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Introduction

According to the literature it is known that the 
development of malignant tumors is the result of exposure 
to ionizing radiation during diagnostic procedures, 
the nuclear bombings, accidents and catastrophes, and 
as a result of nuclear tests (Bauer et al, 2005; Shore, 
2009). It is very significant impact on the health of the 
population, according to the known research activity has 
Semipalatinsk nuclear test site (SNTS).

However, the opinion about the possibility of 
chronic radiation exposure influence (in low doses) led 
to the development of malignant neoplasm. And not all 
researchers concur with this opinion. There are theories of 
the threshold dose, of the nonlinear interaction of “dose-
effect”, and the nonthreshold linear theory (Moysich et 
al, 2002).

Nowadays, linear nonthreshold theory (Strzelczyk, 
2007) received essential confirmation due to the results 
of conducted researches for revealing the connection 
between diagnostic methods using ionizing radiation and 
the risk of development of malignant neoplasms (Shah et 
al, 2012; Daly et al, 2015). 
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Abstract

	 The aim of this research is to determine the characteristics of endothelial factors and the hemostatic system 
conditions with malignant neoplasms patients, which were exposed to ionizing radiation. Total number of 
examined people is 223, 153 of them are patients with gastrointestinal tract oncopathology.  The article presents 
the results of the analysis of numerical indicators of endothelial condition and platelet hemostasis of patients, who 
had cancer. They lived in the regions of Kazakhstan, subjected to contamination of radionuclides as a result of 
nuclear weapons tests, which took place in this region from 1949 to 1989. These results then were compared to 
cancer patients and healthy individuals with no radiation risk. The study revealed the presence of higher levels 
of endothelial dysfunction and following trigger of the hemostatic system in patients with malignant tumors of 
the gastrointestinal tract. In particular, the defined high degree of endothelial dysfunction include endothelium-
dependent vasodilation, content desquamated endothelial cells in peripheral blood and von Willebrand factor. 
These indicators have a clear correlation with the degree of disorder of studied parameters of the hemostasis, 
which can cause the development of thrombotic complications. 
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Main studies in the region of the Semipalatinsk nuclear 
test site were also carried out on the basis of the linear 
nonthreshold theory. The received results are sufficiently 
consistent with it. At the same time, it is impossible to 
associate many features of cancer morbidity in different 
regions of the Earth with the state of the natural radiation 
background. This item is a critically important argument 
for the threshold theory (Moysich et al, 2002; Laurier 
and Gay, 2015).

When considering the question about the effect of 
ionizing radiation on the development of neoplasm the key 
moment is its mutagenic effect. However, there are different 
directions of analysis, including mainly the condition of 
immune system. This option is considered as a key in 
the paper mentioned above (Shah, 2012). The concept 
of genesis of radiation-induced malignant neoplasms can 
have another aspect - the negative influence of radiation, 
including chronic low doses, on the morphology and 
function of the vascular endothelium. The condition of 
vascular endothelium is considered as a potential modifying 
factor in the genesis of oncological complications in 
radiation exposed individuals throughout all their lives 
(as the result of Semipalatinsk nuclear test site activity).
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Materials and Methods

Materials
Two groups of patients with stomach cancer, 

pancreatic and rectal cancer were formed. The total 
number of examined patients was 153. The main group 
No.1 consists of 83 patients; the group No.2 consists of 
70 patients. Also control group consists of 70 apparently 
healthy individuals (Table 1).

The age of patients was from 45 to 65 years old. The 
average age in the group was 59.7 ± 2.0 years.

The criteria for inclusion of patients in the main group 
were age, presence of verified diagnosis of malignant 
neoplasms on the basis of morphological examination, the 
poverty of specific anti-tumor therapy at the time of initial 
examination, the absence of any diagnostic procedures 
associated with exposure to ionizing radiation during 
the last 6 months, the presence of informed consent to 
his participation in the research and anonymous use of 
received data in scientific publications.

This study was approved by the meeting of the Ethics 
Committee of the Semey State Medical University from 
11.13.2013, Protocol №2.

For the main group №1 additional inclusion criterion 
was established the presence of the calculation of the 
cumulative absorbed dose of 50 rem or higher as a result of 
living in emergency zones and the maximum radiation risk 
SNTS during the dose forming nuclear tests, ie irradiation 
in the mid and high doses.

Patients of the main group №2 lived in the regions of 
radiological safety lifelong (Almaty city).

