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Aim. The purpose of the work was to assess the probability of cancerous transformation of cells 
for viruses of high and low oncogenic risk.

Method. It was used the statistical ensembles to determine the probability of cancer cell 
transformation.

For analysis there were selected oncoproteins E6 that directly influence the process of cancer cell 
transformation. 

Results. Using normalized squared error (NSE) for viruses of high (20 strains) and low (153 
strains) oncogenic risk, rank statistic of 2-exponential type was build. For productive papillomavirus 
infection, NSE function was determined as the growing accurate 2-exponent of a cell layer basal to 
the epithelial surface. Logarithm of NSE numerical values is proportional to the cell entropy that is 
connected with the availability of virus DNA. To calculate entropy, generalized Hartley formula was 
used with the informational cell of dimension d: H = NdLOG(NSE), where N is the generalized cell 
coordinate.

Conclusions. Using a statistical ensemble of E6 proteins separately for viruses of high and low 
oncogenic risk made it possible to assess the probability of cancerous transformation of cells, which 
was proportional to the ratio of the area of entropy of cancer transformation to the area of the 
productive entropy region papillomavirus infection.

Human papillomaviruses are a large group 
of DNA viruses that, besides different forms of 
infections, may lead to the cancer degeneration 
of epithelial cells. At present, it is shown [1–4] 
that the presence of human papillomavirus 
is the necessary condition for development 
of cervical carcinoma. However, the 
papillomavirus infection alone is insufficient 
for neoplastic cell transformation; additional 
factors should take part [5–12]: high sexual 
activity, HIV infection, smoking, alcohol, 
virus loading, etc. Penetration of the virus 
takes place in the basal layer of epithelial cells 
and is accompanied with the cell proliferation. 
The assembly of papillomaviruses may occur 
only in mature cells of surface epithelial layers. 
Malignant neoformation occurs after rather 
long persistence of viruses in the basal layer 
of epithelial cells — the virus may be in the 
inactive, latent state for years. This is because 
the basal cells are under constant impact of the 

mature multilayer epithelium and incapable of 
cell division without the influence of external 
factors.  

The human papillomavirus has an 
icosahedral protein coat 55 nm in diameter, 
which contains a minichromosome with 
double-helical DNA having ~ 8 000 bp [13, 14]. 
The virus replication takes place in the cell 
nucleus. As differentiation of epithelial cells 
is going on, DNA replication and expression of 
virus early proteins (E1, E2) take place. Late 
proteins (L1, L2) are produced at the final 
stage of virus assembly. So complicated scheme 
of the virus particle maturation ensures almost 
complete invulnerability of the virus for the 
immune system. 

In the human organism, the papillomavirus 
may exist in the episome form (circular DNA) 
[15], which is typical for the productive 
infection [16], when oncoproteins E6 and E7 
are not produced, but intact virus particles 
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are produced that may be integrated into 
the cell chromosome (integrated form) [17, 
18]. Virus integrated form is capable of 
inducing malignant transformation wherein 
oncoproteins E6 and E7 are synthesized; 
interaction of the last with cell regulatory 
proteins p53 and pRb leads to deregulation 
of the cell cycle, which results in cancer cell 
regeneration [19, 20]. 

Virus infection course has several forms. 
The latent course has been determined as the 
virus persistence in basal epithelial layer 
[21, 22]. The virus is in the episome form 
and cannot lead to any pathology. Productive 
infection is accompanied by clinical infectious 
presentations (papillomas, warts, condylomas) 
and intensified cell growth in basal epithelial 
layer. At that, virus DNA is replicating in the 
infected cells. 

Neoplasia occurs when DNA virus 
integrates into cell genome. At that, changes 
may happen in the epithelial cell structure of 
surface layers. Cell nucleus takes irregular 
shape; vacuoles appear in the cytoplasm. 
Most often, the injuries are localized in 
the transitional zone of cervix uteri at 
the interface of multilayer pavement and 
cylindrical epithelium. 

