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Introduction 

Cannabis sativa  continues to be the most commonly 
used illicit drug worldwide  [1, 2] . Since the 1990s, the 
rates of cannabis abuse and dependence have risen con-
siderably  [3] . The psychoactive component of cannabis is 
delta-(9)-tetrahydrocannabinol (delta-9-THC). THC in-
gested orally takes 1–3 h to have an effect; however, if in-
haled, THC reaches the brain tissue within minutes. Us-
ers typically feel lightheaded, calm and drowsy and have 
a subjectively sharpened sense of humor and an increased 
appetite  [4] . A high comorbidity with mood and anxiety 
disorders has been described  [5] . In addition, consider-
able gender differences in cannabis use patterns have 
been described. Men predominantly consume excessive 
amounts within social contexts to achieve the cannabi-
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noid psychoactive effects, whereas women tend to use 
cannabis to avoid withdrawal symptoms and alleviate 
mental symptoms such as anxiety or sleep problems  [2] .

A large body of research on cannabis has been insti-
gated in recent years by the discovery of specific canna-
binoid receptors and endogenous cannabinoids that act 
as ligands for these receptors, thereby influencing nu-
merous human bodily functions  [6] . 

THC is delivered in a sticky resin that is not water sol-
uble. THC is usually smoked, and doses can be titrated by 
the frequency and depth of inhalation; however, THC can 
also be taken orally in fat-containing media, but absorp-
tion may vary markedly  [6] . THC first and foremost acti-
vates the endocannabinoid receptors CB1 and partly CB2 
and thereby mimics the effects of endocannabinoids  [7] . 
The CB1 receptor is dominantly expressed in the central 
nervous system, whereas CB2 receptors are expressed 
solely in peripheral tissues and interact mainly with the 
immune system  [8] . Both cannabinoid receptors are 
members of the G-protein couple class, and their activa-
tion depends on the inhibition of adenylate cyclase activ-
ity  [9] .

In humans, the CB1 receptors are densely expressed in 
the frontal regions of the cerebral cortex, in the basal gan-
glia and in the cerebellum; within limbic regions, the CB1 
receptors are mainly found in the hypothalamus and in 
the anterior cingulate cortex, thus accounting for their 
psychoactive and locomotor effects  [6] . The presynaptic 
localisation of CB1 receptors suggests an influence of 
cannabinoids on neurotransmitter release from axon 
terminals; these neurotransmitters include glutamate, 
GABA, noradrenaline, dopamine, serotonin and acetyl-
choline  [6] . Exogenously delivered cannabinoids are able 
to induce long-lasting activation of the CB1 receptors in 
all brain regions and thereby generate a persistent inhibi-
tion of neurotransmitter release from the nerve terminals 
that express CB1 receptors  [6] . This inhibition might ex-
plain the relaxing and, in the long run, depressive effects 
on the psyches of cannabis users  [10, 11] .

The development of cannabis dependence upon can-
nabis misuse or consumption appears to be caused by 
many different genes so that the effect of each gene indi-
vidually appears to be rather moderate  [12, 13] . The ad-
ministration of exogenous cannabinoids influences the 
expression of a variety of genes and might thereby con-
tribute to the elevated comorbidity of cannabis misuse 
with several psychiatric disorders such as schizophrenia 
or depression  [4] . In general, the repeated exposure to a 
variety of drugs and alcohol is capable of changing gene 
expression patterns via epigenetic mechanisms such as 

DNA methylation, histone modifications and chromatin 
restructuring  [14, 15] . Some studies have examined the 
effects of THC on gene expression patterns within the 
central nervous system  [16] . These changes affect the cell 
nucleus and reach beyond a simple influence on receptors 
on the cell surface and membrane  [17] .

To date, it is unknown whether THC has an influence 
on the regulation of epigenetic phenomena such as his-
tone modulation or DNA methylation  [17]  as is known for 
cigarette smoking, which is capable of influencing epi-
genetic phenomena in various ways  [18] .

Therefore, the aim of the present pilot study was to in-
vestigate the possibility of detecting changes in CB1 and 
CB2 mRNA expression levels and promoter methylation 
statuses using a digestion-based PCR assay in peripheral 
blood lymphocytes comparing THC-dependent subjects 
with a sex- and age-matched control group comprising 
cigarette smokers and nonsmokers in relation to several 
clinical variables as sex, age, body mass index (BMI), 
cravings, abuse of several other substances and satisfac-
tion with life.

