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ABSTRACT

Deep understanding of the governing laws of bicgetars of the living organism and dissection ofirthe
aberrancies, could enable us to design new treatstestegies for a vast array of disorders inclgdin
malignancy and could potentially lead to major ktlesughs and cure of these devastating disordérs.
modern treatment strategies currently aim at ifleation of a pathway considered to be of unique
significance in the growth and survival of a spieciell or tissue and its diseased counterparttargeting
that pathway in different ways, ranging from snmablecule inhibitors, to monoclonal antibodies, iatets
conjugated with a toxin against a signal transdacglement. In the last seventy years since the tiitnogen
mustard was introduced into the treatment armamiamaof malignant disorders and until several yesgs
that targeted therapy became the main shift irmpproach to such disorders and as of the year 204 Bave
continued to ignore these fundamental principlesthat has led to our failure in bringing them itreatment
designs, even though we have become armed with sept@sticated technology of genomics, epigenomics,
microRNA and their profiling in both normal and lpalogical conditions. Our main handicap has comtihto

be lack of deep understanding of the homeostagiseofiormal state and our premature rush towatddsgo
the puzzles of the abnormal state without suchchamiwledge and understanding.
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1. INTRODUCTION attention to the entanglement of the living cellcimaery
matrix and its fate with this elegant law. One such
Bioenergetics implies that the fine balance of free example is Ras in pancreas and BRCA1 in breashdAlo
energy of the cell since the time of inception of this line, cells that continue to divide without
embryogenesis, is the main engine of cell division, interruption are declaring their inability to acheethis
survival, differentiation and organogenesis andéwsy  goal, as they have reached insurmountable low free
complex the biological processes seem to be, thy r energy barriers and burdens, secondary to inapiptepr
on this simple and elegant principle of the sedamdof decohescence and disentanglement of the fine-tuned
thermodynamics, which dictates that the increase incellular bioenergetics regulators from the secoad |
entropy/the decrease in free energy, is a funafdime derived matrix and that will be discussed in detail
and since living organism is the most sophisticaad Photosynthesis on which all forms of life deperetyes
efficient anti entropy machinery, any quiescentings  as the best example of the diffuse and elegantenatiu
cell is at the peak of obtainable free energy, ilee this law, simply because it is dependent on theh hig
lowest entropy and any dividing cell is attemptitlp ~ energy macromolecule, namely chlorophyll, without
reach that stage. Clearly different tissues use amnea which life would not have come into existence oe th
series of pathways more preferably so in achietimg planet of earth, in the first place. By the samketo
goal and that is what has been referred to as emeog significant decrease in the high free energy sshtarum
addiction by some, in their writings without paying following fertilization sends a shock wave throutjte
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cellular matrix, which triggers incessant rounds of
mitosis to regain its original high free energyualand
this leads to the complex and convoluted pathwdys o
embryogenesis. The complex protein-protein intévast
of the intracellular communication network, which

adenocarcinoma of pancreas, activating point namsti
designed by the stem cell compartment incessantly
activate the downstream pathway and inability of th
malignant pancreatic duct stem cell compartment to
normalize the bio energetics of the cell, i.e.réase its

resemble a hairball (around three hundred thousandree energy to the normal level, leads to employnuén

different interactions by one estimate and probably
more), represents the highest free energy allowhble
the second law, in contra distinction to its disehand
malignant counterpart which has a significantly éow
value, in order to correct this problem, rathemtigaing
after the intricacies of this network, a much more
practical and efficient way is to calculate therball free
energy of normal cell and compare it with that tf i
malignant counterpart and decipher the differerne,
using the available mathematical models and deaign
hairball free energy gap closer/HFEGC or normalizer
strategy which could be done at the epigenomettmro
gene regulatory stations, such as microRNA netvaoidk
this may necessitate approach to certain unfangkaes
and gene regulatory compartments, totally unpredict
today (Hsu and Sabatini, 2008). | would like to qaed
with major examples of malignant disorders, which
follow a common theme and touch on these pointa in
practical and didactic way as we move on and by
applying the methodology of identification and
dissection of the dynamics of the key regulatorghef
bioenergetics homeostasis of normal and malignan
counterparts, | would propose a new curative treatm
modality, according to those parameters.

