
Oncological Propedeutics - 4th year General Medicine - Oral Questions

1) Natural history of cancer, cancer as an ancient disease

The earliest written record regarding cancer is from 3000 BC in the Egyptian Edwin Smith Papyrus
and describes cancer of the breast. Cancer however has existed for all of human history. Hippocrates
(ca. 460 BC - ca. 370 BC) described several kinds of cancer, referring to them with the Greek word
carcinos (crab or crayfish). This name comes from the appearance of the cut surface of a solid
malignant tumor, with "the veins stretched on all sides as the crab has its feet, whence it derives its
name". Celsus (ca. 25 BC - 50 AD) translated carcinos into the Latin cancer, also meaning crab and
recommended surgery as treatment. Galen (2nd century AD) disagreed with the use of surgery and
recommended purgatives instead. These recommendations largely stood for 1000 years.

In the 15th, 16th and 17th centuries, it became more acceptable for doctors to dissect bodies to
discover the cause of death. The German professor Wilhclm Fabry believed that breast cancer was
caused by a milk clot in a mammary duct. The Dutch professor ljrancois de la Boe Sylvius, a
follower of Descartes, believed that all disease was the outcome of chemical processes, and that
acidic lymph fluid was the cause of cancer. His contemporary Nicolacs Tulp believed that cancer
was a poison that slowly spreads, and concluded that it was contagious.

The physician John Hill described tobacco snuff as the cause of nose cancer in 1761. This was
followed by the report in 1775 by British surgeon Percivall Pott that cancer of the scrotum was a
common disease among chimney sweeps. With the widespread use of the microscope in the 18th
century, it was discovered that the 'cancer poison' spread from the primary tumor through the lymph
nodes to other sites ("metastasis"). This view of the disease was first formulated by the English
surgeon Campbell De Morgan between 1871 and 1874.

2) Cancer occurrence in developed countries

In 2008 approximately 11.1 million cancers were diagnosed (excluding non-melanoma skin cancers
and other non-invasive cancers) and 7.6 million people died of cancer worldwide. Cancers as a
group account for approximately 13% of all deaths each year with the most common being: lung
cancer (1.4 million deaths), stomach cancer (740,000 deaths), liver cancer (700,000 deaths),
colorectal cancer (610,000 deaths), and breast cancer (460,000 deaths). This makes invasive coiioer
the leading uause of death in the developed world and the second leading cause of death in the
developing world. Over half of cases occur in the developing world.

Global cancer rates have been increasing primarily due to an aging population and lifestyle changes
in the developing world. The most significant risk factor for developing cancer is old age. Although
it is possible for cancer to strike at any age, most people who are diagnosed with invasive cancer are
over the age of 65. According to cancer researcher Robert A. Weinberg, "If we lived long enough,
sooner or later we all would get cancer." Some of the association between aging and cancer is
attributed to immunosenescence, errors accumulated in DNA over a lifetime, and age-related
changes in the endocrine system.

Some slow-growing cancers are particularly common. Autopsy studies in Europe and Asia have
shown that up to 36% of people have undiagnosed and apparently harmless thyroid cancer at the
time of their deaths, and that 80% of men develop prostate cancer by age 80. As these cancers did
not cause the person's death, identifying them would have represented overdiagnosis rather than
useful medical care.

The three most common childhood cancers are leukemia (34%), brain tumors (23%), and
lymphomas (12%). Rates of childhood cancer have increased by 0,6% per year between 1975 to
2002 in the United States and by 1.1% per year between 1978 and 1997 in Europe.



3) Environment and cancer occurrence

Cancer related to one's occupation is believed to represent between 2-20% of all cases. Every year,
at least 200,000 people die worldwide from cancer related to their workplace. Most cancer deaths
caused by occupational risk factors occur in the developed world. It is estimated that approximately
20,000 cancer deaths and 40,000 new cases of cancer each year in the U.S. are attributable to
occupation. Millions of workers run the risk of developing cancers such as lung cancer and
mesothelioma from inhaling asbestos fibers and tobacco smoke, or leukemia from exposure to
benzene at their workplaces.
Up to 10% of invasive cancers arc related to radiation exposure, including both ionizing radiation
and non-ionizing UV radiation. Additionally, die vasl majority of non-invasive cancers are non-
melanoma skin cancers caused by non-ionizing ultraviolet radiation.

Sources of ionizing radiation include medical imaging, and radon gas. Radiation can cause cancer in
most parts of the body, at any age, although radiation-induced solid tumors usually take 10-15
years, and can take up to 40 years, to become clinically manifest, and radiation-induced leukemias
typically require 2-10 years to appear. Some people, such as those with nevoid basal cell carcinoma
or retinoblasloma, are more susceptible than average to developing cancer from radiation exposure.
Children and adolescents are twice as likely to develop radiation-induced leukemia as adults;
radiation exposure before birth has ten times the effect. Ionizing radiation is not a particularly strong
mutagen. Residential exposure to radon gas, for example, has similar cancer risks as passive
smoking. Low-dose exposures, such as living near a nuclear power plant, are generally believed to
have no or very little effect on cancer development. Radiation is a more potent source of cancer
when it is combined with other carcinogens, such as radon gas exposure plus smoking tobacco.