Subjects and Methods 

Patients and Design 
The present study was approved by the Ethics Committee of 

the University of Erlangen-Nuremberg. In total, 77 subjects were 
recruited for this study on a voluntary basis. Of these subjects, 36 
suffered from THC dependence. The study group comprised 20 
age- and sex-matched otherwise mentally and physically healthy 
cigarette smokers and 21 nonsmokers and never-smokers. The 
voluntary participants were interviewed once. The question-
naires were administered to all subjects in the following order: the 
demographic data were assessed, a psychiatric symptom checklist 
was applied to rule out comorbid psychiatric diseases, the satisfac-
tion with life scale (SWLS) was evaluated, the cannabis craving 
was evaluated using a visual analogue scale, the Fagerström Test 
for nicotine dependence was assessed and finally the WHO Assist 
was measured.

The 36 THC-dependent subjects had an established diagnosis 
of THC dependence according to DSM-IV and ICD-10 and signed 
an informed consent form before participating in any part of the 
study. Most of these subjects chose to use a pseudonym so that 
data protection was ensured; the data of those who did not stay 
anonymous were processed according to the Laws of Data Protec-
tion of German Law. All THC-dependent subjects remained un-
der the influence of THC consumption during the study accord-
ing to their anamnestic data.

CB1 and CB2 mRNA expression levels and promoter methyla-
tion statuses in peripheral blood lymphocytes were measured in 
the evenings at five o’clock to avoid bias due to differences caused 
by circadian variations. All participants were otherwise physical-
ly and mentally healthy as assessed with the symptom check list 
SCL-90 R  [19]  and a brief physical examination. Several clinical 
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scales were surveyed: the SWLS was employed to measure satis-
faction with life  [20] , craving was assessed with a visual analogue 
scale, and the WHO-Assist V3.0 was performed for the assess-
ment of subject involvement with alcohol, nicotine and illegal 
substances  [21] . Furthermore, the severity of nicotine dependence 
was assessed with the Fagerström Test  [22] . Finally, the severity of 
dependence score (SDS) developed by the WHO was assessed. The 
participants were sober at the time of enrolment into the study 
and had not taken vitamin supplements or other drugs before be-
ing enrolled in the study. The subjects showed no nutritional ab-
normalities, liver cirrhosis, renal or pancreatic dysfunction or 
psychiatric comorbidities.

The study characteristics of the participants such as medical 
history, socio-demographic data, time of drug or alcohol con-
sumption, and the clinical scales were recorded using a semistruc-
tured interview in accordance with previous studies on alcohol-
ism  [23] . 

Laboratory Analyses 
Fasting blood samples for RNA extraction were drawn at

17:   00 h  8  15 min in each case in Paxgene TM  Blood RNA tubes 
(PreAnalytiX GmbH, Hombrechtikon, Switzerland) and were 
stored at –80   °   C 2 h after collection according to the manufac-
turer’s instructions. The total RNA was extracted from whole fro-
zen blood in EDTA using Qiacube and the accordant protocol 
(QIAGEN GmbH, Hilden, Germany). Reverse transcription was 
performed using the Bio-Rad Laboratories’ iScript cDNA Synthe-
sis Kit �  (BioRad Laboratories GmbH) after measuring RNA qual-
ity and quantity using Nanodrop and Experion TM  Automated 
Electrophoresis System (Bio-Rad Laboratories GmbH). Quantita-
tive PCR was performed using SYBR Green I �  Master Mix buffer 
(Applied Biosystems, Germany), and the reactions were run on a 
Light Cycler (Roche TM ) using a three-step standard protocol. The 
annealing temperature was optimized for the primer pair: 56   °   C 
for CB1 and 58   °   C for CB2. The PCR products were visualised on 
standard 2.0% agarose gels with ethidium bromide.  � -Actin was 
used as an internal standard, and   �  CT values were calculated 
from differences between  � -actin and CB1 and CB2. All experi-
ments were repeated at least three times, and the mean value was 
used for further analysis. 

