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Abstract: Cannabis use is most likely to begin during adolescence or emerging
adulthood; and such use during these developmental periods has been
associated with some negative physical, mental, and cognitive health outcomes.
Some of these long-term negative effects of this consumption during
adolescence may be explained by epigenetic changes through a process called
DNA methylation. However, little is known about the epigenetic impact of drug
use during adolescence. The current study examined associations between DNA
methylation and cannabis use during adolescence. Analyses focused on two
genes, AHRR and NR:B because their methylation has been implicated in illicit
drug use. Participants included twenty-seven adolescents separated into two
groups, cannabis users and control. After identifying the subjects who would
participate in the research, the general research framework was formed. The
inclusion criteria were age between 13 and 18 years old. Those individuals
diagnosed with cannabis dependence comprised the CUD (Cannabis Use
Disorder) group, verified through a urine test for cannabis. Participants in the
CONT group were healthy individuals, who did not have a history and/or criteria
for diagnosing chemical dependency. DNA methylation values were measured
with salivary DNA and averaged for each gene. Relationships between cannabis
use and DNA methylation were tested using multivariate regressions, adjusting
for sociodemographic data, and age. Adolescents with psychoactive substance
use face a considerable risk of co-occurring mental health problems, something
that may involve a more difficult life situation, social problems, as well as a
worse result in complying with socio-educational measures.
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INTRODUCTION educational measures guided by systematized

In Brazil, the adolescent who is involved in pedagggical programs, \./vithin the scope of school
an offense is preserved by the Statute of the Child and education, professionalization, sports, arts, and
Adolescent (Law 8.069) (Brasil, 1990), socio- health, aiming a healthy return to the socio-family

environment. The socio-educational practices in the
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confinement of the Juvenile Detention Center begin
during the reception process which involves
technical assistance during the adolescent's arrival.
Upon arrival to the unit, the adolescent should have
their documents checked and belongings stored in a
reserved place, then will be referred for a shower,
meal, technical assistance, medical examination and
provided with accommodation (Pacheco, Ferreira,
and Baquit, 2020). In everyday life, in particular, the
facets of criminal and delinquent violence have been
commonly reported by the media as a major concern
for humanity, since adolescents constitute the group
most vulnerable to its impacts, sometimes as victims,
sometimes as spectators, sometimes as offenders
(Minayo, 2006).

Data from the Epidemiological Catchment
Area indicate that adolescence is the critical period
for the onset of psychiatric disorders and drug use
(Ahmad et al,, 2016). During adolescence, large and
rapid internal and external changes occur in a social,
environmental, and cultural context, causing changes
in self-image and self-esteem (Alviter et al,, 2023).
Young people acquire progressive autonomy with
their parents and family, a tendency to become
interested in sexuality, and strong adherence to the
group, which starts to function as a new model of
identification and sharing of common values
(Kaplow, Curran and Dodge, 2002). In some young
people, attitudes predominate that reveal a greater
emphasis on obtaining pleasure, without concern for
its consequences, involving themselves in risky
activities, such as drug abuse and various accidents
(Schenker and Minayo, 2005; Almeida, Valente, and
Sanchez, 2021). Adolescents face increasingly
complex social, cultural, and economic environments,
with increasing challenges, including increases in
forced displacement, migration, unstable families,
poverty, social inequality, higher rates of school
dropout and parental abandonment, subsidizing
increasing levels of health problems mental and
violence (Coimbra, Bocco, and Nascimento, 2005;
Souza et al., 2023). Furthermore, factors classified as
social stressors, including aggression, violence,
delinquency, infractions, crimes in the
neighbourhood, and psychological factors, such as
depression, can favour drug use (Njaine, Assis and
Constantino, 2007). The presence of these negative
characteristics is more evident in populations
considered to be at social risk, such as
institutionalized adolescents. However, for more
effective prevention, knowledge of the prevalence of
substance consumption by these individuals, as well
as the association of the factors described with drug
dependence deserve further clarification (Ferreira et
al, 2022).