1.1. Adenocar cinoma of Pancreas

one of the deadliest of all malignant disordershveit
case fatality rate of 85% and almost no meaninggulefit
from current therapeutic modalities. K-Ras activati
mutations have been identified in the vast majarftyhe
cases and targeted therapy with FTl/farnesyl teansé
inhibitors has failed, because of total lack of
understanding of the of Ras role in homeostasithef
bioenergetics of the pancreatic duct cell, i.e.,givotal
role in promoting the increase in the free enerfjyhe
pancreatic ductal cell following daily physiolodica
recurrent sinusoidal falls. In a normal pancredtict cell
this goal is easily achieved and following actieatiof
recurrent rounds of mitosis by activated Ras,
GAP/Ras GTPase activating protein terminates furtalk
division by converting GTP attached to Ras to GDP,
which leads to detachment of Raf from Ras, which is
sitting downstream of Ras and upstream of othemasig
transduction elements connecting the proliferative
message of Ras to the nucleus of the cell; in

Ras
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more mutations by the malignant stem cell compartme
to achieve the unachievable goal and deeper maligna
events ensue. Approaching Ras pathway in the tezdtm
of adenocarcinoma of pancreas, is a reflection hef t
current misperception of its role as the causeugho
indeed it is only one reflection out of probably mga
others, of a deeply seated pathology in the cefgatics

by processes that have taken the cell into irréslerseep
valleys of low free energy and high entropy. Ind&as
Gap mutation itself, which leads to constant attaat of
Ras to GTP, in the absence of activating point timts

of Ras and thus leading to constant activation haft t
pathway, represents a lower free energy quaternary
conformation, simply because after cessation of cel
division and achievement of the intended increaskeee
energy in a normal pancreatic duct cell, that cemxpl
would convert to Ras-GDP, which represents an isdegn
with the higher free energy state of the cell dnd tycle
would resume as needed, under normal conditions,
following daily physiological disturbances. Otherngtic
and micro- environmental etiologies of adenocamiamf

jpancreas, such as BRCA1, BRCA2, HNPCC and chronic

pancreatitis, which have to do with duct branchidefgcts,
mismatch repair deficiency and increase in hypoigbe,
respectively, are acting as the evidence that paticr
carcinogenesis could start from totally differeairps and
pathways, albeit with one common denominator of
decrease in free energy of the pancreatic ducs.chll
order to cure adenocarcinoma of pancreas, we reed t
generate a higher free energy state in the paicihadt
malignant stem cell compartment, matching its nbérma
counterpart and in order to achieve this goal, itlkeee
need to generate a higher free energy hairballchwhi
should exactly match that of the normal pancredtict
stem cell hairball free energy, or manipulate tleeedic
regulatory switchboard of the malignant pancredtict
stem cell compartment master regulator complexatcim
that of its normal counterpart, this could be deeied
based on the available mathematical models.

1.2. Carcinomaof Lung

Comprising 14% of all cancers and 29% of all cancer
related mortalities, little progress has been made
screening and treatment of this devastating disieae
last several decades, again we are busy with adldisth
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playing with superficial targeted therapies. EGERup
regulated in 70% of all non-small cell carcinoméghe
lung, which comprise around 80% of all lung cancer
cases, p53 is mutated in 75% of small cell and 90%
non-small cell carcinomas of the lung, K-Ras isated in
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alveoli, which comprise the identity of that orgas, the
master regulator complex and in case of small cell
carcinoma of lung one needs to look into the genes
moderating the transition of nervous and endocrine
systems, as the main players/master regulator empl

