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Abstract

Genomics research has incredibly grown, with outstanding results such as the gene technology editing, but to our advice a medita-
tion has to be done to the science within the DNA mechanisms and it’s intrinsic significance.

A wise man once said that the truth is like the pyramid of Cheope. Wherever you stand, from the outside you will never be able to
see it integrally. The base will be always missed: only from the inside the overall can be seen. The authors hypothesize the deep origin
of cancer, an origin written in the physical and mathematical laws of nature. In our society, of the Western world, cancer is thought to
be a “wrong” event of our organism due to chemical, physical toxicity. Only recent data indicate that there is an intrinsic predisposi-
tion of the patient to favour the development of Brain Tumors. The error in Nature is intrinsic, cancer cells always exists in us but only
sometimes develops. Our simulation of the event cancer starts from universal physical and mathematical laws and models, which

have already been used to explain phenomena in other scientific branches like astronomy, physics and computer science.
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Introduction

The Bible says that it took God 6 days to create this Universe, we could ask ourselves why it took Him so long: is it because of errors?
One of the major efforts of mathematicians of this century has been the description of the concept of error. Alan M. Turing has demon-
strated that a simple computational model made of a box that moves on two tapes reading an input on one and writing an output on the
other tape, is able to do whatever a normal digital programmable calculator is able to do and is subject to the same errors [1-3]. The
deduction of this theory is that there is an intrinsic possibility of error for any machine, independently from its perfection, the problem of
the sudden arrest is unpredictable [4-10]; there will always exist a case in which it is unpredictable whether a calculation will stop or not

(in biology, this could mean that it is unpredictable whether a cell proliferation will stop or not).

A program for the Turing machine is a list of instructions to be done according to the internal state of the box. The output is a list of
the numbers that are on the output tape when the calculations are over. This simple machine can execute any algorithm. It is amazing
the similarity that the DNA polymerase has with the Turing machine. DNA polymerase is a wonderful nanomachine able to copy a DNA

template into a newly synthesised filament.

We built a simulating software in order to demonstrate that the base of error of the DNA polymerase is intrinsic during DNA synthesis,
as it for the Turing machine, further more using the simulator described below in its mathematical and Physical laws we simulated the on-
cogene network and simulated the of wrong configurations of the oncogene-oncosuppressor network thus resulting in genome alteration
and instability. A genome is a genetic network system, behaves as a complex calculator for parallel elaboration in which genes regulate
each other directly or by means of products of themselves. The coordinated behaviour of this system is essential for the cellular steady

state, therefore for genome integrity [11-30].

The mathematical models that we applied to perform a realistic simulation of oncogenesis are the NK autonomous stochastic Boolean
networks, where N is the number of genes involved, each one with K inputs. Autonomous because, in our model, none of the inputs arrive
from outside the system. If a number of Boolean gates of various sorts are connected from the inputs of each gate to the output of other

gates a network is obtained: since the gates are Boolean logic gates, it will be a Boolean Network.
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The cell proliferation network system is deterministic and repeats the same succession of states indefinitely unless another signal

interrupts this cycle.

We defined N as the number of genes acting in the simulation ( virtually could be any number ) and K as the number of input to each
gate (again could be any number). Amazingly when K ~ 2 the network behaviour changes drastically. The sensitivity to minimal distur-
bances is low. The mutations originate only slight variations. Few rare mutations may result in drastic changes in the “programs”. This is
the behaviour at the edge of chaos [24].

Itis widely accepted that at K ~ 2 [24], the simulation of the regulatory genetic systems of biological cellular organisms is appropriate.
Having the regulatory genetic systems at the edge of chaos will ensure both, necessary stability, and potentiality for progressive evolu-
tionary improvements; for this reason regulation schemes include only a small number of inputs from other genes in accordance with the

value K ~ 2.

It is possible, that such kind of regulatory genetic structures were selected at early stages of life, and this made possible the further

progressive evolution. The error within the network that rules cell proliferation, is represented by a perturbation.

In order to move the system from one state to the other (i.e. a cell, from quiescence state to proliferation), two types of perturbations

were applied: minimal and structural.

Minimal perturbation is when a binary element switches temporarily into its opposite 1 => 0. If this event does not change drastically
the state of the network, then, the network sooner or later will go back to the original state. A structural perturbation is a permanent
alteration of the links and/or boolean functions of the network which might transform an organized system into a chaotic one and/or vice

versa, potentially leading to uncontrolled proliferation.

This mechanism of control of a tissue steady state is the result of a complex genetic expression and its failure is regulated by Boolean
stochastic laws. Therefore, it is possible to assign to the primary oncogenic event (caused by a wrong configuration of the network) a

probability value that is different than 0.

