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Abstract 

This review examines the current two leading hypotheses relating to cancer neogenesis—the 
somatic mutation theory (SMT) and the tissue organization field theory (TOFT)—and focuses on 
four specific issues.  
What are the details of the process that changes the epigenetic cargo of the exosomes a cell 
produces when it becomes malignant? 
Can exosomes produced by a malignant cell induce on their own a metastatic cancer in the target 
tissue? 
What is the functional significance of the fact that exosomes from cancer cells carry in their loads 
segments of genomic DNA bearing cancer-related mutations across the entire spectrum? 
What is the evolutionary advantage for the organism of the production by its cancer cells of ex-
osomes that carry epigenetic instructions for the building of elaborate molecular mechanisms that 
promote the growth of metastatic cancers? 
These issues are examined with a view of determining the support they give to one or other of the 
two hypotheses. The conclusion is that they support a specific form of TOFT in which exosomes 
play a key role. 
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Introduction 
There are at present two quite different theories 

as to how cancers are caused—the classical somatic 
mutation theory (SMT) and the tissue organization 
field theory (TOFT). This paper will describe these 
theories, delineate four themes relating to them, and 
then determine how the two theories account for them 
and explain their significance for theories of cancer 
neogenesis. These themes are, 

1. What are the details of the process that 
changes the epigenetic cargo of the exosomes a cell 
produces when it becomes malignant? 

2. Can exosomes produced by a malignant cell 
induce on their own a metastatic cancer in the target 
tissue? This is on a line with the finding that a partic-
ular bioelectric event, by itself, can start a fully meta-
static cancer. 

3. What is the functional significance of the fact 
that exosomes from cancer cells carry in their loads 
segments of genomic DNA bearing cancer-related 
mutations across the entire spectrum? 

4. What is the evolutionary advantage for the 
organism of the production by its cancer cells of exo-
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somes that carry epigenetic instructions for the 
building of elaborate molecular mechanisms that 
promote the growth of metastatic cancers? 

The somatic mutation theory 
The dominant theory of cancer genesis today is 

the Somatic Mutation Theory (SMT). This postulates 
only one causative abnormality i.e. mutated gene(s) in 
a cell’s DNA. This change and its effects, plus a 
number of modulations by external factors, is sup-
posed to account for the entire complex process of 
formation, growth and metastasis of the tumour. Each 
metastasis consists of a tumour cell that leaves the 
primary tumour and travels by the blood or lymph to 
attach to and invade other tissues. The role of the 
tumour-derived exosomes is essentially to provide a 
niche for optimum growth of the metastatic tumour 
cell. 

The tissue organization field theory 
(TOFT) 

Over the years an alternative theory of cancer 
genesis has been developed—the tissue organization 
field theory (TOFT) (1-6). This suggests that cancer 
results from a disorder of the microenvironment of 
the cell that represents the physico-chemical support 
by the morphogenetic field that drives epithelial cells 
(in particular) towards differentiation and phenotype 
transformation according to the systems biology rules 
that govern non-linear dynamic self-organizing 
structures. This involves complex and reciprocal bi-
ophysical, and biochemical communication between 
mesenchymal (somal or connective tissue) and 
parenchymal (epithelial) cells. In this process, gradi-
ents of bioelectric membrane resting potentials play a 
key role. The connection between electrical potentials 
and morphogenesis depends on the physical fact that 
flowing currents produce electromagnetic fields, and 
the lines of force of these fields determine the orienta-
tion and movement of all charged particles within the 
field including the movement of ions across mem-
branes (2). Cancer is associated with an abnormal 
depolarization of these bioelectric fields, triggered by 
a carcinogen, and a resulting disorder in inter-and 
intra-cellular communication. Oncogene expression 
cannot form tumors if this depolarization is prevented 
(5). Recently Blackiston et al. (7) have shown that de-
polarization of a glycine receptor-expressing channel 
in Xenopus Laevis neural crest can induce a full meta-
static melanoma with no involvement of any muta-
tion, carcinogen, or DNA. Such interactions may also 
include protein interaction networks (PINs) that be-
come rewired during the oncogenic process (8). The 
conclusions are that oncogenes do not cause cancer 
unless the environment becomes permissive, and that 

the environment can induce cancer without any on-
cogene or carcinogen. An interesting supportive ob-
servation is a tumour inserted into the regenerating 
limb of a salamander gets reprogrammed back into 
normal tissue. EM evidence for the presence of fractal 
patterns—that signal the presence of chaotic activity 
within the cell—on the surface of precancerous cells 
has been reported by Do1 et al. (9,10). 