The exclusion criteria are the presence of severe 
somatic co-morbidities (arterial hypertension II and 
up, ischemic heart disease, bronchial asthma, chronic 
obstructive pulmonary disease, chronic kidney diseases 
with renal insufficiency, cardiac insufficiency of any 
origin above the I functional class; chronic infectious 
diseases (tuberculosis, brucellosis, etc.); acute infectious 
diseases; conditions accompanied by a fever at the time 
of the initial examination; refusal to participate in the 
research at any stage.

Examination was performed after verificating the 
clinical diagnosis, before the specific antitumor treatment, 
such as chemotherapy, radiation therapy and before 
surgical intervention.

The control group consisted of 70 apparently healthy 
individuals. The average age of the group was 57.6 ± 1.4 
years. Control group individuals lived in the regions of 
radiological safety lifelong and did not have a history of 
episodes of radiotherapy.

Methods of indicators of vascular-platelet hemostasis
The determination of platelet aggregation by Barkagan 

ZS (defined parameters: the index of spontaneous platelet 
aggregation (ISA), the total index of aggregation (TIA) 
and the index of spontaneous disaggregation (ISD)); the 
determination of quantity of von Willebrand factor (WF) 
in blood.

Methods for investigation of endothelial function
The amount of exfoliated (circulating) endotheliocytes 

in the peripheral blood (CE) (Hladovec, 1978); metabolites 
NO (met. NO) amount in blood (Molina et al, 1995); 
determination of endothelium-dependent vasodilation 
(EDVD) (Celermajer, 1998).

Statistical analysis
The determination of the statistical significance of 

differences of indicators in the groups and the reliability 
of the correlations between indicators of the hemostatic 
system and endothelial function was carried out by the 
bootstrap (Efron and Tibshirani, 1993). The tables present 
the results of median of number series (M), deviation 
intervals (m) - for number series, correlation coefficients 
(r), intervals of deviation the correlation coefficients (Δr) 
and the results of statistical significance (p).

Results 

The main results of the analysis of numerical rating 
of vascular-platelet hemostasis and the condition of 
endothelium are shown in Table 2. The results of 
correlation analysis in groups of radiation-exposed and 
unexposed patients are shown in Tables 4 and 5. 

The values of the ISA indicator in the control group 
were in the range of 21 - 58%, with patients of the main 
group №2 - 47 - 76%, with radiation-exposed patients’ 
from main group №1 - 50 - 82%. There were statistically 
significant differences on this indicator between both 
groups of patients and control the group (M2M1 = 
1.31; M3M1 = 1.39). Significant differences between 
the groups of radiation-exposed and unexposed patients 
were not found. According to the average value of TIA 
corresponding differences with the control group were 
M2M1 = 1.24; M3M1 = 1.28 and also were statistically 
significant. The value of the ISD in the groups of 
examined patients with malignant neoplasms was reduced 
in correlation with control group. Thus, in the group of 
healthy individuals this indicator was in the range of 14 - 
31%, patients with malignant neoplasms of the main group 
№2 - 10 - 18% and radiation-exposed patients had 8 - 14%. 
The differences (M1M3 = 1.45; M1M2 = 1.93 and М2М3 
= 1.33) between all groups were statistically significant.

The content of the WF was significantly exceeded in 
both groups of patients compared with the control (M3M1 
= 1.31; M2M1 = 1.71). The differences between the groups 
of patients were also significant (M3M2 = 1.30).

Therefore, in the analysis of some indices of 
vascular-platelet hemostasis was revealed the activation 

Table 1. The Distribution of the Examined Patients 
with Malignant Neoplasms, Depending on the Nosology 
and the Relationship to Radiation Exposure

Nosology
Main 
group 
No.1

Main 
group 
No.2,

n = 83 n = 70
Stomach cancer II B - III A stage. 31 28
Cancer of the head of the pancreas III 
stage 30 25

Rectal cancer II B - III A stage 22 17
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of aggregation mechanisms in both groups of patients 
with malignant neoplasms, which is quite consistent 
with the concept of the combined genesis of thrombotic 
readiness for cancer. However, the question of the origin 
of this activation on the background of the disaggregation 
disorders remains. Is it a manifestation of the primary 
disorders of the structure and function of platelets? Or is 
it a consequence of their secondary pathological activation 
by the action of non-platelet factors? The reduction of the 
level and statistical significance of the differences between 
the groups of patients in terms of TIA against ISA is the 
evidence of a possible role of external influences on 
thrombocytes condition.

