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ALK
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ataxia-telangiectasia mutated
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B-cell lymphoma 2

breast cancer 1, early onset

cell adhesion molecules

cell division control protein 2
cyclin-dependent kinase protein

cyclin dependent kinase inhibitor proteins
chronic lymphoblastic leukemia

chronic myeloid leukemia
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enhanced chemiluminescence
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extracellular —signal-regulated kinases
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inhibitor of cyclin-dependent kinase 4



M-phase mitosis
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p21 cyclin-depenedent kinase inhibitor 1
p53 tumor suppressor protein
PAGE polyacrylamide gel electrophoresis
PARP poly(ADP-ribose)polymerase
PBS phosphate buffered saline
PIC protease inhibitor cocktail
PI3K phosphatidylinositol 3-kinase
PMSF phenylmethylsufonyl fluoride
pRb retinoblastoma protein
PDGFR-B platelet-derived growth factor
PVDF polyvinylidene fluoride
RPMI cell culture medium (Rosewell Park Memorial Institute)
S-phase DNA synthesis during cell cycle
SDS sodium dodecyl sulfate
SR-786 human NPM-ALK positive ALCL cell line
TBS Tris buffered saline






1 INTRODUCTION

Cancer is one of the leading causes of death worldwide. For 2010, the United States National
Institute of Cancer estimates about 1.5 million new cases of cancer and more than
500 thousands of deaths from cancer in the USA (www.cancer.gov). Apart from avoidable risks
such as smoking, the most important risk factor for cancer is supposed to be the increase in life
expectancy since most cancers occur in people over the age of 65, however, also younger
adults and children are diagnosed with cancer. Thus, there exists a constant need for the

development of novel anti-neoplastic agents.

Natural products represent a vital resource for therapeutic principles as about 60 % of all
anti-neoplastic drugs used in Western medicine originate from natural sources including
plants, microorganisms and marine organisms (Cragg and Newman 2007). Moreover,
approximately 80 % of the world’s population relies on medical plants for their primary health
care, especially in less-developed countries. As a result, numerous traditional healing plants
successfully passed hundreds and even thousands of years of application in a variety of
diseases. Two popular examples of plant derived drugs are vincristine, a vinca alkaloid from
Catharantus rosea (formerly known as Vinca roseus), and paclitaxel, which naturally occurs in
the bark of Taxus brevifolia. Vincristine and paclitaxel, which are main agents applied in
chemotherapy, demonstrate the pivotal role of plants in the discovery of new lead
compounds. In both cases, interest in pharmacological research was triggered by the

traditional uses of the plants as home remedy.

To discover new potential lead compounds against cancer, the present work focussed on the
ethnomedical knowledge of the ancient civilization of the Central American Mayas. Their
traditional medicine is based on the rich biodiversity of the rain forest, and is still practiced
effectively to cure a variety of diseases. In this manner, we made use of the long-lasting

medical experience of the Mayas in plant selection for detailed screening.

The first plant investigated, Critonia morifolia (Asteraceae), was selected based on its
traditional anti-inflammatory uses, as similar signaling pathways are commonly upregulated
both in inflammatory conditions and cancer. Despite of its curative uses as home remedy only
limited phytochemical and no pharmacological research results were published. Neurolaena
lobata (Asteraceae), the second plant, is described as effective home remedy to cure protozoal

ailments and malaria, in particular. Its anti-protozoal activity is already scientifically



documented. Furthermore, first hints on potential cytotoxicity were published (Francois et al.

1996), however, more detailed investigations are still missing.

The potential anti-carcinogenic properties of these two ethno-pharmacological healing plants
from Guatemala were tested in human HL-60 promyelocytic leukemia cells to assess their
anti-proliferative and pro-apoptotic activity. For each plant, the most active extract out of five,
obtained through serial extraction using solvents of increasing polarity, was studied in more
detail. Western blots and FACS analyses were applied to gain further insights into the
underlying mechanisms of growth inhibition and apoptotic trigger. Investigations on
C. morifolia were limited to HL-60 cells only. In case of N. lobata, all experiments, apart from
initial screening in HL-60 cells, were performed in either human and/or murine NPM-ALK
positive ALCL (anaplastic large cell lymphoma) cell lines SR-786 and 417, respectively.
Moreover, the N. lobata extract was tested in normal human lung fibroblasts (HLF) to rule out

unspecific cytotoxicity.



