as U-87 MG cells suggesting the higher metastatic capacity for HERK 

cells.  

Cytogenetic analysis of HERK using array CGH includes partial gains at chromosomes 1, 

5, 7, 9, 10, 16, 19, 20, 21, and X. These minor chromosomal alterations are caused by 

duplications throughout the genome. Genes that may play roles in the formation of several 

diseases from choreoathetosis/spasticity, spastic paraplegia and lateral sclerosis (rare 

neurological disease) to retardation are found duplicated in HERK cells. Diseases 

associated with TSPAN2 (found duplicated in 1p13.3) include migraine with or without 

aura. In addition Alzheimer disease, nephropathy and susceptibility basal cell carcinoma 

related genes were duplicated in this cell line. PLXNA2 gene has a role in axon guidance, 

invasion, and cell migration, therefore might be involved in astroblastoma formation or 
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progression. Other chromosomal alterations include duplications in chromosome 5 that 

increases susceptibility to glioma highly compatible to this tumor type. In chromosome 

five there is also duplication in TERT gene which is highly expressed in almost all cancers. 

Diseases like migraine, schizophrenia, glaucoma, and restless legs syndrome are also 

associated with the duplicated genes in this chromosome. There are four cases that have 

reported that astoblastomas have diploidy in karyotypes [135-138]. In addition to 

chromosomal gains and losses translocations are frequently found. Chromosome analysis 

by using spectral karyotyping (SKY) of an astroblastoma case done by [139] Jay, et al., 

discovered the loss of chromosomes 10, 21, and 22 unlike in our case indicating the variety 

in chromosomal mosaic in astroblastomas overall. Similar to our case, Brat et al., 

performed an array CGH [140] on seven astroblastoma cases, detecting genomic 

alterations that include gains of chromosome 20q (in well-differentiated and malignant 

astroblastomas) and 19. Overall previous findings support the karyotypic profile of 

astroblastomas with the one described in our case. In normal cells some of the signaling 

pathways like hedgehog, Wnt, TGF β, and notch [141-143] play a role in self renewal and 

when dysregulated these genes may contribute to cancer stem like cell phenotype. 

According to the CGH array these genes are found duplicated and therefore may cause the 

impairment of the regulation of self-renewal in astroblastoma. Cytogenetic analyses 

provide new target genes that may be associated with the initiation and progression of the 

disease and therefore will help us to understand the mechanisms behind astroblastoma.  

Aldehyde dehydrogenase (ALDH) is an enzyme associated with the production of 

intracellular retinoic acid, which is involved in cellular differentiation during development 

[144,145]. The activity of ALDH is measured for identifying stem-like cells in tumor. In 

our case HERK cells possess ALDH positive cells indicating potential to have stem like 

cells. Further, it has been broadly used to isolate stem-like cells, either alone or in 

combination with other surface markers including CD44 and D133 in tumors [146-148]. 

HERK cells do not express CD133 (data not shown) whereas CD44 is expressed very 

highly. Therefore cells isolated the latter may help to understand the stem cell 

characteristics of HERK cells extensively. 

Mechanisms that control cellular processes such as degradation of proteins involved in 

cellular division, growth and, death is the key regulator of cellular homeostasis [149-151]. 

Proteins like cyclins and cyclin dependent kinase inhibitors regulate the cell cycle [149]. 



58 

When there is a problem in degradation of proteins then the regulatory proteins are 

accumulated in the cells leading an imbalance in cellular homeostasis affecting certain 

proteins involved in progression from the G1 to the S phase of the cell cycle [152,153]. 

Degradation of cellular proteins in eukaryotic cells is driven by the ubiquitin proteasome 

pathway (UPP), which comprises of a ubiquitin-conjugating system and the proteasomes 

[153-155]. UPP controls a number of proteins including cell-cycle regulatory proteins, 

oncogenes, tumor suppressors, proteins responsible form chromosome segregation and 

transcriptional activators as well as inhibitors [155-158]. Not only controlling these 

proteins but also removal of certain mutated, misfolded and degraded proteins is the 

ultimate function of UPP [149,156,158]. Inactivation of UPP leads to many diseases 

including numerous malignancies [149,155,156]. Proteasomal inhibitions may prevent 

cellular growth and division that leads to cells death. Since more than 80 per cent of 

cellular proteins are degraded by proteasomes its blockage would be unsuited in eukaryotic 

cells [153]. Opposing to this, clinical studies indicate that the growth of tumor cells can be 

arrested and apoptosis would occur when there is proteasomal degradation. Inhibition of 

proteasomes also increases the effect of chemotherapy by increase in sensitivity of tumor 

cells [159-161]. Hence, proteasomal inhibitors have become a valuable tool in developing 

new therapies against cancer cells. A proteasome inhibitory agent called Bortezomib (PS-

341, Velcade), is the first proteasome inhibitor used in humans, and received US Food and 

Drug Administration (FDA) approval for multiple myeloma treatment [162-164]. In our 

case HERK cells treated with Velcade at a concentration of 5 nM went to early apoptosis 

by 2.7 fold as compared to untreated control. This indicates that velcade increases 

apoptosis in HERK cells. Velcade is well known for its induction of G2/M arrest in human 

colon cancers [165]. Increased number of HERK cells treated with velcade was found 

arrested in G2/M phase of the cell cycle suggesting the increase in apoptosis of damaged 

cells. This may suggest the selectivity of velcade in tumor subpopulations such as cancer 

stem like cells in this particular astroblastoma cell line.  
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5. CONCLUSION 

In this study, we aimed to establish a novel astroblastoma cell line which may have stem 

cell characteristics. Stem cells in cancer have being long and extensively studied and yet 

more study is required to clarify the molecular pathways involved in initiation and/or 

progression stages of cancer.  

Astroblastoma is a rare type of brain tumor that has a glial origin. Du to its scarcity in vitro 

models have not been established yet. We have a created a new cell line of astroblastoma 

origin, which possesses a subgroup of cells that may consists of stem like cells 

characteristics. The stem like cells in this novel cell line may be causing the metastatic and 

chemoresistance feature of the tumor. By targeting these cells, we may have less metastatic 

and more chemosensitive cells that may develop a basis to the generation of new therapies 

against astroblastoma. The cell line generated in our study may be used as a tool to 

proceed in this area of research but more studies are needed to be done for further 

confirmation of stem cell characteristics.  



60 

REFERENCES 

 

1. M. P. Little. Cancer Models, Genomic Instability and Somatic Cellular Darwinian 

Evolution. Biology Direct, 5, 2010. 

2. D. Hanahan and R. A. Weinberg. The Hallmarks of Cancer. Cell, 100:57-70, 2000. 

3. S. P. Ethier. Growth Factor Synthesis and Human Breast Cancer Progression. Journal of 

National Cancer Institute, 87:964-973, 1995. 

4. D. Hanahan and R. A. Weinberg. Hallmarks of Cancer: The Next Generation. Cell, 

144:646-674, 2011. 

5. L. A. Donehower, M. Harvey, B. L. Slagle, M. J. McArthur, C. A. Montgomery, Jr., J. 

S. Butel and A. Bradley. Mice Deficient for P53 Are Developmentally Normal but 

Susceptible to Spontaneous Tumours. Nature, 356:215-221, 1992. 

