REVAMPING MOLECULAR BIOLOGY
FOR THE TWENTIETH FIRST CENTURY,
OR PUTTING BACK
THE THEORETICAL HORSE
AHEAD OF THE TECHNOLOGICAL CART
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Molecular biology (MB) is perhaps the branch of science that has shown
the most impressive growth in the last fifty years and its results have an
impact upon the whole range of the natural sciences from physics to
biology. Yet this growth has been paralleled by an exponential increase-
ment of empirical data coupled to a gradual erosion of the conceptual and
theoretical aspects within the discipline. After decades of continuous
success, MB now faces the challenge posed by several complex issues that
clearly cannot be addressed by means of a traditional reductionistic ap-
proach. Among these challenges we can mention the problem of metazoan
organismic development, the relationship genotype-phenotype in meta-
zoans, understanding how molecular evolution can be related to organis-
mic evolution and the understanding of both chronic-degenerative
disease and ageing at the molecular level. Therefore, complexity is embed-
ded within each major question for MB and this poses the need of new
conceptual approaches far from reductionism and explanatory schemes
based on simple, linear causality. Nevertheless, the current trend for
solving these problems is to develop expensive technological platforms for
massive experimental procedures, coupled to computer-aided analysis of
data, where such an analysis most of the times is nothing but sheer
data-crunching. The massive high-throughput technologies involved in
the fashionable branching of MB into genomics, proteomics, metabolomics
and as yet further unknown “omics”, are a clear example of how technol-
ogy has become the guiding light for MB, while the scientific part, under-
stood as the rational search for explanation of natural phenomena, follows
at the rearguard in the quest for biological knowledge, overwhelmed by
those technological fads that are setting the scientific agenda in MB. The
supposedly conceptual answer to the technological thunderstorm within
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MB has been to create a fuzzy entity by the name of systems biology 1, that
lacking any well-defined theoretical foundation is just a catch-phrase for
disguising conceptual poverty behind massive computing-power rou-
tinely applied to the analysis of huge molecular data resulting in no
definite insights or conclusions. Yet, paradoxically, this massive high-
throughput approach is producing empirical evidence that challenges
some of the most entrenched reductionist concepts in MB that had set the
particular scientific agenda several decades ago 2. However, the current
answer to this challenge has been to add further expensive technological
complexity to experimental design coupled to more computing power, as
if by some magic the iterated data-crunching may finally reveal simple
solutions to the complex questions. No other field better exemplifies this
situation than the molecular biology of cancer.

The almost forty year old paradigm suggesting that cancer is a genetic
disease 3 resulting from specific mutations in particular sets of genes known
as oncogenes and tumor suppressor genes (TSG), has been seriously put to
test by the large-scale analysis of thousands of human-cancer samples in
search of specific molecular signatures (specific sets of gene mutations or
patterns of gene expression) that can be directly linked to specific types of
cancer 4 5. For some time it has already been known that most sporadic,
non-familiar, human cancers that represent more than 90 per cent of
cancer incidence, cannot be explained as a result of mutations in a single
gene or a very limited number of genes. This in contrast to the overexploi-
ted lab-rodent models for cancer in which expression of a single mutant
protein coded by an oncogenic retrovirus leads to malignant transforma-
tion of almost any target cell infected by such virus ¢. Nevertheless, it was
already known that such viruses are basically replication-defective and,
thus, unable to naturally spread outside of the research laboratories,
where such viruses are passed and maintained under rather contrived
conditions using highly-inbreed laboratory animal-strains that are far
from representing natural animal populations. Yet, there was hope that
by analyzing the expression of thousands of genes in samples from pa-
tients affected by the same type of tumor, it could be worked out what was
the minimum set of altered genes common to that kind of tumor. Moreo-
ver, it was thought that by massive analysis of samples corresponding to
the different stages of development and progression of a given type of
cancer, it would be possible to identify specific sets of gene-alterations that
can be correlated with specific stages of cancer development, thus offering
hard molecular guidance for assessing clinical staging, prognosis and
therapeutic responses. Some ten years after these efforts began, the un-
comfortable but unavoidable answer is that there are no specific molecular
signatures for specific types of cancer, nor common molecular signatures
for specific stages of cancer progression, nor fundamental sets of mutated
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genes that are common to all types of cancer, nor specific sets of gene
mutations that define a given type of cancer 7.8. Indeed, some of the most
famous oncogenes identified in laboratory-models of cancer are very often
inactive in the most common types of human cancer such as breast, colon
and prostate, thus ruling out any causal role for such genes in the genesis
of common human cancer 5. Sadly, the current situation in this field is such
that instead of a major conceptual review of the molecular paradigm for
cancer, the scientific mainstream has decided to embark into further
expensive high-throughput analysis, but now with the intention of char-
acterizing each cancer at the individual level in hope that such an analysis
will discover the key aberrant gene or molecule behind each individual
cancer that may be the right target for a tailor-made therapy °. This rather
naive and over-empirical approach reflects, on the one hand, a retreat
from some of the most fundamental tenets of science that searches for
common, general explanations and not for particular explanations that
can only be applied to the particular case without any possible extrapola-
tion. On the other hand, it shows a general lack of intellectual stamina
among molecular biologists that do not dare to challenge an old explana-
tory paradigm that clearly has outlived its usefulness. Indeed, the massive
data resulting from applying diverse high-throughput technologies to the
molecular analysis of cancer indicate that there are actually no such things
as oncogenes and TSG, and the lack of common molecular signatures
linking specific sets of gene mutations and so patterns of gene expression
to specific types of cancer suggests that the observed mutations in onco-
genes and TSG are most likely just epiphenomena or side effects not
causally linked to cancer 51011, The so-called oncogenes and TSG are
basically regulatory genes that play important roles in the processes of
growth and development, and become rather useless in aged organisms
beyond their reproductive prime, which is the set of organisms where 90
per cent of cancer incidence occurs. Such genes are dispensable for cellular
survival and so they may undergo random genetic drift (mutation), since
they are not anymore under control of natural selection, inasmuch as any
malfunction of such genes is of no consequence either for the individual’s
fitness nor the species survival 12. Cancer is a complex phenomenon that
affects not only cells but whole organisms, and it requires a complex
explanation based on complex causal networks and manifolds, as there is
going to be no single molecule or limited set of altered molecules that may
explain the genesis and progression of such a complex phenomenon 13,
Indeed, many years ago it was wisely said that “cancer is no more a disease
of cells than a traffic jam is a disease of cars.” A lifetime study of the internal
combustion engine would not help anyone to understand our traffic
problems 14,
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The complex questions that faces MB in the twentieth first century will
only be solved by a massive conceptual paradigm shift that may redefine
the causal way of thinking in the field, so that complex, emergent, non-li-
near phenomena may be understood in top-down and not in bottom-up
terms 1517, instead of being spuriously tackled by a combination of techno-
logical onslaught and linear, gene-centric thought. Analytical reductio-
nism atomizes and blurs the true morphology of the complex phenomena
under study, thus hindering the explanatory capabilities of the human
intellect that as Aristotle clearly observed, firstly perceives and under-
stands things as forms, no matter if such forms have an abstract (theoreti-
cal) or physical substrate 18. Hence, for achieving true progress in the
current century MB needs to put back again the theoretical horse ahead of
the technological cart.

