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The fundamental basis of cancer – is there
a general theorem on which to build?

A
s a young graduate 53 years ago, I spent
my postgraduate days working for a PhD
on the invasiveness of malignant cells,
with the (naïve?) hypothesis in mind that,

if one can stop spread and dissemination of tumour
cells, a cancer will remain contained and can
probably be cured (resected) in many cases. It still
seems a practical approach, but we would have to
know a lot more about the invasiveness, which is not
exclusive to cancer cells. This is not simply about cell
motility. The seeding of specific organs by certain
types of tumour leads to metastases, which are
often the killers, but their growth can be suppressed
by the presence of the primary. Thus the interactions
between the cells of a tumour and other tissues are
complex, and we need to know much more about
them. Unfortunately, funding of research into these
aspects of cancer research is small relative to the
continued quest for the development of highly
targeted drugs that try specifically to kill tumour
cells, primary and secondaries.   
My first 4-5 years of post-doctoral work were,

however, spent with Sir Alistair Currie in Aberdeen,
investigating the carcinogenic mechanism(s) of
DMBA causing breast tumours in rats (Huggin’s
tumour). We found DMBA had to be metabolically
converted to 7-OH-DMBA as the proximate
carcinogen (with Huggins actually being with us at
the time this was discovered – a few months later
he learned he had won the Nobel Prize, but not for
breast cancer work). It was supposed to work by
intercalating into cellular DNA and causing mistakes
in replication. This could be all part and parcel of
the Somatic Mutation Theory. If disruption in the
DNA of cells were to be specifically blamed for its
carcinogenic action, we would still need to explain
why breast epithelial cells were almost invariably
affected by this powerful proximate carcinogen,
sometimes producing 3 or 4 breast cancer in the
same animal. It is clear that much more is involved
in the process of tumour formation, with both
internal and environmental influences being at work.
But does this metabolite, like benzpyrene followed
by croton oil, provide a necessary initiation step, but
not much happens without a promoter or
promoters. Papillomas appear over the entire area
where the promoter has been applied, a “field”
effect, where not just one mutant cell is starting a
tumour; stochastically it is highly improbable that so
many cells in the same field make the same mistake
at the same time. So what is initiation; and can we
therefore translate this into the axiom that all
cancers need to be initiated, but perhaps through a
common mechanism? If tumours arise

spontaneously, they would also have to be by some
mistake in either the regulation of division or as a
result of an inappropriate response to local signals
(see below). But if multiple causes and factors are
responsible, as seems much more likely, the crucial
issue is whether a fundamental theorem of cancer is
plausible? More to the point, is there an axiom, i.e. a
self-evident truth, on which cancer research can
now be seriously based, other than all tumours have
somehow to be initiated?  
One senior figure in molecular biology, taking the

reductionist approach, has thrown in the towel in his
pursuit of a fundamental change in the regulatory
molecules controlling cell division through mutation
as being responsible [1]. Can it be that the cancer
research community (especially those working at the
bench and who are relatively new to the field) have
not been told that cancer is not a single disorder
(disease), that all tumours are different, and within
each one there is great heterogeneity, a heterogeneity
that is in flux with cells constantly changing their
feature (e.g. often becoming resistant to treatments)?
A blinkered approach is not the best policy, and
therefore future research must be more concerned
with the diversity and complexity of cancer rather
than trying to establish a fundamental theorem,
which is impossible, however much we wish it to be
our ideal.
Another hypothesis considers that there is nothing

“wrong” with cancer cells – they act like miscreants in
society in starting to behaving badly and putting the
rest of the body at risk [2]. Local disagreement
between neighbouring tissues has encouraged us to
look at the relationship of potentially proliferative
(“precancerous”) tissue with its stroma. On a similar
tack, the stem cell idea harps back to the Connheim-
Ribbert notion of embryonic rests, stem-like cells
possibly misplaced; some pundits believe that cancer
is a disorder in differentiation of cells within
particular (inappropriate?) tissue environments.
However credible, one cannot escape asking yet again
what induces/initiates this misguided differentiation
in the first place. 
In conclusion, we have a number of hazy ideas

about how cancers begin and progress, with
considerable polarisation among their proponents.
None of them may be right or, more probably, they
are all partly right, but there has been little attempt
at a general synthesis. The elusive event remains
initiation, which needs to be researched more
carefully, with the reductionist approach being seen
as only one facet, since initiation must happen one
way or another in every case where a tumour arises,
highly implausibly by one common mechanism. ●
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