4) Basic tumor characteristics: Malignant tumor (infiltrative growth)

Cancer, also called malignant neoplasm, is a broad group of various diseases, all involving
unregulated cell growth. In cancer, cells divide and grow uncontrollably, forming malignant tumors,
and invade nearby parts of the body. The cancer may also spread to more distant parts of the body
through the lymphatic system or bloodstream. Not all tumors are cancerous. Benign tumors do not
grow uncontrollably, do not invade neighboring tissues, and do not spread throughout the body.
There are over 200 different known cancers that afflict humans.
Malignant cells have a phenotype that is fixed. Malignancy is evidently related to a dysfunction of
mechanisms regulating normal cell function.
Malignant cells are morphologically altered, they have a vuseular stroma and many times outgrow
their blood supply, causing necrosis in their central mass. Microscopically, cells show nuclear
atypia, hyperchromatism and increased mitotic activity. They spread locally and subsequently
metastasise to distant locations, first to locoregional lymphnodes and then through the bloodstream
to other organs.

5) Basic tumor characteristics: Benign tumor (expansive growth)

By definition, benign tumors do not penetrate (invade) adjacent tissue borders, nor do they spread
(metastasise) to distant sites. They remain as localized overgrowths in the area in which they arise.
As a rule, benign tumors are more differentiated than malignant ones - that is, they more closely
resemble their tissue of origin.
In common usage, the characteristic "beniyn" refers to the overall biological behaviour of a tumor
rather than to its morphologic characteristics. However, benign tumors in critical locations can be
deadly. For example, a benign intracramal tumor (meningioma) can kill by excreting pressure on the
brain. A minute benign epcndymoma can block the circulation of CSF, resulting in lethal
hydrocephalus.
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6) Molecular control of cell replication

Regulation of the cell cycle involves processes crucial to the survival of a cell, including the
detection and repair of genetic damage as well as the prevention of uncontrolled cell division. The
molecular events that control the cell cycle are ordered and directional; that is, each process occurs
in a sequential fashion and it is impossible to "reverse" the cycle.
Two key classes of regulatory molecules, cyclins and cyclin-dependent kinases (CDKs),, determine a
cell's progress through the cell cycle. Many of the relevant genes were first identified by studying
yeast, especially Saccharomyccs cerevisiae; genetic nomenclature in yeast dubs many of these genes
cdc (for "cell division cycle") followed by an identifying number, e.g., cdc25 or cdc20.
Cyclins form the regulatory subunits and CDKs the catalytic subunits of an activated heterodimcr;
cyclins have no catalytic activity and CDKs are inactive in the absence of a partner cyclin. When
activated by a bound cyclin, CDKs perform a phosphorylation that activates or inactivates target
proteins to orchestrate coordinated entry into the next phase of the cell cycle. Different cyclin-CDK
combinations determine the downstream proteins targeted. CDKs are constitutively expressed in
cells whereas cyclins arc synthesised at specific stages of the cell cycle, in response to various
molecular signals.
Two families of genes, the cip/kip family (CDK interacting protein/Kinase inhibitory protein) and
the lNK4a/ARF (Inhibitor of Kinase 4/Alternativc Reading Frame) prevent the progression of the
cell cycle. Because these genes are instrumental in prevention of tumor formation, they arc known
as tumor suppressors.

7) Cell replication and differentiation, the role of cytokines and receptors

Mitosis is the process by which a eukaryotic cell separates the chromosomes in its cell nucleus into
two identical sets in two nuclei. It is generally followed immediately by cytokinesis, which divides
the nuclei, cytoplasm, organdies and cell membrane into two cells containing roughly equal shares
of these cellular components. Mitosis and cytokinesis together define the M phase of the cell cycle -
the division of the mother cell into two daughter cells, genetically identical to each other and to their
parent cell. This accounts for approximately 10% of the cell cycle.
The process of mitosis is complex and highly regulated. The sequence of events is divided into
phases, corresponding to the completion of one set of activities and the start of the next. These
stages arc prophase, prometaphase, metaphase, anaphase ami lelophase. During the process of
mitosis the pairs of chromosomes condense and attach to fibers that pull the sister chromatids to
opposite sides of the cell
Regulation of the cell cycle involves processes crucial to the survival of a cell, including the
detection and repair of genetic damage as well as the prevention of uncontrolled cell division. The
molecular events that control the cell cycle are ordered and directional; that is, each process occurs
in a sequential fashion and it is impossible to "reverse" the cycle.
Two key classes of regulatory molecules, cyclins and cyclin-dependent kinases (CDKs), determine a
cell's progress through the cell cycle. Many of the relevant genes were first identified by studying
yeast, especially Saccharomyces cerevisiae; genetic nomenclature in yeast dubs many of these genes
cdc (for "cell division cycle") followed by an identifying number, e.g., cdc25 or cdc20.