A) lucid account of the TOFT theory has been 
presented by Tarin (11). He notes that intercellular 
signaling in tissues is a highly interactive, kinetic and 
adaptable non-linear process mediated by a complex 
of flexible networks composed of electrical, chemical 
and physical components. Most common cancers are 
not primarily caused by genetic or chromosomal le-
sions, but by a sustained failure to communicate be-
tween interacting cell lineages living in the complex 
society of the organism induced by many different 
primary agents—bioelectric, chemical, imbalances of 
hormones and other signaling molecules, ROS, im-
planted foreign bodies, bacteria and viruses, muta-
tions, etc. (11). 

These failures of communication initiate the 
formation of local disorderly, or rogue, cell groups. 
These groups wax and wane driven by the non-linear 
dynamics of the group as well as external factors. A 
sustained local disturbance of such interactions be-
tween different cell populations composing a tissue or 
organ can lead to disorderly arrangement and prolif-
eration of a subpopulation of cells and to disturbances 
in the microstructure of the region. If one these cor-
rupted groups, by chance, triggers a mechanism that 
attracts, recruits and incorporates into the group ad-
jacent non-neoplastic cells, this may start the for-
mation of a cancer (11).  

Three of the most important systems that medi-
ate communication between cells in a tissue are bioe-
lectric signals (5), exosomes (12,13) and telocytes (14, 
15, 16). Other possible players are allosteric interac-
tions between proteins (17) and thermal vibrations in 
protein molecules (18). The role of bioelectric signals 
has been covered elsewhere (5). The possible roles of 
exosomes and telocytes have hardly been covered at 
all. This paper will focus on the possible role(s) of 
exosomes with a mention of telocytes. 

Theme 1. What are the details of the process 
that changes the epigenetic cargo of the exo-
somes a cell produces when it becomes ma-
lignant? 

All cells give off small lipoprotein sacks called 
extracellular vesicles (ECVs) that come in three varie-
ties—exosomes (30-100 nm), microvesicles (100-1000 
nm) and large oncosomes (1-10 microm) (19). All 
contain loads of different epigenetic molecules (an 
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enormous variety of proteins, several forms of RNA 
including miRNAs, segments of genomal DNA, li-
pids, and metabolites). They also possess 
cell-recognition proteins on their external membranes 
that act as keys to fit other complementary ‘lock’ 
protein molecules on the surface of their proper target 
molecules. Exosomes are formed inside the cell in 
multivesicular bodies, whereas the other two types 
bud off from the plasma membrane. A given cell type 
can construct more than one type of ECV (19). Large 
oncosomes are a recent discovery that derive from 
highly mobile and aggressive “ameboid” tumour cells 
(19). 

A major feature of a cancer cells is that they bud 
off exosomes that contain a different load of epige-
netic factors from that which the same cell exported 
before it became malignant (20, 21, 22). The process of 
changing from a normal cell to a malignant one is 
accompanied by extensive new activity in its mecha-
nism that selects and uploads the required molecules 
into the developing exosome. This process is carried 
out in the multivesicular bodies. This must involve 
inter alia the extensive switching off of some genes and 
the switching on of others. The details of this process 
are poorly known. An excellent review of the Byzan-
tine complexities of the system has been published by 
Villarroya-Beltri et al. (23), and see also Minciacchi et 
al. (19). Microvesicles and large oncosomes have a 
different mechanism for cargo selection. This paper 
will concentrate on exosomes. 

The concept of the altered morphogenetic/local 
field potential field of the cancer cell makes it easy to 
visualize how this complex co-ordinated mechanism 
could be modulated to change the patterns of epige-
netic material packed into the developing exosome 
when the cell becomes malignant. These changes are 
very sensitive to changes in the local environment 
such as stress and anoxia (23). Whereas it is seems 
somewhat difficult to see how the single (or small 
number) of scattered random mutations postulated by 
the SMT hypothesis could do this.  

But what is the function of these exosomes? 

Theme 2. Can exosomes produced by a ma-
lignant cell induce on their own a metastatic 
cancer in the target tissue? 