30% of adenocarcinoma cases. All these represent thDesigning the reversal of these aberrancies rétiean
futile response of the stem cell compartment to thepushing the brake on the prescriptions of the steih

inappropriate decrease in free energy of the nstipla
stem cell compartment, through acceleration of sigtin

an attempt to normalize, i.e., increase the frezrggnof
the stem cell compartment and the ensuing furthiéddgp

of ill mutations, as the previous mechanisms fad the
problem adopts deeper magnitude and gravity. Thpesc
of the mutations in each disease example, in a wa
represents the thinking/repair design of the maste
regulator cell, namely the stem cell to resolveptablem
and clearly identification of that signature woaltt as the
main platform of our future treatment strategy and
understanding of the depth of the problem, e.g ntlore

of the proliferative signatures that we encounteone
disease , the earlier we are in the malignant gigpao
natural history and the easier it would be to desig
curative treatment modality and the more divergifiee

compartment (mutations), with agents such as Tarcev
Avastin and Herceptin, should become the main fafus
future generation cancer therapeutics design, wisch
expected to change modest survival benefit to aire
these devastating diseases.

y1.3. Carcinoma of Breast

r The most common cancer in females in the USA
and the second most common cancer related cause of
death in females, yet other than tamoxifen, fastcated
aromatase inhibitors for hormone receptor positive
breast cancers and chemotherapy+/-HER-2 targeted
therapy and most recently PARP inhibitors for steldc
patients and with limited efficacy, on top of
mastectomy or lumpectomy with or without radiation
therapy, there is not much to offer to such pasient
(Rodon et al., 2009). Whole genome sequencing,

spectrum of the malignant cell signature, the moreepigenetics and micro RNA mediated targets are

convoluted and difficult it becomes to treat that
malignancy. | propose two major approaches torreat

of carcinoma of lung, one that is based on the rgéne
hairball energetics aberrancies and the other wigch
groove based and the depth and location of thevgrio
best defined as specific signature of the mutaiiofile of
that particular malignancy, e.g., an adenocarcinaha
lung with EGFR exon 18 mutation, p53 mutation aol@ b
upregulation, is telling us that the stem cell campent

has decided to paralyze the programmed cell deat
machinery and continue with uninterrupted rounds of

mitosis in order to create a higher (appropriate that
stage of that cell) free energy, the spectrum a€lwbould
spread from epigenome, all the way to the cytopiasm
hairball (Vousden and Ryan, 2009). It is incumbgodn
us to identify the master regulator complex of eaeh
type, upon which the whole integrity and functidtyabf
that cell type depends and the aberrancies of wiaetal

helping to add to the treatment options; howeverdh

is no hope for a home run in combating this disease
time soon. Again we have been following the same
format in treating breast cancer and other cansech

as lung, colon and prostate, as though our tredgtmen
designers are looking over each other’s shoulders.

One more time we need to revisit the fundamentals o
the bio energetics in the embryogenesis, developmen
and homeostasis of this organ, which is dependeoi u

ajor genes such as BRCA1l and BRCA2, for its

ranching and so sensitive to estrogens and
progestational agents for growth and secretion and
prolactin for milk formation. Breast tissue is andhg
on fat, which is full of stored energy/low in fremergy
(high in entropy) and armed with aromatase whiahido
convert androgen to estrogen (heat generator)c@nde
dominant element of increasing loco-regional entrop
The fact that the incidence of breast cancer in mdd%
that of women, in and of itself talks about the

to the aberrancies in the free energy of the mastekijgnificance of female hormones, in the developnuént

regulator complex of that cell type, which leads to
distortion of the functionality and integrity ofghspecific
cell, which is one of the hallmarks of malignant
phenotype, in case of non-small cell carcinomaefling
| propose the genetic machinery in charge of gland
duct formation as well as branching and formatidn o
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breast cancer, the major contribution of femalertmres

