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ZUSAMMENFASSUNG

Zusammenfassung

Mit prognostizierten 1.638.910 Neuerkrankungen und 577.190 Toden allein in den
Vereinigten Staaten, bleiben Krebserkrankungen auch im Jahr 2012 die zweith&uftigste
Todesursache in der industralisierten Welt. Dies fuhrt nicht nur zu groBem Leid bei den
Patienten und deren Familien, sondern auch zu einer immensen Belastung der
Krankenkassen und des Gesundheitswesens. Zusatzlich hat die Etablierung der
Krebsstammzell-Hypothese grundsétzliche Auswirkungen auf die Erfolgsaussichten
konventioneller Krebstherapie, wie Chemotherapie oder Strahlentherapie. Deswegen ist es
von gropter Notwendigkeit, dass neue Ansatze zur Krebstherapie entwickelt werden, die den
Ausgang der Behandlung verbessern und zu weniger Nebenwirkungen fihren. Diverse
vorklinische Studien haben gezeigt, dass die onkolytische Virotherapie mit Vaccinia-Viren
ein potentes und gut tolerierbares neues Werkzeug in der Krebstherapie darstellt. Die
Effizienz des Vaccinia-Virus als Therapeutikum allein oder in Kombination mit Strahlen- oder
Chemotherapie wird aktuell in mehreren klinischen Studien der Phasen | & Il getestet.
Krebsstammzellen und Stammzellen teilen eine Vielzahl von Eigenschaften, wie die
Fahigkeit zur Selbst-Erneuerung und Pluripotenz, Stilllegung der Zellproliferation, Resistenz
gegen Medikamente oder Bestrahlung, die Expression von diversen Zelloberflachen-
molekiilen, die Aktivierung und Hemmung spezifischer Signaltransduktionswege oder die
Expression von Stammzell-spezifischen Genen wie Nanog und Oct4.

In dieser Arbeit wurden zwei neue rekombinante Vaccinia-Viren entwickelt, welche die
Stammzell-Transkriptionsfaktoren Nanog (GLV-1h205) und Oct4 (GLV-1h208) exprimieren,
um tiefere Einblicke in die Rolle dieser Masterregulatoren in der Entstehung von Krebs und
ihrem Einfluss auf die onkolytische Virotherapie zu gewinnen. Das Replikationspotential
beider Virusstdamme in menschlichen A549-Zellen und PC-3-Zellen wurde anhand von
Replikations-Assays bestimmt. Hierbei zeigte sich, dass GLV-1h205 besser replizierte als
GLV-1h208 oder der parentale GLV-1h68-Stamm. GLV-1h208 replizierte hingegen nicht so
effizient wie das Kontroll-Virus. Die Expression der Virus-spezifischen Markergene Ruc-GFP
und beta-Galaktosidase, wie auch die Expression der Transkriptionsfaktoren Nanog und
Oct4 wurde mit Hilfe von RT-PCR, SDS-PAGE und Western blotting, sowie
immunozytochemischen Experimenten nachgewiesen. Befunde aus Zytotoxizitatsstudien
zeigten, dass das GLV-1h205-Virus Krebszellen effizienter totet als das parentale GLV-
1h68. Es zeigte sich, dass die Zytotoxizitat direkt proportional zum Replikationspotential der
Viren ist. Die Infektion von A549-Zellen mit GLV-1h205 oder GLV-1h208 resultierte weder in
der Hoch-Regulation von Genen, die direkt in den EMT-Prozess involviert sind, noch fuhrte