Drugs can be defined as substances not
produced by the body that have the property of acting

on the brain, modifying mental functions, such as
judgment, mood, perception, and behaviour in
general. Its functions are multiple and may be linked
to man's desire to seek ways to alter his state of
consciousness, explore his emotions, improve his
state of mind, and intensify the sensation of the
senses (Melo and Maciel, 2016). The prevalence of
mental health deficits, along with drug use, is a
problematic relationship; therefore, the use of
substances can promote a series of negative effects on
the individual's body, due to chronic use, and
chemical dependence (Smith et al,, 2017).

Substance  use disorder (SUD) s
characterized by drug craving and loss of control over
drug consumption, including excessive amounts of
time spent pursuing or using the drug and continued
use despite negative consequences (Kelly, Cornelius,
and Clark, 2004). The consequences of SUD involve a
failure to fulfil work, school, and home obligations,
the development of social and interpersonal
problems, physical or psychological harm, and
tolerance and withdrawal symptoms (Collins,
Koroshetz, and Volkow, 2018). While many
adolescents experiment with drugs, the transition to
dependence is marked by compulsive and habitual
substance use (Fadus et al, 2019). In the present
article, we use the term addiction or substance
dependence about more severe forms of SUD, which
are characterized by chronic drug seeking and drug
use (Collins, Koroshetz, and Volkow, 2018).

One of the aspects that should be highlighted
is that the continuous use of any psychoactive
substance produces brain disease because of its
initial voluntary use. The consequence is that, from
the moment that the person develops a dependence,
the use becomes compulsive, destroying many of the
best qualities of the individual, which can contribute
to the destabilization of him with his family and with
society (Volkow, Koob, and McLellan, 2016).
Compared to the general population, drug addicts
have greater difficulty in performing tasks that use
executive functions and planning, as well as activities
that require impulse control or concept formation
(Gould, 2010). Thus, have greater difficulty in
performing tasks that use executive functions and
planning, as well as activities that require impulse
control or concept formation. This can be explained
by the various neuropsychological damages that the
acute or chronic use of psychotropic substances
causes, such as brady psychism; difficulty in
processing information; damage to constructive
praxis and visuospatial perception; the decrease in
the ability to plan and organize tasks, the detriment
of abstraction; delay in learning and performing
executive functions; the loss of operational and
episodic memory and finally the slowing down of
reaction time (Ferreira and Colognese, 2014;
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Formiga et al., 2021). Patients who have already had
some of these damages caused by illicit drugs have
reported, in research, that they feel a lack of
motivation to change their lifestyle habits (Ferreira
and Cruz-Hernandez, 2023).

lllicit drug wuse, especially cannabis
(marijuana), is more likely to begin during
adolescence or emerging adulthood (Poudel and
Gautam, 2017). Use during these developmental
periods has been associated with several negative
physical, mental, and cognitive health outcomes,
including substance wuse disorders, memory
impairment, reduced lung function, increased rates of
obesity, and general nervous system impairment. .
Central and increased risk of psychosis (Lubman,
Cheetham, and Yucel, 2015). Some of these long-term
negative effects of substance use during adolescence
and emerging adulthood may be explained by
epigenetic changes through DNA methylation, which
can lead to changes in DNA expression (DNA -
deoxyribose nucleicacid) (Szutorisz and Hurd, 2016).
However, much of the research on substance use and
DNA methylation has focused on prenatal drug
exposure and its relationship to differential
methylation profiles during childhood and young
adulthood (Cecil et al., 2016). On the other hand, little
is known about the epigenetic impact of substance
use during adolescence.

Drug-induced effects on epigenetics are
hypothesized to contribute to structural and
functional changes in the brain via the establishment
of altered transcriptional programs (Nielsen et al,
2012). The present study examined the associations
of cannabis na use during adolescence and DNA
methylation. Analyses focused on three genes, AHRR,
and NR:2B, because their methylation has been
implicated in cannabis use (Andersen et al, 2015;
Schrott et al., 2020).