The current orthodox account of the function of 
these new exosome cargoes is that, on arrival via the 
blood stream at their target neurons, they prepare a 
niche in the target cells that will allow those cells to 
take up the metastasized tumour cells when the latter 
arrive later and to provide an optimum environment 
for their growth thereafter (providing a new blood 
supply, for example). Sceneay et al. (24) put it thus, 

“Primary tumor cells orchestrate pre-metastatic 

niche formation through secretion of a variety of 
cytokines and growth factors that promote mo-
bilization and recruitment of bone mar-
row-derived cells to future metastatic sites. 
Hypoxia within the primary tumor, and secre-
tion of specific microvesicles termed exosomes, 
are emerging as important processes and vehi-
cles for tumor-derived factors to modulate 
pre-metastatic sites.”  
Hood et al. (25) state.  
“Homing of melanoma exosomes to sentinel 
lymph nodes imposes synchronized molecular 
signals that effect melanoma cell recruitment, 
extracellular matrix deposition, and vascular 
proliferation in the lymph nodes. Our findings 
highlight the pathophysiologic role and mecha-
nisms of an exosome-mediated process of mi-
croanatomic niche preparation that facilitates 
lymphatic metastasis by cancer cells.” 
A further series of papers have described some 

details of this process. In a study of exosomes from 
human colorectal cancer cells Li et al. (26) reported 
that a major finding was the selective enrichment of 
metastatic factors (MET, S100A8, S100A9, TNC), sig-
nal transduction molecules (EFNB2, JAG1, SRC, 
TNIK), lipid raft and lipid raft-associated components 
(CAV1, FLOT1, FLOT2, PROM1), plus a 
co-localization of the protein complexes 
EPCAM-CLDN7 and TNIK-RAP2A, in exosomes de-
rived from metastatic SW620 cells. Peinado et al. (27) 
showed that exosomes from highly metastatic mela-
nomas increased the metastatic behavior of primary 
tumours by permanently 'educating' bone marrow 
progenitors through the receptor tyrosine kinase 
MET. Melanoma-derived exosomes also induced 
vascular leakiness at pre-metastatic sites and repro-
grammed bone marrow progenitors toward a 
pro-vasculogenic phenotype that was positive for 
c-Kit, the receptor tyrosine kinase Tie2 and Met. 

Endometriosis has been described as a benign 
metastasizing disease (11). Recent evidence shows 
that exosome-carried miRNAs and ecto-nucleotidases 
play a role in its development (28, 29). It should also 
be noted that exosomes derived from tumour cells, as 
well as from immune cells, can also carry tumour an-
tigens and promote immunity leading to resistance to 
malignant tumour development and eradication of 
established tumours (26). 

I would like here to present an additional hy-
pothesis. This suggests that, when some of the exo-
somes from malignant cancer cells arrive at their tar-
get (a tissue bearing the right surface cell recognition 
receptors) the cargo they release into the interior of 
the target cells does not simply form a niche. It seems 
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possible that, in addition, the new epigenetic mole-
cules may also corrupt the intercellular signalling 
between the affected cells so that they form a new 
local disorderly group. In which event there may be 
no need for that group to import a second cancer cell 
from the primary source, because it can grow one of 
its own, if the new corrupt group starts to attract, re-
cruit and incorporate adjacent non-neoplastic cells. In 
other words, in the present hypothesis, all metastases 
must travel as entire malignant cells from the primary 
site to the metastatic site. Instead I suggest in some 
cases, in addition, its daughter exosomes may make 
the journey and create the new cancer cell when they 
reach their destination. Experiments to test this hy-
pothesis might be to see if exosomes, isolated from a 
malignant cell source, when suitably applied to nor-
mal cells, could induce new cancers in them. A very 
recent paper reports that such an experiment has been 
done with results that support my hypothesis. Melo et 
al. (31) report that cancer exosomes process pre-
coursor-miRNAs into mature miRNAs via a Dicer 
dependent mechanism. These mediate an efficient and 
rapid silencing of mRNAs in target cells and repro-
gram the target cell transcriptome with new epige-
netic material. Exosomes derived from cells and sera 
of patients with breast cancer instigate nontumour-
igenic epithelial cells to form tumours in a Dic-
er-dependent manner (31). 

These hypotheses may be summarized as fol-
lows. 

