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Abstract
The properties of cancer result from 

microevolutionary selection pressures, which 
occur during the development and growth 
of damaged cells. Attributes of cancer cells 
include abnormal redox state, proliferation, 
anaerobic metabolism, immortality, aneu-
ploidy, local invasion, and metastatic spread. 
Cancer cells differ sufficiently from those of 
their host, in terms of genetic makeup and 
competitive behaviour, to regard them as 
differing species, or “selfish” cells. 

The microevolutionary model provides 
insights into the diversity of cancer cells; it 
also helps explain how these cells respond 
to treatment. In particular, it provides a 
scientific rationale for the role of antioxidant 
supplements in preventing cancer.

Introduction
Researchers have described carci-

nogenesis as the clonal proliferation of 
abnormal cells.1 This paper extends the 
basic evolutionary model, placing cancer 
within a broad biological framework. We 
explain the development of cancer as the 
microevolution of damaged cells, resulting 
in the generation of selfish cells. 

Cancer cells have lost their ability to 
cooperate with the body; instead, they 
evolve separately, like primitive, single-
celled organisms.2 Unlike healthy cells, 
cancer cells do not breed true, but exist 
as growing populations of diverse cells, 
subject to evolutionary selection.3

Redox mechanisms are crucial to 
the development of cancer. Carcinogens 
cause the release of oxidizing free radicals 
within the body; the resulting oxidation 
promotes cell division and facilitates the 
introduction of molecular errors. Such 

error-prone cell division is a necessary 
condition for carcinogenesis.1 

Chromosomal abnormalities, includ-
ing aneuploidy, are also central to the 
initiation of malignancy. Once growth 
has started, a tumour rapidly outstrips 
its blood supply.4 As a result, tumour 
cells are generally short of oxygen and 
nutrients. Under these conditions, selec-
tion pressures favour cells with anaerobic 
forms of metabolism. Such redox factors 
allow us to explain why cancer is hard to 
eradicate and to clarify the mechanisms 
underlying various treatments.

Cancer Cell Characteristics
Malignant tumour cells, regardless 

of classification, have a consistent set of 
properties, which facilitate growth and 
provide selective advantages. 

Specifically, cancer cells ignore signals 
to inhibit growth, and their apoptosis (cell 
suicide) control mechanisms are often 
faulty.5 Most cancer cells are immortal, 
unlike many other body cells, which 
survive for a limited number of cell divi-
sions.6 In order for a tumour to grow to a 
significant size, some cancer cells are able 
to stimulate blood vessel growth, a process 
known as angiogenesis.4 Malignant cancer 
is characterized by the ability to invade 
nearby tissues and form metastases; such 
cancer cells have an abnormal number 
of damaged chromosomes.7 The cellular 
characteristics of cancer cells are similar 
to those of unicellular organisms.

 Cell Cycle and Antioxidants
Oxidation and reduction are central 

to the microevolutionary model. The 
cellular redox state lies at the core of 
cell signalling mechanisms.8 Cancer cells 
generally have an oxidizing internal state, 
with increased free radicals and lower lev-
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els of antioxidant enzymes.7-10 Oxidation 
is intimately involved in the initiation of 
cancer,11 as it facilitates cell division and 
maximizes growth. Cellular oxidation 
occurs early in cancer development,12 

and tissue oxidation is associated with 
development of cancer.13 Tumour cells 
that develop an enhanced response to 
redox growth signals gain a competitive 
advantage and are able to flourish.14

Often, cancer cells achieve an elevated 
oxidation state by decreasing their levels 
of antioxidant enzymes.15 Cancer-causing 
oncogenes can also act by increasing the 
level of oxidants.16 A moderate increase 
in the level of oxidants, such as hydrogen 
peroxide and other reactive species, pro-
motes cell growth and division.17

When healthy cells divide and become 
crowded, their growth is slowed by con-
tact inhibition, which is associated with 
lower levels of oxidants within the cells.18 
Such contact inhibition may reflect the 
cells’ internal redox state, corresponding 
to the sum of positive and negative growth 
signals.18 As the oxidizing environment 
of a developing tumour prevents contact 
inhibition by redox signalling, cancer 
cells continue to multiply unhindered. 
However, since a reducing environment 
mimics the effects of contact inhibition 
signals, antioxidants may re-establish 
contact inhibition, thereby preventing 
cancer cell proliferation.