6. T. M. Fynan and M. Reiss. Resistance to Inhibition of Cell Growth by Transforming 

Growth Factor-beta and Its Role in Oncogenesis. Critical Reviews in Oncology, 4:493-540, 

1993. 

7. L. Zuo, J. Weger, Q. Yang, A. M. Goldstein, M. A. Tucker, G. J. Walker, N. Hayward 

and N. C. Dracopoli. Germline Mutations in The p16INK4a Binding Domain of CDK4 in 

Familial Melanoma. Nature Genetics, 12:97-99, 1996. 

8. A. Ashkenazi and V. M. Dixit. Apoptosis Control by Death and Decoy Receptors. 

Current Opinion Cell Biology, 11:255-260, 1999. 

9. N. A. Thornberry and Y. Lazebnik. Caspases: Enemies Within. Science, 281:1312-1316, 

1998. 

10. R. M. Pitti, S. A. Marsters, D. A. Lawrence, M. Roy, F. C. Kischkel, P. Dowd, A. 

Huang, C. J. Donahue, S. W. Sherwood, D. T. Baldwin, P. J. Godowski, W. I. Wood, A. L. 

Gurney, K. J. Hillan, R. L. Cohen, A. D. Goddard, D. Botstein and A. Ashkenazi. Genomic 

Amplification of A Decoy Receptor for Fas Ligand in Lung and Colon Cancer. Nature, 

396:699-703, 1998. 



61 

11. L. Hayflick. Mortality and Immortality at The Cellular Level. A Review. Biochemistry 

(Moscow), 62:1180-1190, 1997. 

12. N. Bouck, V. Stellmach and S. C. Hsu. How Tumors Become Angiogenic. Advanced 

Cancer Research, 69:135-174, 1996. 

13. D. Hanahan and J. Folkman. Patterns and Emerging Mechanisms of The Angiogenic 

Switch During Tumorigenesis. Cell, 86:353-364, 1996. 

14. J. Folkman. Angiogenesis and Angiogenesis Inhibition: An Overview. Experienta 

Supratum, 79:1-8, 1997. 

15. M. B. Sporn. The War on Cancer. Lancet, 347:1377-1381, 1996. 

16. A. E. Aplin, A. Howe, S. K. Alahari and R. L. Juliano. Signal Transduction and Signal 

Modulation by Cell Adhesion Receptors: The Role of Integrins, Cadherins, 

Immunoglobulin-cell Adhesion Molecules, and Selectins. Pharmacology Reviews, 50:197-

263, 1998. 

17. J. P. Johnson. Cell Adhesion Molecules of The Immunoglobulin Supergene Family and 

Their Role in Malignant Transformation and Progression to Metastatic Disease. Cancer 

Metastasis Reviews, 10:11-22, 1991. 

18. U. Kaiser, B. Auerbach and M. Oldenburg. The Neural Cell Adhesion Molecule 

NCAM in Multiple Myeloma. Leukemia Lymphoma, 20:389-395, 1996. 

19. P. Fogar, D. Basso, C. Pasquali, M. De Paoli, C. Sperti, G. Roveroni, S. Pedrazzoli and 

M. Plebani. Neural Cell Adhesion Molecule (N-CAM) in Gastrointestinal Neoplasias. 

Anticancer Research, 17:1227-1230, 1997. 

20. A. K. Perl, U. Dahl, P. Wilgenbus, H. Cremer, H. Semb and G. Christofori. Reduced 

Expression of Neural Cell Adhesion Molecule Induces Metastatic Dissemination of 

Pancreatic Beta Tumor Cells. Nature Medicine, 5:286-291, 1999. 

21. L. M. Coussens and Z. Werb. Matrix Metalloproteinases and The Development of 

Cancer. Chemistry Biology, 3:895-904, 1996. 



62 

22. A. F. Chambers and L. M. Matrisian. Changing Views of The Role of Matrix 

Metalloproteinases in Metastasis. Journal of National Cancer Institute, 89:1260-1270, 

1997. 

23. Z. Werb, J. Ashkenas, A. MacAuley and J. F. Wiesen. Extracellular Matrix 

Remodeling as A Regulator of Stromal-epithelial Interactions During Mammary Gland 

Development, Involution and Carcinogenesis. Brazilian Journal of Medical Biological 

Research, 29:1087-1097, 1996. 

24. W. G. Stetler-Stevenson. Matrix Metalloproteinases in Angiogenesis: A Moving Target 

for Therapeutic Intervention. Journal of Clinical Investigation, 103:1237-1241, 1999. 

25. J. Korkola and J. W. Gray. Breast Cancer Genomes--Form and Function. Current 

Opinion Genetical Development, 20:4-14, 2010. 

26. F. Pages, J. Galon, M. C. Dieu-Nosjean, E. Tartour, C. Sautes-Fridman and W. H. 

Fridman. Immune Infiltration in Human Tumors: A Prognostic Factor That Should Not Be 

Ignored. Oncogene, 29:1093-1102, 2010. 

27. H. F. Dvorak. Tumors: Wounds That Do Not Heal. Similarities Between Tumor 

Stroma Generation and Wound Healing. The New England Journal of Medicine, 315:1650-

1659, 1986. 

28. S. I. Grivennikov, F. R. Greten and M. Karin. Immunity, Inflammation, and Cancer. 

Cell, 140:883-899, 2010. 

29. B. Z. Qian and J. W. Pollard. Macrophage Diversity Enhances Tumor Progression and 

Metastasis. Cell, 141:39-51, 2010. 

30. W. H. Koppenol, P. L. Bounds and C. V. Dang. Otto Warburg's Contributions to 

Current Concepts of Cancer Metabolism. Nature Reviews Cancer, 11:325-337, 2011. 

31. O. Warburg. On The Origin of Cancer Cells. Science, 123:309-314, 1956. 

32. O. Warburg. Origin of Cancer Cells. Oncologia, 9:75-83, 1956. 

33. R. J. DeBerardinis, J. J. Lum, G. Hatzivassiliou and C. B. Thompson. The Biology of 

Cancer: Metabolic Reprogramming Fuels Cell Growth and Proliferation. Cell Metabolism, 

7:11-20, 2008. 



63 

34. R. G. Jones and C. B. Thompson. Tumor Suppressors and Cell Metabolism: A Recipe 

for Cancer Growth. Genes Development, 23:537-548, 2009. 

35. M. W. Teng, J. B. Swann, C. M. Koebel, R. D. Schreiber and M. J. Smyth. Immune-

mediated Dormancy: An Equilibrium with Cancer. Journal of Leukocyte Biology, 84:988-

993, 2008. 

36. J. Y. Yun, C. Rago, I. Cheong, R. Pagliarini, P. Angenendt, H. Rajagopalan, K. 

Schmidt, J. K. V. Willson, S. Markowitz, S. B. Zhou, L. A. Diaz, V. E. Velculescu, C. 

Lengauer, K. W. Kinzler, B. Vogelstein and N. Papadopoulos. Glucose Deprivation 

Contributes to the Development of KRAS Pathway Mutations in Tumor Cells. Science, 

325:1555-1559, 2009. 

