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PART III 
 
 

BEYOND INTERPRETATION 
 
 
 
 
 

“Nature is nowhere accustomed more openly to display her secret mysteries 
than in cases where she shows traces of her workings apart from the beaten path 

 
William Harvey (attrib). 
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CHAPTER 7 

 
 

THE NATURE OF CANCER 
 
 
 

“Cancer stands at what might be the meeting place, but what is in fact 
the no-man's land, between the three disciplines of heredity, development, 
and infection.” 1 

 
 

 
 

INTRODUCTION 
 
I now wish to enter an entirely different territory. Different in the sense that 

the specific theory I have been at such pains to develop (Ch. 3-6) may not be 
applicable at all here; and different because even our general method of 
synthesizing conclusions through the initial grouping of information (Ch. 1-2) may 
not alone suffice, so requiring us to go beyond interpretation in the building of a 
satisfactory theoretical framework. The condition I speak of is that most obscure 
of diseases, cancer or neoplasia, where neither the clinical, pathological, nor 
aetiological features bear resemblance to any considered so far. But even here, 
though clues may be few, if our method of analysing and synthesizing data does 
indeed have value for reaching the best of available conclusions, we should at 
least be able to build the beginnings of an answer. From there on it may well be 
that our exploration is largely into the unknown. But one of the ways to then 
proceed is by searching for similarities with other fields of experience, and if in this 
way we can choose the right analogies, the right models or metaphors, these 
beginnings might then evolve into a framework acceptable for at least initial 
theory-formulation, even if the final superstructure is not totally clear. All this may 
sound lame justification for my entering such a difficult field as a relative non-
expert, and for going beyond the solid evidence in fact in developing my 
theoretical views. But in a territory of such confusion as this, if one could 
synthesize an overview of the vast information — even if only to allow the 
development of a better heuristic for further experimentation — the exercise would 
have been worthwhile. Such is the impact of this disease that almost anything 
would be preferable to the present situation where specialist theory seems to 
multiply almost faster than reductionist fact. 

 
 

CURRENT VIEWS OF CANCER PATHOGENESIS 
 

Essentially, neoplasia can be viewed by present concepts as an autonomous 
cell growth arising from a mutational change in some part of nuclear DNA 
concerned with the control of cell growth and division. How this mutational change 



comes about and precisely how it might exert its effects is not clear, but one 
important factor normally controlling cell size is the contact inhibition of cell growth 
that occurs when one cell meets another. The receptors for this process are 
thought to be on the cell surface, and their activation presumably invokes a 
negative feed-back of information to the area of DNA concerned with that 
particular function. A good deal of attention has been focused on this aspect in 
cancer research, and the model initially studied was an RNA retrovirus-
transformed cell, where the cell-surface protein involved was thought to be a 
protein kinase of molecular weight about 60kd.2  

The simplest view of cancer origin then was as a single mutation occurring 
somewhere in the DNA concerned with control of contact inhibition of cell growth 
and multiplication. From this beginning we could already see that there were 
constraints on the location of such DNA mutational change as might be relevant. 
There are also powerful back-up systems tending to eliminate any mutational 
change even when it does arise. The first of these is DNA error repair. This is 
normally performed as a high fidelity pre-replication excision repair process that 
accurately restores the original DNA sequence.3 If a mutant does, in some way, 
happen to slip through this net, it next faces the problem of being present on only 
one of the pair of chromosomes concerned with that particular function (i.e. of 
being heterozygous) and therefore of not yet having potential for full expression. 
Even if it somehow has, it will still have to overcome the effect of genes that 
normally act to suppress tumorigenesis, i.e. anti-oncogenes,4-6 as well as the 
powerful defence capacities of the immunological surveillance system to eliminate 
any abnormal. This adds yet further difficuties to any abnormal cell propagation. 

 
Impressed by these defences, some analysts have taken the view that 

clinical neoplasia could only ever arise if there were to be some failure of the 
bodily defence mechanisms.7,8 Indeed, weight has been given to this view from a 
number of different standpoints. Patients with xeroderma pigmentosum, for 
example, have a defect in DNA repair, and with it exhibit a greatly increased 
incidence of (UV light-induced) skin cancer.3 Along the same lines, there is an 
increased incidence of epithelial cancers and Iymphomas in immuno-suppressed 
patients.9 Even where the natural back-up systems do not actually fail, they could 
still be subverted. Thus, one way that some co-carcinogenic agents may act is by 
stimulating sister-chromatid exchanges which allow the mutant to be propogated 
in the cell progeny in homozygous form, and therefore be much better 
expressed.10 Other tumour-promoting agents might circumvent the defence 
systems, either by damaging DNA error-repair mechanisms, or by interfering with 
the normal function of tumour suppressors6,11 and/or the immune system. 

 
Bodily defence mechanisms are undoubtedly important in surveillance 

against cancer,7 but it would be rather to simplistic to say that they are all powerful 
in eliminating abnormal cells, even under normal circumstances. The mere 
suppression of any one particular defence line would not seem enough alone to 
explain much of carcinoma origins. Thus, the sorts of cancer that do arise in 
patients who have xeroderma pigmentosum and associated defects in DNA error 
repair (skin cancers), and during immuno-suppression (epithelial cancers and 
Iymphomas), are of a very restricted type and location, and other tumours are not 



much increased in incidence at all.12 We can certainly predict that the situation will 
often be complex. For example, the immunological system contains many cells, 
such as cytotoxic Iymphocytes and natural killer cells, which are able to recognize 
and eliminate cells with abnormal cell-surface antigens,13 either with14 or without15 
restriction from their histocompatibility (HLA) type. 

 
Equally, abnormal cells often seem able to adopt their own strategy in 

response to an immunological attack. The phenomenon of antigenic modulation, 
observed for example in mouse thymus leukaemia, may be an important 
illustration of this effect. There, the surface phenotype of tumour cells may be 
changed (reversibly) from antigen positive to antigen negative by the presence of 
tumour-specific antibody.16 This not only makes the general point, but also 
highlights one of the real difficulties in the way of attempting to control tumours by 
immunological means.17  

This example of escape from antibody defences gives us one answer to how 
systems for detecting and eliminating abnormal cells could be evaded. Castro 
encapsulates the spirit of this whole concept by suggesting that some cells 
acquire the ability to “sneak through” the various bodily defences.12 But this is not 
the only possibility. An alternative, which I suggest and favour, is that defences 
are overwhelmed by sheer weight of numbers. This would not only add 
statistically to the chances of any mutant emerging through the network 
unscathed, but could actually increase those chances if some secondary back-up 
system began to fail under load. And this seems a real possibility. We know, for 
example, that there are inducible emergency or ‘SOS’ (post-replication) 
mechanisms of DNA repair that can be called forth, at least in bacterial systems, 
under the load which follows exposure to carcinogenic agents. Moreover, this 
system is known to be error-prone18 — perhaps by its very nature19 — so it might 
well lead to the propagation of ‘mutational’ errors in nuclear DNA. Recent studies 
suggest that such secondary back-up systems may indeed exist in mammalian as 
well as more primitive cell lines.3 Another mechanism that might fail when 
defences are overwhelmed is the action of normal tumour-suppressor genes.4,5,11  

 
That there could be an overwhelming of the bodily defences in the 

background to cancer origins, will be discussed in more detail below. Here, my 
main purpose has been to show the dimensions of the problem any potentially 
neoplastic cell faces on the path to neoplasia, and to set the stage for a 
discussion of what other factor or factors might be involved if it is to have any 
realistic chance of success. 

