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ABSTRACT

The interplay of the second law of thermodynamidh whe normal state and the methodology needed for
the measurement of free energy of normal and matigoells and its practical implications has notrbe
clearly addressed in current literature. The sedandof thermodynamics is one of the most fundament
laws governing the known universe at all levelsngmal cell has an exceptional ability to minimibe
speed of rise in entropy to saturation of the knof the second law. By virtue of this law, any mat
resting cell is at a maximum allowable free enetgythis regard mitosis could be viewed as an giteim
maximize the lowered cellular free energy. Herepaesent the result of our first series of measurgse
which show a significant measurable difference leetwthe free energy of normal and malignant cells
using an Olympus 510 Argon laser to calculate &usiibn correlation as well as direct visualizatioh
motion of malignant and normal cells cultured ovghhin collagen mesh. We found a significantlyheg
vibratory motion of the normal cells after correctifor confounding factors. We also propose a newy i@
increase the free energy of the malignant cell &cimthat of its normal counterpart. This coulceotfiope

for cure by conversion of distorted energeticshef inalignant cell.
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1. INTRODUCTION pyrimidine synthesis in cancer cells (J&nal., 2012;
Hsu and Sabatini, 2008). It is thus clear that eawells
Warburg originally described the “Warburg effect” can use alternate pathways for its metabolic needs.
several decades ago (Warburg, 1956). He discovere®urvival and rapid division of cancer cells, givieir
that the glycolytic pathway is the main source GfPA  low supply of energy, has been one of the biggest
generation of malignant cell (Zhoet al., 2012; puzzles of cancer biology. To date there has nen laay
Heiden et al., 2009). Warburg thought that the report on how to measure this difference in a wat t
dysfunction of the enzymes of the Krebs cycle is could be replicated by others. In order to achithie
responsible for the disconnection between the Kegbke goal, we utilizedCho-K1 cells, a commercially aahie
and the electron transport system and decreasedyene normal epithelial cell line and compared its motion
production (Bensinger and Christofk, 2012). Howeber  tomalignant HT29 cells, a microsatellite-stable rjlic
lacked proper measurements as well as an in-deptitolon cancer cell line. Previously we had also cdme
explanation. Consequently,a cancer cell has saaifly realize that an increase in the number of availade
fewer number of ATP molecules available to it ay an molecules in a normal cell relative to a cancet, cel
time (Jainet al., 2012). Furthermore recent findings would translate into an instantaneous increaserdn f
define the critical role of glycine in purine and energy of its constituents through convection.
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Thishomogeneous intracellular level of high freergy

is maintained because the closed environment ofete
guarded by lipid bilayer membrane would protectigta
the dissipation of the net energy of the cell to dutside
environment. In other words, promotion to a higfree
energy level happens following availability of maokgP
molecules and is maintained at all compartmentthef
cell instantaneously as a unit. The thinking asthi$
writing has been that when energy in the form ofPAT
becomes available to a specific compartment ofctie
and for a specific function, it is an isolated evand
does not diffuse to its surroundings. A corollarf o
homogeneous intracellular energetics is that aedeer
in free energy of cancer cell would also affect its
constituents. Any change in the intracellular feeergy
would essentially translate into a conformatiortarge
of its constituents as well (Canchi and Garcia, 301

Cho-K1 cells were obtained commercially and grown
in conventional Cho-K1 medium in 10 cm culture digh
37°C. Confluence was achieved within 2-3 days.

2.2. Collagen Preparation

Rat tail collagen typel was purchased from Bd
Biosciences at 3.37 mg miL Using the standard protocol,
collagen was prepared in an eight-well chambeeslid

2.3.Culturing HT29 Spheroids and Cho-K1
Céllsin Collagen

Cho-K1 cells were scraped off the 10 cm dish and
counted. 50,000 cells were separated and put im80Q20
of Cho-K1 medium and added to the well containing
collagen and allowed to grow over night. An equal
volume of stem cell medium containing Ht29 sphesoid
was added to another well of the 8 well chambetesli

This conformational change has a major bearing onand allowed to grow overnight.

functionality of cell (Wand et al., 2013). We
hypothesized that the decrease in free energy mfeca
cell could translate into a decrease in vibratarysitu

motion, which we could measure and potentially rfyodi

2. MATERIALSAND METHODS

2.1.HT29 Spheroid Formation and Culture of
Chok1 Cells

HT29 cells were grown in standard stem cell medium
including B27, N2, FGF, EGF, non-essential amino
acids, glutamine as well as heparin and peniciftin
streptomycin. Spheroids, which are the hallmarktefn
cells, were formed within several days.

