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Abstract

World known biological protein materials like arteries, bones, and tendons are constantly in a state of
continuous stress due to their respective activities within the body. This stress will result in an increase in
tissue residual temperature and consequently denaturation. The effects of denaturation on tumor initiation
and progression are considered. All the parameters are integrated into a 9 step computational procedure,
later transformed into a series of partial differential equations in time and space. A program was written
to retrieve the steady states using parameters mined from existing and related models. The non-significant
stable trivial steady state was observed to be driven unstable with an increase in the diffusion coefficient
of the denatured cells. As denaturation increases, the progression of a tumor is exponential given a maker
that denaturation favors the tumor population doubling model observed in many mathematical and
biomedical studies. The outcome of this research can as well fit into other classes of tumors and will go a
long way to contribute to the eventual eradication of tumor by suggesting elimination of stress of all
forms in the body.
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1 Introduction

It has not been exclusively written in any literature whether the folding, unfolding, denaturation and
destruction of protein molecules has a link to the formation of a tumor and probably progression. However,
bones, tendons, enamel, and arteries are basically protein materials [1]. Most of these materials play a
significant role in the overall body maintenance and can cause life-threatening diseases like prostate cancer
if some of their functions are derailed [2]. Prostate cancer is known to be the most common malignancy and
the second leading cause of male cancer deaths in the United States [3]. Even though the precise mechanism
involved in prostate carcinogenesis remains not certain, it is likely that there are certain genetic alterations in
prostatic epithelial cells that permit them to proliferate and metastasize [4]. A work by Deng et al. [5],
suggested that Bone morphogenetic proteins (BMPs) are potential regulators of prostate cancer cell growth
and metastasis. In addition to prostate cancer, breast cancer, blood cancer and malignant primary bone
tumors can all results primarily from the destruction of biological protein materials. Heat, as well as high
temperatures, have been linked to causing foldings, denaturation and possibly the destructions of biological
protein materials [6].

Models have been used to explain protein denaturation, folding, unfolding [7,8], soft tissue mechanics in
cancerogenesis [9], and different illnesses cause as a result of soft tissue destruction [9-11]. Most of these
models are subject to the fact that, the destruction of a soft tissue can be of significant damage to the cells,
tissues, and organs [12,13]. The main mechanisms associated with these destruction remains a frontier [14].
In this light, we incorporate denaturation, unfolding, folding, destruction of soft tissues as a means to model
the initiation, migration, and metastasis of tumors. Similar models to this models are found in [15-17]. These
models considered the spread of cancer as result of recruiting normal cells into cancer cell using the
Diffusive-predator-prey concept like those in [18]. Each of these models shows some degree of coupling
between reacting components or species but however, are using different specific properties for the emerge
of cancerous cells. The models failed to integrate the notion of soft tissue mechanics and biological protein
materials. For example, the models in [15-17,19] have both the normal, cancerous cells and the acidic
content all interacting. In the process, while the acidic content favor the development of more acidic cells, it
reversely affects the normal cells by killing them. These models used the assumption of cellular respiration
as the only reason for increase initiation of acidic content. They fail to show how these acidic content is
generated from metabolic activities. The present model not only consider the aspect of respiration, but
equally took in consideration the surrounding medium that can initiate metabolic processes. The current
increasing incidence rate of cancer [20] can be overcome with the integration of these concepts. We
introduce the model in section 2 below.

2 Computational Transformation and Block Flow Diagram

Cells are the building blocks for tissues and organs. From the three (3) reacting species reaction-diffusion
system of Gatenby & Galinski [19], we developed a five (5) reacting species model involving, Normal cells,
the Tumor cells, the Denatured (fracture) cells the Excess H+ concentration and the tissue reserved
temperature. BMP are constantly in a state of stress in order to meet up with the day-to-day activities
(functions) of the different organs making up life [21]. The main organs of concern in this model are the
arteries, the bones, and the tendons shown in Fig. 1. below
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This model is built from the fact that the artery as a biological protein material is constantly carrying blood
from the heart to the tissues and organs of the body. The flow of blood through the arteries obeys the
continuity equation [22]. During periods of abnormal heartbeats, Saxon and colleagues [23] explained that
the pressure of blood in the arteries are either higher or lower than normal. The arteries always expand and
contract to normalize the pressure of the blood at any point in time by increasing or reducing the surface area
or viscosity [22]. Like the arteries, the tendons helps to prevent friction between alternate bones by
constantly pulling the bones apart during load (and stress). The bones help to keep the body upright and
stable hence constantly changing its form so as to overcome the load demand of the body [21]. These tissues
are all made of protein, hence the name soft tissue or biological protein materials. These tissues constantly
remodel themselves in a way as to carry out their respective function. According to Saxons and colleagues,
[23] a brief eliciting failure in the neighborhood of 3 to 300 seconds as an exponential decay of muscular
performance. This decay in muscular performance can be seen as a precursor for the initiation and
development of tumor in the same way cracks and deformation developed with elastic materials when the
elastic limit is exceeded. These components are related to an energy flow chart as follows;
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Chart 1. Flowchart of tumor attack and progression