—Hypotheses 1. Primary tumour cells in situ 
orchestrate, via exosomes, the formation of 
pre-metastatic niches that attract metastasizing tu-
mour cells and provide a tumour-friendly environ-
ment for their subsequent growth. There is abundant 
evidence for this mechanism. 

—Hypothesis 2. In some cases it is possible that a 
travelling metastatic cancer cell could emit its own 
exosomes, which, on binding to a target cell, are taken 
up into that cell and proceed to orchestrate the local 
tissue into a niche. This mechanism would not need a 
second tumour cell to bind to form the kernel of the 
metastasis as the first tumour cell does that. In both 
these hypotheses the metastasis forms on the basis of 
a cancer cell moving to the new site itself. Evidence 
for this translocation is presented by the finding that 
dormant disseminated cancer cells from metasta-
sis-free organs can re-awaken tumourigenic and 
metastatic capabilities if retrieved and placed in the 
orthotopic organ (32). 

—Hypothesis 3. In yet other cases it is possible 
that exosomes derived from cancer cells could be 
taken up into normal target cells and reprogram their 
genetic and epigenetic machinery to convert the 
normal target cell into a malignant tumour cell. A 

recent experiment appears to provide experimental 
support for this hypothesis (31). In this hypothesis the 
metastasis is not formed by a migrating cancer cell 
itself but is brought into being by exosomes from the 
primary tumour.  

These hypotheses are not necessarily competitive 
and could be combined in various ways. For example, 
exosomes from a cancer cell in situ (acting as de-
scribed in Hypothesis1) could carry in its cargo a 
quantity of cell specific tumour cell recognition pro-
tein molecules that it transfers to the target cell it 
lands on. These molecules could then transfer to the 
surface of this cell where they would be able lie in 
wait to recognize and attract a passing metastasizing 
cancer cell. This cell could then operate as in Hy-
pothesis 2 and, upon binding to the niche site, release 
its own exosomes with cargoes that would further 
promote niche creation.  

In these instances, these exosomes are essential 
for the resulting cancer to develop. Hypotheses 2 and 
3 have the advantage of simplicity, as they avoid the 
idea that niches, organized by one set of exosomes, 
have to attract wandering tumour cells many of which 
will presumably miss their targets. Moreover this 
mechanism has the following problem. A niche is 
likely to be a dynamic construction. In the absence of 
occupation by a tumour cell, it would not survive for 
long on in the competitive environment of a cell. 
However, this might be circumvented by a continual 
rain of exosomes from the primary site, but each niche 
would be similarly short-lived. This process might 
represent an extravagant use of the cell’s resources. 
The problem is avoided if the exosomes from one 
tumour cell engineer both the malignant transfor-
mation of the target cell and construct the niche for it, 
as my hypothesis suggests. 

 In support of the suggestion that exosome epi-
genetic loads can engineer extensive changes in target 
cells, it is noteworthy that a similar situation occurs in 
the nervous system. Here the modality of a neuron, 
and details of its operational connectivity network, 
are determined, not by where in the brain it is located, 
but whence its afferent nerve supply originates (13). 
In the sensory system, for example, if the normal af-
ferent supply to the visual cortex is cut and surgically 
replaced by input from the afferent somatosensory 
system, the visual neurons involved are subjected to 
extensive microanatomical and neurophysiological 
reorganization, and cease to function as visual neu-
rons and function as somatosensory neurons instead. 
This is shown by experiments on blind subjects expert 
in Braille (33). In these, if the correct part of the visual 
cortex is stimulated by transcranial magnetic pulses 
the subject does not see the flashes of light that a 
normal person would experience, but feels a touch on 
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the finger instead. This shows that in the blind subject 
the now inactive visual neurons are taken over and 
used by neurons of the adjacent somatosensory cor-
tex. 

Theme 3. What is the functional significance of 
the fact that exosomes from cancer cells carry 
in their loads segments of genomal DNA 
bearing cancer-related mutations across the 
entire spectrum? 