In most cases of invasive tumor carcinoma, 
the virus exists in cells in the integrated form. 
Typical for malignancy atypical cells appear. 

By their transforming activity towards the 
epithelial cells, all human papillomaviruses 
may be divided into two groups: 
papillomaviruses of high carcinogenic risk 
(HPV 16, 18, 26, 31, 33, 35, 39, 45, 5153, 
56, 58, 59, 66, 68, 70, 73, 82, 85); remainder 
(more than 150 strains) are papillomaviruses 
of low carcinogenic risk (HPV 6, 11, 40, 4244, 
54, 61, 62, 71, 72, 81, 83, 84 et al.) [23–25]. 

Papillomaviruses of low carcinogenic 
risk show themselves as the productive 
form of infection. Papillomaviruses of high 
carcinogenic risk (especially HPV16, 18) may 
lead to cancer of cervix uteri. There have been 
observed cases of virus infection spontaneous 
elimination, which causes are unknown [26, 27]. 

Separate types of HPV have less than 90% 
nucleotide identity in gene sequences of E6, 
E7, L1 [28]. Structural features of E6 and 
E7 oncoproteins are not so marked to be used 
for determining their oncogenic potential. 
Infection with viruses of high carcinogenic 
risk does not lead by itself to cancer of cervix 
uteri and disappears in most cases within 
1–2 years. However, long virus persistence is 
essential (as main risk factor) for development 
of cancer cell transformation [29, 30]. 

Currently, development of cervix uteri cancer 
is described as the multistage process [31]. 

Accurate description the infectious 
process leading to cancer of cervix uteri is a 
rather complex problem. Therefore, different 
mathematical models of papillomavirus 
infection as a biological phenomenon have been 
proposed. Collaboration of mathematicians 
and biologists gives the possibility to evaluate 
conceptions of carcinogenesis and develop 
the generalized approach to treatment of the 
infectious processes. 

Several deterministic models, based on 
differential equations [32–38], were proposed 
to describe different aspects of papillomavirus 
infection, including the potential effect of 
vaccination against HPV infection [39–42]. 
These models had only numerical solutions and 
could make it possible to analyze parameters 
leading to global equilibrium in spread of the 
infection. 

To estimate the impact of additional factors 
on the infection, models with large numbers of 
intermediate states were suggested. Markov 
chains are at the basis of these models — both 
continuous and discrete [43–47]. In semi-
Markov models, the probability to transfer 
into other state depends on the holding time in 
the initial state that is more realistic. 

Papillomaviruses demonstrate strict 
species-specificity. Nevertheless, the 
investigation of papillomavirus infection on 
animals, especially on mice [48–51], may give 
more accurate information about the infectious 
process, which is necessary for developing new 
treatment methods and effective vaccines 
against HPV.

HPV of both high and low oncogenous risk 
have the same life cycle, but they differ greatly 
in the extent of operating cell cycle. This fact 
should be taken into account when using 
generalized approach to the structure of virus 
oncoproteins, since oncogenicity of the viruses 
cannot be determined by their real structures 
without implication of experimental data. 

Proposed here method of statistical 
ensembles may significantly strengthen 
structural differences between oncoproteins 
of viruses with high and low oncogenous risk.  

 

Material and Methods

To model processes connected with entropy 
changes of cells infected with papillomavirus, 
a statistical ensemble of E6 proteins was 
build separately for viruses of high and low 
oncogenic risk. The quantity of different 
amino acid residues in E6 proteins was 
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ranked according to their decreasing and 
approximated with exponential function. 
For each E6 protein, normalized squared 
error (NSE) of approximation, which is one 
of the main characteristic of the protein, 
was determined. Information on proteins of 
human papillomaviruses taken from the NCBI 
database (http://www.ncbi.nlm.nih.gov/
genome/).