3 Derivation of Parameters of Model

To formalize the model, consider N(t,x) to be the proportion of normal cells and M(t,x) the proportion of
tumor cells all measure in cell/cm®, H (t,x), the concentration of liberated hydrogen ion from acid measured
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in Molar (M) [20]. Let F(t,x) be the proportion of fractured (or deformed) cells and T(t,x) be the residual
temperature in the tissue at time t. Define Ky, Ky, and Kp to be the carrying capacities [24] of the Normal
cells, the tumor cells, and the fractured cells. Like the Normal cells, we measure the carrying capacity in
cells/cm®.  Let K, and K, be the rates of forward and backward reactions for the denaturation and
renaturation of protein in the cells measured in cm/s’. Standard reaction predicts that [25,26],

_ _EJRT _ _E,/RT
K, =ye K, =y,e .

(6]
Where E; and E, are energy barrier to the forward and backward reactions respectively, R is the Rydberg’s

constant [27] and T is the temperature in Kelvin. The coefficients 71572 are called the stoichiometric
constant. Let ry and ry; be respectively the normal rate of the multiplicity of normal and tumor cells measure
in 1/s. Let a; and a, be the constant parameter representing the resistance [28] to normal cellular fracture and
tumor and tumor cell fracture respectively. Let by, by, bs, by, and bs be the diffusion coefficients of the
respective cells measured in cm?/s [17]. Let a. be the rate of production of lactic acid with Mcm?/cell.s as the
unit of measurement [20]. Suppose d is a function of the density and heat capacity of the tissue in KJ/Mol.K

[29]. We defined A\, AH, to be the heat released during the denaturation and renaturation processes, a

process typically measured in KJ/Mol.K. [25]. Let X and VO be the bond breaking rate and the natural
bond breaking speed respectively [30]. Let a4 be the acid regulation rate [31] or rate of re-absorption of acid
by the tumor cells then the mathematical model can be represented as follows;

KNM K
a—szIVZ +Zl—__2F
ot Vo & )
oN =b2V2N—K1NM+rN[1—a1 ME JN—rlNH+N 3)
ot
M*rF
o =bV’M -K,F +r1,|1-a, NE Ny (4)
ot KNKF
H+
aat bV H +aM—a,H' +r H'N )
oT )
dg =b,w, VT —AH,K,NM — AH,K,F + J,,, .E (6)

The off rate and the bond breaking speed defined by Markus and Ackbarow [32,30] is given respectively by,

x=w,e[—(E, —F,.x,cos0)/k,T]
Ve =wy.x, e Bkt

; (7

and described how quick and often a bond is breaking per unit time. The force used in breaking the hydrogen
bonds. The bond breaking speed because of the applied force has also been deduced bond breaking rate and
is given by;
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Vi=wy.x,.e[—(E, —F,.x, cos0)/k,T] ®)

In this case, we represent F, is the applied force, wy the vibration frequency, 0 the angle between the bonds,
X;, the horizontal displacement of the bond.

We defined the following quantities,

F N M T H t by
p=—,u=—,v=—,w=—,q=—,r=—,§=—
F, N, M, T, H, t, L ©)
Substituting this into the above equations lead to the system,
ap _ tb, 62p LK NM,
o o X my, ThF
0" 0 (10)
ou t,b, 0u a,MF,
Ez%g—toKlMoqurrntou 1—11<m—10<p°vp —toryHougq
(1
tyb, 0*v  t,K,F, N,F,
W _tbs OV WKty g1 BN, (12)
or L o0& M, K.K,
oq tb, 9°q tyaM
a_zz OL; agg + OH O y—a,t,q -+t Nolg (13)
0
ow _ tobs *w 1, K,NM,AH, . t,K,F,AH, e J,,.Et, (14
or dL’ 852 dT, dT, Dt,

Considering that the cell is not reacting to any external electromagnetic force and therefore will not be
producing current, we may set the last term of eq 14 to zero,

J,  Et
S0 = ). (15)
Dt,
L2
N
Setting 1 we get,

p 0 127 . ZtOKlNOMOLZ . t,K, L’
or o0& E\V,b, b,

(16)
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ou_b du KM ni L L{l_ aM,F, J_ trinHo L