X) Exponential growth of primary malignant tumor

The growth rate is defined as the rate of increase in volume (or the number of cells) in relation to
time. Exponential growth occurs when the growth rate of the tumor is proportional to the tumor's
current size. For example, one cell divides into two cells, two cells divide into four cells, four cells
divide into eight cells, eight cells divide into sixteen cells etc.
Testicular carcinomas, pediatric tumors, and some mesenchymal tumor are examples of rapidly
proliferating cell populations, for which the tumor volume doubling time (TVDT) can be counted in
days. Cancers from the breast, prostate, and colon are frequently slow-growing, displaying a TVDT
of months or years. Irrespective of their growth rates, most human tumors have been found: to start



from one single cell, to have a long subclmical period, to grow at constant rales for long periods of
time, to start to metastasize often even before the primary is detected, and to have metastases that
often grow at approximately the same rate as the primary tumor. The recognition of basic facts in
tumor cell kinetics is essential in the evaluation of important present-day strategies in oncology.

9) Biological factors influencing exponential tumor growth

Some hormones play a role in the development of cancer by promoting cell proliferation. Insulin-
like growth factors and their binding proteins play a key role in cancer cell proliferation,
differentiation and apoptosis, suggesting possible involvement in carcinogenesis.
Hormones are important agents in sex-related cancers such as cancer of the breast, endometrium,
prostate, ovary, and testis, and also of thyroid cancer and bone cancer. For example, the daughters of
women who have breast cancer have significantly higher levels of estrogen and progesterone than
the daughters of women without breast cancer. These higher hormone levels may explain why these
women have higher risk of breast cancer, even in the absence of a BRCA1 gene. Similarly, men of
African ancestry have significantly higher levels of testosterone than men of European ancestry, and
have a correspondingly much higher level of prostate cancer.
Other factors are also relevant: obese people have higher levels of some hormones associated with
cancer and a higher rate of those cancers. Women who take hormone replacement therapy have a
higher risk of developing cancers associated with those hormones. On the other hand, people who
exercise far more than average have lower levels of these hormones, and lower risk of cancer.
Osteosarcoma may be promoted by growth hormones. Some treatments and prevention approaches
leverage this cause by artificially reducing hormone levels, and thus discouraging hormone-sensitive
cancers.

10) "Immortality" of tumor cells

Cancer is fundamentally a disease of failure of regulation of tissue growth. In order for a normal cell
to transform into a cancer cell, genes, which regulate cell growth and differentiation must be altered.

The affected genes are divided into two categories. Oncogenes are genes which promote cell growth
and reproduction, Tumor suppressor genes are genes which inhibit cell division and survival.
Malignant transformation can occur through the formation of novel oncogcncs, the inappropriate
over-expression of normal oncogenes, or by the under-expression or disabling of tumor suppressor
genes. Typically, changes in many genes are required to transform a normal cell into a cancer cell.

Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an
entire chromosome can occur through errors in mitosis. More common are mutations, which arc
changes in the nucleotide sequence of genomic DNA.

Large-scale mutations involve the deletion or gain of a portion of a chromosome. Genomic
amplification occurs when a cell gains many copies (often 20 or more) of a small chromosomal
locus, usually containing one or more oncogenes and adjacent genetic material. Translocation occurs
when two separate chromosomal regions become abnormally fused, often at a characteristic
location, A well-known example of this is the Philadelphia chromosome, or translocation of
chromosomes 9 and 22, which occurs in chronic myelogenous leukemia, and results in production of
the BCR-abl fusion protein, an oncogenic tyrosine kinase.

Small-scale mutations include point mutations, deletions, and insertions, which may occur in the
promoter region of a gene and affect its expression, or may occur in the gene's coding sequence and
alter the function or stability of its protein product. Disruption of a single gene may also result from
integration of genomic material from a DNA virus or retrovirus, and resulting in (he expression of
viral oncogcncs in the affected cell and its descendants.