 
 
THE PRESENT APPROACH TO UNDERSTANDING CANCER 
 
With this background, we can now ask what approach we might take to try 

and understand the nature of neoplasia. For this, let us go back to our original 
means of analysing information in medicine, and consider the four broad 
categories of disease diagnosis, dealing first with the anatomical site of the lesion. 

 
 



Anatomical Considerations 
 

Clearly, at the whole organ level, analysis of anatomy is not of very much 
help, because cancer may affect virtually any organ. Some Iymphomas, such as 
Burkitt's Iymphoma, may start in the throat,9 and because this is an area relatively 
sequestered from the immunological defences, this may mean that the 
immunological surveillance network is indeed important in limiting the 
development of at least some tumours. At the macroscopic level within tissues, 
considerations of anatomy may be more informative. For example, it is striking 
that neoplasia much more frequently affects those tissues that normally have a 
relatively high rate of turnover, such as the mucosal linings of the bowel and 
bronchial passages, as opposed to their smooth-muscle cell and connective 
tissue coats. Part of the explanation for this may be a greater susceptibility of the 
dividing cell to mutagenic agents, but there may be other factors, and we will 
consider these further in a moment. 

The question of the anatomical site of the lesion becomes most relevant at 
the microscopic or molecular level. It is clear that such a fundamental 
derangement of cell control, which affects not only the cell but its progeny, must 
be due to some basic and persistent alteration in cellular control mechanisms, i.e., 
to a fundamental and ‘fixed’ change in nuclear DNA concerned with cell growth 
and proliferation. As previously noted, this restricts somewhat the range of DNA 
alterations which could provide the preconditions for neoplasia, even though this 
restriction need not be confined merely to the DNA concerned with surface 
receptors for cell growth - because the mechanism of cell contact-inhibition must 
involve the feedback of information from the cell surface through the cytoplasm to 
the nucleus, and any defect along this pathway could have essentially the same 
effect. There may also exist other mechanisms controlling cell growth and 
multiplication which have nothing to do with cell surface-contact mechanisms 
whatever.20 Nonetheless, although this to some extent broadens the range and 
location of cell mutations which could provide a backdrop for neoplasia origins, it 
is still evident that the microscopic or molecular site of any nuclear DNA lesion 
underlying carcinoma must be relatively restricted. 
 
 
The Pathological Process 
 

Next let us consider the question, “What sort of pathological mechanism is at 
work in neoplasia?” Here, two points emerge clearly. The first relates to the 
nature, rather than the site, of the DNA change concerned. We usually refer to 
this as a ‘mutation’, but because this term so often carries with it the connotation 
of point alterations in the DNA base sequence making up the molecular structure 
of genes, I would rather refer to it more broadly as any process of pathological 
damage to nuclear DNA. This may seem a somewhat semantic point, because in 
the field of genetics itself the definition of mutation is much broader than mere 
point-mutational change, to include such events as gene deletions, translocations, 
and chromosomal re-arrangements etc. Nonetheless, as generally used, the term 
does have a limitation, and if we apply the broader term ‘damage’ and use it to 
mean any pathological change to DNA, we will have made fewer assumptions 



about the nature of that change, and put fewer restrictions, however tacit, on its 
type. 

The second point concerns the severity of DNA damage required for clinical 
cancer to emerge. Bearing in mind the numerous barriers which must be 
surmounted (see above), it seems unlikely that the mere occasional, isolated 
‘mutation’ will ever give rise to a full-blown clinical cancer. I therefore suggest that 
these barriers must be overwhelmed by substantial and/or repetitive DNA damage 
before there will be any real probability of a neoplastic cell not only arising, but of 
being propagated in homozygous form and finally of evading the bodily defences 
to develop into a full-blown clinical carcinoma. Provided that the cells are not 
actually killed in the process, extensive DNA damage occurring in any one 
episode would greatly increase the probability of a DNA error arising merely on 
statistical grounds. But it might also add to that probability by taxing some of the 
bodily defence mechanisms and perhaps finding their weaknesses in the process. 
For example, with severe damage, the organism might well be forced to bring into 
play the less-accurate secondary ‘SOS’ mechanism of post-replication DNA error 
repair; or there may be loss of one or a number of (recessive) ‘anti-oncogenes’ 4 
that normally act to suppress tumorigenesis.11 Immune defences might also reveal 
weaknesses under load. 

 
Damage that is not only extensive but also repetitive, would increase the 

probability of carcinoma arising, particularly in tissues which had the capacity to 
regenerate by cell multiplication after each episode had passed. There, cells that 
despite damage remained viable, would tend to undergo a phase of cell growth 
and multiplication in order to repair the tissue defect brought about by the death of 
other cells, and this could add its own effect in any one of several ways. The first 
again relates to the process of DNA repair. As mentioned, this is normally 
performed with high accuracy prior to cell replication, as the process of DNA 
excision-repair, and in tissues which have little demand for, or capability of, rapid 
regeneration, this mechanism no doubt faithfully restores the original DNA 
sequence. But in areas such as mucosal linings, where the maintenance of tissue 
integrity is important, and the capacity for cellular proliferation correspondingly 
well-developed, there must often be some conflict between the benefits to be 
obtained from delaying cell division until DNA damage has been accurately and 
completely restored, and the need to rapidly regain control of tissue integrity, and 
it may therefore be that any DNA damage is not always fully repaired by the time 
cell division commences. It is uncertain whether further DNA repair would be 
possible in man in that event through post-replicative mechanisms,3 but if it is not, 
the DNA damage would be perpetuated without alteration. Even if it is repaired, 
we know that post-replicative DNA-repair processes are almost certainly error-
prone, perhaps by their very nature,19 so that either way changes in DNA would 
be propagated. Secondly, rapidly dividing cells might also be more liable to 
express potentially carcinogenic DNA damage, if sister chromatid exchanges 
occurred along the way to propagate that change in homozygous form (c.f. the 
influence of co-carcinogens in this respect.10 Although gene cross-over and 
recombination are normally thought to be the province of meiotic cell division 
rather than mitosis, the abnormal cell may not always follow such rules. Finally, it 
is evident that any defect arising in the dividing cell will also be more widely 



propagated than in quiescent cells, so increasing its chances of success in 
neoplasia merely by weight of numbers. 

It seems likely from all these considerations that carcinoma will be particularly 
liable to arise in tissues having the capacity to multiply rapidly during the phase of 
tissue repair that follows an episode of damage, and this would be in keeping with 
our previous observation that neoplasia much more commonly affects cells of 
mucosal and epithelial origin, as well as others such as the haematopoietic 
system with a similarly well-developed capacity for cellular proliferation. Tissues 
without such capability, for example the neurones, would perhaps be more likely 
to show atrophic rather than neoplastic change after repeated episodic cell 
damage, and this is indeed what we generally find (Ch. 11 ). 

From this, we may conclude that, in the face of the body's powerful defence 
mechanisms, clinically important carcinoma could only ever realistically emerge if 
its prerequisite DNA change were to be due to extensive and repetitive damage of 
nuclear DNA. Just what might cause this damage is another matter, and one I 
should like to leave until after we have discussed the other two categories of our 
diagnostic investigation. 
 