Compared to healthy cells, cancer cells 
are sensitive to exceptionally high levels of 
oxidation. This may be a consequence of 
their deficient antioxidant defences, par-
ticularly a lack of catalase.19 A disturbed 
complement of antioxidant enzymes is 
characteristic of cancer.12 Cancers are gen-
erally deficient in catalase and peroxidise, 
which break hydrogen peroxide down to 
oxygen and water.20 Nearly all cancers are 
deficient in catalase, although the granular 
cell variant of human renal adenocarci-
noma is a notable expection.9 

This deficiency leaves the cells vul-

nerable to high levels of hydrogen per-
oxide. Beyond a certain point, therefore, 
increased oxidation becomes harmful to 
growing cancer cells. Intracellular produc-
tion of high levels of oxygen species, such 
as hydrogen peroxide, slows proliferation 
of cells.17 This further increase in oxidants 
can damage the cells, causing them to die 
by apoptosis.

A New Species of Selfish Cells
The development of cancer is a pro-

cess that leads to the formation of new 
species of selfish cells, which compete 
with the host cells.21 Malignant cells are 
aneuploid,21 and possess the character-
istics of growth, multiplication, mobility 
and invasiveness, consistent with a spe-
cies invading a new environment.22 In any 
setting, organisms sharing resources will 
tend to compete. 

As a rule, similar organisms compete 
with each other more than do disparate 
ones. Individual cancer cells compete to 
leave more offspring than either neigh-
bouring cells or host cells. According to 
Darwin’s theory of natural selection, cells 
whose descendants become most numer-
ous are biologically more fit.

Cell Proliferation with Error
The core requirement for microevolu-

tion of cancer is error-prone cell prolif-
eration. Cancer development begins with 
increased cell division and genetic errors. 
The result is a population of increasingly 
abnormal cells, which are under selection 
pressure. They differ genetically from the 
healthy host cells and, when this difference 
is sufficiently great, their survival require-
ments are at odds with those of the host. 
At this point, we can describe the cells 
as cancerous. Cancer cells can eventually 
grow to out-compete the host cells.

A single faulty cell division, or a suc-
cession of such, as suggested by the tra-
ditional clonal evolution theory of cancer, 
is not enough to explain fully the massive 
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nuclear and genetic changes apparent in 
cancer cells.21 Suggested mechanisms for 
such genome changes include damage to 
DNA repair mechanisms, and faulty cell 
division. Combined with microevolution-
ary selection pressure, such mechanisms 
could, over time, contribute to a varied 
population of proliferating cells. How-
ever, cancer develops within a period of 
only a few years. To produce a cancer 
cell by evolution, therefore, we require 
an almost instantaneous mechanism for 
speciation.

Aneuploidy
In biology, the generation of a new 

species may be considered a rare event, 
taking millions of years of evolution. 
Nevertheless, mechanisms exist for in-
stantaneous speciation. The most com-
mon method of instant species formation 
is an increase in chromosome number, 
known as polyploidy. In plants, the rate of 
spontaneous duplication of chromosomes 
is similar to the mutation rate.23 About 
half of all flowering plants could have 
originated by polyploid speciation.24

When healthy cells divide by mito-
sis, each daughter cell inherits the same 
number of chromosomes as the parent. 
By contrast, when cancer cells divide, the 
chromosome number can change. Malig-
nant cells have non-standard numbers of 
chromosomes. The aneuploidy theory of 
cancer, which proposes that all cancer 
cells have irregular numbers of chromo-
somes,24 originated over a century ago.25 

An abnormal number of chromo-
somes may be a defining feature of hu-
man malignant cancer.26,27 In a study of 
approximately 27,000 cancers, all had 
chromosomal aberrations.28 Another 
survey found chromosomal variations in 
2,400 cancers.29 

Typical malignant cancers contain 
cells with multiple copies of damaged 
chromosomes.30 The presence of an abnor-
mal chromosome complement does not 

necessarily mean that a cell is cancerous, 
but cancer cells that are not aneuploid 
are exceptional.

Unlimited Cell Division
One way the body prevents cancer is 

by restricting number of times its cells 
can divide; this number is known as the 
Hayflick limit. Human fibroblasts cells, 
for example, can divide about 60 times. 
Aging is a side effect of this method of 
cancer prevention.31 The Hayflick limit 
depends on the length of telomeres: highly 
repetitive regions of DNA at the end of a 
chromosome. With each cell division, the 
telomeres grow shorter until the chromo-
some becomes damaged and unstable. 
Unless the telomere is repaired, the cell 
will die.