11) Tumor growth and immune response, tumor-associated antigens

It used to be believed that malignant tumors elicit a chronic inflammatory response that is unrelated
to necrosis or infection of the tumor. The inflammatory reaction is correlated with a better prognosis
in some tumors, such as medullary carcinoma of the breast and seminoma, but in general no clear
correlation exists. Although the infiltrate is composed principally of T cells and macrophages,
suggesting a cell-mediated immune response, the antigen to which the cells respond has not yet been
identified.
Studies in mice have shown than cells of a chemically or virally-induced tumor can cause cancer
when transplanted into other mice. If those cells are then removed before the cancer metastasizes,
the mouse is cured. However, when those same cells are reinjected into that mouse, the body
"rejects" them and cancer does not develop, because of immunity aquired as a result of the first
tumor transplant. This whole process proves an antigenic nature of cancer.
Early studies on melanoma showed that certain HL A-associated peptide antigens correspond to
proteins that are present in small amounts in the adult but are abundant during development. Such
tumor-associated oncodevelopmental antigens are shared in cancers in different patients and
sometimes of varying histologic type. Examples include CEA (carcinoembryonic antigen) and AFP
(alpha fetoprotein)

12) Humoral regulation of cell division, endocrine, paracrinc, autncrine regulation factors

Cell replication is regulated by growth factors produced by genes. Once these genes are
pathologically activated, the cell is abnormally forced to replicate, leading to malignant
transformation.
Examples include: PDGF (platele-derived growth factor) from thrombocytes and TGFb
(transforming growth factor beta) from macrophages.
Regulating factors can be:
-> endocrine: targets of hormones are in distant locations and are reached through the blood
(steroids act in this manner)
-> paracrine: targets of hormones are in the vicinity of the cell that produces them (lymphocytes
secrete cytokines this way)
-> autocrine: the ceil that produces the hormone is also the target of the substance (growth factors
and kinases act like this)

13) The role of autocrine stimulation ill the process of oncogenesis

14) Genuine of tumor cells, chromosomal basis of malignancy

Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an
entire chromosome can occur through errors in mitosis. More common are mutations, which arc
changes in the nucleotide sequence of genomic DNA.

Large-scale mutations involve the deletion or gain of a portion of a chromosome, Genomic
amplification occurs when a cell gains many copies (often 20 or more) of a small chromosomal
locus, usually containing one or more oncogenes and adjacent genetic material. Translocation occurs
when two separate chromosomal regions become abnormally fused, often at a characteristic
location. A well-known example of this is the Philadelphia chromosome, or translocation of
chromosomes 9 and 22, which occurs in chronic myclogcnous leukemia, and results in production of
the BCR-abl fusion protein, an oncogenic tyrosine kinase.

Small-scale mutations include point mutations, deletions, and insertions, which may occur in the
promoter region of a gene and affect ils expression, or may occur in the gene's coding sequence and
alter the function or stability of its protein product. Disruption of a single gene may also result from
integration of genomic material from a DNA virus or retrovirus, and resulting in the expression of
viral oncogenes in the affected cell and its descendants.



Replication of the enormous amount of data contained within the DNA of living cells will
probabilistically result in some errors (mutations). Complex error correction and prevention is built
into the process, and safeguards the cell against cancer, if significant error occurs, the damaged cell
can "self-destruct" through programmed cell death, termed apoptosis. If the error control processes
tail, then the mutations will survive and be passed along to daughter cells.

15) Humoral regulation of cell replication, wound healing

Two key classes of regulatory molecules, cyclins and cyclin-dependent kinases (CDKs), determine a
cell's progress through the cell cycle. Cyclins form the regulatory subunits and CDKs the catalytic
subunits of an activated heterodimer; cyclins have no catalytic activity and CDKs arc inactive in the
absence of a partner cyclin.
Upon receiving a pro-mitotic extracellular signal, GI cyclin-CDK complexes become active to
prepare the cell for S phase, promoting the expression of transcription factors that in turn promote
the expression of S cyclins and of enzymes required for DNA replication. The GI cyclin-CDK
complexes also promote the degradation of molecules that function as S phase inhibitors by
targeting them for ubiquitination. Once a protein has been ubiquitinaled, it is targeted for proleolytic
degradation by the protcasome.

Active S cyclin-CDK complexes phosphorylate proteins that make up the prc-replication complexes
assembled during GI phase on UNA replication origins. The phosphorylalion serves two purposes:
to activate each already-assembled pre-replication complex, and to prevent new complexes from
forming. This ensures that every portion of the cell's genome will be replicated once and only once.
The reason for prevention of gaps in replication is fairly clear, because daughter cells that are
missing all or part of crucial genes will die. However, for reasons related to gene copy number
effects, possession of extra copies of certain genes is also deleterious to the daughter cells,

Mitotic cyclin-CDK complexes, which arc synthesized but inactivated during S and G? phases,
promote the initiation of mitosis by stimulating downstream proteins involved in chromosome
condensation and mitolic spindle assembly. A critical complex activated during this process is a
ubiquitin ligase known as the anaphase-promoting complex (APC), which promotes degradation of
structural proteins associated with the chromosomal kinetochore. APC also targets the mitotic
cyclins fur degradation, ensuring that tclophtise and cytokinesis can proceed,