 
Functional Derangements in Cancer 
 

Under this functional category of diagnosis, we should next ask, “How do the 
effects of carcinoma bear on our examination of its cause?” There are two points 
to be made in this respect. The first is that tumours often express molecular 
functions that are quite normal as part of the biochemical repertoire of the whole 
organism, but not usually expressed by the particular cell or tissue concerned. For 
example, small cell carcinomas of the lung may secrete peptides normally only 
released from the pituitary gland, and gastro-intestinal carcinomas may produce 
embryonal antigens usually expressed only during foetal life, such as carcino-
embyronic antigen in colonic carcinoma and alpha feto-protein in hepatocellular 
neoplasia.21 Now, it seems unlikely that such sophisticated functions as these 
could ever arise in the abnormal cell merely from mutational change within an 
already-expressed segment of DNA, so this observation suggests that there is a 
de-repression of functions normally suppressed within that tissue as well. This 
would again be in keeping with our view that the cancerous cell is one in which 
DNA disruption is often quite widespread. It also has other implications relevant to 
carcinoma origins that we will discuss further below.  

My second point is that cause and effect may sometimes be related in a 
rather complex way. For example, the type of surface-antigen expressed by 
tumours can sometimes change extensively with the passage of time17 and, as 
already discussed, some of this effect may be due to specific antibody altering the 
very expression of the original cell-surface abnormality that led to its 
production.16This may provide the cell with a very useful strategy for evading 
normal host defences, but in the present context it shows how factors arising from 
the presence of the tumour may feed back upon, and to some extent alter the 
very nature of, the abnormal cell itself. Cause and effect in biology are never as 
clearly separated as we sometimes imagine. 

 



 
Aetiology of Cancer 
 

On the question of the aetiological diagnosis, we must now ask, “Why does 
the cell become deranged in the first place?” Here, we have a few insights 
through our knowledge that exogenous agents such as physical irradiation of 
various types (e.g. UV light, X-rays, gamma rays etc.), chemical compounds, and 
other physico-chemical stimuli, may initiate DNA change experimentally.22 We 
also know that once DNA damage has occurred, its full expression as frank 
clinical carcinoma can sometimes be greatly aided by other exogenous tumour-
promoting agents or co-carcinogens.22 Just how important such exogenous 
agents are, by either mechanism, in stimulating the development of naturally-
occurring human cancers is unknown. However, there is widespread belief, based 
largely on epidemiological studies showing a geographic and temporal variation in 
tumour incidence, that most human neoplasia does arise from ‘environmental’ or 
‘exogenous’ cause23 — even though it has to be admitted that the agents 
concerned have been very difficult to identify. 

Undoubtedly, environmental influences are important, but it may be rather too 
simplistic to suggest that we should limit our search merely to those agents which 
are directly toxic to cells, because in man a whole chain of complex physiological 
mechanism stands firmly between the cell and its external environment. It is 
therefore possible that some of these external influences are not actually toxic to 
cells at all, but merely trigger the action of an internal physiological mechanism 
which then mediates the cellular damage by endogenous means. Without for the 
moment going into what these mediators and triggers might be, this way of seeing 
greatly broadens the scope of environmental agents we need to consider in 
cancer pathogenesis. It also extends our quest well beyond that search for 
directly-acting cell toxins which has made up the overwhelming thrust of research 
in this area so far. What is more, if we are correct in our assessment that clinical 
carcinoma could only ever realistically arise in a setting of extensive and repeated 
cell damage, such an approach starts to look increasingly important, because if 
such powerful direct cell toxins were to exist commonly in the external 
environment, surely all the intensive research in that direction would have 
uncovered them by now. 

 
Although from one standpoint this general argument has increased the 

number of environmental agents we need to consider in cancer pathogenesis, in 
another important way it has reduced it, because whatever external agent we 
choose to examine in this respect must also satisfy the criterion of being able to 
trigger the action of some physiological mechanism that can then mediate the 
damage by endogenous means. We can even use this second criterion as first 
stepping stone to resolving the whole problem. This is what I propose to do, 
because in my view there are very few mechanisms that could mediate damage 
endogenously — especially damage localised to particular regions or organs of 
the body — so that this approach should narrow down the scope of our search 
very considerably. Indeed, one of the only ways I can envisage such damage 
occurring is again from ischaemia to the tissue concerned via a restriction of its 
arterial blood supply, and one of the few ways that might come about in a pattern 



which is at the same time severe, repetitive and relatively localised, is by an 
unusual degree of activation of vasoconstrictor sympathetic nerves (See also Ch. 
6).  

Such a mechanism might also go a long way to helping us find the nature of 
the environmental stimulus we seek because, if our reasoning is correct, the 
external agent concerned must now be one which can repeatedly activate the 
sympathetic nervous system so as to induce this recurrent vasospastic ischaemia. 
Now, one of the very few influences commonly present in the external 
environment which is capable of doing this is repetitive episodic physiological or 
psychological stress, and this, I propose, completes the general answer to our 
question. We are led back, therefore, to the same place we started in earlier 
chapters.  

 
Let me now state fully the hypothesis developed from this analysis so that we 

can go on and examine it in more detail. 
 
 
STRESS, VASOSPASM AND CANCER: A PERSONAL PERSPECTIVE 
 
It is postulated here that stress, in particular emotional stress, can give rise to 

a pathologically-exaggerated sympathetic nervous discharge, and so lead to 
vasospasm of either small, medium, or large arteries, and hence to local 
ischaemia. If severe, I suggest that this, in turn, will lead to damage of cellular 
DNA. Some cells might even die, but others would remain viable, and these would 
constitute the area of most concern for subsequent carcinoma development once 
the particular episode had passed. Severe DNA damage would greatly increase 
the chances of an abnormal cell arising, particularly in tissues that had the 
capacity to divide and multiply during the subsequent regenerative phase of local 
tissue repair, because the dividing cell would not only magnify the DNA defect, but 
also make it more liable to be propagated in uncorrected form.  

Even so, given the powerful capacity of the bodily defence systems to 
eliminate abnormal cells, the present hypothesis would not see any one single 
such episode as being enough to cause the uncontrolled growth of a cell mutant 
to a clinically important carcinoma. On the contrary, it is likely that as well as being 
severe, cell damage would need to be repeated on many occasions before there 
would be any realistic probability of a macroscopic carcinoma emerging. On this 
basis, I suggest that there must indeed be repeated episodes of stress, leading to 
severe and recurrent episodic ischaemic injury to particular organs, or particular 
areas of organs, before DNA damage could first be expected to arise in some vital 
area of DNA concerned with cell growth and proliferation, then escape cellular 
DNA error-repair mechanisms, next become fully expressed - including the 
evasion of normal tumour-suppressor gene function5,6 - and finally resist the 
defences of the immunological surveillance network.  

I do not suggest that this is more than hypothesis, because for one thing 
there is just not enough evidence on which to evaluate it fully. Also, the reader will 
doubtless have detected the close similarity of this hypothesis to conclusions 
drawn about the relationship between stress and more general disease in 
previous chapters. So perhaps suspecting bias, the sceptic may feel he has a 



right to be somewhat guarded in accepting it. In defence, I would say that I have 
tried to avoid any bias in formulating the present synthesis, even if it may be true 
that my mind was in a frame perhaps more likely to accept its eventual 
conclusions. More to the point, though, there is evidence from many areas quite 
consistent with the various aspects of the present proposal, and I should like now 
to examine this. 