The Hayflick limit restricts the life 
expectancy of damaged, yet dividing, 
cells. However, cancer cells are immortal. 
They contain telomerase, which repairs 
the telomeres, allowing the cells to divide 
endlessly.32 Although all human cells have 
the potential to manufacture telomerase, 
they do not usually express these genes. 
Proliferating abnormal cells, however, are 
under selection pressure to activate the 
telomerase genes and extend their lifes-
pan. Thus, cells that happen to contain 
active telomerase will have a selective 
advantage.

Early Tumour Growth
The growth of tumours involves in-

creased cell division. In the early stages, 
lack of oxygen and nutrients restricts 
tumour growth. Proliferating cells form 
small tumours, which rapidly outstrip 
the available blood supply. The maximum 
achievable size is about that of a grain of 
rice, unless angiogenesis promotes the 
formation of new blood vessels. However, 
if a cancer cell evolves the ability to stimu-
late angiogenesis, the proliferating colony 
gains the potential for explosive growth. 
The mechanisms for angiogenesis exist, 
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unexpressed, in most cells. If damage to 
control mechanisms happens to activate 
these genes, the cell gains a substantial 
evolutionary advantage.

Larger Tumours
Once the cancer has gained the abil-

ity to stimulate blood vessel growth, it 
can expand rapidly. However, these new 
blood vessels can be abnormal or ineffi-
cient, thus they do not provide the same 
level of supply and drainage as normal 
vasculature. The necrotic centre of large 
cancers is lacking in oxygen and nutrients. 
Such tumours are stratified, with the outer 
region providing a relatively abundant 
environment. As the tumour grows, the 
habitat of its cells becomes more varied, 
providing selection pressure for increased 
diversity in the population. This increased 
cell and habitat diversity has implica-
tions for the effectiveness of treatment, 
as therapies that destroy cells from one 
part of the tumour may not work against 
those from a different part.

Anaerobic Metabolism
Throughout tumour development, 

cancer cells are under oxidative stress. Se-
lection pressure favours cells that develop 
an anaerobic metabolism, depending on 
glycolysis and the use of glucose as an 
energy source. The idea that cancer cells 
are anaerobic has a long history, starting 
with Otto Warburg in the 1930s. 

An early belief in the anaerobic me-
tabolism of cancer cells led to the use of 
oxidant-based therapies; oxidation dam-
age is now a primary element of many 
conventional cancer treatments. This 
metabolic approach led directly to the 
use of hydrogen peroxide as a treatment 
for the disease, in animal experiments 
and clinical studies.33 Modern research is 
returning to this idea as an explanation for 
the cytotoxic actions of many substances, 
including ascorbate34 and  Motexafin 
Gadolinium.35

Glucose and ascorbate
Cancer cells have increased numbers 

of glucose transporters (GLUT) in their 
outer membranes.36,37 The presence of 
these transporters allows modified glucose 
molecules, which enter cancer cells prefer-
entially, to be used as radiological markers 
for cancer.38 Besides glucose, these pumps 
also carry oxidized ascorbate, known as 
dehydroascorbate, into cells. Selection for 
cells with extra GLUT pumps is a conse-
quence of the increased requirement for 
glucose, associated with survival pressures 
in an anaerobic habitat. Apart from the 
increased glucose uptake, this means that 
cancer cells can accumulate large amounts 
of dehydroascorbate. As cancer cells de-
velop in an oxidizing redox environment, 
more local ascorbate will already be in the 
dehydroascorbate form.

 The internal ascorbate concentra-
tion of cancer cells is proportional to the 
number of GLUT pumps. Since the rate 
constants for GLUT transport of glucose 
and dehydroascorbate are similar, cancer 
cells will accumulate large amounts of 
dehydroscorbate when either ascorbate 
is abundant in plasma or glucose levels 
are low.39 We note that the increased 
absorption and utilization of ascorbate 
by cancer cells provides an explanation 
for the higher ascorbate bowel tolerance 
observed in these patients.

Ascorbate Concentration by Tumours
Cancer patients have low levels of 

vitamin C in their tissues, suggesting 
an increased requirement for ascorbate. 
Patients receiving conventional treat-
ment have lower values still. The body’s 
ascorbate reserves appear to be inversely 
related to the intensity of the treatment.40 

Hugh Riordan’s research group describe 
an interesting example.41 A 70-year old 
Kansas man, with cancer of the pancreas, 
received a 15-gram infusion of sodium 
ascorbate over a period of one hour. 
Immediately following the treatment, 
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his plasma vitamin C levels were lower 
than expected. Such low blood levels are 
consistent with the cancer absorbing and 
metabolizing more of the ascorbate than 
would normal tissues.