sie zur Expression des Krebsstammzell-spezifischen Zelloberflachenmarkers CD133. Des
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Weiteren wurde der Einfluss einer GLV-1h205-Infektion von A549-Zellen auf den Zellzyklus
untersucht. Dies fihrte jedoch zu keinen nachweisbaren Veranderungen. Zudem wurde die
Bedeutung der Virus-vermittelten Transkriptionsfaktor-Expression auf die Behandlung von
subkutanen A549-Tumoren in einem Xenograft-Modell untersucht. Die Behandlung mit GLV-
1h205 zeigte sich als signifikant effizienter als die Behandlung mit GLV-1h208 oder GLV-
1h68 und fuhrte zum Ruckgang der Tumore. Die effiziente Kolonisierung des Tumors durch
das Virus und die dadurch ausgeldste Zerstérung des Tumorgewebes wurde mit Hilfe von
immunohistochemischen Verfahrens-techniken analysiert. Bildgebende Verfahren zur
Detektion von Renilla-Luziferase und GFP sowie Standard Plagque Assays bestétigten die
erfolgreiche Invasion der Viren in das Tumorgewebe, und die Analyse der Immun-
bezogenen Proteinantigen-Profile der behandelten Mause weist auf eine Replikations-
abhangige Hoch-Regulierung von Immun-bezogenen Proteinen hin. Zur Untersuchung, ob
die beobachteten Vorteile in der Behandlung von Lungenadenokarzinomen in Mausen mit
GLV-1h205 Promoter- oder Transkriptionsfaktor-abhangig sind, wurde ein Kontroll-Virus
(GLV-1h321) hergestellt, dass fir eine unfunktionale Nanog-Mutante codiert. Mittels SDS-
PAGE und Western blotting sowie Immunozytochemie wurde die Transgen-Expression
analysiert. Die Replikation und Zytotoxizitat des GLV-1h321 stellte sich als vergleichbar mit
dem parentalen Virusstamm GLV-1h68 heraus. Die Behandlung von A549-Tumoren mit
GLV-1h321 war jedoch statistisch signifikant schlechter als die Behandlung mit GLV-1h205;
ein Hinweis darauf, dass die beobachteten Vorteile in der Behandlung mit GLV-1h205
Nanog-abhédngig sind. Zusatzliche Unterstiitzung dieser Hypothese findet sich in der
Tatsache, dass sich die Behandlung von DU-145-Tumoren mit GLV-1h205 als weniger
effizient im Verglich mit GLV-1h68 oder GLV-1h321 herausstellte.

Ein weitere Aspekt dieser Arbeit war die Fragestellung, ob sich das onkolyische Vaccinia-
Virus GLV-1h68 eignet, als neues und weniger invasives Therapeutikum effizient
Darmkrebszellen zu infizieren um sich in ihnen zu replizieren und diese anschlieBend zu
lysieren. Ein derartiger Therapieansatz wirde besonders im Hinblick auf spéat
diagnostizierten, metastasierenden Darmkrebs eine interessante Behandlungsalternative
darstellen. Es konnte anhand von Replikations-Assays und Zytotoxizitatsstudien gezeigt
werden, dass GLV-1h68 eine Anzahl von unterschiedlich fortgeschrittenen Darmkrebszellen
infizieren kann und sich anschlieBend bis zur Zelllyse in ihnen repliziert. Dies geschieht in
einer MOI- und Zelltyp-abh&ngigen Weise. Virale Markergen-expression wurde anhand von
Fluoreszenzmikroskopie und FACS-Analyse untersucht und Kkorrelierte gut mit der
Virusreplikation und Zytotoxizitat. Desweiteren wurde gezeigt, dass die einmalige
Administration von GLV-1h68 in mindestens zwei verschiedenen Darmkrebszelllinien zu
einer signifikanten Inhibierung des Tumorwachstums in vivo und zu signifikant verbessertem

Uberleben fiihrt. Standard Plaque Assays von Tumor- und Organlysaten und immuno-
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histochemische Analysen zeigten, dass das Vaccinia Virus ausschlieflich das primare
Tumorgewebe befallt und sich darin repliziert. Analysen der Immun-bezogenen
Proteinantigen-Profile von behandelten und unbehandelten Mause weisen auf eine
Beteiligung des angeborenen Immunsystems bei der Tumorregression durch Cytokin- und
Chemokin-vermittelte Rekrutierung dendritischer Zellen, Makrophagen und natlrlicher
Killerzellen bei hin.