First, we know that the sympathetic nervous system may be activated by 
physiological and/or psychological stress in considerable degree.24,25 Moreover, 
we are aware from clinical experience that emotional stress may produce episodic 
vasospastic ischaemia localised to particular regions of the body (Ch. 6). This is 
evidenced, for example, by the occurrence of the Raynaud's phenomenon of 
blanching of some of the fingers in young women under emotional stress,26 of 
vasospastic migraine occurring under the influence of psychological stimuli,27 and 
of the cardiac and other stress-related vasospastic phenomena discussed in 
previous chapters.  

That a central activation of the sympathetic nervous system could produce 
such localised peripheral vascular responses may seem to some rather strange, 
but it undoubtedly can. There are certainly enough variables within the 
sympathetic system to give scope for it, including the type of psychological stress 
and the manner of response of the patient and his sympathetic nervous system to 
it (i.e. the pattern of the “excitation clang” or ‘chord’ evoked28), as well as that 
particular individual's constitutional make-up as it concerns his vascular anatomy 
(including the richness of collateral blood vessels), his arterial reactivity, and 
variations in his arterial sympathetic nerve supply. Through such factors, 
ischaemia from psychological stress could be localised to almost any region of the 
body, depending on the size and number of arteries involved, the severity and 
diffuseness of arterial constriction, and the effect of all these on local tissue blood 
flow. 

The potential of this mechanism to cause local cell damage can also be seen 
in the atrophic changes which develop in the fingers of patients with long-standing 
Raynaud's phenomenon,29 and in the cerebral atrophy which sometimes 
supervenes in patients with severe chronic migraine.30 In organs such as the 
brain, where there is a limited capacity for cell regeneration, this might be the only 
consequence, but in others with a more well-developed facility for proliferation and 
repair, repeated insults to the psyche might eventually leave their marks not as 
atrophy, but as neoplasia. 

Perhaps the most difficult aspect of the current hypothesis is its contention 
that psychological stress might be the single most important environmental factor 
underlying much human neoplasia. However, there is evidence of an important 
link between cancer and the mind.31 Thus, cancer does seem to arise more 
frequently on a background of psychological stress32-35 and to progress more 
rapid!y towards recurrence if that stress is continued.36 The clinical data are 
certainly suggestive,31,37 and are supported by some well-conducted animal 
experiments.38 Of course, to define and quantify psychological stress is difficult, 
and to localise the time of onset of any disease in relation to it even more so. It is 
no surprise, therefore, that the evidence on a relationship to cancer is 
inconclusive and controversial.39,40 Nonetheless, because we know that 
psychological stress may induce a local reduction of organ blood flow via 



activation of the sympathetic nervous system - it matters little here whether this 
comes about by constriction of the small, medium or large arteries - we should 
take its potential influence in the present context seriously. 

The atmosphere for discussing a possible connection between the mind and 
disease is changing, at least with cardiovascular disease.41 In the past, any 
suggestion that cancer might be causally related to stress was almost entirely 
ignored. In my view, this was because of the difficulty both of defining stress in 
any precise way, and of conceiving any feasible means by which psychological 
stimuli might act to bring about such a serious organic abnormality as neoplasia. 
Recently, it has been suggested that this link might be brought about by the action 
of stress-induced cortisol release42 to suppress the host's normal immunological 
defence mechanisms,43 and so remove one of the major barriers to the 
emergence and proliferation of any potentially neoplastic cell. Whether this is 
indeed the explanation for the link between cancer and the mind I very much 
doubt because, as we have seen, it is very difficult to explain much of the general 
body of human (or other) cancer in terms of the suppression of immunological 
surveillance, by whatever means. Nonetheless, these and related views have at 
least promoted the serious discussion of possible mechanistic connections 
between cancer and the mind, so taking us away from the previous dogma where 
such links were thought to rightly belong in the realm of the metaphysical. 

Certainly, if conditions such as ulcerative colitis can arise by repetitive 
ischaemic cell damage from psychological stress in the way suggested in chapter 
6, then the present view that emotional distress is important in cancer 
pathogenesis is a reasonable extension of that general theory. Thus, ulcerative 
colitis may, over years of recurrence, eventually become complicated by colonic 
cancer,44 and the current theory would see this as being the result of long-
standing repetitive DNA damage from ischaemia related to continuing 
psychological strain. Moreover, surgical specimens removed from patients with 
chronic ulcerative colitis frequently show widespread histological dysplasia of the 
large bowel mucosa, a well-recognised precursor to malignant neoplastic 
change.44 This finding supports the general view expressed in this chapter that 
clinical carcinoma does not usually arise until there is extensive DNA damage to 
the organ concerned. Another example of that may be the metaplastic change 
seen in the bronchial mucosa of longstanding and heavy cigarette smokers.45 
Whether that also represents the precursor to clinical carcinoma is uncertain, but 
it undoubtedly signifies a widespread cellular change in the mucous membrane 
concerned. 

This, then, takes us full circle back to our previous view of stress-related 
disease. In essence, what I am proposing is that those cancers which are not 
obviously due to the direct toxic action of known external chemical agents, may 
well owe their origins to indirect and repeated DNA damage from vasospastic 
ischaemia evoked by an exaggerated sympathetic nervous discharge in relation 
to recurrent episodes of psychological stress. At the very least, this view should 
provide a useful heuristic, even to the sceptic, for the further analysis of the 
possible connections between cancer and the mind. 

 
 

THE RELATIONSHIP OF CANCER TO VIRUSES 



 
There is one aspect of cancer which is still very puzzling and not at all 

explained so far, yet very important if we are to develop any unified theory of 
neoplasia origins, and this is the relationship of cancer to viruses.  

Some tumours appear to be clear-cut examples of viral transformation of the 
host cell, for example Burkitt's Iymphoma, where the tumour cells contain the 
Herpes Epstein-Barr virus DNA linearly integrated into the cell genome, with 
consequent expression of virus-coded neoantigens on the host cell surface.46 
Even the RNA viruses can give rise to viral transformation and neoplasia,47,48 but 
these are more usually the retroviruses which have the capacity to generate a 
DNA copy of themselves and integrate it into the host nuclear DNA through the 
presence in the virus of a reverse transcriptase49,50 so that they, too, act by 
altering the DNA present within the host cell genome.50,51 It might, of course, be 
said that cancer of such viral type is rare, and in the classical form it may well be. 
But viral transformation of cells is such a good model for human carcinoma47 that 
we should not dismiss it lightly in any attempt to develop a unified approach to 
cancer pathogenesis, especially as some chemical carcinogens seem perfectly 
capable of inducing the expression of transforming viruses52 or viral genes53 latent 
within host cells. So let us look a little more closely at the relationship between 
viruses and cancer. 

Human cancers where the evidence for a viral involvement is particularly 
strong include Burkitt's Iymphoma (and nasopharyngeal carcinoma) with its 
relationship to the Epstein-Barr virus,46 carcinoma of the uterine cervix in relation 
to the papilloma viruses,47,54 and hepatocellular carcinoma related to the hepatitis 
B virus.55 In yet other tumours, the circumstantial evidence of a viral origin is high, 
even though the actual viruses themselves have not been isolated, nor Koch's 
postulates of a viral nature fully satisfied.56 Thus, carcinoma of the breast in the 
human female is often associated with tumour viral-particles,57,58 and this and 
other tumours such as the leukaemias frequently express virus-like antigens on 
their cell surfaces.59 There have even been claims60 — now confirmed in the case 
of HTLV-I 53,59 — that retroviruses can be isolated from some human leukaemias. 
Animal leukaemias and sarcomas are certainly strongly related to retroviruses,53,59 
and it is relevant that the Bittner factor which causes carcinoma of the breast in 
mice is also known to be a retrovirus particle, designated mouse mammary 
tumour virus, or MMTV.59.  