The following primer pairs were used:   � -Actin-F: 5 � -CTGG-
AAC GGTGAAGGTGACA-3 � ;  � -Actin-R: 5 � -AAGGGACTT CC-
TG TAACAATGCA-3 � ;  CB1-F: 5 � -CAGAAGAGCATCATCCAC-
ACGTCTG-3 � ;   CB1-R: 5 � -ATGCTGTTATCCAGAGG CTGCG C-
AG TGC-3 � ;   CB2-F: 5 � -TTTCCCACTGATCCCCAATG-3 � ;   CB2-R: 
5 � -AGTTGATGAGGCACAGCATG-3 � .

Promoter Methylation Analysis of the CB1 Promoter 
As there were no significant differences in CB2 receptor ex-

pression in the pair-wise comparisons, only the CB1 promoter 
methylation status was examined. The analysis of CB1 receptor 
promoter DNA methylation was performed applying a methyla-
tion-sensitive digestion assay as previously described  [24]  fol-
lowed by real-time PCR. First, genomic DNA was extracted from 
whole tissue with the QIAamp �  DNA Blood and Tissue Kit (Qia-
gen Inc., Valencia, Calif., USA) according to the manufacturer’s 
instructions. Then, 0.5–1 mg of genomic DNA was digested over-
night with a 10-fold excess of  Hpa II or  Msp I endonuclease accord-
ing to the manufacturer’s protocol (New England Biolabs, Bev-
erly, Mass., USA).  Msp I cuts independently from methylation sta-

tus at 5 � -CCGG-3 �  sites, whereas the cutting of  Hpa II depends on 
the respective DNA methylation status. In a 20-ml assay, a total 
of 40 U of each restriction enzyme was used for 16 h (with 20 U 
used initially and another 20 U after 4 h to complete DNA diges-
tion). 

To measure promoter methylation of the CB1 receptor gene, 
quantitative PCR of the CB1 promoter was performed using an 
SYBR Green I Master Mix buffer (Applied Biosystems, Darm-
stadt, Germany) with the following primers according to Frieling 
et al.  [25] :   CB1meth-F: 5 � -TCCAAGAGTAGGGGTCATGTG-3 � ; 
CB1meth-R: 5 � -CAGGGCCAAGAAGACTGAAC-3 � .

To amplify the specific promoter region covering a CPG is-
land, the PCR reaction was performed as follows: the PCR was 
performed with a final volume of 25  � l containing 1  � l of each 
primer, 1  � l of digested template DNA and 12.5  � l SYBR green �
reagent (Biorad, Munich/Germany). The amplification was per-
formed with initial denaturing at 97   °   C for 10 min followed by 50 
cycles of denaturing at 95   °   C for 2 min, annealing for 90 s at 61   °   C 
and extension for 1 min at 72   °   C. The product was visualised with 
a 2% agarose gel. All experiments were repeated 2 times. 

CT measurements were transformed using the following for-
mula:   promoter methylation (%) = [1_(2 CT_HpaII /2 CT_MspI )]  !  100
to calculate the percent methylation change.

Statistical Analyses 
ANOVAs were used to test for marginal differences between 

groups. If significant differences were observed, post-hoc pair-
wise comparisons were performed. 

Univariate analyses were applied to test for correlations be-
tween expression levels and promoter methylation considering 
sex, age, body mass index (BMI) and several clinical scales. A 
stepwise forward linear regression analysis was used to test for 
possible associations between different variables. A multivariate 
regression was used to test for possible associations between CB1 
and CB2 mRNA expression levels and CB1 receptor promoter 
methylation. 

All statistical tests were two-tailed with a significance level of 
�  = 0.05. The data were analyzed using SPSS TM  for Windows 18.0 
(SPSS Inc., Chicago, Ill., USA).

Results 

The demographic data and the results of the psy-
chometric measures are reported in  table 1 . There were 
no significantly relevant differences between the three 
groups with regards to age, sex distribution or BMI.

There was a significant difference in CB1 receptor ex-
pression levels between the three groups (ANOVA, d.f. = 
2, F = 71.3) and CB2 receptor expression only in the 
ANOVA analysis (ANOVA, d.f. = 2, F = 4.2;  fig. 1 ). How-
ever, this significant difference in the ANOVA could not 
be confirmed by post-hoc pairwise comparison.