Der Transkriptionsfaktor Klf4 wird zwar stark in ruhenden, ausdifferenzierten Zellen des
Darmepithels exprimiert, ist hingegen bei Darmkrebs generell dramatisch herabreguliert. Die
Expression von KiIf4 fuhrt zu einem Stop der Zellproliferation und inhibiert die Aktivitat des
Whnt-Signalweges, indem es im Zellkern an die Transaktivierungsdoméane von beta-Catenin
bindet. Um die Behandlung von Darmkrebs mit Hilfe onkolytischer Virotherapie weiter zu
verbessern, wurden verschiedene Vaccinia-Viren (GLV-1h290-292) erzeugt, die durch
verschiedene  Promoterstarken die  Expression unterschiedlicher Mengen an
Tumorsuppressor KIf4 vermitteln. Die anfangliche Charakterisierung der drei Virusstamme
mittels Replikations-Assay, Zytotoxizitatstudien, SDS-PAGE und Western blotting,
Immunozytochemie sowie die Analyse der Proteinfunktion mit Hilfe von gPCR- und ELISA-
Analysen zur Bestimmung von zellularem beta-Catenin, zeigten eine Promoter-abhangige
Expression und Wirkung von KIf4. Fur weitere Analysen wurde das Virus GLV-1h291
gewahlt, welches nach Infektion die grépte Menge an KiIf4 produziert und zusatzlich durch
die C-terminale Fusion einer TAT Transduktionsdoméne Membran-gangig gemacht (GLV-
1h391). GLV-1h391 weist ein identisches Replikationsverhalten wie GLV-1h291 auf, ist
jedoch 10-fach weniger zytotoxisch. Weiterhin filhrte eine Inkubation mit konditioniertem
Medium, von GLV-1h391-infizierten Zellen, zu einer deutlichen Inhibition der Zell-
proliferation. Die Behandlung von HT-29-Non-Responder Tumoren in vivo mit GLV-1h291
oder GLV-1h391 fuhrte zu einer signifikanten Inhibierung des Tumorwachstums und
verlangerte die Uberlebenszeit. Es zeigte sich zudem, dass eine Injektion mit GLV-1h391
das Tumorwachstum effizienter verhinderte als eine Injektion mit GLV-1h291.
Immunohistochemische Versuche zeigten die exklusive Expression von Klf4 in Tumoren von
Mausen, die zuvor mit GLV-1h291 oder GLV-1h391 injiziert wurden, wo hingegen Standard
Plague Assays von Tumorlysaten zeigten, dass alle Behandlungsgruppen gleiche Mengen
an Virus im Tumor aufwiesen. Dies weist auf die Rolle von Virus-vermittelter KIf4-Expression
in der Inhibierung von HT-29-Tumorwachstum hin. Die Befunde machen das KIf4-TAT-
kodierende Vaccinia-Virus GLV-1h391 zu einem vielversprechenden Kandidaten fir eine

Behandlung von Darmkrebs beim Menschen.




SUMMARY

Summary

Cancer remains the second leading cause of death in the industrialized world with an
estimate of 1,638,910 newly diagnosed cases and 577,190 deaths in 2012 in the United
States alone, resulting in not only suffering of both, cancer patients and their families but
also having a big impact on the health care system. In addition, the data from many different
studies investigating the nature of cancer-initiating cells coined the description ‘cancer stem
cells’ and has major implications on conventional cancer therapy. Thus, to improve the
outcome of cancer treatment and to lower negative side effects, the development of novel
therapeutic regimens is indispensable. It has been demonstrated in many preclinical studies
that oncolytic virotherapy using vaccinia virus may provide a powerful and well-tolerable new
tool in cancer therapy which is currently investigated in several clinical trials (Phase | & Il) as
stand-alone treatment or in combination with conventional cancer therapy.

Cancer-initiating cells and stem cells share a variety of characteristics like the ability to self-
renew, differentiation potential, quiescence, drug and radiation resistance, activation and
inhibition of similar signaling pathways as well as expression of cell surface markers and
stem cell-related genes like Nanog and Oct4.