The model considers the interaction of at least 3 genes; when a gene is active the value of 1 will be attributed. Conversely 0 corre-

sponds to a non-active gene. The second step of the system is to monitor the number of errors occurring in gene replication.

The replication error is calculated on the probability that a certain type of configuration of the network will appear. The system consid-

ers which elements fail: oncogenes or oncosuppressors.

The system, when a wrong configuration appears, can react in different ways. For example the system can ignore this state and in this
case we will have an non-significant error (minimal perturbation). The second possibility is that the system is sensitive to the configura-
tion and therefore there will be three answers: 1) the system repairs this error with an appropriate repair process in order to remove the
error, 2) the system is not able to do anything so it crashes down (structural perturbation, uncontrolled proliferation or cell death), 3) The

system crashes down but it has a last defence and suppress itself (apoptosis).

In this simulator the state of the network (Global Index State Figure 1) is generated by two functions one of which is a deterministic
function and the second part of the function is a probabilistic function. The evolution of the oncogenic network will not be in function of
the winners of a roulette, but rather the fate will also decide which genes will take place to the game and with how many numbers. The
fact that two probabilistic functions appear in cascade is very important because it evidences that if P is the probability of failure F is the

probability of that gene to be questioned.

gobal_index_ state(t1) [T D[N(t0)|LIIF[(N(t0))]

Figure 1: Global index state.

D: Deterministic Function; F: Probabilistic Function (Touring); P: Probability of a generic event to take place.

Obviously there will be a sort of critic value beyond which the tissue will be considered tumor.

The frequency of a glial tumour is the percentage fraction of the cell sub populations that after the period of simulation have a neo-
plastic progeny (Figure 2).
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Figure 2: Schematic representation of error propagation that leads to cancer genesis.

The simulations built with these simple mathematical rules simulations are very far from the realistic model they provide new insights
to the comprehension of physical reasons of genome instability and DNA ageing and so of oncogenesis. Every genetic process involved in
oncogenesis is reproducible with a Boolean Stochastic Network; In this view, oncogenesis is only a wrong configuration of the Boolean

Network. Most of minimal perturbations do not cause fatal errors.

Figure 3: Screen of the simulation software.
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Once there is a crash due to a structural perturbation the system is not resectable and the” program” is completely different and this

may explain the difficulties encountered in gene therapy.

This model explains also the function of some chromosomal regions that influence the speed of transcription as recently described
[24].

It gives a clear mathematical explanation of a clinical observation. Nervous system cancers have to be treated the soonest possible

because the probability of error accumulates rapidly in crashed systems [17,18].

Conclusion

In the evolving world of genetics it is essential to not forget that the DNA is a biological molecule never the less, it is also a simple but
sophisticated computing device. As discussed in the above article the mathematical and physical laws that underlie neurooncogenesis are

the laws of the Turing Machine and the NK Autonomous Stochastic Boolean Networks.

Events of sudden arrest of the calculation (for DNA it means transcription), the perturbation of the Networks (Gene Mutation) are

intrinsic in DNA and cancer may be an universal side effect of this laws.

What appears a must for DNA is that it has to be sufficiently stable to permit life and sufficiently unstable to permit evolution. In this

optic cancer is “necessary” to evolution.
How do we transfer to neuro oncology this theoretical information?

What has been evident running this simulator is that each cell has its cancer within and to avoid the “error propagation” clinicians
need to detect altered DNA (crashed systems) as soon as possible. The mutation (network perturbation) may generate a new program
(for example a non-purposive or uncontrolled cell proliferation). When the program changes (DNA mutation) the error propagates and
the system (DNA of the cell) becomes more and more unstable and different from the original program (the program is completely new)

and in biology this means the cell progressively undifferentiated.

In every day practice neuro oncologists know that the diagnosis and treatment of brain tumors specially gliomas has advanced but
the overall survival is still poor [35,36]. Clinical studies have already confirmed that overall survival in patients with glioma have better
prognosis if surgical treatment is performed as soon as possible [17,18] and with the major extent possible [32] confirming what the

simulation has evidenced: the need to reduce probability of error propagation.

In the optic of “error propagation” further genetic studies are needed in order to detect early stages of gliomas even if no lesions are
present in the neuro imaging. The results of the simulation indicate that genetic testings and serum markers [33,34,37] should be per-
formed every time there are neurological deficits, epilepsy seizures, speech or motor deficits and unusual headache. In cases that genetic
testings are positive, to known genetic alterations, serial MRI screenings are mandatory. Other cancer types have been studied and the
John Hopkins group are able to detect in early stages eight types of cancers [38]. These studies demonstrate that DNA mutation are pres-

ent even if there is still no clinical evidence, once more confirming that all starts in a “little crash” somewhere in the oncogenes.

