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Personalized toxicology is a research area that studies the individual toxicity of hazardous chemical compounds 
by experimental and clinical toxicology based on new molecular medicine approaches, including genetics and epi­
genomics, for prevention, diagnosis, and treatment of chemically induced diseases.

Goal of Research. To study individual genetically and epigenetically induced mechanisms of body’s response to 
exposure to chemical substances, and their effect on preclinical and reversible changes, development of intoxications, 
and long­term effects, as well as assessment of the individual health risk of exposure to a chemical factor.
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Исследуемое направление  — персонализированная токсикология  — перспективно для изучения инди­
видуальной токсичности опасных химических соединений в  рамках экспериментальной и  клинической ток­
сикологии на основе новых подходов молекулярной медицины с использованием генетических, эпигеномных 
методов в  профилактике, диагностике, лечении химически обусловленных заболеваний.

Цель исследования — изучение индивидуальных генетически и эпигенетически обусловленных механиз­
мов реагирования организма на действие химических веществ, их влияния на доклинические, обратимые 
изменения, развитие интоксикаций и  отдаленных эффектов, оценка индивидуального риска для здоровья 
воздействия химического фактора.

Ключевые слова: химическое вещество; токсичность; генотип; эпигеном; здоровье; индивидуум.

The preservation of human health when ex­
posed to a chemical factor is an urgent problem 
in ensuring chemical safety. According to the 
charter of the World Health Organization, health 
is a state of complete physical, mental, and social 
well­being and not just the absence of diseases or 
physical defects. Human health protection is one 
of the most important functions of the state [1]. 
At the same time, the probability of the negative 
impact of hazardous chemicals (Cs) on humans 
and the environment poses a conscious danger to 

ensuring the normal life activities and the health 
of people in the present times.

When assessing the real risk of developing 
chemically induced diseases, the primary tasks at 
present are the identification and quantitative de­
termination of chemical agents and the diagnos­
tics of characteristic manifestations of its  toxic 
effects, considering both the general patterns 
and individual characteristics of the responses, 
including the mental response and consciousness 
of a person in contact with a chemical agent.

List of abbreviations
Cs — chemicals; AhR — aromatic hydrocarbon receptor; BCHE — butyrylcholin esterase; CYP — cytochrome P450; GST — glu­
tathione S­transferase; NAT — N­acetyltransferase; SULT — sulfotransferase; UGT — UDP­glucuronyl transferase.
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The major problem with modern toxicology 
involves proving the existence of pre­nosologi­
cal and initial individual reactions to long­term 
expo sure to Cs at the threshold level and below, 
especially for toxicants that are characterized by 
a wide range of hereditary clinical manifestations, 
including carcinogens and co­carcinogens. Our 
experience has proven that the standard deter­
mination of toxicometry parameters and other 
indicators of C toxicity are based on the fact 
that statistically significant average values of the 
noted effects does not reflect individual sensiti­
vity, depending on gene polymorphisms and epi­
genetic and other hereditary factors, or reflects 
them indirectly (such as coefficients of variation, 
variance of values of median characteristics, and 
the time of the onset of the main symptoms of 
intoxication).

Variants of the effects due to C action, inclu­
ding small doses, are presented in Figure.

Numerous studies have indicated that a per­
sonalized approach is promising when selecting 
methods for early diagnostics and the means 
of therapeutic and prophylactic health mainte­

nance (homeostasis management) [2–10] under 
the conditions of an individual’s adaptation to 
adverse effects, including from chemicals.

It is believed that an individualized approach, 
which is actively developing in the field of clinical 
medicine and pharmacology, based on molecular 
diagnostics, can form the basis in experimental 
and clinical toxicology.

The term “personalized medicine” was first 
used by Kewal K. Jain in 1998 in connection 
with the development of innovative technologies 
based on genetic, bimolecular methods of diag­
nostics, and the methods of prevention, treat­
ment, and rehabilitation of patients [6].

In Russia, V.S. Baranov was the first to for­
mulate the concept of individual predictive 
medicine, which was developed on the basis of 
molecular genetic studies, that substantiated the 
creation of a “genetic passport” of a person [7].

