
RAD Conference Proceedings, vol. 4, pp. 85–89, 2020 

ISSN 2466-4626 (online) | DOI: 10.21175/RadProc.2020.18 

www.rad-proceedings.org 

  

 

 

ENVIRONMENTALLY RELATED OXIDATIVE STRESS (EROS) 

IN CHILDREN CARCINOGENESIS: AN OVERVIEW AND OWN DATA 

S. K. Pinaev* 

Far Eastern State Medical University, Khabarovsk, Russia 

Abstract. According to the report of the International Agency for Research on Cancer, more than 100 different 
factors of chemical and physical nature are recognized as carcinogenic. Many ecological factors provide their 
potential through environmentally related oxidative stress (EROS) induction, which can be considered as an 
“assemblage point” of various environmental factors into a single oncogenic vector. Based on the role of EROS in 
oncogenesis, measures for the prevention of all forms of malignant neoplasms have to include means that improve 
antioxidant protection by stimulating autophagy and Transfer Factor for an effective immunorehabilitation. 
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Every year the study of the molecular mechanisms 
of carcinogenesis highlights more and more details of 
this process. Some of them serve as a springboard for a 
new round of research, while others form the basis for 
new targeted medications for tumor therapy. A positive 
consequence of this is an increase in the degree of 
personalization and targeting of the treatment process, 
but, unfortunately, often without obvious increase in 
the final efficiency. Therefore, it is still important to 
study the universal mechanisms of oncogenesis that 
can serve as the basis for implementing new systemic 
approaches to the prevention and treatment of cancer. 
One of such universal mechanisms is environmentally 
related oxidative stress (EROS). 

Currently, the role of the external environment in 
the neoplasms development is generally recognized. 
According to the report of the International Agency for 
Research on Cancer (IARC), more than 100 different 
factors of chemical and physical nature are recognized 
as carcinogenic [1]. 

It is difficult to overestimate the electromagnetic 
pollution of the environment that has been growing 
every year. The International Agency for Research on 
Cancer (IARC) has classified radio-frequency 
electromagnetic radiation, including mobile 
communications, as a possible human carcinogen [2], 
and according to the data the experts published in 
2019, the hazard class is be increased [3]. 

Environmental factors play a special role in 
oncogenesis in young children of 0-4 years old. A 
peculiarity of tumor pathology of this period is its 
prenatal genesis, a close connection between the 
processes of embryogenesis and organogenesis with 
carcinogenesis, as well as a relatively short time 
between the effect of environmental factors and the 
development of neoplasias. In this regard, malignant 
neoplasms in young children can be considered as a 

sensitive indicator of the carcinogenic effect of 
environmental factors on the human population. 

At present, it has been found out that many 
childhood malignancies are associated with certain 
environmental factors. Thus, exposure to solvents and 
pesticides has been shown to be positively associated 
with the risk of childhood leukemia [4]. Contact of the 
expectant mother with gasoline and diesel fuel 
significantly increases the chances of retinoblastoma in 
children [5,6]. 

About 5-10% of malignant neoplasms in children 
are associated with ionizing radiation [7]. Prenatal and 
neonatal ionizing radiation, according to some authors, 
increases the risk of leukemia [7,8], while others 
mention harmful influence of radiation exposure 
during pregnancy, but deny the role of postnatal 
exposure [9].  

Solar activity, according to our data, has a direct 
reliable dependence on the incidence of leukemia and 
non-Hodgkin’s lymphomas in children [10,11], that 
may be due to changes in the Earth’s magnetic field 
under the influence of the Sun.  

Ultraviolet radiation from the Sun, according to the 
literature, increases the risk of retinoblastoma [12] and 
embryonic tumors of the central nervous system, but 
reduces the risk of developing hepatoblastoma [13], 
acute lymphoblastic leukemia and non-Hodgkin’s 
lymphoma in children [13,14], presumably due to the 
stimulation of vitamin D production [14]. 

Smoke is an important environmental factor with 
proven mutagenic and genotoxic effects [15]. It has 
been revealed that smoking of parents before and 
during pregnancy can be a risk factor for the 
development of lymphomas and tumors of the central 
nervous system (CNS) in a child [16]; prenatal 
exposure to wood-fired smoke also increases the risk of 
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developing CNS tumors in children [17]. Numerous 
studies indicate that there is a connection between 
childhood leukemia and the effects of tobacco smoke 
and exhaust gases on expectant parents before 
conception, and then during pregnancy and in the first 
years of children’s life [4,8,16,18,19,20,21].  