37. A. Le, A. N. Lane, M. Hamaker, S. Bose, A. Gouw, J. Barbi, T. Tsukamoto, C. J. 

Rojas, B. S. Slusher, H. X. Zhang, L. J. Zimmerman, D. C. Liebler, R. J. C. Slebos, P. K. 

Lorkiewicz, R. M. Higashi, T. W. M. Fan and C. V. Dang. Glucose-Independent 

Glutamine Metabolism via TCA Cycling for Proliferation and Survival in B Cells. Cell 

Metabolism, 15:110-121, 2012. 

38. T. L. Cheng, J. Sudderth, C. D. Yang, A. R. Mullen, E. S. Jin, J. M. Mates and R. J. 

DeBerardinis. Pyruvate Carboxylase Is Required for Glutamine-Independent Growth of 

Tumor Cells. Proceedings of the National Academy of Sciences of the United States of 

America, 108:8674-8679, 2011. 

39. C. D. Yang, J. Sudderth, T. Y. Dang, R. G. Bachoo, J. G. McDonald and R. J. 

DeBerardinis. Glioblastoma Cells Require Glutamate Dehydrogenase to Survive 

Impairments of Glucose Metabolism or Akt Signaling. Cancer Research, 69:7986-7993, 

2009. 

40. K. Birsoy, R. Possemato, F. K. Lorbeer, E. C. Bayraktar, P. Thiru, B. Yucel, T. Wang, 

W. W. Chen, C. B. Clish and D. M. Sabatini. Metabolic Determinants of Cancer Cell 

Sensitivity to Glucose Limitation and Biguanides. Nature, 508:108-112, 2014. 

41. H. Davies, G. R. Bignell, C. Cox, P. Stephens, S. Edkins, S. Clegg, J. Teague, H. 

Woffendin, M. J. Garnett, W. Bottomley, N. Davis, N. Dicks, R. Ewing, Y. Floyd, K. 

Gray, S. Hall, R. Hawes, J. Hughes, V. Kosmidou, A. Menzies, C. Mould, A. Parker, C. 

Stevens, S. Watt, S. Hooper, R. Wilson, H. Jayatilake, B. A. Gusterson, C. Cooper, J. 



64 

Shipley, D. Hargrave, K. Pritchard-Jones, N. Maitland, G. Chenevix-Trench, G. J. Riggins, 

D. D. Bigner, G. Palmieri, A. Cossu, A. Flanagan, A. Nicholson, J. W. C. Ho, S. Y. Leung, 

S. T. Yuen, B. L. Weber, H. F. Siegler, T. L. Darrow, H. Paterson, R. Marais, C. J. 

Marshall, R. Wooster, M. R. Stratton and P. A. Futreal. Mutations of The BRAF Gene in 

Human Cancer. Nature, 417:949-954, 2002. 

42. A. G. Knudson. Cancer Genetics. American Journal of Medical Genetics, 111:96-102, 

2002. 

43. E. C. Friedberg. DNA Damage and Repair. Nature, 421:436-440, 2003. 

44. G. Weber. Ordered Biochemical Program of Gene Expression in Cancer Cells. 

Biochemistry-Moscow, 66:1164-1173, 2001. 

45. J. E. Trosko and K. S. Kang. Evolution of Energy Metabolism, Stem Cells and Cancer 

Stem Cells: How The Warburg and Barker Hypotheses Might Be Linked. International 

Journal of Stem Cells, 5:39-56, 2012. 

46. X. L. Zu and M. Guppy. Cancer Metabolism: Facts, Fantasy, and Fiction. Biochemical 

and Biophysical Research Communications, 313:459-465, 2004. 

47. K. Smolkova, L. Plecita-Hlavata, N. Bellance, G. Benard, R. Rossignol and P. Jezek. 

Waves of Gene Regulation Suppress and Then Restore Oxidative Phosphorylation in 

Cancer Cells. International Journal of Biochemistry and Cell Biology, 43:950-968, 2011. 

48. Y. T. Zhang, L. H. Feng, X. D. Zhong, L. Z. Wang and J. Chang. Kawasaki Disease 

Associated with Neuroblastoma: Evidence for A New Paraneoplastic Syndrome? Indian 

Journal of Pediatrics, 81:403, 2014. 

49. Z. Chen, K. Moran, J. Richards-Yutz, E. Toorens, D. Gerhart, T. Ganguly, C. L. 

Shields and A. Ganguly. Enhanced Sensitivity for Detection of Low-level Germline 

Mosaic RB1 Mutations in Sporadic Retinoblastoma Cases Using Deep Semiconductor 

Sequencing. Human Mutation, 35:384-391, 2014. 

50. N. M. Bertagnolli, J. A. Drake, J. M. Tennessen and O. Alter. SVD Identifies 

Transcript Length Distribution Functions from DNA Microarray Data and Reveals 

Evolutionary Forces Globally Affecting GBM Metabolism. Plos One, 8:78-81, 2013. 



65 

51. R. Shao, R. Francescone, N. Ngernyuang, B. Bentley, S. L. Taylor, L. Moral and W. 

Yan. Anti-YKL-40 Antibody and Ionizing Irradiation Synergistically Inhibit Tumor 

Vascularization and Malignancy in Glioblastoma. Carcinogenesis, 35:373-382, 2014. 

52. J. C. Wang and J. E. Dick. Cancer Stem Cells: Lessons from Leukemia. Trends in Cell 

Biology, 15:494-501, 2005. 

53. S. Sell. Stem Cell Origin of Cancer and Differentiation Therapy. Critical Reviews in 

Oncology Hematology, 51:1-28, 2004. 

54. J. E. Till and C. E. Mc. A Direct Measurement of The Radiation Sensitivity of Normal 

Mouse Bone Marrow Cells. Radiation Research, 14:213-222, 1961. 

55. G. B. Pierce. Teratocarcinoma: Model for A Developmental Concept of Cancer. 

Current Topics in Developmental Biology, 2:223-246, 1967. 

56. T. Reya, S. J. Morrison, M. F. Clarke and I. L. Weissman. Stem Cells, Cancer, and 

Cancer Stem Cells. Nature, 414:105-111, 2001. 

57. T. Kuroiwa, Y. Kajimoto, M. Furuse and S. Miyatake. A Surgical Loupe System for 

Observing Protoporphyrin IX Fluorescence in High-grade Gliomas After Administering 5-

aminolevulinic acid. Photodiagnosis and Photodynamic Therapy, 10:379-381, 2013. 

58. K. Stafa, E. Tsika, R. Moser, A. Musso, L. Glauser, A. Jones, S. Biskup, Y. Xiong, R. 

Bandopadhyay, V. L. Dawson, T. M. Dawson and D. J. Moore. Functional Interaction of 

Parkinson's Disease-associated LRRK2 with Members of The Dynamin GTPase 

Superfamily. Human Molecular Genetics, 23:2055-2077, 2014. 