Cancer cells absorb higher levels of 
vitamin C than previously expected. Some 
contain specific ascorbate pumps, while 
others absorb dehydroascorbate.42-44 

The mechanism in the latter type is 
comparable to that of specialised white 
blood cells, which oxidize vitamin C in 
their local surroundings, take up the 
resulting dehydroascorbate, and reduce 
it back to ascorbate.45 Tumour cells accu-
mulate high levels of ascorbate similarly.46 
Some cancer cells inhibit direct transport 
of vitamin C,47 diminishing its antioxidant 
effects. However, when ascorbate mol-
ecules enter the environment of a tumour, 
they are oxidised to dehydroascorbate.48 
This can be taken up by glucose trans-
porters in the outer cell membranes.49,50 
In animal models, tumour cells take up 
oxidised ascorbate rapidly.51

Malignant melanoma requires large 
amounts of glucose to grow rapidly. Some 
melanoma cells facilitate ascorbate trans-
port by oxidation.52 Such cells transport 
dehydroascorbate 10 times faster than do 
healthy melanocytes.53 For comparison, 
both melanoma and healthy cells trans-
port ascorbic acid with similar efficiency. 
The increased rate of dehydroascorbate 
transport is achieved using additional 
glucose transporters. Using these, the 
melanoma cells can concentrate dehydro-
ascorbate to levels 100 times greater than 
the surrounding medium. High levels of 
glucose inhibit uptake of both dehydro-
ascorbate and ascorbate.54

Cell Death
If animal cells become damaged 

or unregulated, they normally commit 
suicide. Such programmed cell death, or 
apoptosis, is triggered by a rise in oxida-
tion levels. Ingeniously, the body uses 

redox signalling to initiate both cell divi-
sion and cell suicide.17,55 At lower levels, 
oxidation results in cell division. However, 
oxidation levels above a threshold cause 
apoptosis. By using the same signal to 
control both cell division and cell suicide, 
the cell gains a mechanism to destroy 
cancer cells that have lost their antioxi-
dant controls.

During cell death by apoptosis, cells 
generate increased levels of oxidants, 
indicating their central role in the pro-
cess.56,.57 A wide range of oxidants stimulate 
apoptosis, in a variety of cell types. Such 
oxidants include hydrogen peroxide, nitric 
oxide, redox-cycling quinones, oxidised 
low-density lipoproteins, lipid hydroper-
oxides, and diamide.58,59 By varying the 
dose of such oxidants, researchers have 
induced a range of cell behaviours, ranging 
from increased cell growth, to apoptosis, 
through to catastrophic, uncontrolled cell 
death by necrosis.

It is possible to induce cell suicide us-
ing oxidants, even when oxygen levels are 
low.60 Furthermore, cells that are short of 
oxygen may be more sensitive to free radi-
cals.61 Cells can eject glutathione, arguably 
the most important water-soluble cellular 
antioxidant, using molecular carriers in 
the surrounding cell membrane.62 Such 
ejection induces redox stress in anaerobic 
cells.63 The increased level of oxidation 
resulting from the loss of glutathione does 
not necessarily induce apoptosis, but can 
promote cell division, while simultane-
ously making the cell more sensitive to 
apoptotic signals.64

The ultimate cellular executioners 
are the mitochondria.65 Enzymes in mi-
tochondria appear to sense the level of 
oxidant species.66 If the level of oxidants 
rises above a threshold, proteins leak out 
through the mitochondrial pores and the 
cell begins to die.67 This process depends 
on the levels and nature of antioxidants 
in the cell.68 If the energy in the cell is 
depleted, it may not be able to follow the 
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controlled pathway to suicide, and may be 
forced to die by necrosis.69 Recently, sci-
entists have described a third form of cell 
death, called autoschizis.70 In autoschizis, 
cells die when the cytoplasm is expelled 
from the cell, leaving the nucleus appar-
ently intact. Researchers discovered this 
form of cell death during an investigation 
of the redox-based, cytotoxic actions of 
vitamin K.