2 LITERATURE SURVEY

2.1. Cell cycle and cancer

The cell cycle is an ordered series of events that is required for duplication of an eukaryotic cell
and subsequent division into two identical daughter cells. Complex networks of regulatory
factors influence whether a cell proliferates, stays in a quiescent state or dies. During cell cycle
progression, cells go through numerous internal checkpoints to verify proper completion of
the previous step prior proceeding to the next step. Disorders in cell cycle regulation are

associated with a variety of diseases including cancer (Meeran and Katiyar 2008).

2.1.1. Basic regulation of the cell cycle

The duration of cell cycle of eukaryotic cells has been defined as the interval between the
completion of mitosis by a cell and completion of mitosis by at least one of its daughter cells
(Meeran and Katiyar 2008). Strict regulation of the cell cycle is essential to provide a correct

duplication of genetic information as well as its correct segregation during mitosis.

The cell cycle of eukaryotic cells comprises four distinct phases (Figure 1):

G1 (Gap phase 1) cellular growth, preparing for DNA synthesis
S (S-phase) DNA synthesis and replication

G2 (Gap phase 2) preparation for mitosis

M (mitosis) cell division

G1-, S- and G2-phase together are also referred to as interphase. Additionally, cells in
G1-phase may leave cell cycle and enter a temporarily or even permanently quiescent state
termed GO in dependence on environmental and developmental signals (van den Heuvel

2005).
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Figure 1. Mammalian cell cycle (simplified). Shapes outside the cycle indicate approximate time and
activity of different combinations of cyclins and Cdks (van den Heuvel 2005).

Cell cycle phases are tightly regulated by cyclin-dependent kinases (Cdks). Even though Cdk
protein levels are constant throughout the cell cycle, Cdk activity requires forming of
complexes with accessory subunits known as cyclins (Murray 2004). Cell cycle related cyclins
are synthesized and destroyed at specific times during the cell cycle, thereby modulating Cdks

kinase activity (Figure 1).

Cdk/cyclin complexes include three interphase Cdks (Cdk2, Cdk4 and Cdk6), the mitotic Cdk1
(also known as cell division control protein 2 (cdc2)), and ten cyclins that belong to four
distinct classes (A, B, D and E) (Malumbres and Barbacid 2009). However, only certain
Cdk/cyclin complexes are supposed to control cell cycle progression. For example, D-type
cyclins that bind preferably to Cdk4 and Cdk6 play an important role in the transition from G1
to S-phase upon mitogenic stimuli. The activation of these complexes allows the expression of
E-type cyclins which bind to Cdk2. Cdk2/cyclin E further promotes G1/S transition and initiates
DNA replication (Meeran and Katiyar 2008). Subsequently, Cdk2 is activated by association to
cyclin A in the late stage of S-phase driving progression into G2-phase. At the end of
interphase, Cdkl associates with cyclin A to facilitate the onset of mitosis. Subsequently,
cyclin A degradation enables the formation of Cdk1/cyclin B complexes which finally drives

cells through mitosis (Malumbres and Barbacid 2009).



In addition to regulation by cyclins, Cdk activity is modulated by two classes of Cdk inhibitors.
The first family is identified as the Cip/Kip family including p21“**, p27** and p57"*% These
proteins are able to interact with multiple Cdk/cyclin complexes, thereby inhibiting Cdk activity
throughout the cell cycle. The members of the INK4 family, composed of p15™“® p16™*,
p18™“‘ and p19™“P, specifically block the association of Cdk4/6 and cyclin D, thereby
inhibiting G1/S transition (Meeran and Katiyar 2008). Commonly, Cdk inhibitor proteins are

upregulated in response to anti-proliferative signals.

In many cancers certain Cdk-cyclin complexes are deregulated, resulting in continued

proliferation and unscheduled re-entry into the cell cycle.

2.1.2. DNA damage checkpoints

The cellular DNA integrity of every mammalian cell is constantly exposed to both intrinsic (e.g.
byproducts from oxidative respiration) and external sources (e.g.chemicals, radiation,
cigarette smoke) of DNA-damaging agents as well as occasional DNA mismatch (Jackson and
Bartek 2009). Therefore, cells have evolved several mechanisms to cope with the constant
attack on their DNA. Dependent on the type of DNA lesion, a variety of repair mechanisms
exists. Cells response to DNA-damage ranges from direct repair to halting of the cell cycle and

undergoing of programmed cell death (i.e. apoptosis).