59. G. Simonetti, E. Trevisan, A. Silvani, P. Gaviani, A. Botturi, E. Lamperti, D. Beecher, 

L. Bertero, C. Bosa and A. Salmaggi. Safety of Bevacizumab in Patients with Malignant 

Gliomas: A Systematic Review. Neurological Sciences : Official Journal of The Italian 

Neurological Society and of The Italian Society of Clinical Neurophysiology, 35:83-89, 

2014. 

60. S. M. Robert and H. Sontheimer. Glutamate Transporters in The Biology of Malignant 

Gliomas. Cellular and Molecular Life Sciences : CMLS, 71:1839-1854, 2014. 



66 

61. W. Bian, C. P. Hess, S. M. Chang, S. J. Nelson and J. M. Lupo. Susceptibility-

weighted MR Imaging of Radiation Therapy-induced Cerebral Microbleeds in Patients 

With Glioma: A Comparison Between 3T and 7T. Neuroradiology, 56:91-96, 2014. 

62. B. Jones. Targeted Therapies: Early Vessel Normalization Improves Glioblastoma 

Outcomes. Nature Reviews. Clinical Oncology, 11:4, 2014. 

63. J. E. Heck, A. S. Park, J. Qiu, M. Cockburn and B. Ritz. Retinoblastoma and Ambient 

Exposure to Air Toxics in The Perinatal Period. Journal of Exposure Science and 

Environmental Epidemiology, 25:182-186, 2015. 

64. B. Y. Shao, Z. Xia, Q. Xie, X. X. Ge, W. W. Zhang, J. Sun, P. Jiang, H. Wang, W. D. 

Le, Z. B. Qiu, Y. Lu and H. Z. Chen. Meserine, A Novel Carbamate AChE Inhibitor, 

Ameliorates Scopolamine-induced Dementia and Alleviates Amyloidogenesis of APP/PS1 

Transgenic Mice. CNS Neuroscience and Therapeutics, 20:165-171, 2014. 

65. Y. Hu, N. Ru, H. Xiao, A. Chaturbedi, N. T. Hoa, X. J. Tian, H. Zhang, C. Ke, F. Yan, 

J. Nelson, Z. Li, R. Gramer, L. Yu, E. Siegel, X. Zhang, Z. Jia, M. R. Jadus, C. L. Limoli, 

M. E. Linskey, J. Xing and Y. H. Zhou. Tumor-specific Chromosome Mis-segregation 

Controls Cancer Plasticity by Maintaining Tumor Heterogeneity. Plos One, 8:138-140, 

2013. 

66. Y. Yan, L. Zhang, T. Xu, J. Zhou, R. Qin, C. Chen, Y. Zou, D. Fu, G. Hu, J. Chen and 

Y. Lu. SAMSN1 Is Highly Expressed and Associated with A Poor Survival in 

Glioblastoma Multiforme. Plos One, 8:8-11, 2013. 

67. J. Li, H. Tang, Y. Zhang, C. Tang, B. Li, Y. Wang, Z. Gao, P. Luo, A. Yin, X. Wang, 

G. Cheng and Z. Fei. Saponin 1 Induces Apoptosis and Suppresses NF-kappaB-mediated 

Survival Signaling in Glioblastoma Multiforme (GBM). Plos One, 9:10-13, 2013. 

68. P. M. Long, S. W. Tighe, H. E. Driscoll, J. R. Moffett, A. M. Namboodiri, M. S. 

Viapiano, S. E. Lawler and D. M. Jaworski. Acetate Supplementation Induces Growth 

Arrest of NG2/PDGFRalpha-positive Oligodendroglioma-derived Tumor-initiating Cells. 

Plos One, 8:120-123, 2013. 



67 

69. S. Wang, B. Jiao, S. Geng, S. Ma, Z. Liang and S. Lu. Combined Aberrant Expression 

of MicroRNA-214 and UBC9 Is An Independent Unfavorable Prognostic Factor for 

Patients with Gliomas. Medical Oncology, 31:767, 2014. 

70. J. Vom Berg, M. Vrohlings, S. Haller, A. Haimovici, P. Kulig, A. Sledzinska, M. 

Weller and B. Becher. Intratumoral IL-12 Combined with CTLA-4 Blockade Elicits T cell-

mediated Glioma Rejection. The Journal of Experimental Medicine, 210:2803-2811, 2013. 

71. M. Al-Hajj, M. S. Wicha, A. Benito-Hernandez, S. J. Morrison and M. F. Clarke. 

Prospective Identification of Tumorigenic Breast Cancer Cells. Proceedings of the 

National Academy of Sciences of the United States of America, 100:3983-3988, 2003. 

72. S. K. Singh, C. Hawkins, I. D. Clarke, J. A. Squire, J. Bayani, T. Hide, R. M. 

Henkelman, M. D. Cusimano and P. B. Dirks. Identification of Human Brain Tumour 

Initiating Cells. Nature, 432:396-401, 2004. 

73. S. Bao, Q. Wu, R. E. McLendon, Y. Hao, Q. Shi, A. B. Hjelmeland, M. W. Dewhirst, 

D. D. Bigner and J. N. Rich. Glioma Stem Cells Promote Radioresistance by Preferential 

Activation of The DNA Damage response. Nature, 444:756-760, 2006. 

74. S. Bao, Q. Wu, S. Sathornsumetee, Y. Hao, Z. Li, A. B. Hjelmeland, Q. Shi, R. E. 

McLendon, D. D. Bigner and J. N. Rich. Stem Cell-like Glioma Cells Promote Tumor 

Angiogenesis Through Vascular Endothelial Growth Factor. Cancer Research, 66:7843-

7848, 2006. 

75. C. Calabrese, H. Poppleton, M. Kocak, T. L. Hogg, C. Fuller, B. Hamner, E. Y. Oh, M. 

W. Gaber, D. Finklestein, M. Allen, A. Frank, I. T. Bayazitov, S. S. Zakharenko, A. 

Gajjar, A. Davidoff and R. J. Gilbertson. A Perivascular Niche for Brain Tumor Stem 

Cells. Cancer Cell, 11:69-82, 2007. 

76. R. J. Gilbertson and J. N. Rich. Making A Tumour's Bed: Glioblastoma Stem Cells and 

The Vascular Niche. Nature Reviews. Cancer, 7:733-736, 2007. 

77. S. Alcantara Llaguno, J. Chen, C. H. Kwon, E. L. Jackson, Y. Li, D. K. Burns, A. 

Alvarez-Buylla and L. F. Parada. Malignant Astrocytomas Originate from Neural 

Stem/progenitor Cells in A Somatic Tumor Suppressor Mouse Model. Cancer Cell, 15:45-

56, 2009. 



68 

78. T. A. Read, M. P. Fogarty, S. L. Markant, R. E. McLendon, Z. Wei, D. W. Ellison, P. 

G. Febbo and R. J. Wechsler-Reya. Identification of CD15 as A Marker for Tumor-

Propagating Cells in A Mouse Model of Medulloblastoma. Cancer Cell, 15:135-147, 2009. 

79. R. J. Ward, L. Lee, K. Graham, T. Satkunendran, K. Yoshikawa, E. Ling, L. Harper, R. 

Austin, E. Nieuwenhuis, I. D. Clarke, C. C. Hui and P. B. Dirks. Multipotent CD15+ 

Cancer Stem Cells in Patched-1-Deficient Mouse Medulloblastoma. Cancer Research, 

69:4682-4690, 2009. 