 
Of course, there are those who doubt that viruses could be of any general 

importance in human cancer, and certainly if one insists that Koch's postulates be 
satisfied before a viral pathogenesis can be entertained, very few examples would 
pass the test. Some believe that even the more obvious viral particles observed in 
tumours like carcinoma of the breast and the teratocarcinoma lines58 may merely 
reflect ‘passenger’ viruses, present even within normal cells. A further problem is 
that most tumours express an extraordinarily broad range of antigenic types, not 
only within similar tumours obtained from different animals61 and man,62 but 
between different tumours raised on the same animal,63 and even within a single 
tumour during different periods of its progress with time.17 This, it might be 
argued, is hardly the way any viral tumour should behave, for viruses should 
surely express a much more limited antigenic repertoire. However, as events are 



turning out, there does appear to be at least some limitation on the range of 
antigenic expression observable within particular tumours,12 and even some of the 
variation we observe may be due to the effect of antibody modulating the degree 
and type of antigen expressed.16 Certainly, one cannot say that the presence of 
viral particles in normal cells precludes their having an important role in neoplasia, 
even if the point is taken that they cannot be sufficient alone. 

The analogy between viral transformation and neoplastic cell change goes 
even further. Thus, viral infection, like neoplasia, may provoke the re-expression 
of embryonic or foetal cell-surface antigens,64 and because many of these are 
concerned with cell growth and multiplication64 their expression may well be 
relevant to that cellular proliferation which characterises both of these states. 
Also, as already discussed, tumour cells sometimes become antigenically 
modulated16 and even dormant65 in the presence of specific antibodies in the 
immunised host. This is not unlike the situation with viral infections, where viral 
antigens expressed on the cell surface may become suppressed by anti-viral 
antibody, yet remain latent and able to flare up again to produce proliferative 
lesions at any time the balance is subsequently disturbed, for example by 
immunosuppression.66,67 One important factor which may cause such viral 
reactivation is external environmental change in the form of physiological and/or 
psychological stress. This, too, has a parallel in the way stress and personality 
factors seem to be able to play a role in hastening the onset and progression of 
neoplasia under some circumstances.31-35,37 Herpes simplex type I virus, for 
example, is an infection that may lie dormant in man in apparently normal-
functioning cells for years, only to be reactivated at times of sudden cold or 
psychological stress, to give rise to a proliferative ‘cold sore’; similarly with 
hepatitis B virus in the liver.66. The parallels with exacerbation of cancer by 
stress32 are obvious. These many points of analogy certainly make it important 
that we bear the viral transformation model in mind in our attempts to develop a 
unified view of cancer pathogenesis within the present, or indeed any other, 
framework. 

The real question then is, “How can cell DNA damage from ischaemia (or 
other cause) lead to something analogous to the reactivation of latent virus 
infection, and hence to carcinomatous change of viral transformation type?” 
Before discussing my own approach to this, it we will need to review some 
aspects of the genetic make-up of cells of those higher organisms that contain a 
nucleus (the eukaryotes). In contradistinction to the DNA of the lower species (the 
prokaryotes, such as bacteria), the vast majority of DNA in adult eukaryotic cells 
appears to be non-functioning. Indeed, the amount of nuclear material involved in 
the everyday activities of cell structure and function may be as little as a few 
percent of our DNA68 the rest being either non-informational to begin with, or 
potentially informational yet repressed through an association with histones and 
other chromosomal proteins,69 or by ‘epigenetic’70  means (see Ch 8). As well as 
interfering with normally-expressed cell functions therefore, DNA damage might 
well disturb mechanisms that control this DNA suppression, and so lead to the 
emergence of previously unexpressed cell function. Precisely what happens after 
such derepression will obviously depend on the nature of the repressed DNA. 
Some of it seems to consist of simple and apparently ‘nonsense’ sequences only 
a few base pairs long and reiterated many times,71 and one might have thought 



that de-repression of those would not produce much effect. 
However, we have to be careful here, because the expression in the right 

place of a few new DNA sequences might ‘switch on’ other quite sophisticated cell 
function, or modulate existing and expressed genetic themes in some important 
way. It is also likely that much of the non-functioning DNA is not simple at all. For 
example, some of it is probably of fairly organised type, likely to have been of 
value in some past evolutionary era — or even perhaps in the embryonic past of 
the particular individual — but repressed now that its function has been served [as 
in foetal and ‘oncofoetal’ antigens.21 Either way, nuclear damage which brought 
about a de-repression of previously-suppressed DNA would not necessarily just 
yield ‘nonsense’ changes, but on the contrary might lead to the return of quite 
high-order cell function, albeit perhaps detrimental in the new circumstances of 
operation. That this is more than just a theoretical possibility is evidenced by the 
re-expression of foetal proteins in some carcinomas of adult life, for example 
alpha feto-protein and carcino-embryonic antigen in hepatic and colonic 
carcinoma respectively.21  

It seemed to me that these considerations might be very relevant to our 
attempts at developing a unified view of cancer pathogenesis, for if DNA damage 
did interfere with the repression of suppressed yet potentially informational DNA, 
we could then look at the question of recurrent DNA damage from episodic 
ischaemia (or other cause) in a rather different light. For now, there would be the 
added possibility that ‘mutational’ DNA damage might lead to the appearance of 
highly-developed cell function. If such damage were to be repeated as well as 
severe, many such sophisticated functions might eventually emerge. And, 
relevant to our attempts at incorporating the model of viral transformation into our 
present theoretical approach to cancer, if among these de-repressed functions 
several quite fortuitously happened to code for something resembling the few 
simple genes of a primitive virus, say of the RNA phage type, [which probably has 
only about three genes72 then a ‘viral’ origin for cancer might well be simulated 
merely by a chance combination of events. 

On reflection, though, this view is clearly not yet adequate. The greatest 
difficulty in its way is the vanishingly small chance of any such occurrence. This is 
because the probability of several mutations, even of the necessary general type, 
first happening to arise, and then happening to code for even the few functions of 
a simple RNA phage-type virus would surely be remote — particularly given the 
recent evidence that some of the apparently simple phages like Phi-X 174 are 
much more complex than we once thought, to the extent of even having genes 
read in different frames as an overlapping complex of genetic information.73 
Therefore, a line of approach which initially seemed promising and perhaps so 
close to allowing the development of a unified view of neoplasia, would be quite 
unable to do so with anything remotely approaching the necessary probability, . . . 
unless . . . Unless as a species we have actually evolved by the gradual build-up 
of viruses. Such a view may strike the reader as somewhat fanciful, as first it did 
me, but the more I examine the evidence on which it bears, the more I have come 
to see it as a reasonable view. I hope to convince the reader that at least it is a 
well-reasoned one. 