The main aims of our proposed interdiscipli­
nary field, namely personalized toxicology, are 
the study of individual genetic and epigenetic 
mechanisms of subjects’ responses to the action 
of Cs, their influence on preclinical and reversible 

“Dose – effect” dependences of the action of CV in the dynamics of observation

Зависимости «доза – эффект» действия химических веществ в  динамике наблюдения

Different types of dependences in the low-dose region 
Различные варианты зависимости «доза – эффект» в области малых доз
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changes, the development of intoxications, and 
the long­term effects for assessing individual risks 
for health when exposed to a  chemical factor, 
the development of individual treatment, and the 
preventive measures and rehabilitation programs 
for patients [4, 5].

The development of personalized toxico logy 
in the system of modern medical sciences is 
associated with experimental preventive toxi­
cology (assessment of toxicity, hazard of Cs, 
the study of the mechanism of action, toxico­
kinetics, toxicodynamics, and hygienic rating), 
its section,  analytical toxicology (including the 
determination of  Cs, their adducts, metabolites, 
endogenous metabolites in biological media, the 
development of methods, and the implemen­
tation of sanitary and chemical control), and 
the clinical field of toxicology (clinical forms 
of acute and chronic pathology, diagnostics, 
treatment, and correction of lesions), including 
molecular toxicology (molecular mechanisms 
of acute and chronic poisoning with Cs and 
prenosological changes in relation to genetic 
and epigenetic factors) using personalized medi­
cine approaches.

Within the framework of the formation of this 
field of toxicology, there are some classic aspects 
of the systemic approach, namely, the prevention 
of a pathological condition, its diagnostics, and 
treatment (in the event of a disease due to the 
action of a chemical factor and the associated 
causes), and the rehabilitation of patients.

Personalized prevention, together with the 
conventional measures, enables the development 
of specific recommendations for the prevention 
of occupational and other diseases associated 
with chemical exposure such as the measures for 
labor protection and environmental protection, 
vocational guidance methods, lifestyle rules, 
principles of regular medical checkup and early 
registration of prenosological changes in health, 
determination of the appropriate non­drug and 
drug prevention means, including the study of 
the genotype and epigenetic characteristics of 
personnel and other persons in contact with Cs.

Personalized diagnostics implies the selection 
of biomarkers and their quantification to indi­
cate the presence of a specific disorder or pos­
sible predisposition to it. Molecular diagnostics 
plays an important role in personalized medicine 
and includes genome determination (such as the 
complete characterization of the DNA of chro­

mosomes and mitochondrial DNA of an indi­
vidual), haplotypes, the study of gene expression, 
and other epigenetic factors as well as “multi­
omix” interventions (metabonomics, metabolo­
mics, proteomics, and lipidomics). Large­scale 
international genomic studies under the pro­
grams “Human Genome,” “Haploid Genome,” 
“New Generation Sequencing” (NGS), genomic 
(GWAS), and epigenomic (EWAS) associations 
serve as the grounds for studying the hereditary 
factor in the pathogenesis of chemically induced 
pathology.

For effective personalized treatment and the 
rehabilitation of persons with occupational di­
seases, adequate pharmacological and nutritional 
support must be developed, which are aimed at 
normalizing the homeostasis under the condi­
tions of the body adaptation to adverse effects 
[4, 8, 11].

The development of treatment and preven­
tive measures both for a specific person and 
for a  professional group and the population as 
a  whole aims at making a prognosis of possible 
health disorders based on predictive medicine, 
toxicogenomics, and gene therapy.

The creation of an individual treatment and 
preventive program should be based on the 
choice of marker genes and the study of the 
interaction “environment – epigenome – gene,” 
“gene – gene” according to the epigenomic 
regulation and the intergenic mutual influence 
toward maintaining the homeostasis of the body 
[4, 8, 11–24].

The reasons for individual differences in sen­
sitivity to the action of a chemical factor can be 
as follows:
• the state of the environment and the level of 

contamination of food products with xenobio­
tics, including small doses of certain toxicants 
such as carcinogens and co­carcinogens;

• mutations of genes encoding biotransforma­
tion enzymes, components of the immune 
system, antioxidant defense and other detoxi­
fication systems, and a combination of their 
polymorphisms;

• polymorphisms of genes that predisposes to 
the development of pathology of target or­
gans of Cs, namely the neurodegenerative 
processes, diseases of the cardiovascular and 
respiratory systems, and malignant neoplasms;

• the effect of epistasis, namely the interaction 
of non­allelic genes, in which the action of 
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one gene (epistatic) suppresses the action of 
another (hypostatic);