80. P. Diamandis, A. G. Sacher, M. Tyers and P. B. Dirks. New Drugs for Brain Tumors? 

Insights from Chemical Probing of Neural Stem Cells. Medical Hypotheses, 72:683-687, 

2009. 

81. S. M. Pollard, K. Yoshikawa, I. D. Clarke, D. Danovi, S. Stricker, R. Russell, J. 

Bayani, R. Head, M. Lee, M. Bernstein, J. A. Squire, A. Smith and P. Dirks. Glioma Stem 

Cell Lines Expanded in Adherent Culture Have Tumor-Specific Phenotypes and Are 

Suitable for Chemical and Genetic Screens. Cell Stem Cell, 4:568-580, 2009. 

82. Q. Yue, X. Zhang, H. X. Ye, Y. Wang, Z. G. Du, Y. Yao and Y. Mao. The prognostic 

Value of Foxp3+ Tumor-infiltrating Lymphocytes in Patients with Glioblastoma. Journal 

of Neuro-oncology, 116:251-259, 2014. 

83. M. Martin-Rufian, R. Nascimento-Gomes, A. Higuero, A. R. Crisma, J. A. Campos-

Sandoval, M. C. Gomez-Garcia, C. Cardona, T. Cheng, C. Lobo, J. A. Segura, F. J. 

Alonso, M. Szeliga, J. Albrecht, R. Curi, J. Marquez, A. Colquhoun, R. J. Deberardinis 

and J. M. Mates. Both GLS Silencing and GLS2 Overexpression Synergize with Oxidative 

Stress Against Proliferation of Glioma Cells. Journal of Molecular Medicine, 92:277-290, 

2014. 

84. W. Wick and T. O'Neill. Molecular Neuro-oncology: A Forward-looking Perspective. 

CNS Oncology, 2:491-493, 2013. 

85. S. S. Lo, A. Sahgal, B. J. Slotman, D. B. Mansur, A. Khouri, A. E. Sloan, M. Machtay 

and E. L. Chang. What Is The Most Appropriate Clinical Target Volume for 

Glioblastoma? CNS oncology, 2:419-425, 2013. 



69 

86. T. Kaley, C. Nolan, A. Carver and A. Omuro. Bevacizumab for Acute Neurologic 

Deterioration in Patients with Glioblastoma. CNS Oncology, 2:413-418, 2013. 

87. C. Marosi. First-line Bevacizumab for Glioblastoma: What Do Recent Trail Results 

Mean for Future Treatment? CNS Oncology, 2:473-474, 2013. 

88. M. W. Graner. The Unfolded Protein Response in Glioblastomas: Passing The Stress 

Test. CNS Oncology, 2:469-472, 2013. 

89. H. Shim, C. A. Holder and J. J. Olson. Magnetic Resonance Spectroscopic Imaging in 

The Era of Pseudoprogression and Pseudoresponse in Glioblastoma Patient Management. 

CNS Oncology, 2:393-396, 2013. 

90. M. Kosker, D. Sener, O. Kilic, Z. I. Hasiloglu, C. Islak, A. Kafadar, S. Batur, B. Oz, H. 

Cokugras, N. Akcakaya and Y. Camcioglu. Primary Diffuse Leptomeningeal Gliomatosis 

Mimicking Tuberculous Meningitis. Journal of Child Neurology, 29:NP171-175, 2014. 

91. N. P. Brodin, I. R. Vogelius, T. Bjork-Eriksson, P. Munck Af Rosenschold, M. V. 

Maraldo, M. C. Aznar, L. Specht and S. M. Bentzen. Optimizing The Radiation Therapy 

Dose Prescription for Pediatric Medulloblastoma: Minimizing The Life Years Lost 

Attributable to Failure to Control The Disease and Late Complication Risk. Acta 

Oncologica, 53:462-470, 2014. 

92. L. Zhang, R. P. Liang, S. J. Xiao, J. M. Bai, L. L. Zheng, L. Zhan, X. J. Zhao, J. D. Qiu 

and C. Z. Huang. DNA-templated Ag Nanoclusters As Fluorescent Probes for Sensing and 

Intracellular Imaging of Hydroxyl Radicals. Talanta, 118:339-347, 2014. 

93. M. J. Fisher, R. A. Avery, J. C. Allen, S. L. Ardern-Holmes, L. T. Bilaniuk, R. E. 

Ferner, D. H. Gutmann, R. Listernick, S. Martin, N. J. Ullrich and G. T. Liu. Functional 

Outcome Measures for NF1-associated Optic Pathway Glioma Clinical Trials. Neurology, 

81:S15-24, 2013. 

94. H. Ding, Y. J. Cheng, H. Yan, R. Zhang, J. B. Zhao, C. F. Qian, W. B. Zhang, H. Xiao 

and H. Y. Liu. Phosphoglycerate Kinase 1 Promotes Radioresistance in U251 Human 

Glioma Cells. Oncology Reports, 31:894-900, 2014. 

95. C. Aureli, T. Cassano, A. Masci, A. Francioso, S. Martire, A. Cocciolo, S. Chichiarelli, 

A. Romano, S. Gaetani, P. Mancini, M. Fontana, M. d'Erme and L. Mosca. 5-S-



70 

cysteinyldopamine Neurotoxicity: Influence on The Expression of Alpha-synuclein and 

ERp57 In Cellular and Animal Models of Parkinson's Disease. Journal of Neuroscience 

Research, 92:347-358, 2014. 

96. J. F. Fangueiro, T. Andreani, M. A. Egea, M. L. Garcia, S. B. Souto, A. M. Silva and 

E. B. Souto. Design of Cationic Lipid Nanoparticles for Ocular Delivery: Development, 

Characterization and Cytotoxicity. International Journal of Pharmaceutics, 461:64-73, 

2014. 

97. S. Cardellicchio, G. Bacci, S. Farina, L. Genitori, M. Massimino, M. de Martino, R. 

Caputo and I. Sardi. Low-dose Cisplatin-etoposide Regimen for Patients with Optic 

Pathway Glioma: A Report of Four Cases and Literature Review. Neuropediatrics, 45:42-

49, 2014. 

98. J. K. Kaufmann and E. A. Chiocca. Oncolytic Virotherapy For Gliomas: Steps Toward 

The Future. CNS Oncology, 2:389-392, 2013. 

99. R. L. Sweet and J. A. Zastre. HIF1-alpha-mediated Gene Expression Induced by 

Vitamin B1 Deficiency. International Journal For Vitamin and Nutrition Research. 

Internationale Zeitschrift fur Vitamin- und Ernahrungsforschung. Journal international de 

vitaminologie et de nutrition, 83:188-197, 2013. 

100. R. Navarro, A. J. Reitman, G. A. de Leon, S. Goldman, M. Marymont and T. Tomita. 

Astroblastoma in Childhood: Pathological and Clinical Analysis. Child's Nervous System : 

ChNS : Official Journal of The International Society for Pediatric Neurosurgery, 21:211-

220, 2005. 