Epigenetic Modifications: An Overview

Epigenetics was originally termed the
complex relationship between the genome and
environmental factors regulating cell and organ
differentiation and development (Berger et al., 2009;
Alegria-Torres, Baccarelli, and Bollati, 2011). There
are several ways in which epigenetic processes can
cause phenotypic changes, but one of the most well-
studied is DNA methylation (Weinhold, 2006). DNA
methylation is one type of epigenetic modification,
and it occurs when a methyl group is covalently
transferred to the Cs position of the cytosine ring of a
DNA molecule by a methyltransferase enzyme
(Figure 1), which is then termed 5-methylcytosine (5-
mC). DNA methylation plays a crucial role in
regulating gene expression and normal development
(Hackett and Surani, 2013).

Cytosine

5-mC

Figure 1: Cytosine methylated at the 5’ carbon by DNA methyltransferases resulting in a 5- methylcytosine

Source: Hackett and Surani, 2013.

Currently, epigenetic modifications refer to
heritable characteristics that are not a consequence
of changes in DNA sequence. These qualities result
from modifications in gene expression regulated by
changes in DNA accessibility or chromatin structure
(Allis and Jenuwein, 2016). Epigenetic changes, or
codes, thatlead to changes in DNA accessibility can be
brought about by DNA methylation, posttranslational
modification of histone proteins, or noncoding RNA
actions in the nucleus (Gibney and Nolan, 2010).
Epigenetic changes can be affected by exogenous
factors and environmental exposures, providing a
mechanistic link between genes (or the genome) and
environment (or the exposome) in defining

phenotype and explaining phenotypic differences
between monozygotic twins (Marsit, 2015).

Epigenetic processes allow for normal
cellular development and differentiation. However,
data now suggests that epigenetic processes may also
contribute to the behavioural phenotypes seen in
addiction. The study of epigenetics in addiction
provides a deeper understanding of the mechanisms
that predispose individuals to environmental factors
linked to drug taking and the systems that translate
drug exposure to long-term cellular memory (Nielsen
et al., 2012). Epigenetic processes in addiction can
change dynamically in response to external variables.
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Hamilton (2011) describes three main roles of
epigenetics in addiction. Firstly, repeated exposure to
drugs of abuse may result in epigenetic modifications
which contribute to stable changes in genes and
ultimately contribute to the addiction phenotype.
Secondly, adverse environmental exposures that
occur throughout an individual’s lifetime produce
epigenetic changes which may then prompt a
vulnerability to addiction.

Experimental Section

This is an observational study with a
descriptive, quantitative, cross-sectional design with
adolescents  performing a  socio-educational
measures by deprivation of liberty in Rio de Janeiro,
Brazil. A sample of healthy, non-dependent
individuals was also obtained from the same location.
When it is an observational study with a cross-
sectional design, individuals at the same historical
moment are analysed, as well as the factor and effect
of exposure, identifying the existence of associations
between exposure and cognitive deficit (Ferreira and
Cruz-Hernandez, 2023).

Participants

A total of 144 individuals, 112 patients were
considered suitable for research and invited to the
study. The type of sampling used was non-probability
and convenience. The sample was calculated using
Excel software, with a confidence interval of 95%,
error of 5% and expected prevalence of occurrence of
the phenomenon of 50% and 50% of non-occurrence.

Eligibility Criteria

After identifying the subjects who would
participate in the research, the general research
framework was formed. The inclusion criteria were
age between 13 and 18 years old. Those individuals
diagnosed with cannabis dependence comprised the
CUD (Cannabis Use Disorder) group, verified through
aurine test for cannabis (myLAB BOX®), and must be
abstinent for a minimum interval of 72 hours and a
maximum of 120 days. Participants in the CONT
group were healthy individuals, who did not have a
history and/or criteria for diagnosing chemical
dependency, therefore, were not users and/or
dependent on chemical substances or had
neuropsychiatric disorders, matched by
sociodemographic characteristics.