in generation of breast cancer is triggering of
proliferation of breast duct and lobule cells, tigh
activation of resting stem cells in these zonestakihg
them out of GO and G1 and heat generation (by intra
breast tissue estrogen), which leads to a deciedsee
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energy of different sub cellular compartments addst  as inserting a nano electrode into the cytoplasrthef
stem cells, from epigenome, all the way to microRNA malignant cell and its normal counterpart and meagu
and cytoplasmic hairball, via simple heat diffusidn  the number of vibrations or fluctuations per nacose,
addition the fact that the vast majority of fema¥eith o nano voltage, we could come up with representing
BRCAL1 and BRCA2 mutation, develop breast cancer, gitferences in the free energy of normal and cacedr

points toward the significance of the proper duct 5nq yse those numbers in the buildup of a matheafati
formation and branching modulated by these gemea. | model, which could serve as the template for our

no:rr]nalfb;ﬁastr,].dﬁct tfo][mation and/lbrancthingtfolltbw_ treatment design in targeting epigenome or micrcARN
bath o € hignest Tree energy/lowest entropy,, 1. compartments (Crowderet al., 2005). In essence

respecting the second law of thermodynamics, In, . S .
contrast, in a BRCA1 and BRCA2 mutated breast, ductbIOenergetICS IS _S|tt|ng at the hegrt of the bIStB'S.n and
shapes the matrix of the bio universe and decibesita

formation obviates this law, i.e., the configuratiand ) . , o X

topology of breast ducts carry a lower free endrigyier its fate since the time of its inception to the neomnof
entropy and this higher entropy extends througkthel its deml_se anq unfortunately the. current_ cancer
sub compartments of the duct and lobule cells anthe therapeutic designers are totally blind to this tmos
bio unit/the cell is an anti-entropy machinery, the fundamental principle and it is only when we could
corrective  mechanisms, which mostly employ appreciate its precise role that we would beconte t&b
proliferation, cannot catch up with this erroneguslilt revolutionize our approach to understanding ane cir

in low free energy unit and further mutations are diseases such as malignant disorders and takerdugua
employed by the stem cell compartment to achiei® th leap out of the dark corridors of the cancer theusip
unachievable goal and by doing so, through timella f designs of today. The aberrancies of the energetittse
blown malignant phenotype arises. The cure of breashairball of the malignant cell, in comparison witis
cancer resides in the calculation and formulatibthe normal counterpart, could also reflect themselveerie

bio energetics of different sub compartments of thi or a small number of grooves in the whole complex
organ, at all levels from ductules to lobules tojana  protein-protein interaction network and that coptdve
ducts. One such approach is calculation of thebhHir advantageous to the future cancer therapeutic tesig
free energy of each sub compartment, another approa gy hecause it could generate a small visitettto

IS .d'rECt hairball groove based approaph (groove Stollow and repair. One such groove could encomplass
defined as the location and _conf|gurat_|on of .r.naSterupreguIated tyrosine kinase network, which happans
regulator complex of the cell in the hairball), 8an th t maioritv of mali ies (Maheral. 2000
calculations need to be done in the malignant e vast majority of malignancies (Ma " )-
counterparts and this would act as a foundation for

generation of mathematical models, which would terea 3.RESULTSAND DISCUSSION

the opportunity to design a complete reversal efgap, By applying the same principles to each organ, we
either through epigenetic, or micro RNA modificatj@r ~ could come up with similar curative designs forfetiént
direct normalization of the breast cancer hairball malignancies, for example, in case of adenocarcinofm
energetics, which might be achieved by shuttling prostate, we need to recognize the androgen recepto
nanotubes with pre-determined vibratory —energy, shytiling protein-protein interaction network ase th
modifying and balancing the energetics of the maste paiha|” groove, in case of neoplastic disorders of
regulator section (groove of the hairball), thisulcbbe lymphocytes, their surface receptor proteins (fothbB
considered the future of customized medicine, WhiChand T cells)’and VDJ rearrangement genetic machiner