Mammalian cells may only withdraw from the cell cycle when they experience growth-factor
deprivation and/or inhibitory signals in early to mid G1-phase. If cells pass through the pRb
(retinoblastoma protein)/E2F (transcription factor)-controlled restriction point, they are
committed to complete the cell cycle and cell division. However, in response to genotoxic
stress, checkpoint networks can delay cell cycle progression in G1, S or G2-phase (Kastan and
Bartek 2004). These DNA damage checkpoints refer to signal transduction pathways induced
by DNA damage that halt the cell cycle until DNA is repaired (Malumbres and Barbacid 2009).
This mechanism is supposed to ensure the maintenance of genomic integrity and the

prevention of cancer.

G1 and G1/S checkpoint
The acquisition of abnormalities during G1/S phase appears to be a crucial step in the

development of cancer. Hence, the G1/S checkpoint prevents the replication of damaged DNA.

The most important checkpoint response to DNA damage in late G1 is mediated through the

ATM/ATR-Chk1/Chk2-Cdc25A pathway. Depending on the type of DNA-damage, ATM/ATR



phosphorylate Chk2/Chk1 which in turn phosphorylate Cdc25A on its several serine residues,
triggering its degradation. This results in the failure of Cdk2 activation, which is crucial for
transition from G1 to S-phase, and consequently an accumulation of cells in G1 (Kastan and

Bartek 2004).

Moreover,the cell cycle protein p53 is one of the most important regulatory proteins in G1
checkpoint. Phosphorylation of p53 at Serl5 by ATM/ATR and at Ser20 by Chk1/Chk2 leads to
a maintained G1/S arrest. A key transcriptional target of p53 is the Cdk-inhibitor protein p21,
which silences the G1/S-promoting Cdk2/cyclin E kinase, thereby causing G1 arrest (Kastan and
Bartek 2004). Additionally, p21 binds to the Cdk4/cyclinD complex resulting in a
hypophosphorylation of pRb, thereby suppressing the pRb/E2F pathway and causing cell cycle
arrest (Meeran and Katiyar 2008). p21 can also be regulated via p53-independent pathways,
e.g. c-Myc and BRCA1 (Abukhdeir and Park 2008).

Notably, the Chk1/Chk2-Cdc25A checkpoint is considered to be implemented more rapidly and
independently of p53 whereas p53 and p21 appear to play a role in sustained G1 arrest
(Kastan and Bartek 2004).

S-phase checkpoint
In general, the S-phase checkpoint network is activated to ensure appropriate DNA duplication
in case of DNA damage. At least two parallel branches are involved in slowing down ongoing

DNA synthesis to facilitate DNA repair prior to synthesis (Falck et al. 2002).

An important mechanism includes the activation of the ATM/ATR-Chk1/Chk2-Cdc25A pathway
after DNA damage. Both Chkl and Chk2 are associated with inhibitory phosphorylation of its
substrate Cdc25A, targeting it for degradation (Mailand et al. 2000; Madlener et al. 2009). In
return, the downregulation of Cdc25A inhibits the further activation of the Cdk2/cyclin E
complex which is needed to proceed in S-phase (Falck et al. 2002). In addition, the
ATM-Nbs1-SMC1 pathway defines a separate branch of the intra-S-phase checkpoint (Yazdi et
al. 2002).

Both branches of intra-S-checkpoint have to be interfered concomitantly to abrogate inhibition

of DNA replication (Falck et al. 2002).



G2-M checkpoint
The G2-M checkpoint prevents cells from initiating mitosis when they either experience DNA
damage during G2 and/or progressed into G2 without proper repair in previous phases or

inappropriate replication of DNA in S-phases.

The essential mitosis-promoting activity of the Cdkl/cyclin B complex makes it the critical
target of the G2 checkpoint. Upon various stresses, Cdkl/cyclin B activity is inhibited by
ATM/ATR-Chk1/Chk2 and/or p38 via regulating degradation and inhibition of the Cdc25

phosphatase family that is normally responsible for Cdk1 activation (Kastan and Bartek 2004).

p53 and BRCA1 are reported to play an important role in maintaining G2 arrest. By regulating
transcriptional programs, p53 and BRCA1 lead to an upregulation of cell cycle inhibitors such
as Cdk-inhibitor p21, GADD45a (growth arrest and DNA-damage-inducible 45 alpha) and
14-3-3 sigma proteins (Meeran and Katiyar 2008). Besides, these p53 downstream effectors
can also be regulated in a p53-independent manner as tumor cells that are defective in p53
still tend to selectively accumulate in G2 phase after DNA damage. Moreover, other upstream
regulators of Cdc25 phosphatases and/or Cdk1/cyclin B seem to be targeted by DNA-damage

induced mechanisms (Kastan and Bartek 2004).