Maternal smoking before and during pregnancy, as 
well as exposure to gasoline and diesel combustion 
products, significantly increases the chances of 
retinoblastoma in children [5,6], similarly, parental 
smoking increases the risk of developing 
hepatoblastoma in childhood [22]. 

According to our data, there is a strong connection 
between the number of forest fires and the incidence of 
CNS tumors, as well as Hodgkin’s lymphoma, 
leukemia, and embryonic tumors in the population of 
young children [10,11,23,24]. 

Many environmental factors provide their 
oncogenic potential through oxidative stress induction. 
Bisphenol A, active and passive smoking [25,26] lead to 
the development of oxidative stress. The amount of 
carbon microparticles PM2.5 and PM10 in smoke due 
to the use of biomass as a fuel in cooking correlates 
positively with the depletion of antioxidant enzymes 
and increased lipid peroxidation [27,28]. An 
alternating magnetic field of 50 Hz and static magnetic 
fields, cause an increase in the activity, concentration 
and lifetime of paramagnetic free radicals with the 
development of oxidative stress [29,30]. That is 
precisely why oxidative stress should be considered as 
an “assemblage point” of various environmental factors 
into a single oncogenic vector.  

EROS determined also in addition to the oxidative 
stress itself due to an imbalance in the system of 
“reactive oxygen species (ROS) - antioxidants” by 
nitrosative and carbonyl stress, characterized by 
excessive formation of reactive nitrogen and carbon 
species respectively, and reductive stress that occurs 
when the levels of free radicals are reduced [31,32]. 

The result of the impact of EROS is largely 
determined by the period of ontogenesis when this 
impact occurs [31,32]. Thus, the participation of 
environmental factors in oncogenesis in children 
through EROS can be represented as follows. After 
their onset oxidative stress launches a chain reaction of 
the formation of secondary radicals, as well as due to 
the growing bias in the oxidant-antioxidant system due 
to the depletion of the level of antioxidant enzymes 
[27,28] and dysfunction due to the formation of cross-
links between the polypeptide chains of protein 
molecules [31,32].  

The state of mitochondria plays a key role in the 
development and maintenance of the oxidant-
antioxidant imbalance, since their dysfunction can be 
one of the reasons for increased sensitivity to the 
effects of environmental factors, and after the onset of 
oxidative stress, it can become its consequence, thus 
closing the pathological circle [33,34]. 

Acetylation of histones plays an essential role in 
oncogenesis. It has been shown that double and triple 
methylated histones are associated with the 
development of various hematological cancers [35]. 
According to the IARC monograph “Air pollution and 
cancer” in experimental studies in vitro and in vivo 

altered DNA methylation, histone modification, and 
other classes of epigenetic modifications were observed 
after exposure to tobacco smoke, carbon black, diesel 
exhaust, wood smoke, bisphenol A, chromium, nickel, 
arsenic, and cadmium [14]. Exposure to both static 
magnetic fields and an alternating magnetic field of 50 
Hz can increase the activity, concentration and lifetime 
of paramagnetic free radicals, and lead to genetic 
mutations [29,30]. 

The growing EROS leads to epigenomic modulation 
of the functioning of genes involved in oncogenesis and 
tumor development. It was found out that aldehydes 
arising as a result of carbonyl stress can simultaneously 
form bonds with proteins and nitrogenous bases of 
DNA by forming cross-links between polypeptide and 
polynucleotide chains, resulting in chromosomal 
aberrations and inhibition of gene expression [31,32]. 

The increased metabolic activity of cancer cells 
causes high concentrations of ROS, which leads to a 
number of events that contribute to the development of 
tumors, such as DNA damage, genome instability, 
oncogene activation, sustained proliferation, and 
survival. Elevated ROS concentrations also cause 
protective growth of cancer cells with an increased 
antioxidant capacity to support tumor-stimulating 
signaling. An increase in the ROS level to the toxicity 
threshold, for example, by treatment with exogenous 
ROS inducers or antioxidant inhibitors, causes 
oxidative damage to cells and, inevitably, cell death. 

The process of tumor transformation can be also 
directly triggered by MICAL proteins. The MICAL 
family is represented by redox-active enzymes that 
mediate semaphorin signaling and are direct regulators 
of cell shape and motility. MICAL proteins work 
through specific, reversible post-translational actin 
oxidation, providing disassembly and reconstruction of 
the cytoskeleton, that supports many aspects of the 
behavior of both normal and cancer cells [36]. 