Cognitive Function Test: Instruments

Participants belonging to the CUD group
(n=20) underwent prior clinical psychiatric
evaluation by the medical team, confirming the
criteria for the diagnosis of chemical dependency.
Thus, a structured interview was carried out to
collect sociodemographic information and patterns
of substance use. Healthy persons who were
approved to be involved in the study (CONT group)

(n=7) also underwent cognitive tests, in addition to
signing the consent form to participate in the
research.

The ASSIST used herein was the version with
expanded medication categories, validated by WHO
(2002, 2023), which includes an initial screening
question inquiring about lifetime use of tobacco,
alcohol, cannabis, cocaine, prescription stimulants,
methamphetamine, inhalants, sedatives, and
hallucinogens.

The Frontal Assessment Battery (FAB)
assesses six different domains of executive function:
conceptualization, mental flexibility, = motor
programming, sensitivity to interference, inhibitory
control, and autonomy. Each item is scored from zero
to three, totalling eighteen points for the maximum
score (Dubois et al,, 2000).

For tracking the individual's mental status,
the cognitive scale of the Mini-Mental Status
Examination (MMSE) from the original Mini-Mental
Status Examination was used. This scale evaluates no
less than five cognitive functions: orientation,
registration, attention and calculation, evocation, and
language (Folstein, Folstein, and McHugh, 1975).

Craving was assessed with the 12-item, short
form of the Marijuana Craving Questionnaire (MCQ).
The MCQ has been shown to be a reliable and valid
form for measuring craving (Heishman et al., 2009).
The short form of the MCQ includes 12 items that are
divided into four factors: (1) compulsivity, (2)
emotionality, (3) expectancy, and (4) purposefulness.
The four factors are defined as follows: (1) an
inability to control marijuana use; (2) use of
marijuana in anticipation of relief from withdrawal or
negative mood; (3) anticipation of positive outcomes
from smoking marijuana; and (4) intention and
planning to use marijuana for positive outcomes
(Heishman et al., 2009). Participants rate the items
using a 7-item Likert scale ranging from strongly
disagree to strongly agree, and the total score ranges
from 12 to 84. Participants completed the MCQ at
baseline and at each weekly visit.

DNA Methylation Profiling
All research participants had DNA extraction
and methylation by tests in their saliva.

Saliva samples were processed using the
PureGene extraction method (Qiagen, Brazil) given
manufacturer specifications. Samples were tested for
quality using resuspension in 100-200uL of Tris-
EDTA (10mM Tris-HCL, 50mM EDTA pH 7.5) and
quantified at the Optical Density 260 nm (0D260)
technique on a Trinean Dropsense instrument with
cDrop analysis software (Unchained Labs Tokyo).
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Final samples yielded over 2.1 ug of high-quality DNA
(0D260/280 above.45). The DNA extracted from the
saliva underwent methylation analysis via Illumina
Infinium MethylationEPIC BeadChip. The BeadChip
includes 850,000 genome-wide methylation sites at
single-nucleotide resolution selected by methylation
experts. The EPIC chip probed >97% of genes,
focusing on promoter and CpG-island CpGs, 3’ ends,
and differentially methylated regions (CpG - cytosine
residues in cytosine: guanine dinucleotides).

Quality control (QC) and normalization
included probe QC, sample QC, background
correction, within  array-normalization, and
chip/plate/batch adjustment. These QC tests
consisted of checking probes for hybridizing and
bisulphite conversion, p-value detection to test probe
QC, removal of specious probes with cross-
hybridization to sex chromosomes, and deletion of
CpGs within or near probe sequence. Background
correction, removal of experimental artefacts,
unnecessary noise, and technical or methodical
variation to normalize probes were performed. For
this study, quantile preprocessing procedures (one
sample at a time) and ssNoob (normalization of all
samples) were used. QC workflow was performed
using the R package minfi, which includes complete
QC to statistical testing for CpGs and differentially
methylated regions (Fortin, Triche, and Hansen,
2017).