== q

or b, 0&? b, b, K,K, b, 17
2 2 2

v _b 0 v_ WRL il ‘{1_ a,N,F, upj s
ot b 0& M,b, b, K\K,
oq :b_4 0’q N tya ML’ o a,t,L’ g+ torinNo L uq 1)
or b 08> Hyb, b, b,
ow _ by &’w t,K,NJMAH\L* 1, L’K,F,AH, 0

- = uv
or  db, 08’ dT,b, dT,b,

By defining new set of dimensionless parameters to scale the system of equations above we obtain the
following parameters;

L’K,N,M b r K
g=lmiiig a=y/ e =S p=lt po
bl ’ b F)V, ’ L'ry, v &
o _acMoL4’”1N 0 — M, F,

1 b12 1 KMKp 0. = N, F, P =L2’”1NN0 B = AH,K, F,
’ > 72 > V3 > M3 5
KNKP bl AI_IlKlNo]Mo
T _AH KN M, L’ 5 _al’ " _L'KM, ” _KRE wm
’ db, o 07 b Tt Mp, T A4l
Substituting these parameters into the system eq 16-20, we obtain,
a—p—ﬁz—p+auv—ﬁ
or 8¢ P
ou o’u
E—slg—a3uv+u(l—aﬂlvp)—uq
ov o*v
5252 08’ _a4p+r"(l_a292“p) (21)
oq 0’q 0
E‘S3¥+a1"_ﬂzq+ )
ow o*w
E—S4y1¥—u\/—ﬂ3p
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The system eq 21 is the non-dimensional system on which we shall analyze for tumor outbreak and
progression. We can typically study this system with zero flux boundary condition signifying the fact the
impossibility for the tumor to extend to other tissues of the body.

4 Analysis of Steady States

We consider all three possibilities of steady states. We looked at the spatial, the temporal and the
spatiotemporal steady states conditions. It is clear that the solution of the equation of (21) exist continuity of
functions and boundary conditions.

Setting the spatial derivatives in 21 to zero gives the system;

P _ ouv — fip
or
Qu_ auv +u(l—a,6,vp)—uq
or
Q =—a4p+rv(1—a202up) (22)
or
q _
—=a,v-p,q+0uq
or
ow
. Bip

which is satisfied by the solution is given by;

p= auv » e_ﬂr
P o |
B
U= uoe[l_(”ﬂ”lglva)]r
V= %—p + voe’(lfazgzup)l' (23)
r(l - azezup)
q ﬂ + q0€(€3u7ﬂ2 )T

Ou—p,
w=(-uv-pip

From the steady-state coupled solution in (23), one can easily see that the trivial steady state satisfy this

relationship. All possible values of this steady state depend not only on the parameters but also on the values

of the other variables. Hence there exit parameter values where all five variables can coexist. The negative
nature of w is an indication that at all temperatures, heat is always released in the tissues.

Secondly, the temporal dynamics has steady states satisfying the system of differential equations,
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82p
=—oumvy +
oe B

s, % = auv —u(l - a,0,vp)+uq
2y

S, @ = a4p—rv(1—a292up) (24)
*q

S5 ? =—a,v+ f,q—6uq

2

w
S4y1¥ =uv+ fB;p

We seek solution of 24 to satisfy the zero-flux boundary condition, in the form,

(p,u,v,q,w) = (p0 COS I 7IX, U, COS M X, V, COSIMX,q, COS j7TX,COS NI, W, coshmc,)_

This solution guarantee the periodic nature of the interactions between the cancerous cells with the normal as
well as fractured cells. The constants py, uy,vy,qo,wy are real numbers, representing the initial scaled values of
the cells for each interacting species while m, n, I, j, h are integers. Interactions between the integers m, n, I,
J, h shows that for A=n which is equivalent to a direct relationship between the rate of denaturation (or
fracture) and the reserve temperature, we see that the parameter n or / can only take values given by,

Do (ﬂ - ﬁ3a)

n® = (25)
ﬂz(po +S4y1wo)

Also, since the production of H' is tantamount to the tumor growth, setting i=j, we get the relationship,

2 2
53q0) 7" +ayv, — Bhq,

m = Arccos (26)
—0q,u,

This steady state solution is periodic and we reckon that this solution will be stable to small amplitude.
Thirdly, spatially uniform steady state of 21 satisfy the equations,

ouv = fip

—auv+u(l—a,6,vp) = uq

a,p=r(l-a,0,up) 27

a,v+0uq = f,q

—uv=pip
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From where we obtain a relationship between the fracture cells and the normal cells given by,

l1-¢q
a;p

p =
+a,0,v
uo . (28)

Increasing the normal cells increases the tendency of denaturation keeping all other things constant. This
shows that we are not on the wrong track as it can be linked to fat individuals developing a tumor of the
bone and prostate easily. Equation (28) also shows that the increase in tumor cells reduces the proportion of
fractured cells. This is in line with the fact that the tumors are more prepared and happy to consume fracture
cells more than the normal cells. In another way, the deformation of normal cells increases the rate of
spreading of the tumor cells.