In this work, two new recombinant vaccinia viruses expressing the transcription factors
Nanog (GLV-1h205) and Oct4 (GLV-1h208) were engineered to provide deeper insight of
these stem cell master regulators in their significance of cancer-initiation and their impact on
oncolytic virotherapy. Both viruses were analyzed for their replication potential in A549 and
PC-3 human cancer cells. GLV-1h205 showed more efficient viral replication compared to its
parental strain GLV-1h68 while GLV-1h208 showed impaired replication potential. Marker
gene expression was assessed by RT-PCR, SDS-PAGE and Western blotting, ELISA or
immunocytochemistry and comparable to their parental strain GLV-1h68 as well as
expression of the respective transcription factor. Analysis of cytotoxicity revealed that GLV-
1h205 showed the strongest cytotoxic effect compared to GLV-1h68 and GLV-1h208 which
is assumed to be directly proportional to replication efficacy. Infection of A549 cells with
GLV-1h205 and GLV-1h208 did neither result in detectable expression of genes involved in
EMT nor in expression of cancer stem cell-related cell surface marker CD133. Furthermore,
the effect of GLV-1h205 infection on the cell cycle in A549 cells was analyzed, but no
changes in cell cycle progression was observed. Next, the effects of virus-mediated
expression of stem cell transcription factors on therapeutic efficacy and survival rates in
A549 xenograft mouse models was analyzed. Treatment with GLV-1h205 was significantly
more efficient compared to treatment with GLV-1h68 or GLV-1h208 and led to efficient

colonization of the tumor correlated with cell death, which was assessed by
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immunohistochemistry. Renilla luciferase and GFP imaging and standard plague assays
showed efficient tumor colonization and marker gene expression of GLV-1h205 and GLV-
1h208. Mouse immune-related antigen profiling revealed a replication-depedent upregulation
of immune-related antigens. A non-functional Nanog mutant-expressing virus strain (GLV-
1h321) was engineered to analyze whether the observed therapeutic benefits were
promoter- or payload-driven. GLV-1h321 was characterized for foreign transgene expression
by SDS-PAGE and Western blotting as well as immunocytochemistry. Replication assay and
cell viability assay and showed similar replication behavior and cytotoxicity in A549 cells
compared to GLV-1h68. Treatment of A549 tumor-bearing mice with GLV-1h321 led to
impaired therapeutic efficacy compared to GLV-1h205, whereas treatment of DU-145 tumors
was more efficient and comparable to the parental GLV-1h68, indicating that the observed
effects are rather payload- than promoter-driven. Therefore, the virus-mediated expression
of stem cell transcription factor Nanog seems to enhance oncolytic virotherapy in A549 lung
adenocarcinomas.

Furthermore, this study analyzed the potential of GLV-1h68 to infect, replicate in, and lyse
colorectal cancer cell lines to study whether oncolytic vaccinia viruses can be potential new
and less invasive treatment regimens for late stage colorectal cancer. It was shown by
replication assay and cell viability assay that GLV-1h68 efficiently infects and kills a variety
of colorectal cancer lines in a cell line- and MOI-dependent manner. Marker gene expression
was assessed by fluorescence microscopy and FACS and correlated well with virus
replication and cell killing. Furthermore, GLV-1h68 significantly inhibited the tumor growth in
at least two different colorectal cancer lines in vivo and led to a significantly better overall
survival. Standard plaque assay of tumors and body organs as well as
immunohistochemistry demonstrated that the virus exclusively colonized and replicated in
the primary tumor. Mouse immune-related antigen profiling revealed the upregulation of a
variety of immune-related genes upon virus infection, which is likely to result in an innate
immune response at the tumor site by recruiting macrophages, dendritic cells and natural
killer cells to the tumor site.