16) Wound healing and cancer: similarities and diversities

17) Cancer as a genetic disease

A cancer syndrome is a genetic disorder in which genetic mutations in one or more genes predispose
the affected individuals to the development of cancers and may also cause the early onset of these
cancers. Cancer syndromes often show not only a high lifetime risk of developing cancer, but also
the development of multiple independent primary tumors. Many of these syndromes are caused by
mutations in tumor suppressor genes. Other genes that may be affected are oncogenes and genes
involved in angiogenesls. Common examples of inherited cancer syndromes are hereditary breast-
ovarian cancer syndrome and hereditary non-polyposis colon cancer (Lynch syndrome).
Hereditary breast-ovarian cancer syndrome is an autosomal dominant genetic disorder caused by
genetic mutations of the BRCA1 and BRCA2 genes. In women this disorder primarily increases the
risk of breast and ovarian cancer, but also increases the risk of fallopian tube carcinoma and
papillary serous carcinoma of the peritoneum. In men the risk of prostate cancer is increased. Other
cancers that are inconsistently linked to this syndrome are pancreatic cancer, male breast cancer,
colorectal cancer and cancers of the uterus and cervix. Genetic mutations account for approximately
7% and 14% of breast and ovarian cancer, respectively, and BRCA1 and BRCA2 account for 80%
of these cases. BRCA1 and BRCA2 are both tumor suppressor genes.



Hereditary non-polyposis colon cancer, also known as Lynch syndrome, is an autosomal dominant
cancer syndrome that increases the risk of colorectal cancer. It is caused by genetic mutations in
DMA mismatch repair (MMR) genes, notably MLH1, MSH2, MSH6 and PMS2. In addition to
colorectal cancer many other cancers are increased in frequency. These include: endometrial cancer,
stomach cancer, ovarian cancer, cancers of the small bowel and pancreatic cancer. MMR genes arc
involved in repairing DNA when the bases on each strand of DNA do not match. Defective MMR
genes allow continuous insertion and deletion mutations in regions of DNA known as
microsatellites. These short repetitive sequences of DNA become unstable, leading to a state of
microsatellite instability (MSI). Mutated microsatellites are often found in genes involved in tumor
initiation and progression, and MSI can enhance the survival of cells, leading to cancer,

18) Genes involved in the process of ontogenesis

Cancer is fundamentally a disease of failure of regulation of tissue growth. In order for a normal cell
to transform into a cancer cell, the genes which regulate cell growth and differentiation must be
altered.

The affected genes are divided into two broad categories. Oncogenes are genes which promote cell
growth and reproduction. Tumor suppressor genes are genes which inhibit cell division and survival.
Malignant transformation can occur through the formation of novel oncogenes, the inappropriate
over-expression of normal oncogenes, or by the under-expression or disabling of tumor suppressor
genes. Typically, changes in many genes are required to transform a normal cell into a cancer cell.

Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an
entire chromosome can occur through errors in mitosis. More common are mutations, which are
changes in the nucleotide sequence of genomic DNA.

1 ,arge-scale mutations involve the deletion or gain of a portion of a chromosome. Genomic
amplification occurs when a cell gains many copies (often 20 or more) of a small chromosomal
locus, usually containing one or more oncogenes and adjacent genetic material. Translocation occurs
when two separate chromosomal regions become abnormally fused, often at a characteristic
location. A well-known example of this is the Philadelphia chromosome, or translocation of
chromosomes 9 and 22, which occurs in chronic myelogenous leukemia, and results in production of
the BCR-abl fusion protein, an oncogenic tyrosine kinase.

Small-scale mutations include point mutations, deletions, and insertions, which may occur in the
promoter region of a gene and affect its expression, or may occur in the gene's coding sequence and
alter the tiinction or stability of its protein product. Disruption of a single gene may also result from
integration of genomic material from a DNA virus or retrovirus, and resulting in the expression of
viral oncogenes in the affected cell and its descendants.

19) Regulation mechanisms of cell replication: Cell transduction signaling pathway

Regulation of the cell cycle involves processes crucial to the survival of a cell, including the
detection and repair of genetic damage as well as the prevention of uncontrolled cell division. The
molecular events that control the cell cycle are ordered and directional; that is, each process occurs
in a sequential fashion and it is impossible to "reverse" the cycle.

Two key classes of regulatory molecules, cyclins and cyclin-dependent kinases (CDKs), determine a
cell's progress through the cell cycle. Many of the genes encoding cyclins and CDKs arc conserved
among all eukaryotes, but in general more complex organisms have more elaborate cell cycle
control systems that incorporate more individual components. Many of the relevant genes were first
identified by studying yeast, especially Saccharomyces cerevisiae; genetic nomenclature in yeast
dubs many of these genes cdc (for "cell division cycle") followed by an idcntitying number, e.g.,
cdc25orcdc20.