Adjustment for cellular heterogeneity was
used given that saliva contains a heterogeneous
mixture of leukocytes and epithelia cells with
proportions that vary across individuals (Smith et al.,
2015). Heterogeneous cells in a sample can lead to
inter-individual = variation of salivary DNA
methylation profiles, which can bias the results of
epigenetic analyses. Without accounting for
heterogeneity, differential methylation at specific loci
could reflect varying proportions of cell types instead
of trait specific association (Jaffe and Irizarry, 2014).
The reference-based deconvolution method was used
to correct methylation data for differences in cell
composition (Houseman et al, 2012). Although
originally developed for blood, this method has been
applied to saliva (Langie et al., 2017).

Methylation beta-values follow the beta-
distribution given that they are computed as

proportions. The rank-based inverse normal
transformation was used to transform the
methylation values. In line with prior research,
average methylation of CpG sites were calculated
within the promotor region for each gene - AHRR, and
NR:2B. CDsT cells, CD4T cells, natural kill (NK) cells, B
cells, and monocytes were calculated using quantile-
normalized data to infer saliva cell proportions. To
control for cell mixture effects, the estimated cell
proportions were used as covariates in methylation
analyses (Zhang et al.,, 2019).

Data Analysis

Descriptive statistics were examined for all
variables. Attrition analyses were also conducted via
independent sample t-tests and chi-square analyses
comparing participants. Pearson’s correlations were
used to examine bivariate associations among the
substance use variables, average methylation levels
in AHRR, and NR:B genes, and all covariates.

Sociodemographic and clinical data were
compared between cannabis users and non-user
(CONT and CUD groups). A significance level of
p<0.05 was used. SPSS Statistics Base 24.0 (SPSS Inc,
USA) was used for statistical analysis.

Ethical Issues and Data Collection

This research project was approved by the
Research Ethics Committee, being conducted in
accordance with Brazilian Resolutions. The research
was conducted between August and December 2023.

RESEARCH RESULTS AND DISCUSSION

The mean proportion of the participants age
was 16.48 years (standard deviation=1.28214)
varying between a minimum of 13 and a maximum of
18 years, with 7.4% being white (n=2), 44.44%
mulatto (n=12) and 48.16% black (n=13). The level
of education was between Elementary School I (4t
grade) (n=6) and High School (15t grade) (n=2), with
the majority attending between the 5% grade of
Elementary School I and the 9% grade. Elementary
School II series (n=19; 70.37%). It was found that
school failure was common among all research
participants. The general results of the
sociodemographic characteristics of the participants
in this study, according to the variables of interest,
can be seen in Table 1.

Table 1: Sociodemographic data of adolescents performing a socio-educational measure of deprivation of
liberty (n=27). Rio de Janeiro, Brazil. 2023

Data Characteristics Frequency | Percentage (%)
Education Elementary School I (15t to 5t grade) | 9 33.33
Elementary School II (6 to 9t grade) | 16 59.27
High school (15t to 3rd series) 2 7.4
Age 15 10 37.03
16 2 7.4
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Data Characteristics Frequency | Percentage (%)
17 7 25.94
18 8 29.63
Family life Lived with parents 5 18.52
Lived with at least one guardian 5 18.52
They lived on the streets 17 62.96
Legal infraction Theft 23 85.18
Assault 12 44.44
Attempted murder 5 18.52
Murder 4 14.81
Armed robbery 2 741
Drug trafficking 16 59.26
Situation in compliance with | 1sttime 15 55.55
socio-educational measure 2nd or more times 12 44.45
Relatives protected in the prison | Yes 8 29.63
system No 19 70.37

Regarding family life, on average, before
deprivation ofliberty, they lived with their parents, at
least one guardian, or on the streets. The family
socioeconomic situation, explained by the number of
minimum wages, varied from almost one to three
minimum wages, considering that approximately 1/3
of those responsible had no employment relationship
or stable activity (n=9; 33.33%). As for the legal
infraction for which the teenagers were subject to
socio-educational measures, they were responsible
for theft, assault, attempted murder, homicide,
robbery, and drug trafficking. Most participants were
performing a socio-educational measure of
deprivation of liberty for the first time, and the rest
were repeat offenders with two or more stints in the
Institution. Among the participants, it was informed
about those who have or who have had a family
member or close relative imprisoned or serving a
socio-educational measure, which is around 30%.