Results and Discussion

Statistical ensembles of oncoproteins E6
For analysis there were selected 

oncoproteins E6 that directly influence 
the process of cancer cell transformation. 
Protein E7 has short amino acid sequence 
insufficient for the structure analysis. 
Structural differences between proteins E6 
in different papillomaviruses are not much 
obvious; therefore, statistical approach 
should be applies to the whole oncoproteins 
of two different papillomaviruses groups — 
with high and low oncogenic risk. Statistical 
approach gives the summarized characteristic 
of papillomavirus infection: function of virus 
spreading, function of spontaneous regression 
of viral infection, possibility of calculating the 
probability of cancer cell transformation. 

Behavior of proteins E6 for different 
papillomaviruses may be generalized on basis 
of the statistical ensemble (“population”) 
formed with using structural features of the 
proteins. Thereto, quantitative composition 
of amino acids may be arranged in alphabetical 
single-letter system of amino acid conventional 
signs. Obtained at that density of amino acid 
distribution has a rather complex polynomial 
approximation, typical for each oncoprotein 
E6. Such presentation reflects incidental 
differences of amino acid sequences in proteins 
E6, but it has no clear physical interpretation. 

Let suppose that quantitative content of 
amino acids in the protein E6 for different 
viruses is arranged in decreasing order with 
reiterations. This will make it possible to 
select a maximally simple ordering function, 
which will exactly be the function of statistical 
ensemble. Analysis shows that three functions 
are relevant for oncoproteins E6: simple 
exponent, 2-exponent and linear function. 
To construct the ensemble, only one of them 
should be selected. For example, if simple 
exponent is chosen as the main function 
of ensemble, then the set of exponents will 
determine Gibbs statistical ensemble. 

For each oncoprotein E6, the amino acid 
content was ranged in decreasing order. 

Then, using the method of least-squares, 
three functions were determined that best 
approximated the dependence of amino acid 
quantitative composition Q(Am) on the number 
of ordering (rank) N: 
simple exponent Q(Am) = Qmax EXP{ –(N – 1)};  

2-exponent Q(Am) = Q1 EXP{ –1(N – 1)} + 
(Qmax – Q1) EXP{ –2(N – 1)};    

linear function Q(Am) = Qmax – (N – 1).

Hyperbolic function Q(Am) = p/(N + m), 
proposed in [52], gives Q(Am) values close 
to the ones determined with the use of 
2-exponent. 

Papillomaviruses having E6 protein with 
linear Q(Am) characteristic: 7, 21, 25, 34, 36, 
55, 67, 72, 73, 76, 80, 179.

Papillomaviruses having E6 protein with 
exponential Q(Am) characteristic: 16, 6, 35, 
73, 43, 97, 40, 49, 5, 75, 76, 43, 41, 89, 102, 
15, 20, 29, 110, 118, 132, 135, 139, 143, 144, 
156, 172, 174.

E6 protein in the rest of papillomaviruses 
has 2-exponential characteristic. 

To build the ensemble, for all proteins we 
have chosen the simple exponential dependence 
Q(Am) on the number of ordering, in spite of 
the fact that for some proteins such function 
gives no the best result with the use of least-
squares approximation.  

The Fig. 1 gives characteristic dependences 
Q (Am) on the number of ordering.

In the case of simple exponent, for each E6 
oncoprotein, normalized squared error (NSE) 
of Q(Am) approximation is:

NSE (E6) = (1/ep)(1/Qmax) N [Q(N) – 
– Qmax EXP{ –(N – 1)}]2,

where ep  = 10–4 is quantization step; Q(N) is 
the quantity of amino acids  depending on the 
number of ordering. 

For viruses of both high oncogenic 
risk (20 viruses) and low oncogenic risk 
(153 viruses), NSE function has the same 
dimension as Q(Am). Therefore, NSE is a 
generalized function (of some concentration). 
The function NSE may be considered as “the 
width” of -level. It is significant that NSE 
values are unique for each E6 oncoprotein. 