Many conventional cancer treat-
ments, such as radiation and forms of 
chemotherapy, kill cells by inducing apop-
tosis. However, malignant cancer cells 
are often resistant to apoptosis, having 
evolved mechanisms to enable uncon-
strained growth. Ineffective treatments 
offer a selective advantage to apoptosis-re-
sistant cancer cells. Follow up treatments 
will then also be ineffective, resulting in 
cancers that are multiply resistant to both 
drugs and radiation.

Treatment as Extinction and Popula-
tion Control

Based on the microevolutionary ap-
proach, the purpose of cancer treatment is 
to eradicate cancer cells: a process analo-
gous to the extinction of a species. 

Existing knowledge on species ex-
tinction can be applied to this aim.71 For 
example, diverse organisms are more 
difficult to eradicate than homogeneous 
ones. Large habitats, providing varied 
niches, select for robust organisms. 

Widespread organisms are harder to 
drive to extinction than those in a single 
location. For instance, a species of bird 
on a single island may become extinct 
because of a volcano or human activities, 
such as tree felling or pesticide use. 

The extinction of a species such as the 
rat, with a widespread intercontinental 
distribution involving varied habitats and 
behaviours, may be almost impossible to 
achieve, without destroying the terrestrial 
ecosystem of the planet.

Larger cancers are generally more 

diverse. Thus, cancers discovered late in 
development may be harder to destroy, 
because of increased cellular diversity. 

Metastatic cancers are also more 
diverse, as they often comprise separate 
and distinct populations. This is analo-
gous to the variation of species between 
islands and geographically distinct habi-
tats. This increased diversity provides 
greater survival potential to a species 
and more resistance to extinction. For 
this reason, selective anticancer agents 
that are non-toxic to the host organism 
are most appropriate for cancer therapy. 
Moreover, we predict that such orthomo-
lecular substances should be abundant in 
natural foods.22

 Conclusions
This description of cancer, as the 

microevolution of precancerous cells 
resulting in new “species” of selfish cells, 
provides a fresh perspective on carcino-
genesis. The model extends current ideas 
on the origins of cancer, including the 
multiple mutation, aneuploidy, and stem 
cell hypotheses. The microevolutionary 
model links the suggestion that cancer 
cells are anaerobic to more recent ideas, 
such as those involving redox signalling. 
Current models are consistent with the 
microevolutionary model, and can be seen 
as facets of it.

According to this model, cells that 
divide rapidly and do not breed true will 
eventually become cancerous. Evolution-
ary theory applies to any population of 
living cells that are subject to selection 
pressure. Consequently, there is no single 
cause for cancer: its features arise because 
of growing cells’ consistent requirements 
for evolutionary success.

Increased variation in cancer cells, 
along with the related phenomenon of 
treatment resistance, is a direct conse-
quence of microevolutionary selection. 
To flourish in the presence of selection 
pressures, cancer cells need to achieve 
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the proliferative and invasive properties 
of malignant cancer. However, the exact 
method used to achieve the malignant 
state will vary from one cancer to another. 
For example, one or more of a number 
of oncogenes, genes that stimulate cell 
division, may be activated to acceler-
ate the growth of a cell. Alternatively, a 
similar growth increase can be achieved 
by inactivation of one or more tumour 
suppressor genes, which normally inhibit 
cell division. Either mechanism offers a 
selective advantage to the resultant, fast-
dividing cancer cell.

Redox signalling and the levels of 
particular oxidants and antioxidants in 
cell compartments are central control 
factors in the cell cycle.72,73 The redox 
state of cancer cells determines their 
growth, behaviour and death.74,75 In the 
early stages, antioxidants can prevent 
cell division and allow redifferentiation of 
abnormal cells.76,77 Cancer cells are often 
in a highly oxidizing redox state.78 

As oxidant levels increase, the cell is 
driven towards cell suicide or apoptosis. 
The redox state of advanced and malig-
nant cancers results in a balance between 
rapid cell division and apoptosis.

This model has direct implications 
for the prevention of cancer. A consistent 
feature of the initiation and development 
of cancer is cellular oxidation. Most 
known causes of cancer, including X-rays, 
inflammation and mutagenic chemicals, 
generate free radicals in the cell. While 
people cannot avoid all contact with such 
carcinogens, antioxidant supplements 
may provide a general mechanism for 
restraining the development of cancer. 
In a reducing environment, transformed 
cells can be made to redifferentiate. 
Establishment of such an environment 
would therefore inhibit cancer initiation 
and development. Antioxidants have been 
linked with cancer prevention for decades; 
the microevolutionary model clarifies 
these findings.
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