It is known that aggregation function of platelets is 
considerably connected with the condition of vascular 
endothelium (Forconi and Gori, 2013). Therefore, we 
suppose that one of the possible reasons for the increase 

of aggregation and the reduction of disaggregation ability 
of platelets with malignant neoplasms radiation-exposed 
patients can be structural and functional disorders of 
endothelium. As a check on this hypothesis, we conducted 
an appropriate laboratory and statistical analysis (Table 
2,3).

The statistically significant differences in terms of the 
content of circulating endothelial cells in the peripheral 
blood among all groups of examined people were revealed. 
At the same time the excess of the indicator over the control 
group was the most expressed (М3М1 = 2.23; М2М1 = 
3.40). However, the excess of this indicator in the group of 
radiation-exposed patients was also significant (М2М3 = 
1.53). Therefore, the presence of the endothelium damage 
in the radiation-exposed individuals before the cancer 
development can be revealed. Or the negative influence 
of neoplastic process on the condition of endothelial cells 

Table 2. Indices of the Condition of Vascular-platelet Hemostasis with Malignant Neoplasms Examined Patients 
and in the Control Group

Indicator
Control group

n = 70
Main group No.1, n 

= 83
Main group No.2, 

n = 70 Р1 - 2 Р1 - 3 Р2 - 3
M1 m M2 M M3 M

ISA, % 41.2 3.4 53.8 6.1 58.2 6.5 0.037 0.016 0.092
TIA, % 60.5 5.1 74.8 6.6 77.7 6.2 0.042 0.023 0.151
ISD, % 19.7 2 13.6 1.1 10.2 0.9 0.031 0.014 0.038
WF, mg/ml 51.7 2.6 68.1 4.7 88.3 6 0.037 0.02 0.031

*Р1 - 2 - statistical significance of differences in the parameters of the control group with patients of the comparison group, Р1 - 3 – control group 
with patients of the radiation-exposed group, Р2 - 3 - between patients’ groups

Table 4. The Indices of Correlation Between the Parameters of Endothelial Function and Vascular-platelet 
Hemostasis in Patients from Main Group No2

Indices of endothelial function
Indices of vascular-platelet hemostasis

ISA TIA ISD WF
R Δr R Δr r Δr r Δr

Content of endothelial cells in 
peripheral blood

0.452 0.021 0.392 0.03 -0.299 0.017 0.555 0.022
p = 0.038 p = 0.043 p = 0.040 p = 0.015

Content of met. NO in blood
0.312 0.047 0.361 0.041 -0.125 0.026 0.217 0.038

p = 0.054 p = 0.048 p = 0.073 p = 0.062

Indicator of EDVD
-0.325 0.029 -0.247 0.018 0.516 0.043 -0.374 0.029

p = 0.054 p = 0.048 p = 0.073 p = 0.062

Table 3. Indices of Endothelial Function with Malignant Neoplasms Examined Patients and in the Control Group 

Indicator
Control group, n = 70 Main group No.1, n = 83 Main group No.2, n = 70

Р1 - 2 Р1 - 3 Р2 - 3
M1 M M2 m M3 M

Content of 
endothelial cells 
in the peripheral 
blood (for 1000 
platelets)

2.2 0.1 4.9 0.3 7.5 0.4 0.017 0.004 0.022

Content of met. 
NO in blood, 
mcg/ml

41.3 2.4 57.4 3.5 53.3 7.8 0.021 0.029 0.215

Indicator of 
EDVD, % 18.6 1 12.7 1.2 9.5 0.6 0.013 0.003 0.019

*Р1 - 2 – statistical significance of differences in the parameters of the control group with the patients of the comparison group, Р1 - 3 – control 
group with radiation-exposed patients group, Р2 - 3 – between groups of patients
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can be estimated. However, whatever the mechanisms are 
the result is the decreasing in resistance of endothelial 
cells with a combination of chronic radiation exposure 
and malignant neoplasm.

The content of NO metabolites in blood of the 
examined patients, as an indicator of the function of the 
vascular endothelium, was increased. This phenomenon, 
which reflects the pathological mechanisms of the 
overproduction of NO by the endothelium in the presence 
of local or systemic inflammation, hypoxia, activation of 
lipid peroxidation, is well known (Lacroix et al, 2012). 
However, in the group of radiation-exposed patients its 
average values were lower than in the main group No.2 
(M3M2 = 1.08). Taking into account the important role 
of NO in regulation of aggregation and in the process of 
spontaneous disaggregation of thrombocytes, it must be 
assumed that this relative decreasing can play a definite 
role in revealed sharp decreasing of the disaggregation 
activity. 