Generalized function NSE 
of E6 oncoproteins

Separately, for viruses of high and low 
oncogenic risk there was built NSE dependence 
of E6 oncoproteins on the number of reversed 
ranking. NSE function is a generalized 
function of papillomavirus DNA, which 
contains E6 gene. 
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NSE function may be considered as 
decreasing with time concentration of 
papillomavirus DNA at spontaneous elimination 
of virus infection. As increasing function, 
NSE represents the growth of virus loading at 
approaching to the epithelium border. 

Decreasing NSE function is always a 
simple exponent, so as elimination of virus 
DNA is an irreversible process, irrespective 
of whether cancer cell transformation takes 
place or no, and therefore it has a maximally 
simple functional form. It should be pointed 
out that disappearance of virus DNA and its 
incorporation into the cell genome is described 
by an exponentially damped curve as expected 
at spontaneous elimination of virus DNA.  

As epithelial cells become mature 
and move towards the epithelial surface, 
production of virus particles intensifies. 
That is why quantitative growth of virus 
DNA, and, accordingly, E6 genes, from the 
basal to surface layer follows exponential law 
(space form of the exponent). Spontaneous 
disappearance of the virus infection follows 
time exponential law. 

Figs. 2 and 3 shows NSE plots, separately 
for viruses of high and low oncogenic risk. 
NSE function for viruses of high oncogenic 
risk differs little from simple exponent: 

NSEHRSE = 35.265 EXP{– 0.1047024(N – 1)}.

As a generalized function, NSE is 
proportional to the probability of E6 
oncoprotein decomposition. 

Exact arrangement of E6 virus proteins 
at 2-exponential dependence of NSE requires 
experimental data. Generalized function 
determines only the image of NSE. 

If 2-exponente is chosen as a main ensemble 
function, NSE function for viruses of high 
oncogenic risk will be reduced by half, and 
for viruses of low oncogenic risk — three fold 
decreased. Arrangement of E6 oncoproteins 
with NSE function will also change. 

Integrated plot of NSE function for all 
analyzed papillomaviruses is shown on the 
Fig. 4. One may see from the plot that 
structural characteristics of E6 oncoproteins 
for both high and low oncogenous risk are 
mutually confused. 

Hartley cumulative entropy 
At productive infection, the quantity 

of virus DNA continuously increases when 
getting nearer to the epithelial surface. This 
process leads to the entropy growth in cells, 
since total information in them grows. Inverse 
process is spontaneous elimination of viruses. 
At cancer, cell entropy decreases, as there is no 
virus production.  Intermediate forms of the 
infection may take place, but the main event 
leading to cancer is the incorporation of virus 
DNA into cell genome. 

For productive virus infection, NSE function 
is defined as exact 2-exponent increasing from 
a basal cell layer to the epithelial surface. 
Decreasing cancer NSE function is the rough 
exponent, as events in a cell cannot be reversed. 
Logarithm of numerical values of NSE function 
is proportional to the cell entropy associated with 
the presence of virus DNA. 

An integer value of NSE may be defined 
as the number of parameters (symbols) that 
characterize properties of E6 protein. Then 
LOG(NSE) is Hartley entropy (information 
measure) [53].

Fig. 1. 1 — Amino acid content in E6 oncoprotein of HPV16 virus and its approximation with exponent: 
Q(Am) = 18 EXP{– 0.1043248(N – 1)}

2 —Amino acid content in E6 oncoprotein of HPV82 virus and its approximation with 2-exponent: 
Q(Am) = 13.2 EXP{– 0.073(N – 1)} + 5.8 EXP{– 2.049177(N – 1)}
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Fig. 2. 1 — Dependence of normalized squared error (NSE) on the number N of reverse ranking of viruses 
with high oncogenic risk and exponential ap-proximation: 