2.2. Cell death programs

Cell death is a pivotal process during development, immune regulation and homeostasis in
multicellular organisms. Numerous human pathologies are associated with its dysregulation
(Duprez et al. 2009). Due to morphological criteria, three main types of cell death are classified

as apoptotic, necrotic, or to be associated with autophagy.

2.2.1. Apoptosis

Morphological features of apoptosis are cell shrinkage, chromatin condensation, and
membrane blebbing. Apoptosis is referred to as intrinsic programmed cell death mechanism
that results in controlled breakdown of the cell into apoptotic bodies, which are subsequently

engulfed by surrounding cells and phagocytes (Duprez et al. 2009).

Two protein families are mainly involved in apoptosis, namely caspases (cysteinyl
aspartate-specific proteases), which mediate the execution, and the Bcl-2 family, which control
mitochondrial integrity. Caspases can be subdivided into initiator (caspases-2, -8, -9, and -10)
and effector (caspases-3, -6, and -7) caspases. Initially, all of them are expressed in their

inactive proenzyme form and require proteolytic cleavage to be activated. Cleavage may be



mediated by intrinsic and extrinsic pathways. Among others, the intrinsic pathway is regulated
by antagonizing anti-apoptotic and pro-apoptotic (during cellular stress) members of the Bcl-2
family. Upon mitochondrial damage, cytochrome c is released from the mitochondria into the
cytosol where it associates with Apaf (apoptotic protease activating factor) and ATP
(adenosine triphosphate), activating procaspase-9. The extrinsic pathway of apoptosis is
mainly mediated by stimulation of receptors of the TNFR (tumor necrosis factor receptors)

family, such as Fas (Duprez et al. 2009).

It is generally believed that apoptosis does not induce immunological response and therefore

does not provoke inflammation (Duprez et al. 2009).

2.2.2. Necrosis

Necrosis is morphologically characterized by cytoplasmatic and organelle swelling and the final
loss of cell membrane integrity. Thus, cellular contents are released into the surrounding

extracellular matrix provoking immunological response and inflammation (Duprez et al. 2009).

Typically, necrosis is characterized in negative terms by the absence of caspase activation,
cyctochrome ¢ release and DNA oligonucleosomal fragmentation (Krysko et al. 2008). As
necrotic cell death generally results from a severe physical damage, such as hyperthermia and
ischemia, it has been described an uncontrolled cell death that lacks underlying signaling
events. However, evidence emerged that in certain conditions, necrosis is guided by strictly
regulated signaling pathways, which are initiated by diverse stimuli. Moreover, in some
conditions when apoptosis is hampered, necrosis might acts as a kind of back-up for cell death

(Duprez et al. 2009).

2.2.3. Autophagy

Cell death associated with autophagy represents a catabolic pathway that allows cells to
degrade and recycle cellular components. Morphologically, autophagy is characterized by the
presence of double-membrane vesicles, which contain sequestered proteins and organelles.
Autophagy at basal levels helps cells to maintain intracellular homeostasis and serves as cell
survival mechanism during nutrient deprivation (Jin and White 2007). However, massive
autophagy is suggested to play a role in cell death, often associated with features of apoptotic

or necrotic cell death (Duprez et al. 2009).



2.3. Carcinogenesis

The process of the transformation of normal cells into cancer cells is referred to as
carcinogenesis. Usually, it takes years to decades from initial genomic changes within a

“cancer cell” to the clinical outcome of cancer.

For a long time, a multistep model of cancer development has been accepted. By now, it is
evident that this model does not meet the complexity of the process, however, it still has its
eligibility. In the following section, two distinct ways of characterizing the development of
cancer are described. The multistep model functionally groups carcinogenesis into three
distinct phases, whereas the other way is by listing acquired features of mutant cells during

carcinogenesis, referred to as “hallmarks of cancer” defined by Hanahan and Weinberg (2000).