• epigenetic changes that cause genome mo­
dification and gene expression (DNA meth­
ylation and chromatin remodeling), which 
can  manifest themselves over several genera­
tions;

• gender;
• age;
• physiological state and other internal factors;
• deterioration of the lifestyle, including in­

dulgence in “bad habits” (smoking, alcohol 
consumption, and drug abuse);

• and the combinations of the above factors, 
which can lead to a significant change in the 
body’s response to the action of Cs.
The tasks of an individual approach in as­

sessing the health of persons in contact with Cs 
include the following:
• the search for individual and group differen­

ces in the structure of genes involved in the 
biotransformation of xenobiotics and charac­
terization based on the presence of polymor­
phisms;

• selection of genetic markers that determine 
individual and group sensitivities to the ac­
tion of a chemical factor;

• search for new markers of exposure, namely 
direct adducts with DNA, RNA, serum albu­
min and others, as well as markers of sensi­
tivity, namely gene polymorphisms and epi­
genomic changes;

• selection of biomarkers of individual effects 
due to genetic characterization;

• creation of new experimental models of per­
sonalized studies using humanized animals 
on the cultures of human cells with different 
genetic characteristics;

• assessment of the relationship between the 
presence of genetic markers and sensitivity to 
a chemical factor in the dynamics of observa­
tion of effects (from the background level to 
assessing the effects of exposure);

• development of methodological approaches 
to assessing the risk of developing increased 
individual sensitivity to the action of Cs;

• population genetic analysis, prognosis, and 
preventive measures for high­risk groups (such 
as personnel of enterprises and people living 
near hazardous chemical facilities).
When conducting an individual assessment 

of  the Cs toxicity in an experiment or on ani­

mals, it is necessary to take into account the 
following:
• the species of animals most sensitive to the 

possible toxic effects;
• age and gender of the experimental animals;
• physiological state of the animals;
• method of Cs administration, dose, the route 

of administration, and dosage regimen;
• and the stability of the test material under the 

conditions of the study.
The creation of new experimental models 

of personalized studies on the effect of Cs on 
animals in in vivo and in vitro experiments, as 
well as on tissue cultures of people with diffe­
rent pheno­ and genotypes, genders, ages, and 
ethnic groups, among other such variables is of 
great importance, depending on the tasks set. 
The studies should be aimed both at searching 
for patterns of toxic effect by the conventional 
methods and at identifying the relationship of 
hereditarily determined mechanisms of individu­
al response of multilevel systems for maintaining 
the homeostasis through molecular biology and 
mathematical modeling methods.

The selection and development of new mo­
dels of laboratory animals for the assessment 
of chemically determined pathology similar to 
occupational diseases in humans [5, 12] should 
be performed individually for each animal du­
ring the entire follow­up period (during the pre­
exposure, exposure, and recovery period), while 
considering the species sensitivity and the indi­
vidual parameters of indicators of direct exposure 
of Cs to the target organs and the biomarkers of 
detoxification of these xenobiotics for extrapola­
tion of data obtained in experiments on animals 
to humans.

The models of transgenic (knockout­gene) 
animals are considered promising, as they enable 
simulation of health disorders similar to diseases 
in humans, which are associated with individual 
genetic aspects [12]. Whenever possible, these 
studies should include studies on toxicokinetics.

Notably, substantiation of individual (group 
by genotypes) hygienic standards of Cs using 
contemporary methods of hygienic standar­
dization is problematic due to the uncertainties 
involved in the choice of pathogenetically sig­
nificant toxicity parameters calculated for each 
experimental animal during the entire follow­up 
period (from the baseline values to the level in 
the recovery period).
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With an individual assessment of the effect 
of a toxicant or a complex of Cs on the human 
health, the question arises regarding the selec­
tion of adequate physicochemical and biological 
indicators, primarily molecular biology. Table 1 
presents the main differences between the studies 
on the effect of hazardous Cs on the body us­
ing personalized toxicology from the approaches 
used within the conventional clinical toxicology.

