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profiles with the psychotherapeutic effect are described. The analysis of the relationship of
genetic predictors and psychological characteristics with the use of methods of cognitive
behavioral therapy, therapy of PTSD, BPD, panic disorders, depression. Discussion. The
analysis of modern scientific literature on the topic allows us to conclude that the DNA
methylation index can be used as a predictor of effectiveness and an indicator of the
response to psychotherapy. In the future, knowledge of the relationship between genetic
predictors and psychological characteristics with the effectiveness of psychotherapy can
be used to develop personalized programs aimed at providing psychological assistance.
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Introduction

Since the middle of the twentieth century, with the active development of genetics,

researchers have begun to note the great role of heredity in the genesis of mental
disorders. The question of the extent of the influence of genotype and environment on
psychological characteristics and human behavior is still open. At the same time, recent
discoveries in the field of neuroscience indicate the opposite effect of behavior on gene
expression. The epigenetic approach allows us to take a different look at mental disorders
and the available methods of their correction, such as medication, psychotherapy, and
psychological correction. Epigenetic studies can play a key role in determining biomarkers
associated with human vulnerability to psychopathologies, which can help improve
the accuracy of diagnosis and expand opportunities for timely prevention of mental
maladaptation and study the mechanisms of psychotherapy (Kumsta, 2019).

Psychotherapy is an interpersonal process that aims to change feelings, behaviors,

attitudes, and cognitions that are problematic for the person seeking help (Strupp and
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Binder, 1984). One of the goals of psychotherapy is the restoration of human social
functioning, thatis, the ability to maintain stable and productive interpersonalrelationships
that promote physical and emotional development. The most important change occurs
with a person'’s ability to change their social environment (Fonagy et al., 2015).

To date, more than 400 types and methods of psychotherapy have been described,
which relate to the main areas: psychodynamic, cognitive-behavioral, existential-
humanistic (Roth and Fonagy, 2005). Recent studies indicate the effectiveness of therapy
regardless of the direction, since common factors such as therapeutic alliance play
the greatest role. The authors of the book "The Great Discussion about Psychotherapy.
Evidence of what makes psychotherapy effective” Wampold and Imel give an example
of a study of the effectiveness of group psychotherapy, in which an improvement in the
psychoemotional state of members of the group receiving psychotherapeutic help was
proved compared with the control group that did not receive such help, and with the
placebo group (Wampold and Imel, 2015). The authors note that psychotherapy has
fewer side effects than many conventional medical interventions and is more effective in
terms of financial costs (if you take into account financial investments in the development
and research of the effectiveness of medications). In the most common mental disorders,
psychotherapy is comparable in effectiveness to drug treatment and has fewer adverse
reactions. In addition, the psychotherapeutic process also has a preventive effect: the
frequency of relapses is lower after its completion. There is no such effect in drug
treatment (Wampold and Imel, 2015).

Considering the interdisciplinary problem of the relationship between genetics and
psychotherapy, it is necessary to study the main modern concepts and discoveries of
genetic neuroscience.

Some questions still remain open. For example, the question of which genes and their
combinations affect susceptibility to stressful experiences, the genesis and manifestation
of mental disorders (Gelernter, 2015). This scientific review is devoted to the search for
answers to this and other designated questions.

Theoretical justification

Basic provisions of epigenetics

The human genome contains about 26 thousand genes encoding proteins, so the
relationship between genotype and phenotype is incredibly complex. One gene can
be associated with several phenotypes (the principle of multifinality), while one specific
phenotype can be caused by mutations in several genes (the principle of equifinality).
Consequently, one particular mutation can manifest itself differently in different people,
which can be explained by a different profile of genetic variations and the influence of
various environmental factors (Cicchetti and Rogosch, 1996).
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The term "epigenetics” was first used by C. Waddington in the 1950s to refer to the
mechanisms by which a genotype leads to a specific phenotype during embryonic
development (Jamniczky et al, 2010). Currently, it is believed that an epigenetic trait
is a stable and inherited phenotype resulting from chromosomal changes without any
changes in the nucleotide sequence (Berger et al., 2009). Thus, epigenetics refers to all
the mechanisms that regulate the genome by regulating gene expression - modifications
that are not related to changing the DNA sequence.

Epigenetic changes have three key features:
4. they depend on the environment (Zhang, Meaney, 2010);

5. they are hereditary, that is, they can be transmitted to at least the first three
generations of descendants (Daxinger, Whitelaw, 2012);

6. dynamic throughout life and potentially reversible (Szyf et al.,, 2008).

There are several mechanisms of epigenetic regulation. The most studied are: 1) DNA
methylation, 2) histone modification, 3) chromatin conformation, 4) microRNA regulation
(Graff et al,, 2011).