The transcription factor Klf4 is highly expressed in quiescent, terminally differentiated cells in
the colonic epithelium whereas it is dramatically downregulated in colon cancers. Klf4
expression leads to cell growth arrest and inhibits Wnt signaling by binding to beta-catenin.
To further improve the treatment of colorectal cancers, new recombinant vaccinia viruses
(GLV-1h290-292) mediating the expression of differing amounts of the tumor suppressor
KIf4 by using different promoter strengths were engineered. Initial characterization of
recombinant vaccinia viruses expressing Klf4 by replication assay, cell viability assay, SDS-
PAGE and Western blotting, immuncytochemistry and analysis of protein functionality by

gPCR and ELISA analysis for cellular beta-catenin expression, demonstrated promoter
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strength-dependent expression of and impact of Kif4. For further analysis, the vaccinia virus
strain with the strongest KIf4 expression (GLV-1h291) was picked for further in vivo analysis.
To further boost the effects of tumor suppressor Klf4, a vaccinia virus strain expressing Klf4
with a C-terminal fusion of the TAT transduction domain (GLV-1h391) was engineered. GLV-
1h391 showed identical replication behavior but a 10-fold decrease in cytotoxicity compared
to GLV-1h291. Cell proliferation assay of HT-29 cells incubated with conditioned media from
GLV-1h391 led to slower cell proliferation compared to conditioned media from uninfected
controls, or GLV-1h68/291-infected cells. Treatment of HT-29 non-responder tumors in vivo
with GLV-1h291 and GLV-1h391 led to significant tumor growth inhibition and improved
overall survival compared to GLV-1h68. It was furthermore shown that GLV-1h391 was more
efficient than GLV-1h291 inhibiting HT-29 tumor growth. Immunohistochemistry
demonstrated Klf4 expression in virus-patches of HT-29 tumors infected with GLV-1h291
and GLV-1h391 exclusively whereas standard plaque assay confirmed similar viral titers in
all tested viruses, suggesting that differences in tumor growth are directly linked to virus-
mediated KIf4 expression. This makes the KIf4-TAT expressing GLV-1h391 a promising

candidate for the treatment of colorectal cancer in man.
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1 Introduction

Despite a tremendous medical and scientific effort, according to the World Health
Organization (WHO), cancer remains the second leading cause of death in the industrialized
world. The International Agency for Research on Cancer (IARC) estimated 12.7 million new
cancer cases worldwide in 2008 and a corresponding number of 7.6 million cancer deaths™.
The American Cancer Society (ACS) estimates 1,638,910 new cases that will be diagnhosed
and reported in 2012, causing an estimate of 577,190 deaths in the United States alone®. In
Germany, the Robert-Koch-Institute (RKI) in collaboration with the “Zentrum far
Krebsregisterdaten” (ZfKD) estimates 486,000 new cancer cases.® With growth and aging of
the world’s population, as well as further industrialization of economically transitioning
countries, leading to reductions in childhood mortality and deaths from infectious diseases,
the global cancer burden in 2030 is estimated to grow to 21.4 million new cancer cases and
13.2 million cancer deaths’. Alongside with the suffering and decline in quality of life for both
patients and their families, diagnosis and treatment of cancer also created an immense
economic impact of $895 billion, even surpassing the costs created by heart diseases ($753
billion) in 2008.*

1.1 Cancer occurrence in humans
Cancer is used as a general term for a group of diseases characterized by abnormal and
uncontrolled cell growth and spread in living organisms leading to the formation of
neoplasms. Neoplasms, or tumors, can be benign or malignant and reside as non-life
threatening tumors in the original tissue they arose from. If the neoplasmic growth is
uncontrolled and it is characterized as malignant, it is referred to as cancer. Cancer
possesses the ability to become anaplastic, invasive and metastatic. Malignant cancers are
generally linked with a progressively worsening health status of the patient and can
potentially lead to death. Most cancers form a solid tumor, with the exception of leukemia.
Most cancer types develop independent of the sex, making cancer occurrence rates in male
and female humans comparable. Cancer of the colon and rectum (9% of all cases in both
genders), Non-Hodgkin lymphoma (4%), melanoma of the skin (5% in men, 4% in women),
pancreatic cancer (3%), and cancer of the kidneys and pelvis (5% in men, 3% in women) all
develop in a similar manner in both genders. However, certain cancer types like breast
cancer, which develops predominantly in women (29% of all cases), or prostate cancer in
men (29% of all cases) are gender-specific. For the longest time, it was assumed that men
had a pre-deposition to develop lung cancer, but new studies indicate increasing cases of