2.4. Imaging

Using an Olympus 510 Argon laser, serial images
were obtained from HT29 spheroids and Cho-K1 cells
over a time span of 4-8 h. Their motion was recorolg
using a t and z scale at wavelength of 488 nm with
pixel ratio of 25&256 and pinhole of 112 um. Data was
analyzed by both direct visualization and by usiang
software program invented in the fluorescence live
microscopy and Nano imaging division of UCI.

3.RESULTS

We noticed a significant increase in motion of Chok
cells Fig. 1), as compared with HT29 cell&if. 1).

Fig. 1. Cho-K1 cells (left) and HT29 spheroid (right) wadized using an argon laser at 488 nm
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Chokl cells
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Fig. 2. Computational analysis of the motion of Cho-K1 céllsollagen mesh demonstrating a greater diffusaia (movement)
designated by D of 0.0005, compared to its HT2Mtenpart

The motion was rapid and jerky and mostly in difsing until this writing. Warburg could not describe why

fluctuation spectroscopy, fluctuations in the femsence components of Krebs cycle become dysfunctional in
signal allows for the determination of diffusiontbeen  cancer cell. We now know that under the low free
cells. Cho-K1 cells demonstrated a greater diffusiate ~ energy state of cancer cell the quaternary strestof

compared to its malignant HT29 counterpart, 0.0885us ~ €nzymes, which decide about their functionality
0.00001 respectivelyF{g. 2 and 3). become perturbed. Restoration of the free energy of

cancer cell to the level of its normal counterpantild
4. DISCUSSION potentially reverse the dysfunction of critical prms.
Such reversal could open the window of opportunity
For the first time we have come to discover the for potential cure of cancer. Without precise and
physical representation of the free energy of ndrma reproducible measurement, such reversal is not
and cancer cell and present the methodology topossible. Our findings of a significant decrease in
measure it in a reproducible way. Warburg origiyall physical in situ motion of cancer cell using thend z
discovered the decrease in energy supply of cancescore, would allow for precise quantitative
cell several decades ago. However the inability to measurement of such difference with normal cellisTh
define and measure it in a quantitative and would open the way to design the methodology for
reproducible way had plagued the biomedical field closing the gap in free energy of cancer cell.
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HT29 Cells
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Fig. 3. Computational analysis of the motion of HT29 cefiscbllagen mesh demonstrating a minimal diffusiate (movement)
designated by D of 0.00001, signifying little or movement

We propose Nano technology as a reasonable way foradiotherapy, immunotherapy, small molecule tyresin
delivery of necessary modifying measures such askinase inhibitors and even gene modifying and
nanotubes with inherent vibratory potential to Hite microRNA related therapies of today are addressing
of action (Caragliaet al., 2012; Grossman and the fundamentals and deeply seated energetics
McNeil, 2012; Medheset al., 2013). We also suggest perturbances of cancer cell.

that it is critically important to identify the ega

location of the pathological lesion inside the c#lie 5. CONCLUSION
think that the “master regulator complex” of the ) o
cancer cell is the potential source for the de@das Our discovery and findings open the way on a new

free energy as a result of molecular lesions thatllto ~ and revolutionary approach to cancer therapeuBgs.

an irreversible decrease in their free energy. Someusing our methodology through the use of Argon
examples in this regard are the MITF protein in Laser microscopy for measurement of free energy of
melanocyte development (Lét al., 2012), the |kB  cancer cell and its normal counterpart, we could
kinase complex regulation of NF-kB (Abu-Amer, design a precise, reproducible and customized piyera
2012) and the role of the miR-200 family in for our cancer patients. Conversion of deeply skate
determining epithelial phenotype of cancer cells aberrancies in bioenergetics of cancer cell would
(Castillaet al., 2012). We also strongly believe that replace our current treatment modalities which are
until the time that we come up with such delivery mostly based on destruction. Employment
technology; cancer would continue to remain an of Nanotechnology and epigenetics for fine tuning
incurable disease simply because none of the @laila these aberrancies would make chemotherapy,
and popular methodologies such as chemotherapyradiation and immuno therapy something of the past
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