Acknowledgment
We thank Ilinca Levi Gaidim for reviewing, editing the manuscript and for the Bibliographical research.

We thank The Suisse Health Company and The Fondazione Istituto Europeo per le Neuroscienze for supporting the study.
Bibliography

1. AM Turing. “On Computable Numbers with an Application to the Entscheidungs problem” (1936).

2. Turing AM. “Intelligent Machinery, Collected Works of A.M. Turing: Mechanical Intelligence”. Elsevier Science Publishers (1992).

3. Stannet Mike. “X Machines and the Halting problem: Building a Super-Turing Machine”. Formal Aspects of Computing 2.1 (1990): 331-
341.

Citation: D Levi and G Brogg. “The Turing Machine, Boolean Networks and the Probabilistic Theory of Error Propagation: What Role in
Neurooncogenesis?”. EC Neurology 11.2 (2019): 137-142.


https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf
https://link.springer.com/article/10.1007/BF01888233
https://link.springer.com/article/10.1007/BF01888233

The Turing Machine, Boolean Networks and the Probabilistic Theory of Error Propagation: What Role in Neurooncogenesis?

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

141

Siegelmann Hava T. “Computation beyond the Turing limit”. Science 268 (1995).

Dewdney AK. “The Turing Omnibus”. Computer science Press (1989)

Herken Rolf. “The Universal Turing machine: a half-century survey”. Oxford: Oxford University Press (1988).

Hodges Andrew. “Alan Turing: The Enigma”. New York: Simon and Shuster (1983).

Minsky Marvin. “Computation: Finite and Infinite Machines”. Englewood Cliffs: Prentice

Hermes Hans. “Enumerability, Decidibility and Computability”. Addison-Wesley (1977).

Sankar K Pal and Sushima Mitra. “Neuro Fuzzy Pattern Recognition Methods in Softcomputing”. Wiley Interscienze (1999).
A Kaufman. “Anticaos ed Evoluzione Biologica Stuart. “Le Scienze” (2001): 82.

Kauffman SA. “The Origins of Order-Self Organization and Selection in Evolution”. Oxford: Oxford University Press (1993).
Langton CG. “Studying Artificial Life with Cellular Automata”. Physica 22D. North-Holland (1986): 120-149.

Aguilera A. “The connection between transcription and genomic instability”. EMBO Journal 21.3 (2002):195-201.

Callin GA,, et al. “Genetic Chaos and antichaos in human cancers”. Medical Hypotheses 60.2 (2003): 258-262.

Dioguardi N., et al. “A Simple mathematical method to predict the course of a first episode of liver viral cytolysis”. Journal of Theoreti-
cal Medicine 2 (1999): 9-18.

Franzini A, et al. “Cell Kinetic investigations in brain tumors studied by serial stereotactic biopsy”. Journal of Neuro-Oncology 7.4
(1989): 373-379.

Franzini A., et al. “Low-grade Glial tumors in basal ganglia and Thalamus: Natural History and Biological Reappraisal”. Journal of
Neurosurgery 35.5 (1994): 817-821.

Koldner RD., et al. “Maintenance of Genome Stability in Saccharomyces cerevisiae”. Science 297.5581 (2002): 552-557.
Lopes M,, et al. “The DNA replication checkpoint response stabilizes stalled replication forks”. Nature 412.6846 (2001): 557-561.

Wang |, et al. “Tumor classification and marker gene prediction by feature selection and fuzzy c-means clustering using microarray
data”. BMC Bioinformatics 4 (2003): 60.

José M Sogo., et al. “Fork reversal and ssDNA Accumulation at Stalled Replication Forks Owing to Checkpoint Defects”. Science
297.5581 (2002): 599-602.

WB Spillman,, et al. “Complexity, fractals, disease time and cancer”. Physical Review. E, Statistical, Nonlinear, and Soft Matter Physics
70.6 (2004): 061911.

Antonio Bru,, et al. “The Universal Dynamics of Tumor Growth”. Biophysical Journal 85.5 (2003): 2948-2961.

Marylylin D Ritchie. “Bioinformatic approaches for detecting gene-gene and gene environment interactions in studies of human dis-
ease”. Neurosurgery Focus 19.4 (2005): E2.

Nutt CL., et al. “Gene expression-based classification of malignant gliomas correlates better with survival than histological classifica-
tion”. Cancer Research 63.7 (2003): 1602-1607.

Rew DA. “Modelling in surgical oncology-part I1I: massive data sets and complex systems”. European Journal of Surgical Oncology 26.8
(2000): 805-809.

Endy Drew and Brent Roger. “Modelling Cellular Behaviour”. Nature 409.6818 (2001): 391-395.

Tomita Masaru. “Whole Cell simulation: A Grand Challenge of the 215 Century”. Trends in Biotechnology 19.6 (2001): 205-210.