In general, the two models do not exclude but can rather be considered as supplementing

each other.

2.3.1. The multistep model

Traditionally, the development of cancer is operationally divided into three phases: initiation,

promotion and progression (Figure 2).

Initiation is characterized by DNA mutations in a cell such as single nucleotide polymorphisms,
gene depletion or amplification, and chromosomal translocations leading to irreversible
genomic changes. Either extrinsic (e.g. chemicals, radiation, cigarette smoke) or intrinsic
agents produced during normal physiological processes within a cell may cause initiation.
Usually, multiple mutations must occur for a tumor cell to arise (Barrett 1993), which explains

that an initiated cell may stay in a quiescent state for several years.

The process of promotion refers to the influence of non-carcinogenic substances on the clonal
expansion of initiated cells and is supposed to be substance as well as tissue specific. Effects of
promoting agents seem to be reversible, which suggests an epigenetic mechanism (Hennings
et al. 1993).The end product of promotion is commonly a benign foci of pre-neoplastic cells

(Barrett 1993).

These pre-neoplastic cells must undergo an additional step to convert to malignant neoplasms.
This transformation from benign lesions to malignant cancers is termed progression. Malignant
neoplasms are distinct from benign tumors regarding their cellular morphology, growth,
differentiation, and invasiveness. Moreover, neoplasms differ in their responsiveness to

certain chemical treatments (Barrett 1993).
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Figure 2. Traditional multistep model of carcinogenesis (using the example of chemical induction)
(Oliveira et al. 2007).

2.3.2. The Hallmarks of Cancer

By now, more than hundred distinct types of cancer, and subtypes of tumors can be found
within specific organs. Although specific characteristics among cancer cells may vary
substantially, Hanahan and Weinberg (2000) defined six essential alterations in cell physiology
that are collectively responsible for the malignant growth: self-sufficiency in growth signals,
insensitivity to anti-growth signals, evading apoptosis, limitless replicative potential, sustained
angiogenesis and tissue invasion and metastasis. These capabilities are acquired during tumor
development and represent a successful breaching of the anti-cancer mechanisms hardwired

into cells.

10



Seli-sufficiency in
growth signals

Evading
apoptosis

Sustained Tissue invasion
angiogenesis & melastasis

Figure 3. Manifestation of six essential alterations in cell physiology collectively dictating malignant
growth (Hanahan and Weinberg 2000).

Self-sufficiency in growth signals

Normal cells remain in a quiescent state unless they are stimulated by mitogenic growth
stimuli. These exogenous signals are transmitted into the cell by transmembrane receptors and
induce proliferation. Three distinct mechanisms leading to growth signaling autonomy are

described below.

Most importantly, many cancer cells reduce their dependence on exogenously derived signals
by generating their own growth signals, creating a positive feedback loop. This property

inhibits homeostatic regulation that normally ensures a proper behavior of the cells in a tissue.

An overexpression of growth factor receptors, often carrying tyrosine kinase activity, is also
found in several cancers. Receptor overexpression may increase responsiveness to growth
signals enabling cells to proliferate also at ambient levels of growth factors that normally

would not trigger cell cycle.
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A third mechanism by which cells become less dependent on growth stimuli is a modulation in
the expression levels of extracellular matrix receptors (integrins), favoring those which act
pro-mitotic. Integrins physically link cells to the extracellular matrix and transduce signals into
the cytoplasm which influence cell behavior, ranging from quiescence, activating proliferation

and resistance to apoptosis.

Abandoning the reductionist type of view focusing solely on cancer cells, heterotypic signaling
between the diverse cell types within a tumor is proven to contribute to unscheduled tumor
cell proliferation. Within normal tissue, cells are known to largely influence their neighbors to
grow. Cancer cells may acquire the ability to co-opt their normal nearby cells by inducing them
to release growth signals. These complex interactions need to be considered when trying to

understand the development of cancer.

Insensitivity to anti-growth signals

Anti-growth signals include both soluble and immobilized inhibitors embedded in the surfaces
of neighbor cells and in the extracellular matrix. These signals contribute to the quiescent state
of cell and tissue homeostasis by two distinct mechanisms. First, cells can be forced into a
resting phase (GO0) in which they may remain for a long period of time unless inhibitory signals
vanish or growth signals induce proliferation. Alternatively, cells may be induced to
permanently stop proliferation activity, usually associated with specific differentiation. Both

strategies are described in further detail below.