The SMT and TOFT hypotheses may be partly 
united by the following observation. In cases of hu-
man pancreatic cancer, Kahlert et al. (34) report that 
exosomes released from cancer cells contain >10-kb 
fragments of double-stranded genomic DNA. In these 
fragments they detected mutations in KRAS and p53. 
KRAS and p53 are the two most frequent mutated 
genes in pancreatic ductal cancer. The mutations 
found in this study in the exosomal DNA were a 
KRAS mutation on codon 12 (GGT—>TGT) and a 
second KRAs mutation on codon 22 (CAG—>CTG). A 
third p53 mutation was on codon 273 (CGT—>CAT). 
Thus exosomes from these cancer cells were carrying 
mutations identical to their parent cancer cells. In ad-
dition, using whole genome sequencing, they 
demonstrated that serum exosomes from these pa-
tients contained genomic DNA spanning all chromo-
somes. The authors then proceed to discuss the clini-
cal applications of their findings as diagnostic tools. 
They do not discuss them in the context of relating to 
theories of the mechanism of cancer neogenesis. So 
what could be the functional effect in the target cell of 
the transport into it of the DNA cancer-related genetic 
mutations themselves? 

Theme 4. What is the evolutionary advantage 
for the organism of the production by its can-
cer cells of exosomes that carry epigenetic 
instructions for the building of elaborate mo-
lecular mechanisms that promote the growth 
of metastatic cancers? 

The classical hypothesis states that the only 
function of exosomal transported epigenetic mole-
cules is specifically to prepare the niches for reception 
of the metastatic cancer cells. This seems to have no 
evolutionary relevance. Normal cells do not enter the 
blood stream and travel to distant organs there to 
enter the tissue. But they do form exosomes, which 
enter the blood and locate in distant organs. But, in 
these new locations, they do not go in for niche con-
struction. There is no normal function in this account 
for the cancer process to subvert. So why do exosomes 
from cancer cells build niches? Our supplementary 
hypothesis suggests that these exosomes have the 
additional function of forming new metastases them-

selves. Could this be regarded as an unavoidable side 
effect of the normal role for these exosomes, which is 
to carry functionally active information between 
normal cells? 

Telocytes and cancer 
Telocytes (TCs) form a remarkable new cell spe-

cies found in many types of tissue (14, 15, 16). They 
are characterized by having very small cell bodies and 
extremely long and thin tubular processes called tel-
opodes (up to 100 micrometers long, yet only 20–200 
nanometers wide). Telopodes consist of long thin 
tubes (called podomers) interspersed with short dila-
tions (called podoms) that have the appearance of 
axonal boutons en passage. Podoms contain abundant 
mitochondria, calveoli and endoplasmic reticulum. 
TCs form a dense convoluted network linking TCs 
with each other, and with many other cell types in-
cluding other telocytes and stem cells with which the 
exchange exosomes. They are thought to act as inte-
grators of many intercellular functions. A literature 
search discovered only two papers on this subject. In 
tissue culture experiments on the self-assembly of 
reconstituted breast cancer tissue Mou et al. (35) 
showed that telocytes promoted the formation of 
typical breast structure self-assembly, promoted the 
proliferation of breast cancer cells, and inhibited their 
apoptosis. Telocytes in skin in cases of basal cell and 
squamous cell carcinoma have a greatly reduced 
number of heterocellular contacts (36). Thus telocytes 
may also be involved in cancer development but 
clearly many more investigations need to be carried 
out. 

Conclusions 
—the data presented relating to theme 1 may be 

more easily explained by the TOFT than the SMT 
theory. 

—following the lead given by Melo et al. (31), 
further experiments to test the hypothesis developed 
by theme 2—that exosomes from cancer cells can, by 
themselves, induce new cancers in normal cells—need 
to carried out. 

—the data presented by Kahlert et al. (34) under 
theme 3 needs to be evaluated with reference to its 
significance for theories of cancer neogenesis. 

—the issue raised by theme 4 needs further elu-
cidation. 

 It may be possible that there are two types of 
metastasis-related niche. One is produced by exo-
somes produced by the primary tumour in situ. The 
second is produced by exosomes from traveling can-
cer cells that have already invaded the target tissue. 
Thus this hypothesis may throw new light on the ef-
fect these exosomes have on the normal cells they 
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invade. Previously the idea was that the only function 
of the epigenetic loads of the exosomes, emitted by 
cancer cells, was to prepare a suitable environment in 
the target cell for something else—i.e. another cancer 
cell—or possibly a fragment of double-stranded ge-
nomenal DNA with mutated bases in it—to develop 
and grow. Whereas, what really maybe happening 
might be that the epigenetic reprogramming of the 
target cell's biochemistry by exosomes from either of 
these two sources constitutes the metasasis. 

The estimation of the validity of this hypothesis 
needs to be based on further experiments.  
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