To understand the nature of the toxic dy­
namic effect, information is required on the 
behavior of Cs, their metabolites, and adducts 
with nucleic acids and proteins in the biological 
fluids (for example, in the plasma, blood serum, 
and urine). It has been reported that the degree 
and nature of toxic effects largely depend on the 
rate of formation as well as elimination of the 
toxic metabolites of xenobiotics:

 — polar metabolites formed in the phase 1 of 
biotransformation with the involvement of 
oxidoreductases (CYP450) and hydrolases 
(cholinesterase and carboxylesterase);

 — conjugation products formed in the phase 2 
of biotransformation with the involvement of 
N­acetyltransferases, UDP­glucuronyl trans­
ferases, glutathione­S­transferases, and sulfo­
transferases.
The processes of the transport of metabolic 

products, characterized by the different activi­
ties of transport proteins, have a significant effect 
on the rate of elimination. Isoforms of transport 
proteins (such as P­gp, OATP, OAT, and MRP) 
with low activity aggravate the course of intoxi­
cation.

Currently, the role of polymorphism of genes 
that regulate the activity of enzymes of phase 1 

Table 1 / Таблица 1

General and distinctive approaches to toxicity assessment of hazardous chemicals in personalized  
and clinical toxicology studies

Общие и отличительные подходы к оценке токсичности опасных химических веществ  
в персонализированной и клинической токсикологии

Indicator Clinical toxicology Personalized toxicology

Gender +  +

Age + +

Phenotype ± +

Genotype – +

Epigenetic effects – +

Lifestyle ± +

Health status + +

Individual approach to sanitary and chemical control of the condition of production  
and the environment

Chemical factor ± +

Habitat of the individual – +

Personal monitoring of toxicity (physiological, biochemical, immunological, genetic, pathomorphological, 
and other biological indicators)

Background levels + +

In the dynamics of exposure ± +

In the long­term ± +

Cell culture genotypes ± +

Therapy using genotyping materials ± +

Factor analysis (principal component analysis, etc.) ± +

Toxicity assessment results

Average group indicators, including population ones + ±

Individual (group by genotypes) data – +

N o t e. + — used in the experiment; – — not applicable; ± — not always.
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(CYP and BCHE) and phase 2 (GST, UGT1А1, 
and NAT2) of biotransformation of xenobio­
tics, neurohumoral activity (SLC6A, 5-НТА, 
5-HTT, MAOA, DRD4, and COMT), im­
mune (genes STAT4, STAT6, encoding im­
munoglobulins, cytokines, mutations of genes 
FOXP3, and UNC13D), cardiovascular (APOE, 
CETP, PON, FV, eNO, and ADRB), and other 
systems in the development of multifactorial and 
chemically determined diseases has been actively 
studied [4, 13, 16, 20–22]. The role of genetic 
and environmental factors in the development 
of polygenic diseases is diverse and unique for 
each patient, including those being exposed to 
chemical pollutants.

High sensitivity to the action of toxic Cs 
can be due to both high and low activities 
of indivi dual biotransformation enzymes and 
other  systems associated with polymorphisms of 
the corresponding genes. A relationship exists  
between  the processes of biotransformation and 
the immune system during the neutralization 
of Cs, while free radicals are formed with high 
reactivity to activate antioxidant protection, the 
lack of which induces oxidative stress.

To prove the individual toxicity of Cs, the 
genetically determined criteria must be selected, 
namely the polymorphisms of genes encoding the 

enzymes of the phases 1 and 2 of biotransfor­
mation of xenobiotics that regulate immune re­
sponses, the function of antioxidants and other 
detoxification systems; epigenetic disorders; 
and  their complexes, which significantly affect 
the nature of pathological processes in the body. 
Table 2 presents some allelic variants of genes 
that regulate the processes of detoxification of 
xenobiotics associated with “unfavorable” con­
sequences of exposure to Cs.

There is often a cascade effect of the ho­
meostasis impairment when exposed to Cs. For 
example , the transcription of genes containing 
sites sensitive to polyaromatic hydrocarbons, 
dioxins , and other xenobiotics is associated 
with the aromatic hydrocarbon receptor gene. 
AhR  acti vates the expression of genes that 
regulate the processes of phases 1 and 2 of 
biotransformation, oxidative stress, intracellu­
lar transport, metabolism, immune response, 
and pro­inflammatory signaling, among others. 
The  activation of the nuclear transcription fac­
tor NF­κB during the interaction of its subunits 
(such as RELA, RELB, and c­Rel) with AhR 
increases the expression of genes­ receptors of 
immunocompetent cells, reagents of the acute 
phase of inflammation, cell adhesion molecules, 
growth factors, proliferation, metastasis of tu­