Hereditary non-polyposis colon cancer, also known as Lynch syndrome, is an autosomal dominant
cancer syndrome that increases the risk of colorectal cancer. It is caused by genetic mutations in
DNA mismatch repair (MMR) genes, notably MLH1, MSH2, MSH6 and PMS2. Tn addition to
colorectal cancer many other cancers are increased in frequency. These include: endometrial cancer,
stomach cancer, ovarian cancer, cancers of the small bowel and pancreatic cancer. MMR genes are
involved in repairing DNA when the bases on each strand of DNA do not match. Defective MMR
genes allow continuous insertion and deletion mutations in regions of DNA known as
microsatellites. These short repetitive sequences of DNA become unstable, leading to a state of
microsatellite instability (MSI). Mutated microsalellites are often found in genes involved in tumor
initiation and progression, and MSI can enhance the survival of cells, leading to cancer.

18) Genes involved in the process of oncogencsis

Cancer is fundamentally a disease of failure of regulation of tissue growth. In order for a normal cell
to transform into a cancer cell, the genes which regulate cell growth and differentiation must be
altered.

The affected genes are divided into two broad categories. Oncogenes are genes which promote cell
growth and reproduction. Tumor suppressor genes are genes which inhibit cell division and survival.
Malignant transformation can occur through the formation of novel oncogenes, the inappropriate
over-expression of normal oncogenes, or by the under-express ion or disabling of tumor suppressor
genes. Typically, changes in many genes are required to transform a normal cell into a cancer cell.

Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an
entire chromosome can occur through errors in mitosis. More common are mutations, which are
changes in the nucleotide sequence of genomic DNA.

Large-scale mutations involve the deletion or gain of a portion of a chromosome. Genomic
amplification occurs when a cell gains many copies (often 20 or more) of a small chromosomal
locus, usually containing one or more oncogenes and adjacent genetic material. Translocation occurs
when two separate chromosomal regions become abnormally fused, often at a characteristic
location. A well-known example of this is the Philadelphia chromosome, or translocation of
chromosomes 9 and 22, which occurs in chronic myelogenous leukemia, and results in production of
the BCR-abl fusion protein, an oncogenic tyrosine kinase.

Small-scale mutations include point mutations, deletions, and insertions, which may occur in the
promoter region of a gene and affect its expression, or may occur in the gene's coding sequence and
alter the function or stability of its protein product. Disruption of a single gene may also result from
integration of genomic material from a DNA virus or retrovirus, and resulting in the expression of
viral oncogenes in the affected cell and its descendants.

19) Regulation mechanisms of cell replication; Cell transduction signaling pathway

Regulation of the cell cycle involves processes crucial to the survival of a cell, including the
detection and repair of genetic damage as well as the prevention of uncontrolled cell division. The
molecular events that control the cell cycle arc ordered and directional; that is, each process occurs
in a sequential fashion and it is impossible to "reverse" the cycle.

Two key classes of regulatory molecules, cyclins and cyclin-dependent kinases (CDKs), determine a
cell's progress through the cell cycle. Many of the genes encoding cyclins and CDKs are conserved
among all cukaryotes, but in general more complex organisms have more elaborate cell cycle
control systems that incorporate more individual components. Many of the relevant genes were first
identified by studying yeast, especially Saccharomyces cerevisiae; genetic nomenclature in yeast
dubs many of these genes cdc (for "cell division cycle") followed by an identifying number, e.g.,
cdc25orcdc20.



Cyclins form the regulatory subunits and CDKs the catalytic subunits of an activated heterodimer;
cyclins have no catalytic activity and CDKs are inactive in the absence of a partner cyclin. When
activated by a bound cyclin, CDKs perform a common biochemical reaction called phosphorylation
that activates or inactivates target proteins to orchestrate coordinated entry into the next phase of the
cell cycle. Different cyclin-CDK combinations determine the downstream proteins targeted. CDKs
are constitutively expressed in cells whereas cyclins are synthesised at specific stages of the cell
cycle, in response to various molecular signals.

20) Growth factors, receptors and protein kinases in the regulation of cell replication

11) Transfection of normal cells by tumor cell I) IN A, explanation

A. disreputation of the cell cycle components may lead to tumor formation. Some genes like the cell
cycle inhibitors, RB, p53 etc., when they mutate, may cause the cell to multiply uncontrollably,
forming a tumor. Although the duration of cell cycle in tumor cells is equal to or longer than that of
normal cell cycle, the proportion of cells that are in active cell division (versus quiescent cells in Go
phase) in tumors is much higher than that in normal tissue. Thus there is a net increase in cell
number as the number of cells that die by apoptosis or senescence remains the same.
The cells which are actively undergoing cell cycle are targeted in cancer therapy as me DNA is
relatively exposed during cell division and hence susceptible to damage by drugs or radiation. This
fact is made use of in cancer treatment; by a process known as debulking, a significant mass of the
tumor is removed which pushes a significant number of the remaining tumor cells from GO to G]
phase (due to increased availability of nutrients, oxygen, growth factors etc.). Radiation or
chemotherapy following the debulking procedure kills these cells which have newly entered the cell
cycle.
The fastest cycling mammalian cells in culture, crypt cells in the intestinal epithelium, have a cycle
time as short as 9 to 10 hours. Stem cells in resting mouse skin may have a cycle time of more than
200 hours. Most of this difference is due to the varying length of GI, the most variable phase of the
cycle. M and S do not vary much.
In general, cells are most radiosensitive in late M and 62 phases and most resistant in late S.
For cells with a longer cell cycle time and a significantly long GI phase, there is a second peak of
resistance late ind.