lung cancer in women, which is correlated with increased numbers of smokers in women.
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Leading New Cancer Cases and Deaths - 2012 Estimates

Estimated New Cases*

Estimated Deaths

Male
Prostate
241,740 (29%)
Lung & bronchus
116,470 (14%)
Colon & rectum
73,420 (9%)
Urinary bladder
55,600 (7%)
Melanoma of the skin
44,250 (5%)
Kidney & renal pelvis
40,250 (5%)
Non-Hodgkin lymphoma
38,160 (4%)
Oral cavity & pharynx

Female
Breast
226,870 (29%)
Lung & bronchus
109,690 (14%)
Colon & rectum
70,040 (9%)
Uterine corpus
47,130 (6%)
Thyroid
43,210 (5%)
Melanoma of the skin
32,000 (4%)
Non-Hodgkin lymphoma
31,970 (4%)
Kidney & renal pelvis

Male Female
Lung & bronchus Lung & bronchus
87,750 (29%) 72,590 (26%)
Prostate Breast
28,170 (9%) 39,510 (14%)
Colon & rectum Colon & rectum
26,470 (9%) 25,220 (9%)
Pancreas Pancreas
18,850 (6%) 18,540 (7%)
Liver & intrahepatic bile duct Ovary
13,980 (5%) 15,500 (6%)
Leukemia Leukemia
13,500 (4%) 10,040 (4%)
Esophagus Non-Hodgkin lymphoma
12,040 (4%) 8,620 (3%)
Urinary bladder Uterine corpus

28,540 (3%) 24,520 (3%)
Leukemia Ovary
26,830 (3%) 22,280 (3%)
Pancreas Pancreas
22,090 (3%) 21,830 (3%)
Al sites All sites
848,170 (100%) 790,740 (100%)

10,510 (3%) 8,010 (3%)
Non-Hodgkin lymphoma Liver & intrahepatic bile duct
10.320 (3%) 6,570 (2%)
Kidney & renal pelvis Brain & other nervous system
8,650 (3%) 5,980 (2%)
All sites Al sites
301,820 (100%) 275,370 (100%)

*Excludes basal and squamous cell skin cancers and in situ carcinoma except urinary bladder.

©2012, American Cancer Society, Inc., Surveillance Research

Fig. 1.1 - Estimates for new cancer cases and deaths in 2012 (from Cancer Facts & Figures 2012)

1.2 Causes of cancer
Today, it is an established fact that cancer is a disease involving dynamic changes and
mutations in the genome of the transformed cell. The cause for these genetic changes can
originate from external factors like tobacco smoke in lung cancer, infectious agents like the
human papillomavirus (HPV) in cervical cancer, chemicals or radiation. Dietary habits and
lack of physical exercise further contribute to the risk of developing cancer®.
Unlike external factors increasing the risk to develop cancer, which can be avoided to reduce
or prevent the development of cancer, there are internal factors and pre-depositions that can
increase the risk to develop cancer. These internal factors include inherited genetic
mutations in breast cancer, hormones, immune conditions and mutations that occur from
dysfunctional metabolic pathways®. It is important to note that oftentimes external and
internal triggers do not work exclusively by themselves but rather act together or in
sequence to initiate or promote cancer development?.
The development of cancer or tumorigenesis appears to be a multistep process, reflecting
genetic alterations. Each genetic change confers one or another type of growth advantage,
that drives the progressive transformation of normal human cells into highly malignant
derivatives’. The disease shows a high complexity, ranging from genetic changes as little as
point mutations in a gene, turning it into an oncogene, or as obvious as chromosomal
aberrations. It can be assumed that this complexity translates into the diversity of the
disease, represented in the more than 100 different types of cancers that exist today.
In 2000, Hanahan and Weinberg suggested, that the diversity of different cancer types is a