101. S. Irtan, D. Orbach, S. Helfre and S. Sarnacki. Ovarian Transposition in Prepubescent 

and Adolescent Girls with Cancer. The Lancet Oncology, 14:e601-608, 2013. 

102. D. Orbach, S. Sarnacki, H. J. Brisse, M. Gauthier-Villars, P. H. Jarreau, V. Tsatsaris, 

A. Baruchel, M. Zerah, E. Seigneur, M. Peuchmaur and F. Doz. Neonatal Cancer. The 

Lancet Oncology, 14:e609-620, 2013. 

103. L. H. Wang, C. W. Ni, Y. Z. Lin, L. Yin, C. B. Jiang, C. T. Lv, Y. Le, Y. Lang, C. Y. 

Zhao, K. Yang, B. H. Jiao and J. Yin. Targeted Induction of Apoptosis in Glioblastoma 

Multiforme Cells By An MRP3-specific TRAIL Fusion Protein in Vitro. Tumour Biology : 



71 

The Journal of The International Society for Oncodevelopmental Biology and Medicine, 

35:1157-1168, 2014. 

104. Z. H. Lu, K. Lv, J. S. Zhang, C. G. Dai, B. Liu, X. Y. Ma, L. M. He, J. Y. Jia, Y. M. 

Chen, X. L. Dai, A. D. Wang, J. Dong, Q. B. Zhang, Q. Lan and Q. Huang. Establishment 

of A Green Fluorescent Protein Tracing Murine Model Focused on The Functions of Host 

Components in Necrosis Repair and The Niche of Subcutaneously Implanted Glioma. 

Oncology Reports, 31:657-664, 2014. 

105. S. Noell, G. C. Feigl, D. Serifi, D. Mayer, U. Naumann, W. Gobel, A. Ehrhardt and 

R. Ritz. Microendoscopy for Hypericin Fluorescence Tumor Diagnosis in A Subcutaneous 

Glioma Mouse Model. Photodiagnosis and Photodynamic Therapy, 10:552-560, 2013. 

106. K. L. Chaichana, I. Jusue-Torres, R. Navarro-Ramirez, S. M. Raza, M. Pascual-

Gallego, A. Ibrahim, M. Hernandez-Hermann, L. Gomez, X. Ye, J. D. Weingart, A. Olivi, 

J. Blakeley, G. L. Gallia, M. Lim, H. Brem and A. Quinones-Hinojosa. Establishing 

Percent Resection and Residual Volume Thresholds Affecting Survival and Recurrence for 

Patients with Newly Diagnosed Intracranial Glioblastoma. Neuro-Oncology, 16:113-122, 

2014. 

107. D. Aref and S. Croul. Medulloblastoma: Recurrence and Metastasis. CNS Oncology, 

2:377-385, 2013. 

108. T. Kimura, H. Budka and S. Soler-Federsppiel. An Immunocytochemical Comparison 

of The Glia-associated Proteins Glial Fibrillary Acidic Protein (GFAP) and S-100 Protein 

(S100P) In Human Brain Tumors. Clinicals Neuropathology, 5:21-27, 1986. 

109. T. Ishiwata, K. Teduka, T. Yamamoto, K. Kawahara, Y. Matsuda and Z. Naito. 

Neuroepithelial Stem Cell Marker Nestin Regulates The Migration, Invasion and Growth 

of Human Gliomas. Oncology Reports, 26:91-99, 2011. 

110. R. Kitai, R. Horita, K. Sato, K. Yoshida, H. Arishima, Y. Higashino, N. Hashimoto, 

H. Takeuchi, T. Kubota and K. Kikuta. Nestin Expression in Astrocytic Tumors Delineates 

Tumor Infiltration. Brain Tumor Pathology, 27:17-21, 2010. 



72 

111. K. Sugawara, H. Kurihara, M. Negishi, N. Saito, Y. Nakazato, T. Sasaki and T. 

Takeuchi. Nestin As a Marker for Proliferative Endothelium in Gliomas. Laboratory 

Investigation, 82:345-351, 2002. 

112. D. Schiffer, M. T. Giordana, A. Mauro and A. Migheli. Immunohistochemistry in 

Neuro-oncology. Basic Applied Histochemistry, 30:253-265, 1986. 

113. L. Wu, T. Yang, C. Yang and Y. Xu. Primary Pilomyxoid Astrocytoma of The 

Thoracolumbar Spinal Cord in An Adult. Neurology India, 61:677-679, 2013. 

114. W. Ji, P. Liang, Y. Zhou, L. Li, X. Zhai and Z. Xia. Management of Obstructive 

Hydrocephalus Before Posterior Fossa Tumor Resection in Children. Nan Fang Yi Ke Da 

Xue Xue Bao = Journal of Southern Medical University, 33:1696-1698, 2013. 

115. A. L. Lin, J. Liu, J. Evans, E. C. Leuthardt, K. M. Rich, R. G. Dacey, J. L. Dowling, 

A. H. Kim, G. J. Zipfel, R. L. Grubb, J. Huang, C. G. Robinson, J. R. Simpson, G. P. 

Linette, M. R. Chicoine and D. D. Tran. Codeletions at 1p And 19q Predict A Lower Risk 

of Pseudoprogression in Oligodendrogliomas and Mixed Oligoastrocytomas. Neuro-

Oncology, 16:123-130, 2014. 

116. M. Vidone, F. Alessandrini, G. Marucci, A. Farnedi, D. de Biase, F. Ricceri, C. 

Calabrese, I. Kurelac, A. M. Porcelli, M. Cricca and G. Gasparre. Evidence of Association 

of Human Papillomavirus with Prognosis Worsening in Glioblastoma Multiforme. Neuro-

Oncology, 16:298-302, 2014. 

117. K. Aihara, A. Mukasa, K. Gotoh, K. Saito, G. Nagae, S. Tsuji, K. Tatsuno, S. 

Yamamoto, S. Takayanagi, Y. Narita, S. Shibui, H. Aburatani and N. Saito. H3F3A K27M 

Mutations in Thalamic Gliomas from Young Adult Patients. Neuro-Oncology, 16:140-146, 

2014. 

118. Q. Ru, X. Tian, Y. X. Wu, R. H. Wu, M. S. Pi and C. Y. Li. Voltage-gated and ATP-

sensitive K+ Channels Are Associated with Cell Proliferation and Tumorigenesis of 

Human Glioma. Oncology Reports, 31:842-848, 2014. 

119. S. Sahebjam, M. G. McNamara and W. P. Mason. Emerging Biomarkers in 

Anaplastic Oligodendroglioma: Implications for Clinical Investigation and Patient 

Management. CNS Oncology, 2:351-358, 2013. 



73 

120. C. M. Leyrer, M. D. Chan, A. M. Peiffer, E. Horne, M. Harmon, A. F. Carter, W. H. 

Hinson, S. Mirlohi, S. E. Duncan, A. M. Dietrich and G. J. Lesser. Taste And Smell 

Disturbances After Brain Irradiation: A Dose-volume Histogram Analysis of A 

Prospective Observational Study. Practical Radiation Oncology, 4:130-135, 2014. 