DNA methylation is a process of activation and suppression of gene activity, which
plays an important role in cell differentiation and provides a mechanism by which the
genome can express multiple phenotypes in a multicellular organism. It can also serve as
a form of biological adaptation to an ever-changing environment, especially in the early
years of life (Szyf, 2012).

Histones are proteins that pack and organize DNA, and are also involved in the
requlation of chromatin condensation.

MicroRNAs are widely activated in neurons and are associated with the processes of
neurogenesis and neuroplasticity. They may play a role in the pathogenesis of depression
(Dwivedi, 2014).

The "diathesis-stress" model

There are different models of the origin of mental disorders. According to the "diathesis-
stress” model (Monroe, Simons, 1991; Patten, 2013), psychopathology arises as a result
of the interaction of premorbid genetic vulnerability or organic predisposition (diathesis)
and environmental aggression (stress).

In recent years, another assumption has been discussed, according to which, instead
of diathesis, people have different susceptibility to environmental influences; they may
not only be more vulnerable to the negative effects of an unfavorable environment, but
also sensitive to beneficial influences (Belsky et al., 2007), that is, the effect of a particular
polymorphism will be reflected in the phenomenon of plasticity. Thus, the transformation
of the environment into a resource environment at the individual (for example, by
encouraging prosocial behavior and psychotherapeutic interventions) or sociocultural
level (a favorable environment for the population) can have positive results. Therefore,
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the understanding of the role of prevention, diagnosis and treatment of mental disorders
and maladaptations will change.

Currently, two ways of linking genes with the environment have been described
(Caspi and Moffitt, 2006; Kendler, 2011):

7. Gene-environment correlation (rGE);
8. Gene-environment interaction (GxE).

Correlations between genes and the environment are divided into three types
(Kendler and Eaves, 1986):

e passive, where children not only inherit genes, but also share with their parents
the environment in which they grow and develop. For example, they inherit an
athletic physique and family sports habits (Plomin et al., 1997);

e reactive or provocative — refers to the tendency of certain genetically determined
temperamental behavior to cause certain types of reactions in people around them.
For example, a child with a "difficult” temperament is more likely to provoke negative
parental behavior;

e active or selective — defined as the active generation of certain environments
based on genetically determined behavioraltendencies. This refers to the relationship
between a person’s genetic characteristics and the niches in the environment that
a person chooses or creates. For example, an intellectually inquisitive child will tend
to find an intellectually rich environment, while a child with a behavioral disorder will
look for peers with similar behavior and related interests (Plomin et al.,, 1997).

The gene-environment interaction explains why people react differently to
environmental factors (for example, why some people are more prone to depression
after exposure to negative life events; why some people with genetic risk are less prone
to depression if they were influenced by a favorable environment). So in the study of
Heils et al. (1996) it was shown that the risk of depression increases due to the interaction
between the genotypes of the 5-HTTLPR gene and the number of stressful life events
experienced (Heils et al., 1996): individuals with one or two copies of the short allele of
the 5-HTTL promoter polymorphism have more pronounced depressive symptoms and
suicidaltendencies due to stressful life events, compared with carriers of the homozygous
variant of the long allele (Caspi et al., 2003).

Correlationandinteraction models are not mutually exclusive. Genetic polymorphism
may be associated with certain traits that cause changes in the environment and interact
with the environment to determine the phenotype. An example of such an indirect model
is the detection of the correlation of a short polymorphic allele in the promoter region
of the serotonin transporter gene (SHTTLPR) with neuroticism (Greenberg et al., 2000;
Sen et al., 2004), which, in turn, is associated with a tendency to negatively interpret life
events and with higher rates of depression (John and Gross, 2004).

Thus, it can be concluded that psychosocial interventions (environmental effects) are
reflected in biological changes; therefore, psychotherapy is a type of treatment/support
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that involves learning from the environment determined by therapeutic relationships and
can lead to certain changes in behavior, well—being, quality of life, etc., which are also
reflected in biological shifts.

The study of the effect of carrying "plasticity alleles” on the effectiveness of
psychotherapy has contradictory results. Thus, Bryant et al. (2010) demonstrated that
respondents diagnosed with post-traumatic stress disorder with a short SHTTPLR allele
reacted worse to cognitive behavioral therapy (CBT) compared with patients with a
homozygous variant of the long allele. In another study, it was found that in patients with
post-stroke depression with a short SHTTPLR allele, psychosocial rehabilitation had a
significant effect that was not obvious for patients with homozygous carriers with a long
allele (Kohen etal., 2011). Eley et al. (2012) showed that children with anxiety disorder who
have two short alleles in the genotype (SS) show more pronounced success in cognitive
behavioral therapy than children with a long allele (SL/LL). In a study by Bockting et
al. (2013) the relationship between the serotonin SHTTLPR transporter gene and the
response to cognitive behavioral therapy in patients with recurrent depression has not
been identified.