manifestation of six essential alterations in cell physiology that collectively dictate malignant
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cell growth, calling it “the hallmarks of cancer’”®. The six alterations that will ultimately
initiate the progression from normal cell to tumorigenic cell comprise self-sufficiency in
growth signals, insensitivity to growth-inhibitory signals, evasion of apoptosis, limitless
replicative potential, sustained angiogenesis, and tissue invasion and metastasis’. On a
cellular level, cancer cells acquire some of these hallmarks by cancer-promoting oncogene
activation, another class of genes (tumor suppressor genes) cause loss of function in DNA
replication, cell cycle progression, interaction with the host immune system or tissue
adhesion®. Furthermore, epigenetic changes are also considered to be involved in cancer
development™. However, it is noteworthy that cancer development is not exclusively
restricted to cell-autonomous processes but is also depending on the interactions between
transformed cell and the normal cells in the tumor microenvironment (stroma, inflammatory
cells and recruited vasculature). Moreover, virtually all types of human tumors, including their
metastatic outgrowths, consist of complex mixtures of several cell types that create the

malignancy of cancer’.

angiogenesis

Fig 1.2 — The six hallmarks of cancer (from Hanahan & Weinberg, 2000)

The six alterations that will ultimately initiate cancer progression comprise self-sufficiency in growth signals,
insensitivity to growth-inhibitory signals, evasion of apoptosis, limitless replication potential, sustained
angiogenesis, and tissue invasion and metastasis.




INTRODUCTION

1.3 Classification and morphology of cancer

Cancer is classified by two major characteristics: cell type and the tissue of origin. Location
and histological analysis oftentimes help in identification of the tumor.

The majority of human tumors derives from putative epithelial tissues and account for more
than 80% of the most common cancer-related deaths in humans in the Western world.
These tumors are classified as carcinomas. Carcinomas include cancers developing from
the epithelial cell layers of the entire gastro-intestinal tract as well as cancers developing on
the outer surface of the body. Carcinomas can be further distinguished by their histological
features into adenocarcinomas (originates in the glandular tissues), squamous cell
carcinoma (originates in the epidermis of the skin), adenosquamous (a mixture of
adenocarcinoma and squamous cell carcinoma), anaplastic carcinoma (dedifferentiated
tumors), large and small cell carcinomas. Sarcomas are a second class of cancers that
derive from mesenchymal tissues. Thus, sarcomas develop in bone (osteosarcoma),
cartilage (chondrosarcoma), fat (liposarcoma) or muscle tissues (myosarcoma). A third
group of non-epithelial cancers arises from hematopoietic cells and cells of the immune
system. Leukemia (blood or bone marrow cancer) is a cancer of hematopoietic cells that
circulate in the blood stream while lymphomas are comprised of tumors of the lymphoid
lineages, e.g. B and T lymphocytes that aggregate and form solid tumors. These tumors are
mostly found in the lymph nodes®. Another considerable group of cancers derives from cells
of the central and peripheral nervous system (neuroectodermal tumors). This group of
cancers includes gliomas, glioblastomas, neuroblastomas, schwannomas, and
medullablastomas®. Melanomas arise from melanocytes while germinomas derive from the
germinal tissue of the gonas, mediastinum or pineal region.

Despite their very various tissue of origin, most tumors seem to keep some of the distinctive

characteristics of their original tissue from which they developed®.

1.3.1 Lung cancer

Lung cancer can be divided into two different kinds of cancer — small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC) which make up 85-90% of all diagnosed
lung cancers. Non-small cell lung cancers are generally classified as carcinomas and can be
grouped in three different histopathological classes: adenocarcinomas (40%), squamous cell
carcinomas (25-30%) and large cell carcinomas (10%).

The major