Patterns of Substance Use

The patterns of substance use of the CONT
and CUD groups are presented in Table 2. According
to the ASSIST results, (n=23; 85.18%) have already
used legal drugs (alcohol), and the use of illicit drugs
by 20 (74.07%) of them. Before complying with the
socio-educational measure, inmates reported that
(n=12; 44.44%) they used alcoholic beverages
throughout the day. The consumption of other
substances was also reported by the majority, with
cannabis being the most popular. For all substances,
many users began abusive consumption between the
ages of 13 and 15, with the following variations:
cannabis (59.26%), alcohol (48.14%), crack/cocaine
(40.74%), and inhalants (11.11%). According to the
adolescents' perception, (n=15; 55.55%) parents or
guardians used some drugs. It was identified that
among research participants, those with an early
onset of drug use were significantly more likely to
report concentration difficulties and difficulty
controlling aggressive behaviour, compared to those
who did not report an early onset of drug use.

Table 2: Patterns of substance use on CUD and CONT groups; Rio de Janeiro, Brazil, 2023

Characteristics of cannabis consumption | GROUPS p-value
CONT (n=7) CUD (n=20)
Mean proportion \ SD Mean proportion | SD
Amount of use (daily) - 17.4 rocks/day 174 | -
Age of onset of drug use (years) - 8.9 7.7 -
Clinical examination
FAB® 17.15 1.14 | 5.73 1.16 | 0.00222
MMSE(®) 27 23 |12 3.2 0.00117
Craving scores(© - - 59 3.1 -
Age at onset of cannabis use (years)
<16 - 6 20.69 | -
>16 - 23 79.31 | -

@Frontal Assessment Battery (FAB); (®) Mini-Mental State Examination (MMSE); (9 Craving scores (Minimum 0-11,
Mild 12-16, Moderate 17-22; Severe 223); Standard deviation (SD); p-value = Chi-square test (95% confidence

interval).
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Subjects in the CUD group showed severe
performance for the FAB test and moderately global
cognitive performance for the MMSE test. The CONT
group was satisfactory in all analyses.

Craving scores measured by the 5-item
scales for cannabis were mild to moderate in
intensity. The scores were like those found in
previous studies (Dekker, Koester, and Van Den
Brink, 2012). These differences could be expected in
the cannabis population as social and behavioural

consequences commonly found in substance use
disorders.

Epigenomics Analysis
Descriptive analyses for predictors and
covariates can be found in Table 3.

The granulocyte (GRAN) cells (Mean
proportion = 0.82, SD = 0.12) had the highest average
proportion of cell types compared to B cells (M =0.07,
SD = 0.04), monocyte cells (M = 0.07, SD = 0.03), CDs
T cells (M =0.01, SD = 0.03), CD4 T cells (M = 0.05, SD
=0.05), and NK cells (M < 0.001, SD = 0.001).

Table 3: Descriptives for predictors and covariates quantile-normalized data to infer saliva cell proportions;
Rio de Janeiro, Brazil, 2023

Data Mean proportion | Standard deviation
CDsT 0.01 0.03
CD4T 0.05 0.05
Natural kill (NK) | 0.00 0.00
BCELL 0.07 0.04
Monocyte cells 0.07 0.03
Granulocyte cells | 0.82 0.12

The present study examined the associations
of cannabis use during adolescence and DNA
methylation. Analyses focused on three genes, AHRR,
and NR:B, because their methylation has been
implicated in cannabis use (Andersen et al, 2015;
Schrott et al, 2020). Contrary to hypotheses,
adolescent cannabis use was not significantly
correlated with average methylation of the AHRR, or
NR:2B genes. Similarly, regression analyses revealed
that cannabis use at any given time was uniquely
related to average DNA methylation at each of the
genes of interest.