REFERENCES

1 Kitano, H., 2002. “Computational systems biology.” Nature 420: 206-210.

2 Aranda-Anzaldo, A., 2007. “Back to the future: Aristotle and molecular biol-
ogy.” Ludus Vitalis XV(28): 195-198.

3 Hanahan, D. & Weinberg, R.A., 2000. “The hallmarks of cancer.” Cell 100: 57-70.

4 Aranda-Anzaldo, A. & Dent, M.A.R., 2003. “Developmental noise, ageing and
cancer.” Mech. Ageing Dev. 124: 711-720.

5 Gottlieb, B., Beitel, L.K., Trifiro, M., 2007. “Will knowledge of human genome
variation result in changing cancer paradigms?” BioEssays 29: 678-685.

6 Duesberg, P.H., 1995. “Oncogenes and cancer.” Science 267: 1407-1408.

7 Schneider, B.L. & Kulesz-Martin, M., 2004. “Destructive cycles: the role of
genomic instability and adaptations in carcinogenesis.” Carcinogenesis 25:
2033-2044.

8 Baker, S.G. & Kaprio, J., 2006, “Common susceptibility genes for cancer: search
for the end of the rainbow.” BM]J 332: 1150-1152.

9 Kaiser, J., 2009. “Looking for a target on every tumor.” Science 326: 218-220.

10 Soto, A., & Sonnenschein, C., 2004. “The somatic mutation theory of cancer:
Growing problems with the paradigm?” BioEssays 26: 1097-1107.

11 Baker, S.G., & Kramer, B.S., 2007. “Paradoxes in carcinogenesis: new opportuni-
ties for research directions.” BMC Cancer 7:151 (doi: 10.1186/1471-2407-7-151).

12 Aranda-Anzaldo, A. & Dent, M.A.R., 2007. “Reassessing the role of p53 in
cancer and ageing from an evolutionary perspective.” Mech. Ageing Dev. 128:
293-302.

13 Aranda-Anzaldo, A., 2002. “Understanding cancer as a formless phenome-
non.” Med. Hypoth. 59: 68-75.

14 Smithers, D.W., 1962. “An attack on cytologism.” Lancet 1(7228): 493-499.

15 Gilbert, S.F. & Sarkar, S., 2000. “Embracing complexity: organicism for the 215t
century.” Dev. Dynamics 219: 1-9.

16 Heng, H.H.Q., 2008. “The gene-centric concept: a new liability.” BioEssays 30:
196-197.

17 Mazzochi, F., 2008. “Complexity in biology.” EMBO Rep. 9: 10-14.

18 Aranda Anzaldo, A., 1997. La complejidad y la forma. Fondo de Cultura
Econémica, México.