Citation: D Levi and G Brogg. “The Turing Machine, Boolean Networks and the Probabilistic Theory of Error Propagation: What Role in
Neurooncogenesis?”. EC Neurology 11.2 (2019): 137-142.


https://dl.acm.org/citation.cfm?id=554737
https://www.ncbi.nlm.nih.gov/pubmed/11823412
https://www.ncbi.nlm.nih.gov/pubmed/12606244
https://www.tandfonline.com/doi/abs/10.1080/17486709909490785
https://www.tandfonline.com/doi/abs/10.1080/17486709909490785
https://www.ncbi.nlm.nih.gov/pubmed/2685184
https://www.ncbi.nlm.nih.gov/pubmed/2685184
https://www.ncbi.nlm.nih.gov/pubmed/7838328
https://www.ncbi.nlm.nih.gov/pubmed/7838328
https://www.ncbi.nlm.nih.gov/pubmed/12142524
https://www.ncbi.nlm.nih.gov/pubmed/11484058
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC302113/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC302113/
https://www.ncbi.nlm.nih.gov/pubmed/12142537
https://www.ncbi.nlm.nih.gov/pubmed/12142537
https://www.ncbi.nlm.nih.gov/pubmed/15697406
https://www.ncbi.nlm.nih.gov/pubmed/15697406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1303573/
https://www.ncbi.nlm.nih.gov/pubmed/16241104
https://www.ncbi.nlm.nih.gov/pubmed/16241104
https://www.ncbi.nlm.nih.gov/pubmed/12670911
https://www.ncbi.nlm.nih.gov/pubmed/12670911
https://www.ejso.com/article/S0748-7983(00)91008-4/pdf
https://www.ejso.com/article/S0748-7983(00)91008-4/pdf
https://www.ncbi.nlm.nih.gov/pubmed/11201753
https://www.ncbi.nlm.nih.gov/pubmed/11356281

The Turing Machine, Boolean Networks and the Probabilistic Theory of Error Propagation: What Role in Neurooncogenesis?

30.

31.

32.

33.

34.

35.

36.

37.

38.

142

F Grizzi, et al. “Cancer initiation and progression: an unsimplifiable complexity”. Theoretical Biology and Medical Modelling 3 (2006):
37.

F Cucco,, et al. “Separase prevents genomic instability by regulating separation fork instability”. Nucleic Acid Research 46.1 (2018):
267-278.

Berger MS. “The effect of extent of resection on recurrence in patients with low grade cerebral hemisphere gliomas”. Cancer 74.6
(1994): 1784-1791.

Bruna A, et al. “High TGFB-Smad Activity Confers Poor Prognosis in Glioma Patients and Promotes Cell Proliferation Depending on
the Methylation of the PDGF-B”. Gene Cancer Cell 11.2 (2007): 147-160.

Mieko E Fukuda, et al. “Cathepsin D Is a Potential Serum Marker for Poor Prognosis in Glioma Patients”. Cancer Research 65.12
(2005): 5190-5194.

“Glioblastoma: Prognosis is poor, but new therapies are emerging”. Oncology Practice (2017).
Ortel,, et al. “Prognosis of Glioma in the 70 and Today”. Neurosurgical Focus 18.4 (2005): E12.
Christina L and Brat Daniel ]. “Molecular Genetics of Gliomas Appin”. The Cancer Journal 20.1 (2014): 66-72.

“Single blood test screens for eight cancer types: Provides unique new framework for early detection of the most common cancers”.
Science Daily (2018).

Volume 11 Issue 2 February 2019
© All rights reserved by D Levi and G Brogg.

Citation: D Levi and G Brogg. “The Turing Machine, Boolean Networks and the Probabilistic Theory of Error Propagation: What Role in
Neurooncogenesis?”. EC Neurology 11.2 (2019): 137-142.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1621057/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1621057/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5758895/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5758895/
https://www.ncbi.nlm.nih.gov/pubmed/8082081
https://www.ncbi.nlm.nih.gov/pubmed/8082081
https://www.ncbi.nlm.nih.gov/pubmed/17292826
https://www.ncbi.nlm.nih.gov/pubmed/17292826
https://www.ncbi.nlm.nih.gov/pubmed/15958563
https://www.ncbi.nlm.nih.gov/pubmed/15958563
https://www.mdedge.com/hematology-oncology/article/143495/cns/brain-cancer/glioblastoma-prognosis-poor-new-therapies-are
https://www.ncbi.nlm.nih.gov/pubmed/24445767
https://www.sciencedaily.com/releases/2018/01/180118141803.htm
https://www.sciencedaily.com/releases/2018/01/180118141803.htm

	_GoBack