During G1 phase of cell cycle, the so-called growth phase, normal cells monitor their external
environment. Based on the sensed signals, cells decide whether to proceed to S-phase and
therefore proliferate or to enter a quiescent state. Thus, it is essential for cancer cells to evade
these anti-growth signals. Evidence is mounting that many if not all growth-inhibiting signals
are funneled by retinoblastoma protein (pRb) and its relatives, p107 and p130.
Hypophosphorylation of pRb blocks proliferation by targeting E2F transcription factors that
modulate the expression of numerous genes crucial for progression from G1 into S-phase. In
the absence of pRb or disruption of the pRb pathway, pro-mitotic E2Fs are liberated and
facilitate cell proliferation. Among other anti-growth factors, effects of TGFB (transforming
growth factor B) on the pRb pathway are the best documented. Preventing the
phosphorylation that inactivates pRb, TGFB blocks the transition into S-phase. A variety of
strategies evading the pRb circuit are found in tumor tissues e.g. down-regulation of TGFf

receptors, displaying mutant receptors or mutation of downstream signaling proteins.
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Additionally, cancer cells may also reduce expression of integrins and other cell adhesion

molecules that send growth-inhibitory signals, favoring those that transmit growth stimuli.

Apart from temporarily halted cell cycle mediated by the pRb pathway, normal tissues
indefinitely constrain cell multiplication by promoting cell differentiation. Apparently, cancer
cells use various strategies to avoid terminal differentiation. One of them involves the c-Myc

oncogene, over-expressed in many tumors that impairs differentiation and promotes growth.

Evading apoptosis

Within a normal tissue, cell number is determined not only by proliferation but also by the rate
of cell death. Typically, programmed cell death in terms of apoptosis represents a major
regulator of cell population. Thus, acquisition of resistance towards apoptosis is characteristic

of most and perhaps all types of cancer.

Apoptosis can be roughly divided into two stages. In the first step, sensors permanently
monitor the extracellular and intracellular environment for detecting abnormalities influencing
the cells’ well-being. In response to detrimental conditions, these signals initiate the activation
of components of the second level, which function as executioners of programmed cell death.
Trigger of apoptosis include DNA damage, signaling imbalance provoked by oncogenes,

survival factor insufficiency, and hypoxia.

Numerous signal cascades may lead to apoptosis by converging to the ultimate effectors of
programmed cell death. Intracellular proteases termed caspases or cytochrome C released by
mitochondria trigger downstream activation of more effector caspases that finally execute

apoptosis (see also 2.2.1).

Circumvention of apoptosis may be acquired by a variety of strategies, including the loss of
pro-apoptotic regulators (e.g. p53) and/or trigger of anti-apoptitic components of the signaling
circuitry. Since most regulatory and effector components are present in redundancy, tumor
cells that have lost a certain pro-apoptotic component are likely to still own intact components
of similar apoptotic pathways. Thus, this fact has to be considered when trying to target a

specific type of cancer by chemotherapy.

Limitless replicative potential
The three capabilities mentioned above, growth signal autonomy, insensitivity to
growth-inhibitory signals and resistance to apoptosis, lead to independence of a cell’s

proliferation behavior from signals in its environment. However, recent research indicates that
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this acquired disruption in cell-to-cell signaling is not sufficient to ensure expansive tumor
growth. Many and maybe all mammalian cells appear to possess an intrinsic program that
limits their multiplication. This program is regarded as acting autonomously of cell-to-cell

interactions.

Normal cells in culture are demonstrated to have a finite replicative potential whereas tumor
cells appear to be immortalized, suggesting that the ability of unlimited multiplication was
acquired during tumor progression in vivo. Thus, the generational limit of normal somatic cells

acts as a barrier to cancer.

This phenomenon is caused by the progressive erosion of telomeres during DNA replication
cycles. Telomeres, the end of chromosomes, are composed of several thousand repeats of a
6 bp sequence element and function as stabilizers of chromosomal DNA. During each cell cycle,
replicative generations show a loss of 50-100 bp of telomeric DNA from the ends of every
chromosome. As a result, telomeres lose their ability to protect the chromosomal DNA
through successive cycles of replication. The unprotected ends participate in chromosomal
fusions, typically yielding in the death of the affected cell. Of malignant cells, 85-90 % succeed
in maintaining telomeres during S-phase by upregulating expression of the telomerase
enzyme, which adds 6 bp repeats onto the ends of telomeric DNA. The second mechanism
helps to maintain telomeres through recombination of interchromosomal exchanges of
sequence information. Normal tissue cells lack of telomere maintenance mechanisms. While
the absence of telomerase is one cause for cellular aging on the one hand, it also acts as
anti-cancer mechanism on the other. Hence, ensuring telomere length above critical threshold

is a key component of the capability for unlimited replication.