The parameter that most clearly defines the presence 
of endothelial dysfunction is the degree of EDVD. This 
parameter underwent the most significant decreasing 
in our research. Thus, according to the average values 
of this indicator the differences of M1M3 were 1.46, 
М1М2 = 1.96 and М3М2 = 1.34. Therefore, all received 
laboratory and instrumental data confirmed the presence 
of endothelial dysfunction with malignant neoplasms 
patients and its greater degree at the presence of chronic 
radiation-exposure anamnesis.

To specify the connection between the condition of 
the endothelium and vascular-platelet hemostasis we 
conducted a correlation analysis.

In both groups of examined patients statistically 
significant correlations between the content of endothelial 
cells in the blood were found, the level of EDVD and 
indices of hemostasis. The correlation coefficients of the 
last of these with the content of NO metabolites were 
significantly smaller.

A common feature at the evaluation of all results 
of the correlation analysis in chronically radiation-
exposed patients was significantly greater intensity of the 
correlations between indices of endothelial function and 
hemostasis system.

Discussion

Common for both groups of examined patients, who 
had or didn’t have the effect of ionizing radiation in 
the anamnesis, was the presence of signs of endothelial 
dysfunction, characterized by the decreasing of 
endothelium-dependent vasodilatation (Puissant et al, 
2014; Xu et al, 2014), the increasing levels of circulating 
endothelial cells in blood (Machalińska et al, 2011; 
Shilkina et al, 2014), as well as one of the most important 
endothelial factors of activation of the hemostasis - von 
Willebrand factor (Huck et al, 2014; Turner et al, 2014).

As a natural result was the excess of the degree of 
damage of the vascular endothelium in patients with 
malignant neoplasms, who had been previously exposed 
to radiation as a result of living in the areas of radiation 
risk of SNTS.

In spite of different expression of these features 
in different malignant neoplasms and in relation of 
various indices of endothelial function, the presence of 
general direction and data of dispersion and correlation 
analysis confirm the significant increase of the degree of 
endothelial dysfunction with radiation-exposed people.

The analysis of a number of indices of the system 
of hemostasis in the groups of patients with cancer 
indicates the presence of dependence between indices 
of endothelial function and the condition of hemostasis. 
These features are based on the presence of certain 
physiological interactions between the functional systems. 
The endothelium provides important mechanisms of 
hemostasis (Huck et al, 2014; Turner et al, 2014).

The degree of excess the indices of thrombotic 
readiness in patients with all listed in our research types 
of cancer who were exposed to ionizing radiation had a 
significant excess over the control group. This feature is 
characteristic of any form of cancer and is the basis of 
the risk of thrombotic complications constitute a large 
percentage of cancer deaths among the reasons (Elyamany 
et al, 2014; Franchini et al, 2015; Heit, 2015), as well as the 
progression of malignant tumors (Vlodavsky et al, 2007).

The results of the correlation analysis, which was 
carried out for the individual indices of the vascular 
endothelium condition and system of hemostasis, indicate 
the presence of close and highly significant correlations/
ties, which is additional evidence of the role of endothelial 
dysfunction in the formation of the disorders of hemostasis 
and the increase of the risk of thrombotic complications 
with previously radiation-exposed patients. This data 
is fully consistent with the existing model of relations 
between the vascular endothelium and the hemostatic 
system (McMichael, 2012; Chistiakov et al, 2015).

However, the determination of the influence of 
endothelial dysfunction on the course of neoplastic process 
can be associated with the revealed excess of degree of 
disorders of hemostasis system.

In conclusion, It is known that thrombotic complications 
are the second most common direct cause of deaths of 
oncologic patients (Elyamany et al, 2014; Franchini et al, 
2015). Taking into account the use of modern methods of 
treatment the patients with distant metastases, this factor 
comes to the fore (Epstein and O’Reilly, 2012; Trujillo 
Santos, 2012). The risk of cancer spread (metastasing) 
in the presence of evident endothelial increases due to 
three mechanisms - the increase of the permeability of the 
endothelium for the cellular elements of the tumor (Rebelo 
et al, 2009), the increase of thromboembolic potential and 
the negative impact of endothelial dysfunction on the state 
of the immune system as a result of cytokine imbalance 
(Pober et al, 2009). 

Besides, it should be mentioned that according to the 
data of most researches the endothelial dysfunction also 
conduces the neovascularization of metastatic masses 
(Arnes et al, 2012; Ramcharan et al, 2015).
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