?fg?rﬁggtsa? Tvgjortosr;ftdgneOuarntdh'gg'gr?ﬁ;irgrﬂn?:r;:; d of B cells, could comprise the groove (Costello and
y way P Franklin, 1994). In case of adenocarcinomas of Ghe

of the fundamental laws governing the bio univeard . X .
g 9 tract, the cell fate determining genetic machinand

their application towards the cure of catastrophic hei . ) - . K
diseases such as cancer. their representative protein- protein interacti@twork,

at the base of the crypt, could comprise the hkirba

2 MATERIALSAND METHODS groove. In_ case of sarcomas, thg specific genetic
machinery in charge of specific identity of thatl ¢gpe

Calculation of the free energy of the hairball migh and in case of gliomas, the genetic machinery of
prove challenging, but by using indirect measunashs  astrocytes that codes for niche protein networlkukh
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be examined critically as far as groove designationCrowder, K.C., M.S. Hughes, J.N. Marsh, A.M. Barbie

concept is concerned. and R.W. Fuhrhogt al., 2005. Sonic activation of
In our final design of the future of cancer molecularly-targeted  nanoparticles  accelerates
therapeutics, we should also consider the locooredi transmembrane lipid delivery to cancer cells thfoug

topology of that specific organ and its responsible contact-mediated mechan_isms: Implications  for
genetic machinery and protein network, handling the  enhanced local drug delivery. Ultrasound Med.

energetics of that particular micro environmenst jas Biol., 31: 1693-1700. PMID: 16344131
fat and aromatase of fat cells, surrounding brésstie  Elhissi, A.M., W. Ahmed, |.U. Hassan, V.R. Dhanaida
were discussed earlier. A. D’Emanuele, 2012. Carbon nanotubes in cancer
therapy and drug delivery. J. Drug Deliv. PMID:
4. CONCLUSION 22028974 N
Hsu, P.P. and D. Sabatini, 2008. Cancer Cell
The deep understanding of the fundamentals of the  Metabolism: Warburg and Beyond. Whitehead
bio energetics, which originates from the interptdhe Institute for Biomedical Research and Massachusetts
second law of the thermodynamics with the bio ursge Institute of Technology Department of Biology,
and the recognition of its diffuse and elegant gnes at Cambridge, MA 02142, USA. Cell, 134: 703-707.
all sub cellular levels and the acquisition of theilues PMID: 18775299
in both normal and malignant cells, would enabletals  Mahon, F.X., M.W. Deininger, B. Schultheis, J. Clab
develop mathematical models for each disease exampl and J. Reifferset al., 2000. Selection and
which could act as the platform for delivering the characterization of BCR-ABL positive cell lines
corrective treatment modality, to restore the ndrma with differential sensitivity to the tyrosine kiras
energetics for each particular disease exampls, ahi inhibitor STI571: Diverse mechanisms of resistance.

times might demand shuttling of nano tubes with Blood, 96: 1070-1079. PMID: 10910924

inherent vibratory potentials, which could getatted to  Rodon, J., M. Iniesta and K. Papadopoulos, 2009.
the groove of the intracellular hairball (the sdgthe Development of PARP inhibitors in oncology.
master regulator complex of that specific cell) aatd Expert Opin. Investig. Drugs, 18: 31-43. PMID:
other times highly calculated manipulation of the 19053880

Epigenome and microRNA network, in favor of vousden, K.H. and K.M. Ryan, 2009. p53 and

normalization of the perturbed energetics of thwectfic metabolism. Nat Rev. Cancer, 9: 691-700. DOI:
disease example (Elhisgtial., 2012). All this demands a 10.1038/nrc2715

leap out of our current illusionary views towards
pathogenesis of malignant disorders and putting the
dedicated positive research forces together, oargant
basis, this would empower mankind to win one of the
biggest battles against an enemy which has afflicte
humanity for ages.
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