The relationship between the genotype of the SHTTLPR gene and the effectiveness
of cognitive behavioral therapy could not be replicated in childhood anxiety disorder. The
authors reported that children homozygous for the short allele showed more positive
treatment results, but with minor effects that did not reach the level of statistical reqularity
(Lester et al., 2016).

It is important to note that in recent years, research in this area has shifted from low-
productivity studies of genetic associations in which one or more genetic loci (candidate
genes) are simultaneously genotyped to high-performance full-genome associative
studies that include thousands of gene variants (GWAS) (CONVERGE consortium, 2015;
Hou et al,, 2016; Power et al., 2017).

The study of the complex relationships between genes and the environment has
led to the development of epigenetic models that go beyond the classical paradigm of
vulnerability to stress. Let's turn to a more detailed consideration of them.

Research on the relationship between social and (epi)genetic factors

Several social environmental factors, such as parental care in infancy and distress, can
have a significant impact on neurobiological development by altering epigenetic
programming, causing long-term consequences for mental health. It is known that
the quality of parental care can determine the activation of certain genes in offspring
associated with the development of certain areas of the brain, such as the hippocampus,
which are involved in the regulation of stress response (Meaney, 2001). Thus, chronic
and unpredictable separation from the mother causes depressive behavior in offspring
in adulthood, changing the DNA methylation profile, which is passed on to the next
generation with subsequent changes in gene expression (Franklin et al., 2010). For
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example, a study of rat development has shown that abuse at an early age leads to
persistent changes in the methylation profile of the BDNF gene and, consequently, in
its expression in the prefrontal cortex, which in turn is observed in subsequent offspring
(Fumagalli et al., 2004, Roth et al,, 2009). Prenatal stress in rats and social stress in mice
reduced BDNF levels in the hippocampus and prefrontal cortex (Luoni et al., 2014). As for
humans, patients with depression had decreased levels of BDNF in serum and plasma,
as well as in the hippocampus, during pathoanatomic studies (Lee and Kim, 2010). Thus,
BDNF can be associated with adaptation to environmental conditions.

Other studies have shown that exposure to an acute stressor activates several effects,
including enhanced danger memory, adaptive immunity, and metabolic changes that
prepare the body to deal with the threat (Rubin et al,, 2014). On the other hand, more
intense and/or longer periods of stress have negative consequences, including memory
impairment, cardiovascular disease, and metabolic syndrome (McEwen, 2007).

Transcriptomic studies in animal models have shown that both acute and chronic
stressors cause behavioral changes in high anxiety, changes in hippocampal function
and gene expression, although these effects vary depending on the type of stressor. For
example, the transcription profile of the hippocampus in response to acute stress differs
depending on whether the animal was previously subjected to chronic stress, even if a
recovery period followed (Verhagen et al,, 2010). Thus, each stressful situation that arises
can change the initial set level, which also depends on the stage of development at which
the stressor is affected.

In humans, prenatal exposure to depressed/anxious maternal mood was associated
with increased methylation of the GR (NR3C1) gene in the fetus, which, in turn, led to an
increased salivary cortisol response to stress in the child 3 months after birth (Oberlander
et al, 2008). In addition, in patients with a high risk of suicide and a history of sexual
violence, researchers observed an increase in methylation of exon 1F NR3C1 and a
decrease in its expression in the hippocampus (McGowan et al,, 2009). This suggests
that the intergenerational transmission of vulnerability to psychopathology in adulthood
may be mediated by early epigenetic modifications (due to an unfavorable environment)
associated with the regulation of stress response.

Let us turn to the study of the relationship between genetic and epigenetic factors
with the effectiveness of psychotherapy.

Genetic and epigenetic correlates of psychotherapy effectiveness

Patients diagnosed with borderline personality disorder (BPD) were treated with
dialectical behavioral therapy for 4 weeks. The Beck Depression Questionnaire ll, the Beck
Hopelessness Scale (BHS) were used to assess negativity and pessimism about the future,
the Barratt impulsivity Scale (BIS-10), the trauma questionnaire (CTQ). DNA extraction was
performed from blood leukocytes. Before and after the psychotherapeutic intervention,
the percentage of CpG methylation of exons | and IV of the brain neurotrophic factor
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(BDNF) gene protein was measured. The study showed that, compared with the control
group, the level of methylation (directly proportional to the number of traumatic events
in childhood) in both areas of BDNF was significantly higher in people diagnosed with
PRL. In addition, a positive association was found between BDNF methylation status
and levels of depression, hopelessness, and impulsivity. In patients with PRL, BDNF
methylation increased significantly after psychotherapeutic intervention, especially in
those who demonstrated pharmacoresistance. In patients who noted the effectiveness of
drug treatment, a decrease in the severity of the DNA methylation process was recorded.
Changes in methylation status were largely associated with changes in symptoms of
depression, hopelessness, and impulsivity (Perroud et al., 2013).