22) Oiicogcncs, tumor suppressor genes, DNA repair genes, role in the carcinogenesis

An oncogene is a gene that has the potential to cause cancer. In tumor cells, they are often mutated
or expressed at high levels. Most normal cells undergo apoptosis. Activated oncogenes can cause
those cells that ought to die to survive and proliferate instead. Most oncogenes require an additional
step, such as mutations in another gene, or environmental factors, such as viral infection, to cause
cancer. Many cancer drugs target the proteins encoded by oncogenes.
A tumor suppressor gene, or anti-oncogene, is a gene that protects a cell from one step on the path to
cancer. When this gene is mutated to cause a loss or reduction in its function, the cell can progress to
cancer, usually in combination with other genetic changes. Tumor-suppressor genes, or more
precisely, the proteins for which they code, either have a dampening or repressive effect on the
regulation of the cell cycle or promote apoptosis, and sometimes do both.
DNA repair is a collection of processes by which a cell identifies and corrects damage to the DNA
molecules that encode its genome. Both normal metabolic activities and environmental factors such
as UV light and radiation can cause DNA damage, resulting in as many as 1 million individual
molecular lesions per cell per day. Many of these lesions cause structural damage to the DNA
molecule and can alter or eliminate the cell's ability lo transcribe the gene that the affected DNA
encodes. Other lesions induce potentially harmful mutations in the cell's genome, which affect the
survival of its daughter cells after it undergoes mitosis. As a consequence, the DNA repair process is
constantly active as it responds to damage in the DNA structure. When normal repair processes fail,
and when cellular apoptosis does not occur, irreparable DNA damage may occur, including double-
strand breaks and DNA crosslinkages (interstrand crosslinks or iCLs). Because of inherent
limitations in the DNA repair mechanisms, if humans lived long enough, they would all eventually
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develop cancer. There are at least 34 inherited human DNA repair gene mutations that increase
cancer risk. Many of these mutations cause DNA repair to be less effective than normal. In
particular, Hereditary nonpolyposis colorectal cancer is strongly associated with specific mutations
in the DNA mismatch repair pathway. BRCA1 and BRCA2, two famous genes whose mutations
confer a hugely increased risk of breast cancer on carriers, are both associated wilh a large number
of DNA repair pathways, especially NHEJ and homologous recombination.

23) Carcinogenesis and mutagenesis, carcinogenic agents (biological, physical, chemical)

A carcinogen is any substance, radionuclide, or radiation that is an agent directly involved in
causing cancer. This may be due to the ability to damage the genome or to the disruption of cellular
metabolic processes.
A mutagen is a physical or chemical agent that changes the genetic material, usually DNA, of an
organism and thus increases the frequency of mutations above the natural background level. As
many mutations cause cancer, mutagens are therefore also likely to be carcinogens.
Biological agents are usually viruses. A virus that can cause cancer is called an oncovirus. These
include HPV (cervical carcinoma), EBV (B-cell lymphoproliferative disease and nasopharyngeal
carcinoma), HHV-8 (Kaposi's sarcoma and primary effusion lymphomas), HBV/HCV
(hepatocellular carcinoma), and HTLV-i (T-cell leukemias), Bacterial infection may also increase
the risk of cancer, as seen in H.pylori-induced gastric carcinoma. Parasitic infections strongly
associated with cancer include Schistosoma haematobium (squamous cell carcinoma of the bladder)
and the liver flukes, Opisthorchis vivcrrini and Clonorchis sinensis (cholangiocarcinoma).
A prominent example of physical agents causing cancer is prolonged exposure to asbestos, naturally
occurring mineral fibers which are a major cause of mesothelioma. Other substances in this
category, including both naturally occurring and synthetic asbestos-like fibers such as wollastonitc,
attapulgite, glass wool, and rock wool, are believed to have similar effects.
Decades of research have demonstrated the link between tobacco use and cancer in the lung, larynx,
head, neck, stomach, bladder, kidney, esophagus and pancreas. Tobacco smoke contains over fifty
known carcinogens, including nitrosamines and polycyclic aromatic hydrocarbons. Tobacco is
responsible for about 1/3 of all cancer deaths in the developed world, and about 1/5 worldwide.
Lung cancer death rates in the United States have mirrored smoking patterns, with increases in
smoking followed by dramatic increases in lung cancer death rates and, more recently, decreases in
smoking rates since the 1950s followed by decreases in lung cancer death rates in men since 1990.