Table 2 / Таблица 2

Some “unfavorable” allelic variants of xenobiotic detoxification system genes [4]
Некоторые «неблагоприятные» аллельные варианты генов системы детоксикации ксенобиотиков [4]

Gene Allelic variants Gene Allelic variants

Biotransformation phase 1 Biotransformation phase 2

CYP2D6 2D6*3, CYP2D6*4 etc. UGT1А1 А1*1В, А1*28, 1А1*60

CYP2С9 2С9*2, 2С9*3 NAT2 NAT 2*5, NAT 2*в, NAT 2*7, 
NAT2*14 etc.

CYP2В6 2В6*5, 2В6*6 ТРМТ ТРМТ*2, ТРМТ*3, ТРМТ*8

CYP3А4 А290G, 3А4*4 GSTT1 Null alleles (0/0)

NQO1 609 C>T GSTМ1 Null alleles (0/0)

BCHE A209G etc. GSTР1 GSTР1*В; GSTР1*С

Cytokines Pro­ and antioxidant systems

IFNγ +874A/T SOD2 C (T/C and C/C)

TNFα –308G>A, –238G>A CAT T (T/T and C/T); G (G/G)

IL4 –589Т, –590T, –590С GPX4 T (C/T and T/T)

IL6 –174С>Т GCLC T (T/T)

IL10 –592С>A, –1082A>G, 
–2849A>G, –575T>A

CYBA Т (Т/T) (640AA)

IL17 G197A NQO1 (NAD(P)H Т (С/T)
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mor cells, viral replication, transcription factors, 
regulators of the cell cycle, and apoptosis [24]. 
For genes encoding isoenzymes CYP, NAT, 
and GST, polymorphisms are characteristic, 
manifested phenotypically by the presence in 
the population of “fast,” “slow,” or intermedi­
ate metabolizers. The greatest deterioration in 
health is more common with a combination of 
a high level of enzyme activity of phase 1 and 
low activity of enzymes of phase 2 in biotransfor­
mation. Particularly high sensitivity is registered 
in individuals with a combination of gene muta­
tions CYP1A1 C/C and GSTM1 “0/0,” GSTT1 
“0/0”; the combinations of genotypes GSTT1+ 
and GSTM1 (0/0), GSTM1 0/0 and CYP2E1 
T/A, GSTP1 and CYP2C19.

The control of the activity of various sub­
populations of immunocompetent cells provide 
an immune response to antigens, which is asso­
ciated with the HLA complex for humans [13]. 
It has been proven that the same antigen causes 
an immune response of different levels in in­
dividuals with different genotypes; meanwhile, 
the body can be reactive to different antigens 
to diffe rent degrees. The influence of polymor­
phisms of cytokine genes regulate immune and 
other processes in maintaining the homeostasis 
in the development of various pathologies has 
been most studied. The inhibitory effect on 
cytochrome P450­dependent monooxygenases 
has been reported in cytokines, namely IFNα, 
IFNβ, IFNγ, and IL­1 and TNF, IL­6, IL­11, 
and IL­2.

Under the conditions of the human habitat, 
hereditary factors that determine the physical, 
mental, and spiritual welfare are implemented.

The increased sensitivity to chemical expo­
sure may be associated with personality traits. 
Conversely, chemical agents, primarily those 
with a neurotropic effect, and high neuropsy­

chic stress during work with Cs as a situation 
requiring constant adaptive stress with the in­
volvement of epigenetic mechanisms, can be­
come the primary factor provoking not only 
several disorders of neuropsychic functions but 
also the development of psychosomatic diseases 
registered in the personnel of chemically haz­
ardous industries [25–27]. It is therefore neces­
sary to study genetic and epigenetic markers of 
predisposition to these health disorders due to 
exposure to a  certain chemical factor.

The polymorphisms of genes involved in the 
regulation of mental functions (such as dopa­
minergic and serotonergic, GABA­ergic, hypo­
thalamic­pituitary and adrenergic systems, and 
neurotrophins), which play a major role in so­
cial orientation, memory, behavior, and social 
functions, have been most studied [15–23]. 
The  genes of the neurotropic factor of the brain 
and its receptor and the metabolism of poly­
amines, glial cells, and metabolism are also the 
genetic markers of stress response in humans.

