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Abstract— Cancer is a leading cause of death among
people all over the world. New studies are everyday being
conducted and published across the globe to assist in
cancer research and therapeutic development. Hanahan
and Weinberg in their review article in 2000 and 2011
have stated some common traits that are shared by all
types of cancer referred to as the Hallmarks of Cancer.
The following review talks about those hallmarks and the
basic process of Metastasis.
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. INTRODUCTION

Cancer is generally referred to as a group of diseases in which
cells undergo uncontrolled proliferation and growth and
invading various tissues at distant sites in the body. As cells
grow in the body they wear out and grow old and are removed
from the bodily system by a process known as apoptosis or
programmed cell death [1]. Sometimes this process of
apoptosis may go wrong leading to continuous cell
proliferation which might be caused due to a wide range of
reasons such as mutations. As these cells grow without
undergoing programmed cell death, a mass is developed which
is called a tumor. These tumors might be benign with no
capabilities of invading to different tissues in the body or
might be malignant with a capacity to spread across the body
(metastasis) [2].

Cancer is known to be the leading cause of death in India as
well as across the globe. There are approximately 2.25 million
people living with cancer in India with over 1 million cases
reported every year with approximately 780,000 deaths.
Cervical cancer is a cause of 1 death in women every 8
minutes. Out of every 2 women diagnosed with breast cancer,
one dies in India. Mortality rates due to tobacco use are
increasing by 3500 everyday. Breast cancer accounts for 14%
of the total cancers diagnosed in women. 1 in 22 and 1 in 60
women are likely to develop breast cancer in their lifetime in
urban and rural areas respectively. Lung cancer on the other
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hand is more prevalent in men with 48,000 cases yearly and
causing more than 45,000 mortalities [5, 6]. The major reason
for these high mortality rates has been linked to the late
diagnosis of the disease. 70-80% cases are diagnosed with
stage 3 or 4 cancer because of the very little awareness among
the population as well as community physicians, lack of
screening programs and diagnostic facilities and high costs of
treatment. It has been very difficult to implement screening
programs because of the lack of workforce of physicians,
health care workers and pathologists capable to review the
clinical data. The lack of will of workers to work in urban
settings has called for an unequal distribution of healthcare
facilities across the country [10].

Cancer in itself is a very large subject covering a wide and
diverse areas of science that need to be studied in order to take
up research. A plethora of complicated as well as simple
scientific literature is available on cancer today that is being
continuously studies and evaluated. The following review has
been written to address the two very basic and important
topics in cancer research, that is, Hallmarks of Cancer and
Metastasis. The following review has been designed to be
compact and easy to provide an understanding to a larger
number of public on cancer [11].

“The Hallmarks of Cancer” was a review article which was
first published in 2000 in the journal Cell by Douglas Hanahan
and Robert Weinberg. The authors have reviewed the complex
data available on cancer and concluded six common
underlying traits (later updated to ten in 2011) shared by all
types of cancer [12, 13].

THE CELLULAR HALLMARKS OF CANCER

Cellular Hallmark No. 1: Replicative Immortality

As a result of the end Replicative problem, normal human
cells tend to possess a finite ability to undergo mitosis. The
major factor underlying factor for this is the shortening of the
ends of the chromosomes (telomeres) after every mitotic
division. As the normal human cells reach the Hay flick’s limit
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cells can enter the Go phase of the cell cycle. When we
compare these characteristics to that of a cancer cell they are
inclined to work differently. Cancers cells have the ability to
enormously exceed the Hay flick’s limit and thereby continue
to undergo mitosis [14]. Cancer cells develop this ability by
elongating their telomeres with the help of an enzyme called
telomerase. Telomerase assists the cancer cells by extending
the chromosomal ends which results in continuing mitotic
division [15].

Cellular Hallmark No. 2: Genome Instability

Normal eukaryotic cells have 23 pairs of chromosomes stored
in their nucleus per cycle. During the S phase of the cell cycle,
where DNA synthesis takes place, if a mutation is detected the
cell cycle arrests and the mutation is repaired before re-
entering the cell cycle. The entire process of mutation repair is
carried out by tumor suppressor genes. Again cancer cells
behave differently and may have any amount of chromosomes
per cycle and can undergo mitosis despite having mutations in
their DNA [16]. Tumor suppressor genes are the ones that are
commonly mutated or lost during the process. Certain genes
commonly referred to as oncogenes are over expressed which
cause the cells to proliferate uncontrollably. Point mutations,
loss of heterozygosity and deletion of regions of chromosomes
are the most common gene alterations observed in cancer [17].