Prior research suggests that DNA
methylation of the AHRR gene is a sensitive
biomarker for cannabis use. This study examined this
relationship and did not find a significant association
between adolescent cannabis use and methylation at
the AHRR gene, using saliva rather than blood
samples, when compared to prior studies (Markunas
et al, 2021). Similarly, one study found differential
methylation in the AHRR gene based on adolescent
cannabis use, but these associations did not extend to
systematics cannabis users (Van der Knaap et al,
2014). The results of the current study did not show
arelationship between adolescent marijuana use and
methylation at the AHRR gene, which could be due to
low reports of marijuana use or a smaller sample size
in the present study.

In general, average methylation across
AHRR, and NR2B genes showed associations with
age. Older individuals had higher average
methylation consistent with previous literature

showing that ageing is linked to epigenetic
alterations (Johnson et al.,, 2012).

Although the DNA sequence of a gene can be
modified directly (e.g, mutations, deletions,
insertions, translocations, etc.) resulting in altered
gene expression, epigenetics regulate gene
expression by mechanisms other than changes to the
DNA sequence. It has long been known that
epigenetic mechanisms largely control cell
differentiation by allowing some genes to be
expressed and others to be silenced at various points
in time during development. Indeed, even though all
human cells possess the same DNA, what
differentiates a given cell type from others is the
epigenetic mechanisms that permit or deny its genes
from being transcribed and translated into cell-type-
specific functional proteins (John and Rouelle, 2018).
Afar the hard-wire epigenetic programming of gene
expression  during development, epigenetic
mechanisms also provide dynamic and heritable
means of altering gene expression in response to
environmental change. For example, either stressful
life experiences or a history of chronic drug intake
can invoke chemical modifications to either the DNA
or the histone proteins that are involved in storing
the DNA. Such epigenetic changes have an impact on
how accessible the DNA is for gene transcription.
Epigenetic changes can also be long-lasting and
passed down to future generations. In this way, not
only does experience with stress and/or drugs place
oneself at risk for SUDs, but also one’s offspring due
to heritable epigenetic modifications. Even in the
more proximal time frame of an individual’s lifespan,
epigenetic mechanisms provide a working memory
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for gene expression changes that are involved in
brain plasticity (Thatcher and Clark, 2008). Brain
plasticity changes resulting from drug exposure are
thought to be the crux of the dysfunction underlying
addiction (Fernandez-Espejo and Rodriguez-
Espinosa, 2011).

CONCLUSION

The results of this longitudinal study
advance our understanding of the relationships of
cannabis use during adolescence and average DNA
methylation of AHRR, and NR2B. This was one of the
first studies to examine individual substance use in
adolescence about DNA methylation. The current
study did not detect significant relationships
between average methylation in these genes and
cannabis use from adolescence to young adulthood.
Future research should utilize larger samples with
higher levels of substance use, as well as explore the
role of polysubstance use at different developmental
stages with DNA methylation across development.
Repeated assessments of DNA methylation across
different developmental periods are essential to
understand whether varying levels of substance use
relate to changes in DNA methylation over more
proximal periods.

Health care for people under socio-
educational measures, deprived of liberty, is a right
that must be guaranteed. Still, in addition to diagnosis
and attention to mental health problems and other
health demands of this population, the adolescent
detention system needs to be restructured, giving
rise to the various elements that constitute factors
impacting mental health, due to drugs use, among
other factors. In the way it is constituted, it tends to
contribute to the deepening of mental adversities
with a significant impact on the lives of these young
people, now prisoners.
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