NSEHR = 28.4 EXP{– 0.088999(N – 1)} + 6.865 EXP{– 0.2197541(N – 1)}.
Arrangement of papillomaviruses with high oncogenic risk in decreasing order:

18, 45, 82, 59, 70, 53, 68, 56, 33, 73, 66, 85, 58, 51, 52, 31, 39, 26, 35, 16.
2 — Plots of H+ and H– functions of cumulative entropy d = 2 for viruses of high oncogenic risk, N = 1…20:

H+ (N) = NdLOG [28.4 EXP{– 0.088999(20 – N)} + 6.865 EXP{– 0.2197541(20 – N)].
H– (N) = NdLOG [35.265 EXP{– 0.1047024(N – 1)}]. Crosspoint of H+ and H– is at N0 = 10.

Fig. 3. Dependence of normalized squared error (NSE) on the number N of reverse ranking 
of low oncogenous risk viruses:

exponential approximation (lilac-coloured curve)
NSELR = 50.5 EXP{– 0.0149(N – 1)} + 31.352 EXP{– 0.2812865(N – 1)}

rough simple exponent (blue curve) is given by
NSELRSE = 81.852 EXP{– 0.02603004(N – 1)}

arrangement of papillomaviruses of low oncogenic risk in decreasing order:
96, 204, 131, 129, 47, 197, 126, 171, 202, 140, 122, 121, 112, 105, 169, 1, 159, 115, 134, 141, 95, 151, 125, 
22, 153, 113, 99, 9, 150, 63, 30, 111, 136, 201, 98, 104, 86, 199, 149,  96, 204, 131, 129, 47, 197, 126, 171, 
202, 140, 122, 121, 112, 105, 169, 1, 159, 115, 134, 141, 95, 151, 125, 22, 153, 113, 99, 9, 150, 63, 30, 111, 
136, 201, 98, 104, 86, 199, 149, 154, 23, 209, 109, 142, 48, 163, 117, 37, 180, 123, 3, 28, 145, 42, 17, 4, 87, 
165, 20, 166, 173, 128, 179, 78, 168, 90, 60, 152, 69, 119, 100, 67, 175, 158, 12, 24, 184, 107, 65, 147, 50, 

200, 32, 91, 11, 205, 170, 157, 161, 124, 138, 83, 21, 27, 167, 172, 81, 137, 133, 71, 49, 156, 120, 2, 74, 178, 
92, 106, 44, 162, 94, 80, 38, 43, 36, 10, 34, 19, 84, 143, 77, 97, 61, 174, 76, 54, 110, 132, 7, 15, 144, 139, 

130, 135, 164, 41, 5, 25, 88, 6, 75, 62, 55, 57, 72, 118, 89, 40, 114, 29, 93, 13, 102.
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Assume that d designates the dimension 
(integer or fractional) of an informational 
cell that contains NSE parameters of E6 
oncoproteins. Then Hartley cumulative 
entropy is proportional to NdLOG(NSE). 
If dimension d is fractional then the 
informational cell will be fractal; in the case 
when dimension d is integer, we may suppose 
that d is the number of linked cells. 

Graphics of H+ и H– functions of cumulative 
entropy at d = 2 for viruses of high and low 
oncogenous risk are shown on Figs. 2.2 and 5. 

Let us consider the connection of 
informational cell dimension with features 
of papillomavirus infection. If d  4, any 
structural cell changes cannot be observed; 
that is, the virus infection is in the latent 
period. It is natural, as multidimentional 
informational cells just cannot be observed. 
We may also suppose that dimension d passes 
all fractional stages from d = 4 to d = 1.

In the case when 3  d  4, one may 
observe the productive virus infection for 
papillomaviruses of high and low oncogenic 
risk; however for viruses of high oncogenic 
risk, neoplasia may develop. Virus DNAs are 
distributed in three-dimensional space of 
cells for viruses of low oncogenic risk and in 
four-dimensional space (taking into account 
the incorporation of virus DNA into the cell 
genome) for viruses of high oncogenic risk.