 
 



                           VIRUSES, CANCER AND EVOLUTION 
 
I don’t wish to pre-empt here the development of a general evolutionary 

theory in later chapters, but it is essential to give at least a thumbnail sketch of its 
outline. What I am proposing is that much cancer origin might be explained if 
species have actually evolved by the gradual incorporation of ordered genetic 
material into their DNA by viruses. And this process need not be limited to the 
incorporation of viral genetic material per se, because the process of viral 
integration into, and excision from, host genetic material, is often imprecise, so 
allowing that adjacent host gene sequences may participate in genetic 
interchange as well, as in the viral ‘transduction’ of bacteria.72 Moreover, I use the 
term ‘virus’ in its broadest sense to include, for example, other genetic modules 
such as transposons and insertion elements, which have become increasingly 
recognised to have the potential to move around the chromosomes of the higher 
as well as lower species, altering gene transcription and promoting chromosomal 
deletions and re-arrangements in the process.74  

Now, clearly, such a theory would strongly challenge the whole basis of our 
current evolutionary concepts, and before it can be taken seriously, it must stand 
up to examining in that light. First however, I want to look more closely at whether 
it does indeed give a reasonable explanation for carcinoma origins and, if so, 
whether any of the existing molecular biological data would in any way support it 
in this respect Only when a reasonable case has been established on those 
grounds could we proceed to regard it as a serious theory warranting further 
scrutiny in the light of current evolutionary data. 

First, if much of evolution did occur through the gradual integration of viruses 
(or of genes borne by them) into the DNA of their hosts, then the similarity 
between viral transformation and neoplastic cell change would be explained. 
Thus, DNA damage (e.g. from ischaemia) would now only have to cause the 
derepression of some previously incorporated viral gene concerned with cell 
transformation to lead to the uncontrolled growth and proliferation of the cell. 
Moreover, the genes involved need not now necessarily give much indication at 
all of their ancestral viral origins (except, say, for still being potentially transferable 
between virus and cell DNA), so much had they become part of the host genetic 
machinery during the long background of their evolutionary development within 
the host. 

On examining the literature for evidence that might support this general 
proposition,75,76 I soon came across hypotheses50,77 holding essentially that there 
might be a limited number of (retro-) viral genes or gene-sequences that have 
gradually become incorporated into the cell DNA of higher species over the 
millions of years of evolution; also that the derepression of one or other of these 
might cause specific tumours within the species concerned.  

These ‘virogene’ or ‘oncogene’ theories have certainly been valuable, but 
they are also limited, because the induction of any such specific ‘viral’ tumour by 
this means should regularly result in the expression of similar ‘viral’ characteristics 
of each occasion — determined by the limited range and number of the genes 
concerned — whereas most human and experimental tumours express a whole 
range of different antigenic characteristics.61 This is true even within different 
tumours raised on the same animal.63 It therefore seems unlikely that these 



relatively simple views would ever explain much of the general body of human 
cancer. 

However, the situation would be very different indeed if the DNA of higher 
organisms actually evolved by the gradual build-up of viruses — either DNA 
viruses or the RNA retroviruses. By this view, many such viruses would slowly 
pass through a virulent to a relatively non-virulent but still infective relationship 
with the species concerned during evolutionary time. They would gradually 
integrate with the host DNA through the stages of proviruses and highly defective 
proviruses which, by analogy with bacteriophage systems (Davis et al., 1973), 
could eventually come to express only apparently host-cell function, having had 
most of their viral characteristics repressed to the extent of losing almost all trace 
of their origins. On this basis, viruses more recently integrated in the evolutionary 
sense would presumably revert on any derepression to something generally 
recognisable as such, and in this way be able to give rise to tumours of fairly 
obvious viral characteristics. Those integrated for longer, whilst perhaps being 
genetically too defective to behave as complete viruses, might still be able to 
transform the host cell on derepression of specific ‘transforming’ viral sequences. 
If this led to a serious interference with the control of cell growth and proliferation, 
neoplasia might again result; if not, it is interesting to speculate that auto-immune 
phenomena might still arise.78 Viruses integrated for longer still, might not now be 
capable of causing any transformation of the cell at all on de-repression, this 
capacity having been largely neutralised by the occurrence of many unselected 
mutations during the long aeons of the repressed period. But they might still retain 
the ancestral capacity characteristic of viruses to promote DNA transcription in 
adjacent segments of host DNA,79 and if these segments also happened to be 
concerned with control of cell's growth and division, neoplasia might still be the 
consequence.  

It might be thought that the detection of any viral origin to such sequences 
would now be almost impossible so long after the postulated initial event, but if 
the DNA sequences concerned did indeed continue to retain vestiges of viral 
function in the way suggested, then that should still be evident either in their 
functional characteristics, or their DNA sequence organisation, or both. As it 
happens, the available data are perfectly compatible with the present view on 
both of these counts. First, the experimental model of viral neoplasia most studied 
so far has been the type C retrovirus-transformed host cell, and there, it turns out 
that the ‘viral’ gene involved is one normally resident within the host cell DNA 
itself, but relatively suppressed.80 This gene may either be carried into the host 
cell by the parent virus as in classical type C retrovirus cell transformation79 or 
activated where it lies within host DNA by the adjacent insertion of non-
transforming viruses, either in whole79,81 or in part,82 or perhaps even by the action 
of carcinogenic chemicals.53,83  

Of course, because of its normal place of residence, many regard this 
‘transforming’ gene as being of cellular origin, but it certainly may be incorporated 
into the retrovirus vector concerned and this is equally consistent with its having 
an ancestral viral origin. Over long periods of evolutionary time, what were once 
viral genes might well have become integrated into host DNA in this way and, if 
the evolution of integrated ‘defective’ prophages in prokaryotes is anything to go 
by,72 they might even have come to express what appears to be entirely normal 



host cell function. In this way, almost all trace of their viral origin could be lost, 
except for a remaining ability either to cause ‘viral’ transformation of the host cell 
after activation (derepression), or to be re-established as the original virus (or 
some present-day counter-part still resembling it). Certainly, the known variation 
in the molecular split from which host-integrated viral DNA sequences are 
removed when a virus leaves a cell72 might well mean that partial viral sequences 
are left behind in the process. If these were to include the ‘early’ or ‘transforming’ 
genes of the virus concerned then, as with the highly-defective prophages, this 
could eventually give rise to resident transforming genes of apparently entirely 
cellular origin. This process, or rather its reverse, is well enough recognised at the 
prokaryotic level, in so-called ‘‘specialised viral transduction”, where an extra 
piece of DNA, this time of host origin, is excised from the initial viral integration 
site and carried to the next host during the process of viral interchange between 
individual hosts.72 Of course, if the processes of gene deletion and integration of 
this type happened to affect the same DNA segment at the border-zone of the site 
of initial viral DNA integration into host, then multiple rounds of excision and 
integration over evolutionary time might well eventually make it extremely difficult 
to decide whether any such segment had had its origins in virus or host. With 
some genes, such interpretation might become well nigh impossible, but with 
transforming genes, their very nature makes it more likely that they would have 
stemmed from viral rather than host-cell origins. 

For the viruses integrated for longest time, even the capacity to transfer some 
original-viral sequence between host cell and virus might eventually become 
entirely lost, both because the now-integrated viral gene comes to evolve more 
and more as part of the host cell species, and because the remaining free form of 
the virus itself evolves at the same time, making functional similarity with the 
original viral vehicle now very difficult to trace. Nonetheless, if such sequences 
are still to be relevant to the pathogenesis of neoplasia following cell DNA 
damage in the way proposed — even if only via an ancestral capacity to promote 
transcription of adjacent DNA sequences79,83 — then traces at least of that 
background should remain discernible in their DNA sequence organisation. So let 
us examine this aspect. 