It has been experimentally demonstrated in 
laboratory animals that genes for the receptors 
of dopamine, serotonin, norepinephrine, nuclear 
factor NF­κB, mitogen­activated protein kinase, 
neurotrophic factors, transducers, and transcrip­
tional activators that control the transmission 
of nerve impulses as well as the characteristics 
of the immune system, affect the nature of the 
stress response and the recovery of the body after 
stress [28].

Table 3 presents some allelic variants of genes 
that determine the negative forms of mental 
functions in humans. The selection of these 
genotypes for use as biomarkers of sensitivity to 
specific Cs is important when conducting profes­
sional selection and in ensuring adequate per­
formance of personnel in chemically hazardous 
industries.

Table 3 / Таблица 3

Polymorphisms of genes that determine negative forms of behavior and other mental functions in humans
Полиморфизмы генов, определяющих негативные формы поведения и другие психические функции человека

Gene Allele, polymorphic locus Mental disorders

SLC6A3 (dopamine transporter) 9R Violent behavior and aggressiveness, tendency 
to schizophrenia, alcoholic psychosis, decreased 
attention; depression in patients with cerebral 
atherosclerosis

SLC6A3 (dopamine transporter) 10R Risk behavior

DAT1 (dopamine transporter) 9R, 10R Predisposition to depression, drug addiction and 
other mental disorders
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Gene Allele, polymorphic locus Mental disorders

DRD2 (type 2 dopamine receptors) А1А1(Т), 
А1А2(СС)

Tendency to schizophrenia, addictive behavior 
(alcoholism, drug addiction); acceleration of 
mental fatigue during cognitive load

DRD4 (type 4 dopamine receptors) 7R, 4R Tendency to seek thrills, especially when 
exposed to negative psychosocial factors, to 
depressive psychosis, instability to stress

SLC6A4 (serotonin transporter) 5­НТТLРR, SS, 
rs1042173

Tendency to depression, anxiety, violence, 
instability to stress

5-НТR2А (serotonin transporter) A1438G, T102C, 
А2А2

Tendency to schizophrenia, depression, 
aggressive behavior

НТR2А (serotonin transporter) 102T>C, 1438G<A,
rs 7997012,
rs17069218 (Т/Т),
А1А1

Tendency to schizophrenia, depression, 
addictive behavior (alcoholism, drug addiction); 
aggressiveness, susceptibility to cardiovascular 
diseases

TPH1 (catalyst for the oxidation of 
tryptophan to 5­HT)

A218C (А/А) Depressive and suicidal affective disorders

MAOA (monoamine oxidase A; 
degradation of the neurotransmitters 
of adrenaline, noradrenaline, 
serotonin, and histamine)

5R, 4R, 3R, 2R,
low­active gene 
variant (LPR)

Men who survived parental violence are most 
prone to aggressiveness and antisocial behavior;

ТРН1 (tryptophan hydroxylase, 
serotonin synthesis)

А218С (А) the risk of aggressive and hostile behavior at 
a young age

ТРН2 (tryptophan hydroxylase, 
serotonin synthesis)

G703Т (Т) Aggressiveness, anxiety, impulsivity, suicidal 
behavior

NET (noradrenaline transporter) A1287G (А/А), 
T182C (Т/Т)

Aggressiveness, anxiety

COMT (catechol­O­
methyltransferase: degradation of 
catecholamines)

G472А  
(А/АА/АА/А),
G472A, 
G472AG472A, 
G472Ars4680А>G

Schizophrenia, bipolar disorders, aggressiveness, 
antisocial behavior

AVPR1A (vasopressin hormone 
receptor)

rs1042615 (Т) Aggressive behavior

AVPR1В (arginine­vasopressin 
hormone receptor)

rs28632197 (А),
rs33911258 (А/А)

Mental disorders, aggressive behavior

OXT (oxytocin) rs6133010(А/А) Aggressiveness

OXTR (oxytocin receptor) Deletion,
rs53576А/G (А) 
and  rs4564970(G),
rs7632287 (Т) 
and  rs11720238 (Т)

Autism, decreased empathy, prosocial behavior, 
aggression, decreased stress resistance, 
development of mental disorders.