Region 2  d  3 defines the fractal 
dimension of papillomas and condylomas as 

benign tumors for viruses of low oncogenic 
risk and epidermoid intraepithelial lesions 
(precancerous conditions) for papillomaviruses 
of high oncogenic risk. 

Region d  2 for viruses of low oncogenic 
risk does not exist. Value d = 2 may be 
attributed to pointed condylomas because of 
their rather soft consistency. 

In the region 1  d  2, preinvasive 
carcinoma is observed when the fractal 
dimension of cancerous tumour is less then 
observed two-dimensional one as cancerous 
tumours are weakly differentiated. 

At d = 1, metastases appear. Detaching of 
cancer cells is possible at the cutting of last 
(single) bond with the cancer tumour. 

Before crossing point N0, we have H– (N) 
 H+ (N), that is, the entropy of virus DNA 
elimination or cancer transformation is more 
than the entropy of quantitative growth of 
episome DNA. 

We will designate the area between curves 
H– (N) and H+ (N) at N  N0 as S–, and the 
area between curves H+ (N) and H– (N) at N  
N0 — as S+. Then, the probability of cancer cell 
transformation may be defined as Pc = S–/S+. 

Table shows probability values of cancer 
cell transformation for of high and low 
oncogenic risk.

Note that decreasing rough exponential 
function NSE (elimination of virus DNA or 
cancer) corresponds to the return for cell into the 
past, but not in the least for the cell evolution. 

Fig. 4. Dependence of the normalized squared error (NSE) on the number N of reverse ranking 
of papillomavirus oncoproteins  E6 (173 viruses). Marked with red are E6 oncoproteins of viruses with high 

oncogenic risk. 2-exponential approximation is:
NSEHLR = 49 EXP{– 0.0132(N – 1)} + 32.852 EXP{– 0.2639727(N – 1)}
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Evolution for a cell is its transformation at 
productive virus infection, since at that entropy 
growth in the cell is the largest.  

It is also significant that exponential 
function NSE for viruses of high oncogenic 
risk is not too rough. Therefore, external 
factors heavily influence on cancer cell 

transformation, as opposed to rough exponent 
NSE for viruses of low oncogenic risk, when 
external factors do not influence on cancer cell 
transformation. 

Conclusions

Using a statistical ensemble of E6 
proteins separately for viruses of high and 
low oncogenic risk makes it possible to assess 
the probability of cancerous transformation 
of cells, which is proportional to the ratio of 
the area of entropy of cancer transformation 
to the area of the productive entropy region 
papillomavirus infection.

This study did not receive any financial 
support from a government, community or 
commercial organization. 

The authors state that they have no conflict 
of interest.

Values of probability of cancer cell 
transformation for papillomaviruses of high and 

low oncogenic risk

d High risk Low risk

1
2
3
4
5
6
7
8

1.94230300·10–1

5.72016772·10–2

1.98637659·10–2

7.55089981·10–3

3.03657242·10–3

1.26838686·10–3

5.44360273·10–4

2.38393159·10–4


2.92785191·10–2

9.06198389·10–3

3.06071257·10–3

1.09113459·10–3

4.03370226·10–4

1.53033009·10–4

5.91933751·10–5

Fig. 5. Graphics of H+ и H– functions of cumulative entropy at d = 2 for viruses 
of low oncogenous risk, N = 1…153:

H+ (N) = NdLOG [50.5 EXP{– 0.0149(153 – N)} + 31.352 EXP{– 0.2812865(153 – N)}].
H– (N) = NdLOG [81.852 EXP{– 0.02603004(N – 1)}] .