121. C. Eichner, K. Jafari-Khouzani, S. Cauley, H. Bhat, P. Polaskova, O. C. Andronesi, 

O. Rapalino, R. Turner, L. L. Wald, S. Stufflebeam and K. Setsompop. Slice Accelerated 

Gradient-echo Spin-echo Dynamic Susceptibility Contrast Imaging with Blipped CAIPI 

for Increased Slice Coverage. Magnetic Resonance in Medicine, 72:770-778, 2014. 

122. C. C. Liang, A. Y. Park and J. L. Guan. In Vitro Scratch Assay: A Convenient and 

Inexpensive Method for Analysis of Cell Migration in Vitro. Nature Protocols, 2:329-333, 

2007. 

123. M. S. Eksi, G. Demirci Otluoglu, S. Uyar Bozkurt, A. Sav, Y. Bayri and A. Dagcinar. 

Cerebral Erdheim-Chester Disease Mimicking High-grade Glial Tumor: A Case Report. 

Pediatric Neurosurgery, 49:179-182, 2013. 

124. Z. Fan, Y. Lin, Q. Huang, M. Luo, Q. Tian, D. Zhong, Q. Feng and Z. Wu. Secretion 

and Expression of Vascular Endothelial Growth Factor and Interleukin-8 by SH-SY5Y 

Human Neuroblastoma Cells. Sheng Wu Gong Cheng Xue Bao = Chinese journal of 

biotechnology, 29:1629-1643, 2013. 

125. V. Sikri and S. Sobti. Askin Tumour: A Rare Thoracopulmonary Tumour in Adults. 

The Indian Journal of Chest Diseases & Allied Sciences, 55:233-235, 2013. 

126. H. D. Hemmati, I. Nakano, J. A. Lazareff, M. Masterman-Smith, D. H. Geschwind, 

M. Bronner-Fraser and H. I. Kornblum. Cancerous Stem Cells Can Arise from Pediatric 

Brain Tumors. Proceedings of the National Academy of Sciences of the United States of 

America, 100:15178-15183, 2003. 

127. T. N. Ignatova, V. G. Kukekov, E. D. Laywell, O. N. Suslov, F. D. Vrionis and D. A. 

Steindler. Human Cortical Glial Tumors Contain Neural Stem-Like Cells Expressing 

Astroglial and Neuronal Markers in Vitro. Glia, 39:193-206, 2002. 



74 

128. M. L. Rosenblum, M. Gerosa, D. V. Dougherty, C. Reese, G. R. Barger, R. L. Davis, 

V. A. Levin and C. B. Wilson. Age-Related Chemosensitivity of Stem Cells from Human 

Malignant Brain Tumours. Lancet, 1:885-887, 1982. 

129. S. K. Singh, I. D. Clarke, T. Hide and P. B. Dirks. Cancer Stem Cells in Nervous 

System Tumors. Oncogene, 23:7267-7273, 2004. 

130. S. K. Singh, I. D. Clarke, M. Terasaki, V. E. Bonn, C. Hawkins, J. Squire and P. B. 

Dirks. Identification of A Cancer Stem Cell in Human Brain Tumors. Cancer Research, 

63:5821-5828, 2003. 

131. R. Galli, E. Binda, U. Orfanelli, B. Cipelletti, A. Gritti, S. De Vitis, R. Fiocco, C. 

Foroni, F. Dimeco and A. Vescovi. Isolation and Characterization of Tumorigenic, Stem-

Like Neural Precursors from Human Glioblastoma. Cancer Research, 64:7011-7021, 

2004. 

132. D. J. Giard, S. A. Aaronson, G. J. Todaro, P. Arnstein, J. H. Kersey, H. Dosik and W. 

P. Parks. In Vitro Cultivation of Human Tumors: Establishment of Cell Lines Derived 

from a Series of Solid Tumors. Journal of the National Cancer Institute, 51:1417-1423, 

1973. 

133. S. Bruderlein, J. B. Sommer, P. S. Meltzer, S. Li, T. Osada, D. Ng, P. Moller, D. A. 

Alcorta and M. J. Kelley. Molecular Characterization of Putative Chordoma Cell Lines. 

Sarcoma, 2010:630129, 2010. 

134. E. A. Maher, F. B. Furnari, R. M. Bachoo, D. H. Rowitch, D. N. Louis, W. K. 

Cavenee and R. A. DePinho. Malignant Glioma: Genetics and Biology of A Grave Matter. 

Genes Development, 15:1311-1333, 2001. 

135. Y. S. Li, D. A. Ramsay, D. R. Macdonald and R. F. Del Maestro. Therapy-related 

Chromosomal Changes and Cytogenetic Heterogeneity in Human Gliomas. Journal of 

Neurooncology, 32:7-17, 1997. 

136. L. Sainati, S. Bolcato, A. Montaldi, P. Celli, M. Stella, A. Leszl, L. Silvestro, G. 

Perilongo, L. Cordero di Montezemolo and G. Basso. Cytogenetics of Pediatric Central 

Nervous System Tumors. Cancer Genetics Cytogenetics, 91:13-27, 1996. 



75 

137. J. A. Squire, S. Arab, P. Marrano, J. Bayani, J. Karaskova, M. Taylor, L. Becker, J. 

Rutka and M. Zielenska. Molecular Cytogenetic Analysis of Glial Tumors Using Spectral 

Karyotyping and Comparative Genomic Hybridization. Molecular Diagnostics, 6:93-108, 

2001. 

138. G. Stenman, L. G. Kindblom, M. Johansson and L. Angervall. Clonal Chromosome 

Abnormalities and in Vitro Growth Characteristics of Classical and Cellular 

Schwannomas. Cancer Genet Cytogenetics, 57:121-131, 1991. 

139. V. Jay, V. Edwards, J. Squire and J. Rutka. Astroblastoma: Report of A Case with 

Ultrastructural, Cell Kinetic, and Cytogenetic Analysis. Pediatritian Pathology, 13:323-

332, 1993. 

140. D. J. Brat, Y. Hirose, K. J. Cohen, B. G. Feuerstein and P. C. Burger. Astroblastoma: 

Clinicopathologic Features and Chromosomal Abnormalities Defined by Comparative 

Genomic Hybridization. Brain Pathology, 10:342-352, 2000. 

141. F. Jundt, I. Anagnostopoulos, R. Forster, S. Mathas, H. Stein and B. Dorken. 

Activated Notch1 Signaling Promotes Tumor Cell Proliferation and Survival in Hodgkin 

and Anaplastic Large Cell Lymphoma. Blood, 99:3398-3403, 2002. 

142. B. M. Cordeiro, I. D. Oliveira, M. T. Alves, N. Saba-Silva, A. M. Capellano, S. 

Cavalheiro, P. Dastoli and S. R. Toledo. SHH, WNT, and NOTCH Pathways in 

Medulloblastoma: When Cancer Stem Cells Maintain Self-renewal and Differentiation 

Properties. Childs Nervous System, 30:1165-1172, 2014. 

143. J. V. Joseph, V. Balasubramaniyan, A. Walenkamp and F. A. Kruyt. TGF-beta As a 

Therapeutic Target in High Grade Gliomas - Promises and Challenges. Biochemical 

Pharmacology, 85:478-485, 2013. 