Sustained angiogenesis

The adequate supply with oxygen and nutrients is crucial for cell function and survival.
Coordinated growth of blood vessels during organogenesis ensures that virtually all cells in a
tissue reside within 100 um of a capillary blood vessel. The formation of new blood vessels
within a tissue, the process of angiogenesis, is carefully regulated. Proliferating cells do not

possess an intrinsically angiogenic ability.

Angiogenesis is encouraged by the counterbalance of positive and negative signals. Like
growth signals, these stimuli encompass soluble and immobilized factors. Important examples

of angiogenesis-initiating signals are the vascular endothelial growth factor (VEGF) and
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fibroblast growth factor (FGF 1/2), each binding to transmembrane tyrosine kinase receptors

displayed by endothelial cells. Integrins are also part of the regulatory process.

Malignant cells appear to acquire the ability to induce angiogenesis in an early to midstage
event during tumor development. Tumors evidence a changed balance of angiogenesis
inducers and inhibitors. For example, many tumors reveal an increased expression of VEGF
and/or FGFs. In others, expression of endogenous inhibitory factors is downregulated.
Furthermore, proteases are emerging as another dimension of regulation by modulating pro-

and anti-angiogenic molecules.

Due to high metabolic activity and expansive growth of tumor tissue, sufficient supply with
oxygen and nutrients can only be guaranteed by angiogenesis. Thus, mechanisms of sustained

angiogenesis are considered an attractive therapeutic target.

Tissue invasion and metastasis

An important property of tumor cells is their ability to invade adjacent tissues, which happens
sooner or later during cancer development. This process of invasion and metastasis enables
cells to escape from primary tumors and may colonize in distant settlements. Like in the host
tumor tissue, successful growth depends upon the other five hallmarks of cancer. Although the
complexity of invasion and metastasis remains incompletely understood, various contributing

strategies are broadly identified.

Several classes of proteins involved in the adherence of cells to their surroundings in tissues
are altered in invasive and metastatic cells. Notably, molecules of cell-to-cell adhesion (CAMs)
and integrins, which link cells to the extracellular matrix, are affected. A well-documented
example of alteration in cell-to-environment interactions involves the adhesion molecule
E-cadherin, which is ubiquitously expressed on epithelial cells. Coupling between adjacent cells
by E-cadherin transmits anti-growth signals. Apparently, the function of E-cadherin is lost in
most epithelial cancers by mechanisms including mutational inactivation, transcriptional

repression and increased proteolysis.

Another parameter influencing the invasive and metastatic potential of cancer cells are the
alterations in extracellular proteases expression. In general, protease genes are upregulated
whereas protease inhibitors are downregulated, not only in malignant cells but rather in

conscripted stromal cells.
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Nevertheless, further insights into the regulatory circuits and molecular mechanisms that
facilitate tissue invasion and metastasis are required for the development of effective

therapeutic strategies.

2.4. Leukemia

Leukemia is a cancer of the blood or bone marrow that is characterized by an abnormal
increase in blood cells, typically leukocytes. The term leukemia encompasses a heterogeneous
spectrum of hematopoietic malignancies. It is subdivided into four major groups, including
acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphoblastic
leukemia (CLL), and chronic myeloid leukemia (CML). Radiation, genetic and congenital factors,

chemicals, drugs and viruses are discussed as possible causes of leukemia (www.cancer.gov).

Leukemia is the most common cancer diagnosed in children aged younger than 15 in the
United States. In this age group, acute lymphocytic leukemia comprises approximately 75 % of
all cases. Conversely, AML respresents only 15-20 % of all childhood leukemia diagnoses

(Deschler and Lubbert 2006).

Symptoms of leukemia include infection, anemia, easy bleeding and bruising, shortness of
breath, petechia, overall weakness and weight loss or loss of appetite. Leukemia is diagnosed

by extensive examination of the blood and the bone marrow (www.cancer.gov).

In the present study, preliminary screenings were