GAD1 (synthesis of GABA isoforms 
by glutamate decarboxylase)

rs3749034 Tendency to schizophrenia

GABBR2 (metabotropic GABA 
receptors)

rs35400353 Tendency to schizophrenia

BDNF (brain­derived neurotropic 
factor)

rs6265 (196G>А) Depression under stress, aggressive behavior

End of table 3 / Окончание табл. 3
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The combination of unfavorable polymor­
phisms of genes regulating neuropsychiatric 
functions and human developmental conditions 
increases the risk of behavioral problems and the 
degree of predisposition to depressive and other 
disorders; for example, the interaction of poly­
morphic loci of genes for vasopressin hormones 
(AVPR1A, AVPR1A) and oxytocin genes with 
genes of the serotonergic system increases the risk 
of aggressive behavior. Moreover, the combina­
tion of some alleles of catechol­O­methyltrans­
ferase with inactive methylenetetrahydrofolate 
reductase affects the risk of development and 
the course of schizophrenia. However, an in­
dividual’s predisposition to impaired behavioral 
reactions such as work and social activity may 
not manifest itself throughout his life if he has 
developed and lives in a favorable environment.

The phenotype of a behavior, other mental func­
tions, as well as physiological, morphological, and 
functional characteristics of an individual is deter­
mined not only by the genotype (DNA sequence) 
but also by the epigenetic mechanisms [4, 29].

The components of the cascade of neuro­ 
endocrine­immune responses regulate the activity 
of genes in the brain cells and peripheral tissues 
through epigenetic changes. In case of epigenetic 
inheritance, the DNA sequence does not change, 
while other genetic factors regulate the activity 
of genes and the processes of adaptation to the 
effects of the internal and external environment. 
Genome modifications and gene expression are 
associated with the processes of DNA methyla­
tion, compaction, and decompaction of chroma­
tin, as well as the regulation of non­coding and 
other RNAs, particularly microRNA biogenesis 
at the stage of microRNA precursor processing, 
with protein prionization and X­chromosome 
inactivation [4, 28, 30].

Epigenetic mechanisms provide dynamic and 
long­term regulation of neurons, the mainte­
nance of neurons and neural networks, and the 
neuropsychic status. An inverse relationship be­
tween DNA methylation and histone acetylation 
has been reported [28]. Methylation of H3K4, 
H3K9, and H3K27 is significant in various beha­
vioral responses to stress; these epigenetic modi­
fications are regulated by histone methyltrans­
ferases. The  genes for the serotonin transporter 
SLC6A4  [31], corticotropin­releasing hormone 
CRH [32], glucocorticoid receptor NR3C1 [33], 
brain­derived neurotropic factor BDNF [34, 35], 

and ankyrin family ank3 have been most thor­
oughly investigated in relation to epigenetic 
changes during the formation of stress reactions 
and post­stress conditions [36]. The molecular 
cascades of cellular responses to stress have been 
described, including the mobilization of trans­
posones [37] and the changes in the functioning 
of mitochondria such as ATP synthesis and the 
regulation of protein synthesis  [38].

Epigenetic changes can induce pathological 
conditions, including the acceleration of aging  
and the development of neurodegenerative, car­
diovascular diseases, diabetes, neoplasms, and 
other multifactorial diseases [4, 24, 39, 40]. 
The epigenetically dependent development of dis­
eases can be influenced by gender, age, hormonal 
status, unhealthy diet, social interactions, envi­
ronmental problems, and other reasons. When Cs 
influence the phenotype or expression of genes 
in the initial stages, these changes are reversible.

DNA hypomethylation (demethylation) and 
the resulting chromosomal instability with age 
has been studied [40]. In fact, with aging, some 
promoter regions have been reported to be hy­
permethylated, including certain tumor suppres­
sor genes. Increased epigenetic age is associated 
with the activation of pro­inflammatory and in­
terferon pathways and a decrease in the activation 
of transcription/translation mechanisms, the re­
sponse to DNA damage and mitochondrial signa­
tures, which should be considered when assessing 
the effect of a chemical factor on human health. 
Thus, the acceleration of the “epigenetic age” in 
comparison with the chronological one by 5 years 
increased the risk of mortality in humans, as deter­
mined by the Horvath method by 22% and by the 
Hannuman method by 16%, as well as the deve­
lopment of carcinogenesis and other pathologies.

Thus, to characterize the individual predispo­
sition to the action of Cs and to compile a mul­
tifactorial database for each employee (citizen), 
it is important to integrate information about the 
hereditary biological and psychosocial properties, 
constitutional, behavioral, morphophysiological, 
metabolic characteristics, as well as research data 
on environmental and other factors.