There are certainly striking similarities between the nucleic acids of the small 
mammalian viruses and that of their hosts.84 Moreover, we now know that the 
DNA of higher eukaryotic species, including that of the vertebrates, does contain 
‘endogenous’ viral sequences within the host genetic machinery,85,86 and that 
these may be transmitted (‘vertically’) from parent to offspring by what appears to 
be normal host inheritance mechanisms.50,87 At the more experimental level, the 
sequences of some of the retrovirus genes concerned with the promotion of DNA 
transcription53,82,88 are of particular interest to our analysis. These, for example the 
long terminal repeats of the retroviruses,89,90 are flanked at their termini by 
complementary repeat sequences. This same general pattern of short repeat 
sequence organisation is now recognised to occur quite widely throughout the 
eukaryotic genome, even at the junctions of coding with intervening non-coding 
sequences within eukaryotic DNA. What is more, similar (inverted) repeat 
sequences91 are known to be present within the mobile genetic elements 
(transposons and insertion elements) of prokaryotic species, and it has long been 
known that these are perfectly capable of moving around the prokaryotic genome 



and inserting quite freely into unusual sites. Here, they may not only promote the 
transcription of adjacent DNA sequences, but cause chromosomal re-
arrangements, deletions and inversions in the process.74  

Such transposition elements were once thought to be entirely confined to the 
prokaryotic species, but in recent years they have been found increasingly in 
eukaryotes as well,74 and following their initial discovery there – by Barbara 
McLintock as ‘controlling’ elements in maize92 - their potential contribution to 
cancer pathogenesis in higher species following any disruption of nuclear DNA 
has been well recognised.93 Moreover, we now know that similar mobile 
transposition elements and retrovirus-like sequences (including their flanking long 
terminal repeats, or LTRs) also exist in higher eukaryotic species including man, 
correspondingly giving a significant potential for genetic mobility.94 Unfortunately, 
we do not yet know whether such sequences have been derived directly from past 
evolutionary integration of insertion elements per se or of their perhaps more-
recent successors, the retroviruses.94,95 But although resolution of this question 
will be important to our analysis of evolutionary mechanisms in later chapters, it is 
largely irrelevant in the present context. Be they of retrovirus or insertion element 
origin, these mobile DNA sequences are widely distributed throughout the human 
genome, and are quite able to exert retroviral/ transpositional/ retro-
transpositional/ insertion element characteristics such as the promotion of 
transcription of adjacent DNA sequences.82 Of course, after such postulated long-
term evolutionary integration, even these sequences might have changed and 
become stabilised so as usually to express functional characteristics now more 
recognisable as host than virus. But under circumstances where cell control were 
disrupted by DNA damage, e.g. from ischaemia, the situation could be very 
different, for they might then revert to a more primitive unstable mode, so as to 
become mobile and integrate into new sites of the cell genome, promoting there 
the transcription of previously-suppressed DNA. And if such DNA happened to be 
concerned with the control of cell growth and division, neoplasia might again be 
the result. 

There is no clear proof that these terminal repeat sequences have derived 
from ‘viral’ origins, or that they now play a significant role in the initiation of DNA 
transcription under either normal or abnormal circumstances. Indeed, we cannot 
even be sure that now recognisable retroviruses contribute importantly to DNA 
organisation in man at all.96 One of the difficulties in this respect may be that of 
attempting to analyse a moving target, in that the viruses of higher species may 
by now have evolved just as much as their hosts, making present-day 
comparisons exceedingly difficult. Perhaps, also, in the highest species, we 
should be looking more at the DNA-viruses (presumably more-recently evolved) 
or to their integrated counterparts, for a more readily discernible viral potential 
within the cell. Indeed, such an exercise is indicated on other grounds, because 
the DNA viruses, such as SV40, are known to be capable of repeatedly taking up 
host-sequences into their genomes,97-99 and of themselves becoming integrated 
into their host's DNA,83,100,101, including that of man.102,103 

Other viruses, such as the Herpes viruses, contain terminal repeat 
sequences in some of their subunits,104,105 giving them at least a potential to 
integrate into the host cell genome.106. Whether such partial DNA-virus sequences 
are important in carcinoma origins in man remains unknown, but it is of note that 



the viruses most recognised for an association with human tumours are indeed 
the DNA viruses, for example the papilloma viruses in carcinoma of the uterine 
cervix,54,58 the Epstein-Barr virus in Burkitt's lymphoma,46 and the hepatitis B virus 
in hepatocellular carcinoma.55 This line of approach would therefore seem well 
worth pursuing. 

I make no claim that the present discussion has resolved the question of the 
contribution of viruses or viral sequences to the make-up of the human genome, 
or that it has defined the relationship of such sequences to the origin of 
carcinoma. Rather, I have attempted to show, first, that a good case can be made 
out on theoretical grounds that these viral sequences could be important in 
neoplasia, and second that such a theoretical view is sufficiently well supported 
by existing evidence to encourage to encourage pursuing it further. Yet, for the 
moment, I do not wish to do this because, for one thing, we just do not yet have 
enough evidence on which to evaluate it fully. More importantly, such a theory 
would so strongly challenge the whole basis of our whole understanding of the 
evolution of the genome, that it is in this light in which it must first be examined. 
Such analysis will be the subject of the next chapter, but before that, I want to 
explain that reflections on the possible origins of carcinoma were not my only 
reasons for developing this viral view of evolution because, quite independently, I 
had been drawn to similar conclusions through an analogy I developed to explain 
a separate and quite serious problem with evolutionary theory itself. Again, the 
details of that evolutionary problem will be discussed more fully later, and I will 
give here only sufficient synopsis of its outline to set the stage both for illustrating 
the analogy itself, and for showing how it might help to understand the 
evolutionary problem concerned. 

 
 
 
AN EVOLUTIONARY ENIGMA 
 
The classical neodarwinian view of evolution is as one directed entirely by 

natural selection acting on a genetic variability produced by gene recombination, 
the “raw materials” for which were generated by recurrent mutation a long time 
ago. However, it is now recognised that this traditional view of evolution poses 
certain difficulties.107 Indeed, the problem of making classical neodarwinian 
selection work on the basis of mutation and recombinational events is more 
profound than most realise. The aspect that particularly concerns us here is 
whether progress could ever be made within the realm of higher evolution merely 
through random mutation and genetic recombination, even allowing the powerful 
influence of natural selection. In the first place, new mutations are very rarely 
favourable and, even where they are, they do not easily become fixed within 
natural genetic populations.108 Moreover, it is difficult in the higher species to see 
how any ordinary mutation could ever bring about an improvement in existing 
highly sophisticated cell function. Mutations believed by some to be more 
important in this respect are those which occur in regulatory or controlling genes 
i.e. those genes responsible for the initiation or promotion of gene transcription, or 
for its termination or modulation in some important way.69,109-111  

There is no doubt that ‘improvement’ in DNA sequence through mutation at 



this control level could have a profound effect on DNA function overall, and could 
therefore contribute enormously to evolution and even speciation. But this begs 
the question of how any such beneficial mutation might come about. It is hard to 
see how any ordinary spanner thrown into such sophisticated machinery as higher 
eukaryotic cell DNA, especially at the level of DNA control, could ever have any 
real prospect of improving its function, unless that spanner happened to be 
something very special. Yet to say that, would be to invoke the sort of 
determinism or vitalism which only the creationist could accept, and this leaves 
the scientist in a stalemate  - despite Dawkins best efforts112 — unless we can find 
some non-metaphysical means by which non-random genetic change might come 
about. 