144. R. W. Storms, A. P. Trujillo, J. B. Springer, L. Shah, O. M. Colvin, S. M. Ludeman 

and C. Smith. Isolation of Primitive Human Hematopoietic Progenitors on The Basis of 

Aldehyde Dehydrogenase Activity. Proceedings of the National Academy of Sciences of 

the United States of America, 96:9118-9123, 1999. 

145. B. Appel and J. S. Eisen. Retinoids Run Rampant: Multiple Roles During Spinal Cord 

and Motor Neuron Development. Neuron, 40:461-464, 2003. 



76 

146. D. A. Hess, T. P. Craft, L. Wirthlin, S. Hohm, P. Zhou, W. C. Eades, M. H. Creer, M. 

S. Sands and J. A. Nolta. Widespread Nonhematopoietic Tissue Distribution by 

Transplanted Human Progenitor Cells with High Aldehyde Dehydrogenase Activity. Stem 

Cells, 26:611-620, 2008. 

147. D. A. Hess, T. E. Meyerrose, L. Wirthlin, T. P. Craft, P. E. Herrbrich, M. H. Creer 

and J. A. Nolta. Functional Characterization of Highly Purified Human Hematopoietic 

Repopulating Cells Isolated According to Aldehyde Dehydrogenase Activity. Blood, 

104:1648-1655, 2004. 

148. D. A. Hess, L. Wirthlin, T. P. Craft, P. E. Herrbrich, S. A. Hohm, R. Lahey, W. C. 

Eades, M. H. Creer and J. A. Nolta. Selection Based on CD133 and High Aldehyde 

Dehydrogenase Activity Isolates Long-term Reconstituting Human Hematopoietic Stem 

Cells. Blood, 107:2162-2169, 2006. 

149. A. F. Kisselev and A. L. Goldberg. Proteasome Inhibitors: from Research Tools to 

Drug Candidates. Chemistry and  Biology, 8:739-758, 2001. 

150. P. Zwickl, D. Voges and W. Baumeister. The Proteasome: A Macromolecular 

Assembly Designed for Controlled Proteolysis. Philosophical Transactions of the Royal 

Society of London. Series B, Biological Sciences, 354:1501-1511, 1999. 

151. C. Aghajanian, S. Soignet, D. S. Dizon, C. S. Pien, J. Adams, P. J. Elliott, P. 

Sabbatini, V. Miller, M. L. Hensley, S. Pezzulli, C. Canales, A. Daud and D. R. Spriggs. A 

Phase I Trial of the Novel Proteasome Inhibitor PS341 in Advanced Solid Tumor 

Malignancies. Clinical Cancer Research : An Official Journal of the mAerican Association 

for Cancer Research, 8:2505-2511, 2002. 

152. N. Mitsiades, C. S. Mitsiades, V. Poulaki, D. Chauhan, G. Fanourakis, X. Gu, C. 

Bailey, M. Joseph, T. A. Libermann, S. P. Treon, N. C. Munshi, P. G. Richardson, T. 

Hideshima and K. C. Anderson. Molecular Sequelae of Proteasome Inhibition in Human 

Multiple Myeloma Cells. Proceedings of the National Academy of Sciences of the United 

States of America, 99:14374-14379, 2002. 

153. P. M. Voorhees, E. C. Dees, B. O'Neil and R. Z. Orlowski. The Proteasome As A 

Target for Cancer Therapy. Clinical Cancer Research : An Official Journal of The 

American Association for Cancer Research, 9:6316-6325, 2003. 



77 

154. G. N. DeMartino and C. A. Slaughter. The Proteasome, A Novel Protease Regulated 

by Multiple Mechanisms. The Journal of Biological Chemistry, 274:22123-22126, 1999. 

155. M. H. Glickman and A. Ciechanover. The Ubiquitin-Proteasome Proteolytic Pathway: 

Destruction for The Sake of Construction. Physiological Reviews, 82:373-428, 2002. 

156. A. Ciechanover, A. Orian and A. L. Schwartz. Ubiquitin-Mediated Proteolysis: 

Biological Regulation via Destruction. BioEssays : News and Reviews in Molecular, 

Cellular and Developmental Biology, 22:442-451, 2000. 

157. A. Hershko and A. Ciechanover. The Ubiquitin System. Annual Review of 

Biochemistry, 67:425-479, 1998. 

158. K. D. Wilkinson. Ubiquitin-Dependent Signaling: The Role of Ubiquitination in The 

Response of Cells to Their Environment. The Journal of Nutrition, 129:1933-1936, 1999. 

159. J. Adams, V. J. Palombella, E. A. Sausville, J. Johnson, A. Destree, D. D. Lazarus, J. 

Maas, C. S. Pien, S. Prakash and P. J. Elliott. Proteasome Inhibitors: A Novel Class of 

Potent and Effective Antitumor Agents. Cancer Research, 59:2615-2622, 1999. 

160. T. Hideshima, P. Richardson, D. Chauhan, V. J. Palombella, P. J. Elliott, J. Adams 

and K. C. Anderson. The Proteasome Inhibitor PS-341 Inhibits Growth, Induces 

Apoptosis, and Overcomes Drug Resistance in Human Multiple Myeloma Cells. Cancer 

Research, 61:3071-3076, 2001. 

161. P. G. Richardson, T. Hideshima and K. C. Anderson. Bortezomib (PS-341): A Novel, 

First-in-class Proteasome Inhibitor for The Treatment of Multiple Myeloma and Other 

Cancers. Cancer Control : Journal of The Moffitt Cancer Center, 10:361-369, 2003. 

162. P. G. Richardson, B. Barlogie, J. Berenson, S. Singhal, S. Jagannath, D. Irwin, S. V. 

Rajkumar, G. Srkalovic, M. Alsina, R. Alexanian, D. Siegel, R. Z. Orlowski, D. Kuter, S. 

A. Limentani, S. Lee, T. Hideshima, D. L. Esseltine, M. Kauffman, J. Adams, D. P. 

Schenkein and K. C. Anderson. A Phase 2 Study of Bortezomib in Relapsed, Refractory 

Myeloma. The New England Journal of Medicine, 348:2609-2617, 2003. 

163. J. Adams. Preclinical and Clinical Evaluation of Proteasome Inhibitor PS-341 for The 

Treatment of Cancer. Current Opinion in Chemical Biology, 6:493-500, 2002. 



78 

164. R. C. Kane, P. F. Bross, A. T. Farrell and R. Pazdur. Velcade: U.S. FDA Approval for 

The Treatment of Multiple Myeloma Progressing on Prior Therapy. The Oncologist, 

8:508-513, 2003. 

165. Y. S. Hong, S. W. Hong, S. M. Kim, D. H. Jin, J. S. Shin, D. H. Yoon, K. P. Kim, J. 

L. Lee, D. S. Heo, J. S. Lee and T. W. Kim. Bortezomib Induces G2-M Arrest in Human 

Colon Cancer Cells Through ROS-inducible Phosphorylation of ATM-CHK1. 

International Journal of Oncology, 41:76-82, 2012. 

 