EROS has a direct immunosuppressive effect, as 
the cells of the immune system are especially 
vulnerable due to their high metabolic activity and 
their own production of ROS [33]. The resulting 
immunodeficiency, in its turn, increases the chances of 
survival in transformed cells. 

Since the studies of the last 20 years have revealed 
significant contradictions between the study of the 
antioxidant properties of medications in vitro and their 
action in the body [37], at present, special attention is 
paid to the study of endogenous mechanisms of 
antioxidant defense [32,38]. 

Autophagy is an effective way to protect against the 
development of EROS and to stop its consequences 
[38]. Antioxidant-inducing effects of Chinese herbal 
medicine (quercetin, epigallocatechin gallate, 
resveratrol, constituents of Portulaca oleracea L., 
Forsythia sussa, Andrographis paniculata, Astragalus 
membranaceus) show the reducing inflammatory 
mediators, inhibiting tumor proliferation and 
angiogenesis, suppressing metastasis, overcoming drug 
resistance and decreasing the side effects of chemo and 
radiotherapy by inhibiting glycolysis, regulation of 
ROS-related transcription factors (NRF2, NF-κB, COX-
2, STAT3, HIF-1a) and by enhancing the capacity of 
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antioxidant enzymes such as GSH, SOD, and HO-1 
[39].  

The prooxidant effects of Chinese herbal medicine 
in cancer cells are achieved by increasing the 
production of ROS and / or by inhibiting the 
antioxidant capacity, thereby activating ROS-
dependent models of cancer cell killing. Apoptosis 
induces a signaling pathway with activation of 
apoptotic executive molecules, autophagic cell death, 
necroptosis, and ferroptosis [39]. 

The ability to activate NRF2 has been detected in 
curcumin and a group of compounds related to alkyl 
catechols. Alkyl catechols used in fermented food and 
beverages are formed there by Lactobacillus 
plantarum, Lactobacillus brevis and Lactobacillus 
collinoides, synthesizing them from phenolic acids 
found in fruit and vegetables [40,41].  

CONCLUSION 

Currently, taking into account the accumulated 
knowledge about the causes of leukemia in children, 
some authors say that this is the disease that can and 
must be prevented [4,21]. This is quite applicable to 
other malignant neoplasms in children, if we approach 
them from the standpoint of environmental 
conditioning, and the involvement of oxidative stress in 
their pathogenesis.  

How can the effects of exposure to adverse 
environmental factors be reduced? To be protected 
against harmful effects of smoke, expectant parents 
may be advised to avoid staying in smoky places 1 year 
prior planned conception. To protect the respiratory 
organs they should use effective respirators and purify 
the indoor air with filters. Similar recommendations 
may be applied for the protection of newborns and 
young children. 

The method of protecting future children from 
increased solar activity might be, if possible, planning 
pregnancy during periods of the quieter Sun. However, 
it seems that such recommendations are very difficult 
to implement.  

Therefore, based on the systemic mechanism of the 
oncogenic effects of environmental factors, and the role 
of EROS in oncogenesis, measures for the prevention of 
all forms of malignant neoplasms in children have to 
include means that improve antioxidant protection. 

Measures of malignant neoplasms prevention in 
young children, among other things, have to be aimed 
at improving antioxidant protection in future parents, 
young mothers, as well as young children themselves 
[21]. It is recommended to consume a sufficient 
amount of vitamins, including folates, and regularly 
include fresh vegetables, fruit [4,21] and food that 
improve autophagy processes in a diet [40,41]. 

Excessive hygiene while caring for children, with 
much attention to maintaining sterile cleanliness, is a 
risk factor for the development of malignant 
neoplasms, since the lack of microbial exposure at an 
early stage of life leads to impaired functioning of the 
immune system. Therefore, the best prevention of 
cancer is the cohabitation and communication of 

children of different ages, and long-term breastfeeding 
[4,21]. 

Moreover, taking into account the 
immunosuppressive effect of EROS, it is seems 
appropriate add to the protective complex Transfer 
Factor for an effective immunorehabilitation. It is 
included in the Prescriber’s Digital Reference and 
recommended by the Russian Ministry of Health 
[42,43].  

Thus, in our opinion, the investigation of the role of 
EROS in oncogenesis and further study of the 
molecular mechanisms of this process can be 
considered a promising direction that will help to find 
new approaches and solutions in the fight against 
cancer. 
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