Cellular Hallmark No. 3 Evasion of Growth Suppressor
signals

At the cell cycle level, in mitosis of normal cells, the process
is tightly governed by pro and anti proliferation signals
thereby coordinating cell activities. But due to hallmark no. 2,
cancer cells can override the growth suppressor signals in the
G1 checkpoint and continue proliferating. As example let us
consider retinoblastoma (Rb) and P53 which are both tumor
suppressor genes. Rb is responsible for preventing excessive
cell growth by only providing a passage to normal cells during
the G1 phase of the cell cycle where as restricting the cell
cycle if the cell is not ready to divide [18]. On the other hand
p53 is responsible for regulating apoptosis and stops the cell
cycle upon detection of DNA damage [19]. It has been
observed in major cancer types that these tumor suppressor
genes where lost which allowed the cell cycle to progress
despite DNA damage [20].

Cellular Hallmark No. 4 Resistance to Apoptosis

The process of removing aged cells from the body is referred
to as apoptosis or programmed cell death. Normal cells have
the ability to initiate apoptosis again any kind of cellular stress
or DNA damage where as cancer cells avoid apoptosis as they
are not sensitive to DNA damage, treatment, growth factor
deprivation and similar cellular stresses [21]. Cancer cells also
tend to over express certain proteins that resist the activation
of the apoptotic cascade. An example of pro survival protein
that has been seen over expressed in various different cancers
is Bcl-2. Bcl-2 comprises of both anti- apoptotic (Bcl-2, Bcl-
XL, Mcl-1, CED-9, Al, Bfl-1) and pro-apoptotic (Bax, Bak,

356

Bcl-X3) family members. These over expressions are
visualized by researchers using a molecular biology method
known as immunohistochemistry [22].

Cellular Hallmark No. 5 Sustained Proliferation

Growth factor signaling in normal cells provides for the
control of cellular and tissue homeostasis. Due to the over
active oncogenes and the hallmarks discussed earlier cancer
cells gain the ability to proliferate uncontrollably. Further
these cancer cells can stimulate the normal cells present in the
micro environment to provide growth factors [23]. EGF or the
epidermal growth factor is one such factor that has been
studied extensively in cancer research. EGF binds to the
receptor present on the cancer cells known as EGFR and leads
to the activation of an oncogene called RAS. RAS is
responsible for promoting pro angiogenic activities in the
tumor micro environment and alter the immune responses
mediated by the host. RAS also regulates cellular adhesion
which makes the cancer invasive and metastatic [24].

Cellular Hallmark No. 6 Altered Metabolism

As cancer cells sustain uncontrolled cell proliferation, it is
vital for them to adjust their energy production. Cancer cells
do so by finding and employing substitute sources of energy
and metabolic pathways. Normal cells convert glucose to
pyruvate which leads to the production of ATP molecules as
energy. On the other hand cancer cells tend to behave
differently. These cells irrespective of oxygen convert glucose
to lactate. Cancer cells use this capability to detract
metabolites required for essential and important anabolic
processes such as mitosis [25]. Warburg et al. in the 1920s
studied cancer cell metabolism in comparison to a normal cell
metabolism and this came to be known as the Warburg effect.
Warburg et al. stated the known following characteristics for
metabolism in a normal cell: Oxidative phosphorylation, high
ATP: Glucose ratio and low LDH activity resulting in high
energy production and when compared with the metabolism of
a cancer cell following characteristics were stated: Aerobic
glycolysis, low ATP: glucose ratio and high LDH activity in
one direction which leads to biomass incorporation and
uncontrolled growth of cells [26].

Cellular Hallmark No. 7 Avoid Immune Destruction

The immune system is responsible for keeping a strict check
in the human body and destroys all foreign cells, viruses,
pathogens and tumor cells. B cells (responsible for secreting
antibodies and cytokines), T lymphocytes, macrophages and
natural Killer cells are the cells of the immune system that
engulf and destroy all foreign invaders. Cancer cells inhibit T
cells which attack tumor cells, to protect themselves from the
immune responses of the body by up regulating a protein
known as programmed death ligand 1 (PDL1). PDL1 and
PDL2 are transmembrane proteins responsible for suppressing
the immune system in events such as autoimmune disorders,
hepatitis and pregnancy. Immune system reacts to foreign
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antigens and cells to trigger proliferation of CD8 T cells. In
order to prevent auto immunity T cells express PDL1 which
serve as a checkpoint for signaling the T cells to stop
proliferating. Cancer cells prevent an attack from T cells by up
regulating PDL1 and interacting with PD-1 thereby evading
the immune system [27, 28].

Cellular Hallmark No. 8 Tumor Promoting inflammations
Cancer cells take over the mechanisms of inflammation to
promote their growth and proliferation. The cells from the
immune system often enter the tumor micro environment and
mimic inflammatory conditions observed in normal cells.
These immune cells encourage the tumor cells to invade,
proliferate uncontrollably and undergo epithelial to
mesenchymal transition by providing them with growth
factors [29].