When I first realised that there was a serious problem with random mutation 
and genetic recombination as the driving force for evolution and speciation, I was 
led to wonder whether there might be some useful analogy from other fields of 
experience to help understand the situation better. And the one which occurred to 
me as perhaps most relevant was this: if the method I had developed for 
approaching medical diagnosis by first sub-classifying or grouping data into 
separate categories (Ch. 2) was indeed effective in medical problem-solving, then 
a similar synthesis of already processed sub-groups of DNA might be of equal 
value in reaching best overall solutions to genetic problems during evolution. To 
reiterate some of the points made in chapter 2, my approach to medical diagnosis 
is first to group the relevant information into a small number of separate sub-group 
categories, each able to be considered relatively independently. This allows us to 
come to grips with each of the aspects of the problem piece by piece without 
being overwhelmed at any one time by the vastness of the data as a whole. Once 
each part of the problem has been satisfactorily solved in this way, we would then 
have the data in a more manageable form for proceeding to the overall solution. 
And even when the ‘best’ working hypothesis has been arrived at in this way, it 
can still be improved upon any time new data becomes available, merely by 
identifying the sub-group to which that data belongs, altering the relevant sub-
conclusion within it, and then repeating the overall synthesis on the basis of the 
improved sub-groups. With this method, we do not need to go back on each 
occasion to re-synthesise the whole from scratch, only to a more manageable re-
construction on the basis of its improved components. Quite obviously, the finding 
of better solutions to genetic problems during evolution would also be made much 
easier if the process of genetic shuffling were to be based on modular 
components of similar type, each already processed to some extent, and for each 
of which alternative constructs were also available. 

Quite apart from the area of medical problem-solving, this same general 
principle of building up a final conclusion hierarchically on the basis of 
increasingly ordered subgroups, may well hold true for other areas of information 
handling. For example, in written communication the possible permutations and 
combinations of the 26 letter alphabet are so vast that, as Koestler has so 
graphically expressed, the chances of even the most patient monkey typing a 
Shakespearian sonnet through random hits on a typewriter keyboard are 
vanishingly small.28 But although still small, those chances would be 
immeasurably improved if each key on the typewriter were to represent phonetic 
sounds, or letter-groups in the form of words, rather than single letters, or perhaps 



better still, word-groups. In the same general way, it is only possible to come to 
grips with anything like the total body of world literature by having it classified into 
broad categories, such as Sciences, Arts etc., with each of these being ordered 
under headings ranging down hierarchically from the broadest concept, to the 
finest level of detail within individual texts. This organisation, classification, and re-
categorisation of information, though often a tedious process, is vital to the 
progress of our understanding in any field. Moreover we advance just as much by 
replacing old concepts or syntheses within these categories with the new, as we 
do by any alteration at the level of minute detail. 

Once organised in this way, even the broadest body of literature is not, in 
general terms, beyond us, either in allowing us to come to grips with existing 
knowledge or, more importantly in the present context, permitting us to replace 
some concept already defined within it at any level by a new one in a perhaps 
creative way. Without some such organisation of knowledge, our quest to learn 
and discover would be hopelessly obscured by the maze of detail, and our ability 
to create within it frustrated by not being able to see the wood for the trees. In our 
system, though, each category of information, each concept, each individual text, 
now acts as a modular sub-whole, which can at any time be isolated from the 
central body (or library) of information for re-assessment, much as we might pull 
out modules of miniaturised computer circuits for analysis and repair. Particular 
sub-conclusions within the whole can in this way be re-examined and improved in 
the light of more recent evidence within that field without necessarily undermining 
the other already existing sub-conclusions which go to make up that particular 
whole. Indeed, far from undermining them, the new sub-conclusion may even 
allow a different permutation to be made with existing ones, so as to facilitate the 
development of an improved concept overall. In this way, new editions of 
textbooks replace the old, and each time a better understanding grows. How 
hopeless by comparison would be any method that disturbed the old merely by 
altering randomly its single letters or words. The outcome of that would more likely 
be chaos than creation! Yet, we need to remind ourselves that this is in effect 
what we are accepting when we embrace the concept of random DNA mutation 
as the underlying force driving the evolution of higher species. 

From this analogy, we can see that if some process did exist which promoted 
a change in existing DNA sequence by something that facilitated our general 
method of grouping analysis, then it might also make possible considerably 
improved solutions to genetic problems when compared with random mutational 
change. On this basis, it is not difficult to see that viruses could well fulfil these 
requirements, for they are indeed modular genetic units, and moreover, units that 
already represent non-random solutions to genetic problems, for they themselves 
have already been processed by the rigours of natural selection in their own 
evolutionary background. In addition, of course, they can integrate in modular 
fashion into the genetic machinery of their hosts. There, they would have the 
opportunity to interact with other modular units of similar type to bring about the 
real possibility of evolutionary novelty. Even where they did not, other and 
perhaps more sophisticated constructs of the virus may subsequently become 
available as alternatives to exchange with the already-integrated form, so that any 
genetic synthesis derived from such modular building blocks need not remain at 
all static. 



These close parallels between information-handling and genetic problem 
solving are certainly interesting, but there is another aspect that makes the 
analogy even closer. Vital to any process of dynamically improving existing 
concepts — be it in the areas of communication or molecular biology — is the 
stimulation of as much interchange as possible between different fields of 
experience, especially that interchange of ways of seeing the same concept from 
different points of view. For example, our understanding of circulatory physiology 
owes as much to those in the past who have recognised analogies with the 
physics of fluid flow in tubes and with the workings of physical pumps, as it does 
to the study of the anatomy of the heart and physiology of the circulation.113  

One of the unfortunate consequences of the categorisation of knowledge is 
that it tends to breed specialisation and separation of different knowledge-areas 
one from the other, so that it may actually inhibit this process of interchange. 
However, the best libraries ensure that at least the physical barriers to 
interchange are kept to a minimum by providing vehicles (nowadays mostly 
computers) for the exchange of information and concepts (books) between its 
different branches, even if that cannot always guarantee an improved climate of 
intellectual exchange! In the same way, we can see that there would be much 
more creative potential in evolution if there were to exist in the biosphere vehicles 
for the interchange of genetic experience. Again, viruses are well qualified for this 
role because, quite apart from their ability to integrate themselves into the DNA of 
their hosts, they may, as in specialised viral transduction, act as vehicles for the 
exchange of host-gene sequences between different individuals, or even species. 
This might be just as important, if not more so, in creating novel evolutionary 
function.69  

From this we can see that at least retro- and DNA- viruses are well placed to 
promote a non-random genetic drive to evolution. We have also seen that there is 
functional and molecular evidence compatible with their having this role, on some 
occasions at least. 

The real question, therefore, is whether their influence is as widespread as I 
propose.  

 
 

CONCLUSION 
 
It is beyond the scope of the present chapter to discuss in detail the evidence 

which bears on the general theory put forward, for I want to delay that until we 
have seen whether there is indeed such a problem with current evolutionary 
theory as I suggest. My main purpose in this section has been to show that, from 
two quite separate points of view, I have been brought to the same general 
conclusion, namely, that much of man's genetic structure might be the result of a 
complex build up of viral DNA sequences, and that a great deal of the continuing 
and apparently orderedly development in evolution might owe as much to 
continuing interchange of viral and/or viral-host sequences within the biosphere, 
as to the more traditional pathways of evolution. Quite obviously, such an 
exchange could not be unlimited, for otherwise we should all finish up as one 
grand species, but it would considerably broaden the horizons of our genetic 
experience, and do so in a way that promoted order without implicating vitalism. 



Perhaps, after all, it is nature and not man who is the master genetic engineer. 
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