24) Environmental factors related to cancer occurrence

Up to 10% of invasive cancers are related to radiation exposure, including both ionizing radiation
and non-ionizing ultraviolet radiation. Additionally, the vast majority of non-invasive cancers are
non-melanoma skin cancers caused by non-ionizing ultraviolet radiation.
Sources of ionizing radiation include medical imaging, and radon gas. Radiation can cause cancer in
most parts of the body, in all animals, and at any age, although radiation-induced solid tumors
usually take 10-15 years, and can take up to 40 years, to become clinically manifest, and radiation-
induced leukemias typically require 2-10 years to appear. Some people, such as those with nevoid
basal cell carcinoma syndrome or retinoblastoma, are more susceptible than average to developing
cancer from radiation exposure. Children and adolescents are twice as likely to develop radiation-
induced leukemia as adults; radiation exposure before birth has ten times the effect. Ionizing
radiation is not a particularly strong mutagen. Residential exposure to radon gas, for example, has
similar cancer risks as passive smoking. Low-dose exposures, such as living near a nuclear power
plant, are generally believed to have no or very little effect on cancer development. Radiation is a
more potent source of cancer when it is combined with other cancer-causing agents, such as radon
gas exposure plus smoking tobacco.
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25) Chemical carcinogenic compounds, characteristics, division

Decades of research have demonstrated the link between tobacco use and cancer in the lung, larynx,
head, neck, stomach, bladder, kidney, esophagus and pancreas. Tobacco smoke contains over fifty
known carcinogensj including nitrosamines and polycyclic aromatic hydrocarbons. Tobacco is
responsible for about one in three of all cancer deaths in the developed world, and about one in five
worldwide. Lung cancer death rates in the United States have mirrored smoking patterns, with
increases in smoking followed by dramatic increases in lung cancer death rates and, more recently,
decreases in smoking rales since the 1950s followed by decreases in lung cancer death rates in men
since 1990.
Cancer related to one's occupation is believed to represent between 2-20% of all cases. Every year,
at least 200,000 people die worldwide from cancer related to their workplace. Most cancer deaths
caused by occupational risk factors occur in the developed world. Millions of workers run the risk of
developing cancers such as lung cancer and mesothelioma from inhaling asbestos fibers and tobacco
smoke, or leukemia from exposure to benzene at their workplaces.

26) Radiation-induced ontogenesis, mutiigenie radiation

Up to 10% of invasive cancers are related to radiation exposure, including both ionizing radiation
and non-ionizing ultraviolet radiation. Additionally, the vast majority of non-invasive cancers are
non-melanoma skin cancers caused by non-ionizing ultraviolet radiation.
Sources of ionizing radiation include medical imaging, and radon gas. Radiation can cause cancer in
most parts of the body, in all animals, and at any age, although radiation-induced solid tumors
usually take 10-15 years, and can take up to 40 years, to become clinically manifest, and radiation-
induced leukemias typically require 2-10 years to appear. Some people, such as those with nevoid
basal cell carcinoma syndrome or retinoblastoma, are more susceptible than average to developing
cancer from radiation exposure. Children and adolescents are twice as likely to develop radiation-
induced leukemia as adults; radiation exposure before birth has ten times the effect. Ionizing
radiation is not a particularly strong mutagcn. Residential exposure to radon gas, for example, has
similar cancer risks as passive smoking. Low-dose exposures, such as living near a nuclear power
plant, are generally believed to have no or very little effect on cancer development. Radiation is a
more potent source of cancer when it is combined with other cancer-causing agents, such as radon
gas exposure plus smoking tobacco.

27) Biological oncogenic factors, viruses, mycotoxins

Biological agents are usually viruses. A virus that can cause cancer is called an oncovirus. These
include HPV (cervical carcinoma), EBV (B-cell lymphoproliferative disease and nasopharyngeal
carcinoma), HHV-8 (Kaposi's sarcoma and primary effusion lymphomas), HBV/HCV
(hepatocellular carcinoma), and HTLV-1 (T-cell leukemias). Bacterial infection may also increase
the risk of cancer, as seen in H.pylori-induced gastric carcinoma. Parasitic infections strongly
associated with cancer include Schistosoma haematobium (squamous cell carcinoma of the bladder)
and the liver flukes, Opisthorchis viverrini and Clonorchis sinensis (cholangiocarcinoma).
A mycotoxin is a toxic secondary metabolite produced by fungi, commonly known as molds. The
term mycotoxin is usually reserved for the toxic chemical products produced by fungi that readily
colonize crops. One mold species may produce many different mycotoxins, and the same mycotoxin
may be produced by several species. Typical mycotoxins include alfatoxins (by Aspcrgillus),
ochratoxin (by Penicillium and Aspergillus), citrinin (by PenicilUum and Aspergillus) and ergot (by
Claviceps).

28) Oncogenesis versus apoptosis

29) Gene products involved in the control of tumor cell replication






















































































