Solving for the steady states shows that, there exist only two realistic steady states which are the trivial

0,v=0,g=0,w=<w>

steady state p=0u= and the steady state,

pzﬂ,uzl,v=y,q=%,w=<w>

ﬂ ﬁz - 83 . (29)

Since w does not exclusively appear in the steady-state equations, it means that there is always a reserved
temperature for cellular activities. Thus the steady state depends meanly on the deformed tissues, the normal
cells, the tumor cells and the concentration of H'.

The parameter Hin (29) is given by;

(a, +a1)+\/(0¢3 o) +4“ﬂ"1‘91(ﬂ2 o)

s
20a,0,(8, - 6;) if B, > 0
and (30)

—(a3+a1>—J<a3+al>2+4“;ﬂl(ﬂz—@f

2aa,6,(5, _‘93) if B, < ‘93_

B

5 Numerical Determination of Frequency of Folding, Unfolding,
Denaturation, and Tumor

We wrote codes to simulate equation (25) for different integer values of n in order to determine when will
the fracture cells result in tumors and calculate the tumor doubling growth rate. Three sets of essential
parameter values were used for the simulations in order the compare the rates of cancer progression. The
parameter set and the values as found on the equations were gotten from literatures on cancer. These
parameters are presented in Table 1 below.
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Table 1. Parameter for numerical simulation as obtained from literatures indicated

Set one Set two Set three
Parameter Parameter Parameter Parameter Parameter Parameter
value value value
Mode n=0 pi=22/7 Mode n=0 pi=22/7 Mode n=0 pi=22/7
p0=0.005 p0=0.5 p0=0.005
s4 =84.1667 s4 =84.1667 s4=10.004
y1 =0.0490 y1 =10.0490 y1 =10.090
w0=0.08 w0=0.8 w0=0.08
Mode n=2 pi=22/7 Mode n=2 pi=22/7 Mode n=2 pi=22/7
p0=0.005 p0=0.5 p0=0.005
s4 =84.1667 s4 =84.1667 s4 =0.004
y1 =0.0490 y1 =0.0490 y1 =0.090
w0=0.08 w0=0.8 w0=0.08
Mode n =10 pi=22/7 Mode n =10 pi=22/7 Mode n =10 pi=22/7
p0=0.005 p0=0.5 p0=0.005
s4 =84.1667 s4 =84.1667 s4=10.004
y1 =0.0490 y1 =10.0490 y1 =10.090
w0=0.08 w0=0.8 w0=0.08
Mode n=25 pi=22/7 Mode n=25 pi=22/7 Mode n=25 pi=22/7
p0=0.005 p0=0.5 p0=0.005
s4 =84.1667 s4 =84.1667 s4=10.004
y1 =0.0490 y1 =0.0490 y1 =0.090
w0=0.08 w0=0.8 w0=0.08
Mode n=100 pi=22/7 Mode n=100 pi=22/7 Mode n=100 pi=22/7
p0=0.005 p0=0.5 p0=0.005
s4 =84.1667 s4 =84.1667 s4=0.004
y1 =0.0490 y1 =0.0490 y1 =0.090
w0=0.08 w0=0.8 w0=0.08

6 Results and Discussion

A simulation was carried out with the stated parameters and results presented as follows:

Tumor growth rate

Rate of folding

Graduent = alpha = Tugae
double rate = “

0.2

0.4

0.5 0.6

Rate of denaturation

0.7 0.8

0.9 1

Fig. 2. A plot of Rate of folding against the rate of denaturation showing the tumor growth doubling
rate of 1.73. and the tumor no growth unfolding rate of 13.23.
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From Fig. 2, It can be inferred that during the transformation process, as normal protein cells get unfolded
due to high reserve temperature, if the temperature is returned to normal, the backward reaction reset the
cells into folding as a result of the production of more normal cells. If the folding rate is equivalent to 13.23,
then no denatured cells will be transformed into tumor cells. The tumor will not progress. If the folding rate
increases, then more energy is produced from the backward reaction as a result, the denaturated cells get
fractured and transform into tumor cells. Therefore it is necessary to maintain the renaturation process
gradually instead of abruptly. That is the temperature changes cause a denaturation, it is necessary to reverse
the temperature gradually than to get into automatic reduction. Automatic reversal only lead to more
problem. naturally, if the temperature increases and the body becomes very hot, it is not a good indication to
get into a very cool environment in order to reduce the body temperature. The reversal process needs to be
slow and persistent. This is in line with the number of deaths recorded as a result of automatic temperature
deviation [33]. External climate change is a cause of serious health hazard and has resulted in a number of
deaths in the united states. Extreme weather events are becoming more intense and frequent[34] Robine and
colleague [35]; Hales et al. [36-38]. This result is a prove (confirmation) of the fact that extreme weather
condition has the potentials of causing cancer of the skin, breast, and brain.

TUMOR GROWTH RATE

1.81 .

1.61 .

1.4+ .

o8l Wg rate = 1.73 _

0.4f .

FOLDING RATE

0.2F .

1 1
0 0.2 0.4 0.6 0.8 1
DENATURATION RATE

Fig. 3. Folding rate against denaturation rate for n=0

Different simulations were done for different values of n and found that as the mode number increase, the
initial folding rate which is required to start the progression of tumor also increase without changing the
doubling rate. Since the mode number 7 is a function of the periods the next rise in reserve temperature is
felt, in 1 second. Therefore the more frequently the reserve temperature increases, the high the rate of folding
and the more the denaturation increases [39,40] and consequently the progression of cancer. This is an extra
boost to the volume of knowledge on cancer known, that lactic acid which is the source of cancer initiation
and progression as found in [22] or a contributing factor in the initiation of cancer as found in [15]. The
temperature-induced denaturation and consequently fracture of cells, promotes the progression of cancer and
is therefore a reason of the abnormal multiplication of cells as found in all forms of cancer [41].

11
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On the parameter set two, a similar plot to Fig. 2 was gotten with the exception of the doubling rate of the
tumor which was found to be 1.93 as against 1.73 using parameter set one. This change is coming principally
from the increase in the initial number of fractured cells. The plot is presented in Fig. 4 below.

Rate of folding

x1 05 Tumor rate
I I I 1 1 1
60
3.7561
50
3.7561 rate=19 | " 40
30
3.7561 .
20
3.7561 : 10
L L 1 1 1 1 L 1 |

0 01 02 03 04 0.5 086 07 08 09 1
Rate of denaturation

Fig. 4. Plot of Rate of denaturation as against rate of folding

The folding rate required to initialize tumor development also increase in this case with a superior value of
3.756x10°. Therefore parameter set two gives a slightly different progression of cancer rates and can be used
as a benchmark for the fighting of the progression of the abnormal multiplicity of cells. Drugs and
immunologist may use this values for determined the appropriate doses for the treatment of cancer.

When we change the parameter to set three, our simulation shows more interesting pattern as shown in Fig. 5
below,

Folding Denaturation

Fig. 5. A plot of denaturation against folding for tumor development

From Fig. 5, it is obvious that denaturation increase tumor development as low as for initial folding rate of
50 cells per centimeter cube. As the folding increases, tumor development drops from a pick value of 0.5 to
a value of 0.49. At a denaturation rate of 0.4 and folding of 50 tumor growth rate increases shapely then
drops zero. This can only occur when the body immune system fights back to destroy the tumor cells. This,
however, does not last as the tumor immediately increase when the denaturation rate systematically increases
0.6 to 1. This goes to confirm statistics that in an event of a tumor outbreak, if not treated on the first
instance when the body immune system is fighting against it, the tumor will be more deadly if it finally

12
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destroys the body immune system and become malignant. As the mode number is increased, the
complexities of the pattern did not change but for the initial rate of folding required to start the tumor growth
which actually increases. The pattern found in the simulation is a good indication of the possible physical
representation of cancer after its initiation by denaturation. The knowledge of this pattern will enable
radiologists to better study nature cancer from its tumor stage just before metastasis. The dynamic nature of
the patterns can equally be used to see the different resistant strains of cancer drugs.

7 Conclusion

From our results and as discussed in the previous section, cancer is a consequence of protein denaturation
which comes from loss or breakage of hydrogen bonds as a result of increase body reserve temperature. We
saw that this temperature change can come from the increase in body metabolic activities which should be
discouraged or external environmental temperature. We also saw folding after denaturation should not be
automatic because these will lead to increase tumor growth and malignancy. Frequent and sudden body
temperature change will result in more severe malignancy than less frequent and gradual temperature
changes. Once diagnosed, treatment of tumor should be considered a priority because the body immune
system can eventually fight against the tumor and finally get destroyed making the spread or cancer faster.
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