The differences between the three groups (THC con-
sumers, cigarette smokers and nonsmokers) were also 
significant for CB1 promoter methylation status (ANO-
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VA, d.f. = 2, F = 66.9;  fig. 2 ). These results were confirmed 
with post-hoc pair-wise comparisons matching THC 
consumers with healthy controls. The differences in CB2 
receptor expression levels failed to reach significance 
(data not shown), whereas CB1 receptor expression levels 
(p  !  0.001 d.f. = 70; T = –10.3; F = 3.3) and CB1 promot-
er methylation status (p  !  0.001; d.f. = 74; T = 6.0; F = 
37.8) differed significantly between THC-dependent 
subjects and healthy controls even when grouped as cig-
arette smokers and nonsmokers: for CB1 receptor ex-
pression levels and healthy cigarette smokers, p  !  0.001, 
d.f. = 50, T = 2.7, F = –11.5 and for CB1 promoter meth-
ylation status and cigarette smokers, p = 0.006, d.f. = 53, 
T = 2.9, F = 6.3. The differences for CB1 receptor expres-
sion levels (p  !  0.001, d.f. = 50, T = –8.1, F = 0.005) and 
for CB1 promoter methylation status (p  !  0.001, d.f. = 55, 
T = 11.1,  F = 29.8) were also significant compared to non-
smokers.

As the differences in CB2 receptor expression levels 
failed to reach significance in the post-hoc pair-wise 
comparisons between the three groups and between can-
nabis consumers and healthy controls, the promoter 
methylation status of the CB2 receptor was not assessed. 

The mean promoter methylation (%) was significantly 
negatively correlated to CB1 receptor mRNA expression 
considering the whole study population (Spearman’s rho: 
r = –0.37; p = 0.002). As the value of the CB1 mRNA ex-
pression level is expressed as  � CT  � -actin, a higher rate 

of promoter methylation is associated with a reduced 
amount of CB1 receptor mRNA ( fig. 3 ).

Furthermore, CB1 receptor mRNA expression levels 
significantly correlated with the SWLS (r = 0.486, p  ! 
0.001), the VAS of craving (r = –0.655; p  !  0.001), the Fag-
erström test for nicotine dependence (r = –0.328, p = 
0.005) and two subscales of the WHO Assist: alcohol con-
sumption (r = –0.283, p = 0.016) and cannabis consump-
tion (r = –0.709, p  !  0.001). In addition, CB1 promoter 
methylation status significantly correlated with the VAS 
of craving (r = 0.478; p  !  0.001) and three subscales of the 
WHO Assist: nicotine consumption (r = 0.508, p  !  0.001), 
alcohol consumption (r = 0.418, p  !  0.001) and cannabis 
consumption (r = 0.518, p  !  0.001). Sex, age and BMI did 
not influence the association of these variables. 

Using a mixed general linear model to test for possible 
associations between expression and promoter methyla-
tion status and several clinical variables (BMI, sex, age, 
WHO nicotine, alcohol and cannabis subscales, SWLS 
and craving and the results from the Fagerström test), we 

Table 1.  Results and demographic data (shown as the mean 8 SD)

THC-
dependent

Cigarette
smokers

Non-
smokers

Number
Female 8 6 6
Male 28 14 15

Age, years 31.687.1 33.388.8 30.988.7
BMI 23.983.2 25.682.9 24.884.2
Cigarettes per day 17.8819.4 13.7586.0 0
Duration of cigarette smoking,

years 13.286.3 15.988.9 0
Alcohol consumption, U/week 8.5887.54 5.1382.4 5.683.3
Fagerström score 3.783.2 3.081.9 0
SWLS 21.487.9 29.284.1 26.885.0
Craving for cannabis VAS, mm 40.3830.9 0 0
CB1 promoter methylation, % 89.084.2 84.487.9 62.5813.4
�CT �-actin

CB1 mRNA 1.581.1 5.781.5 4.081.1
CB2 mRNA 6.882.3 7.682.3 5.781.4
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  Fig. 1.  CB1 and CB2 receptor expression levels comparing THC-
dependent subjects with cigarette smoking vs. nonsmoking con-
trols. Changes in the expression (�CT  � -actin) of the CB1 and 
CB2 receptor mRNA expression levels between the three groups. 
The box plots represent the raw data ( o  represent cases with more 
than 1.5 box lengths from the upper or lower edge of the box, the 
box length is the interquartile range). The higher the �CT value, 
the lower the expression. The differences are significant (see ‘Re-
sults’). 
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found that the CB1 mRNA expression levels as the depen-
dent variable was associated with the SWLS (r = 0.101;
T = 2.8; p = 0.007), craving as measured with the VAS
(r = –0.023; T = –2.3; p = 0.023) and the WHO-Assist Sub-
scale for Cannabis consumption (r = –0.068; T = –2.4;
p = 0.02).