In another study, patients with post-traumatic stress disorder underwent
psychotherapy for 12 weeks. At the end of the course of psychotherapy and after 3
months of follow-up, the level of methylation of DNA isolated from blood lymphocytes
was measured before treatment. Methylation of the NR3C1 gene predicted a response to
treatment, but did not change significantly over time. Patients who had higher methylation
levels before treatment responded better to the intervention. Methylation of the FKBP51
gene is not a predictor of treatment success, although it tends to decrease in patients
who have experienced the effectiveness of drug treatment (Yehuda et al., 2013).

After undergoing cognitive behavioral therapy for 6 weeks, patients with panic
disorder had lower DNA methylation, compared with the controlgroup, inthe monoamine
oxidase A (MAOA) gene. An increase in methylation of MAOA correlates with a decrease in
the intensity of symptoms of agoraphobia (Ziegler et al., 2016).

After undergoing cognitive behavioral therapy for 12 weeks, children with anxiety
disorder showed a decrease in the level of methylation of CpG IV FKBP5. The analysis
showed that a change in the methylation of CpG4 FKBP5 DNA was largely associated
with a "good"” response to treatment (Roberts et al., 2015).

An increased level of GLUT1 methylation, compared with conditionally healthy
people, was found in patients with depression. In addition, patients with depression in
remission after treatment (6 weeks of inpatient treatment, cognitive behavioral therapy
and taking antidepressants) had significantly lower levels of GLUT1 methylation compared
to patients without remission (Kahl et al., 2016).

In total, some disorders (for example, borderline personality disorder and
panic disorder) exhibit characteristic patterns of gene methylation associated with
neurotransmission or neuroplasticity functions. Preliminary data indicate that these
methylation profiles may mitigate the effect of psychotherapy or vary depending on
the patient's response to it. In this regard, epigenetic changes, for example, the level
of methylation, can be used as predictors and indicators of response to psychotherapy
(Jiménez J. P. et al. 2018).

Thus, the study of epigenetic mechanisms that may underlie psychotherapeutic
changes is a promising area of research. At the same time, scientists emphasize the need
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to control mixed environmental factors and whether methylation variations are caused
by a simple passage of time (Jiménez J. P. et al. 2018). Also, studies on the relationship
between epigenetics and psychotherapy did not exceed 12 weeks in duration, which
may not be enough to cause persistent changes in personality functioning (Lindfors et
al., 2015).

Discussion

Children inherit not only genes from their parents, but also significant environmental
influences encoded in them. Given that there is some evidence of the transmission of
epigenetic modifications in people who have been subjected to traumatic situations, it
can be assumed that epigenetic changes caused by psychotherapy can also potentially
be transmitted to offspring. In addition, the fact that epigenetic changes are reversible
may serve as an argument in favor of the use of psychotherapy (Yehuda et al., 2016).

The transfer of knowledge from one generation to another is another mechanism for
the transfer of information necessary for survival, in parallel with the transfer of genetic
material (Fonagy and Allison, 2014), where epigenetic modifications play an important
role.

Summarizing the above, we can conclude that the origin of mentalillness is related to
the interaction of the environment and the genome, and that this interaction also depends
on epigenetic mechanisms. On the other hand, we also know that the effectiveness of
psychotherapy largely depends on a number of factors related to both interpersonal
processes and biological changes in the central nervous system. Also, differentiating
genetic polymorphisms of variability, one can assume the presence of susceptibility to
positive environmental stimuli, which may be useful as an indicator of response and
prognosis for psychotherapy.
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Abstract

Introduction. Emotion dysregulation is a characteristic of autism spectrum disorders
(ASDs). This study aims to systematize and analyze data on the specificity of emotion
dysregulation in children and adults with autism spectrum disorders (ASDs) and their
neurophysiological correlates. Emotion regulation in ASDs. Typical manifestations
of emotion dysregulation in different age groups with ASDs, the relationship between
efficient and inefficient regulatory mechanisms and concomitant disorders, external and
internal problems, and key symptoms of autism are described. The emotion regulation
system in ASDs shows a developmental delay. Neurobiological mechanisms of disorders
in the emotional sphere and social interactions in ASDs. Data on the neurobiological

mechanisms of emotion dysregulation in ASDs show a number of structural, functional,

and molecular characteristics in the brain regions associated with the processing of
social information, as well as an imbalance of excitation and inhibition processes, which
obviously decreases stress resistance. Due to the increase in avoidance behavior and
reduction in social experience, low stress resistance to social stimuli creates secondary
obstacles to the formation of effective self-regulation strategies. Neurobiological
mechanisms of emotion dysregulation in ASDs. There is a single neurophysiological
basis for disturbances in the processing of emotional and social signals and in emotion
dysregulation in ASDs.
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