Cellular Hallmark No. 9 Induction of Angiogenesis

Tumor cells require a continuous supply of blood and oxygen
in order to grow and thrive. Cancer cells do so by initiating the
development and formation of new blood vessels from the
existing ones. Vascular endothelial growth factors (VEGFs)
and various other pro angiogenic growth factors are activated
in the tumor cells that are responsible for signaling endothelial
cell proliferation and growth of blood wvessels [30].
Angiogenesis is responsible for tumor expansion and invasion
by providing tumor cells with oxygen, growth factors and
nutrients thereby promoting tumor growth. As the process of
angiogenesis is not a natural one, blood vessels are often
poorly developed and are leaky. Due to these leaks it is very
easy for the tumor cells to ooze out and cause metastasis [31].

Cellular Hallmark of Cancer No. 10 Activation of Invasion
and Metastasis

Metastasis in initiated due to various reasons such as epithelial
to mesenchymal transition, changes or loss of proteins such as
integrins, loss of anti metastatic genes such as KAI1, CD82,
NDRG1, immune cell recruitment and alterations in
interactions between cells. Metastais is one of the major
reasons of mortality among patients of cancer [32].

I1l. METASTASIS

Metastasis is referred to as the spread of cancer from the
primary site of tumor development to the secondary site in the
body through lymph or blood. Metastatic tumors have the
ability to spread in the body and cause cancer development at
various distant sites in the body where as benign tumors are a
mass of cells that don’t have the ability to invade the
neighboring tissues or cells [33]. The term metastasis has been
found in various writings and literatures in the 18" century
used to describe tumors in lactating women with breast cancer
(Gould and Pyle, 1898). Metastasis was first used in 1829 by a
French surgeon J. C. Recamier in context of treatment and
diagnosis. Further in 1858, Rudolf Virchow, a German doctor
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described tumor dissemination stating that all solid tumors
have the capability to metastasize and most people who die of
cancer will possess a metastatic lesion. The major reasons for
high mortality rates in cases of metastatic cancer includes, but
are not limited to loss of tissue function in the metastatic site,
internal bleedings, pulmonary embolism due to tumors,
infections due to a weak immune response caused by
treatment and cancer itself, cachexia and ion homeostatic
disruption [34]. Though it has been proved that most cancer
deaths are caused due to the process of metastasis, it is
historically evident that people with limited metastasis have
been treated and cured. Therefore, in 1994 this condition of
limited metastatic potential was termed as oligometastasis. As
treatment and imaging capabilities are increasing and
improving more and more patients are being designated as
oligometastaic [35].

Key steps in metastasis:
The process of metastasis follows some key steps:

. Invasion

Il. Intravasation

I1l. Survival during systemic circulation

IV. Extravasation
As tumor cells break through the extracellular matrix during
invasion, they migrate outwardly away from their natural
location. This allows the cancer cells to move towards the
blood vessels (Invasion). As cancer cells enter the blood
stream they might do it by pushing their way through
endothelial cells or by entering through the leaky blood
vessels originating as a result of angiogenesis (Intravasation).
While travelling across various bodily systems such as the
venous system, arterial system and lungs the tumors
circulating in the bloodstream also referred to as circulating
tumor cells or CTCs need to overcome and avoid various
sources of cellular death (Survival during systemic
circulation). When the cells are out from the lymphatic system
they start developing and growing at a distant site or organ.
These cells start growing and convert into metastatic tumors.
There are possibilities that these cells may not start dividing
immediately after getting onto their destination. They might
go dormant forever and never grow or might grow into a
tumor later (Extravasation) [36].

IV. CONCLUSION

Hanahan and Weinberg have tried to assess the
complexity of a very complicated and large field of
cancer research in detail and develop a piece of literature
capable of narrowing down these complexities for
researchers, academicians and Students involved in
advanced areas of cancer research. Though critics have
pointed out significant discrepancies such as an articles in
Nature Reviews Cancer in 2010 argued that the hallmarks
were common for both benign and metastatic tumors
except for the ability of malignant tumors to invade and
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metastasize. Another article in the Journal of Biosciences
published in 2013 argues that all these hallmarks lack
original data and stated that cancer is a tissue level disease
and the cellular nature of these hallmarks are wrong and
misleading. This review has been written and designed on
the basis of the published work of Hanahan and Weinberg
and various other researchers to further simplify the
scientific literature for the understanding of beginner level
researchers looking for simpler literature that provides a
simpler understanding for the basics of cancer, that is,

Hallmarks and Metastasis.
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