The differential diagnostics of diseases is based 
on an assessment of the clinical presentation of 
a patient with chemically determined diseases, 
which involves the results of an analysis several 
systems of the body homeostasis, including he­
reditary predisposition.
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The emergence of the clinical field of perso­
nalized medicine, associated with customization 
(i.e., selection for individual characteristics) of 
drugs implies a promising transition from tra­
ditional pharmacotherapy, with a focus on the 
entire population, to a new group model (ideally 
an individual model, which is molecular­targeted 
therapy, to its new stage, targeted medicine) [41]. 
The development of this field can ensure greater 
efficiency and safety of treatment, and then, based 
on the evidence and approaches of systemic ge­
netics, it will enable proceeding with the develop­
ment of the translational (precise) medicine.

Taking into account the current development 
of medicine, the urgent problem of the clinical 
section of personalized toxicology is the improve­
ment of predictive, preventive, personalized, and 
participatory fields of health management, as 
 adopted in Russian and other international prac­
tice [4, 9, 41–45]. Predictivity is the determina­
tion of the probability of diseases occurrence in 
order to comply with the chemical safety measures 
and adjust to the employee’s lifestyle in order 
to prolong the life and improve its overall qua­
lity. The preventive field is aimed to prevent the 
onset of disease development. The personalized 
field represents an approach to the provision of 
health care with a preventive focus and treatment 
based on the individual characteristics of  workers 
(i.e., patients). The participatory field implies the 
active participation of the person himself/herself 
in the process of making specific medical deci­
sions and in defining a general strategy for moni­
toring his/her health.

The introduction of the methodology for per­
sonalized assessment of the toxicity of Cs into the 
clinical practice of medical institutions of chemi­
cally hazardous industries will enable the following:
• the development of an algorithm enabling in­

dividual assessment of the potential hazards of 
highly, extremely toxic chemicals (contamina­
tion with Cs of the working area air, equipment 
surfaces, building structures, environmental ob­
jects, presence of Cs and their metabolites, and 
adducts in biological media), including data from 
personal dosimeters, questionnaires for recor­
ding the employee’s stay in the hazardous areas;

• the creation of a material, technical and labo­
ratory base for clinical, genetic and experi­
mental studies on individual toxicity;

• the improvement of the conduct of compre­
hensive environmental­hygienic and clinical­

epidemiological studies of personnel and the 
general population, including an assessment 
of the potential and real risks and the iden­
tification of a risk group when working with 
Cs through a personalized approach;

• the determination of the internal dose (expo­
sure marker) of hazardous Cs that entered the 
body during the shift (i.e., day, year, total 
contact time);

• detection of markers of early detection of 
prenosological, clinical manifestations of in­
toxication, and the possible long­term effects, 
including “omix” (genomics, epigenomics, 
lipidomics, toxicometabolomics) indicators 
characterizing individual reactivity;

• the selection of markers of the mechanism of 
action of drugs and the effectiveness of treat­
ment;

• the establishment of predictors of the clinical 
outcome of a disease;

• introduction into practice of new genetic express 
methods for diagnosing the state of health of 
the examined persons in the follow­up studies;

• the development of individual (group) ap­
proaches to the hygienic regulation of Cs 
based on genotypes (epigenomes) that affect 
the degree of their toxicity (hazard) in persons 
in contact with these compounds;

• improvement of the database of personal data 
of health registers, considering the genetic 
characteristics in groups of populations under 
consideration for maintaining the medical and 
sanitary passports of enterprises and territories 
of the zone of protective measures;

• introduction of a set of effective measures for 
individual health protection of workers and 
the population in contact with chemical pol­
lutants and their future generations, inclu ding 
the selection of food products based on nu­
trigenetics and nutrigenomics
Thus, personalized toxicology is a promising 

field of comprehensive research aimed at assess­
ing the hereditary reserve capacities of an or­
ganism, its response to chemical exposure, and 
other related factors. For effective prevention, 
including the treatment and rehabilitation of pa­
tients, it is necessary to create a database of indi­
vidual data characterizing genetically determined 
a priori (potential) and absolute risks (in terms 
of markers of exposure, susceptibility, and effect) 
with the priority of high social responsibility of 
specialists with access to personal biometric data.
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