Crosspoint of H+  and  H–  is at N0 = 67.5
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ВИЗНАЧЕННЯ ЙМОВІРНОСТІ РАКОВОЇ 
ТРАНСФОРМАЦІЇ КЛІТИН 

ЗА ПАПІЛОМАВІРУСНОЇ ІНФЕКЦІЇ 
ЛЮДИНИ

Л. П. Бучацький
В. В. Щербик

Київський національний університет 
імені Тараса Шевченка, Україна

E-mail: iridolpb@gmail.com

Мета. Оцінити ймовірності ракової тран-
сформації клітин вірусами високого та низько-
го онкогенних ризиків. 

Методи. Використовували статистичні ан-
самблі визначення ймовірності трансформації 
ракових клітин. 

Для аналізу було відобрано онкопротеїни 
Е6, які безпосередньо впливають на процес 
трансформації ракових клітин. 

Результати. За допомогою нормальної ква-
дратичної помилки (NSE) для вірусів високого 
(20 штамів) і низького (153 штами) онкогенних 
ризиків було побудовано рангову статистику 
2-експоненціального типу. Для продуктив-
ної папіломавірусної інфекції функцію NSE 
визначали як зростаючу точну 2-експоненту 
клітинного шару базальної поверхні епітелію. 
Логарифм числових значень NSE пропорцій-
ний ентропії клітин, яка пов’язана з наявніс-
тю вірусної ДНК. Для підрахунку ентропії ви-
користовували узагальнену формулу Хартлі з 
інформаційною коміркою розмірності d: H = 
NdLOG (NSE), де N — узагальнена координата 
комірки. 

Висновки. Використання статистичного 
ансамблю протеїнів Е6 окремо для вірусів ви-
сокого та низького онкогенних ризиків дає 
змогу оцінити ймовірність ракової трансфор-
мації клітин, яка пропорційна відношенню 
площі ентропії ракової трансформації до пло-
щі продуктивної ентропії папіломавірусної 
інфекції. 

   
Ключові слова: папіломавірусна інфекція 
людини, канцерогенне переродження клітин, 
кумулятивна ентропія Хартлі.

ОПРЕДЕЛЕНИЕ ВЕРОЯТНОСТИ 
РАКОВОЙ ТРАНСФОРМАЦИИ КЛЕТОК 

ПРИ ПАПИЛЛОМАВИРУСНОЙ 
ИНФЕКЦИИ ЧЕЛОВЕКА
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В. В. Щербик

Киевский национальный университет 
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Цель. Оценка вероятности раковой транс-
формации клеток вирусами высокого и низкого 
онкогенных рисков.

Методы. Использовались статистические 
ансамбли для определения вероятности транс-
формации раковых клеток.

Для анализа были отобраны онкопротеи-
ны Е6, непосредственно влияющие на процесс 
трансформации раковых клеток. 

Результаты. С помощью нормализован-
ной квадратичной ошибки (NSE) для вирусов 
высокого (20 штаммов) и низкого (153 штам-
мов) онкогенного риска была построена ранго-
вая статистика 2-экспоненциального типа. Для 
продуктивной папилломавирусной инфекции 
функцию NSE определяли как возрастающую 
точную 2-экспоненту клеточного слоя базаль-
ной поверхности эпителия. Логарифм число-
вых значений NSE пропорционален энтропии 
клетки, связанной с наличием вирусной ДНК. 
Для вычисления энтропии использовалась 
обобщенная формула Хартли с информацион-
ной ячейкой размерности d: H = NdLOG (NSE), 
где N — обобщенная координата ячейки. 

Выводы. Использование статистического 
ансамбля протеинов Е6 отдельно для вирусов 
высокого и низкого онкогенных рисков по-
зволяет оценить вероятность раковой транс-
формации клеток, которая пропорциональна 
отношению площади энтропии раковой транс-
формации к площади продуктивной энтропии 
папилломавирусной инфекции.

Ключевые слова: папилломавирусная инфек-
ция человека, канцерогенное перерождение 
клеток, кумулятивная энтропия Хартли.