Using the mean promoter methylation of the CB1 re-
ceptor gene as the dependent variable, the promoter 
methylation status was significantly related only to the 
WHO Tobacco subscale (r = 0.907; T = 4.3, p  !  0.001) but 
showed a trend for BMI (r = 0.683; T = 1.76, p = 0.083) and 
the WHO subscale for cannabis misuse (r = 0.315; T = 
1.743; p = 0.087).

Discussion 

CB1 mRNA expression levels and promoter methyla-
tion status were significantly higher in subjects with THC 
dependence compared to otherwise healthy cigarette 
smokers and nonsmokers. This finding agrees with re-
sults from animal studies showing a significant increase 
in striatum CB1 receptor mRNA levels with no changes 
in the hippocampus and cerebellum  [26] . Studies from 
the past decade have demonstrated that CB1 receptors are 

downregulated in extrapyramidal areas and are desensi-
tized following chronic administration of either THC or 
synthetic cannabinoid agonists indicating that the pri-
mary action of delta-9-THC would be on the receptor 
protein itself rather than on the expression of CB1 recep-
tor gene  [26] .

The mean promoter methylation was significantly 
negatively correlated with CB1 receptor mRNA expres-
sion, indicating that the higher the promoter methyla-
tion, the lower the amount of CB1 receptor mRNA. In 
general, DNA methylation is one of the most important 
epigenetic modifications. DNA methylation provides a 
stable and heritable component of epigenetic regulation 
and moderates gene-environment interactions  [15] . DNA 
methylation primarily occurs on the cytosine residues of 
CpG dinucleotides, which are mainly aggregated into so-
called CpG islands at the regulatory sites of gene promot-
er regions. The mean promoter methylation of the CPG 
Island within the promoter of the CB1 receptor gene was 
assessed. The amount of DNA methylation in a gene-con-
trol region generally inversely correlates with gene activa-
tion  [27, 28] ; gene activation is demonstrated as a higher 
level of mRNA expression as shown in this study. Meth-
ylation-sensitive transcription factors and methyl-bind-
ing proteins are transcriptional complex proteins that 
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  Fig. 2.  CB1 receptor promoter methylation (%) comparing THC-
dependent subjects with cigarette smoking vs. nonsmoking con-
trols. The differences are significant (see ‘Results’). 
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bind to specific methyl groups on CpG dinucleotides in 
association with gene silencing  [29] . Thus, DNA meth-
ylation and expression of the CB1 receptor mRNA appear 
to play an important role in the development of THC de-
pendence. Nevertheless, the application of exogenous 
cannabinoids in different doses as observed in THC de-
pendence is nonphysiological and does not appropriately 
imitate the effects of endocannabinoids that are released 
in response to special inputs. Endocannabinoids normal-
ly affect the CB1 receptors that regulate the release of in-
hibitory and excitatory neurotransmitters and thereby 
influence neuronal plasticity  [6] . Taking this line of 
thought further, the physiological function of CB1 recep-
tors might be severely altered in THC dependence leading 
to a disruption in the subtle balance of neural plasticity 
and contributing to the development of psychiatric dis-
eases such as schizophrenia or depression that are ob-
served more frequently in THC-dependent subjects  [4] . 
Furthermore, experiments in rodents have shown that 
the withdrawal syndrome is also mediated by CB1 recep-
tors  [6] .

The present study assessed the changes in CB1 recep-
tor mRNA expression levels and promoter methylation 
status relative to the results from the SWLS, craving, the 
severity of nicotine dependence and severity of alcohol 
and cannabis consumption that might possibly be related 
to brain status. Sex, age and BMI did not influence the 
association of these variables, although global leukocyte 
DNA methylation differs by gender and race/ethnicity 
but not with age, cigarette smoking and body weight  [30] . 
To date, no causal relationship between leukocyte DNA 
methylation, RNA expression and these clinical variables 
can be established apart from the hypothesis that the dif-
ferences described in this study might serve as surrogate 
markers for brain status that is difficult to assess in clin-
ical studies.

The results of the mixed general linear model demon-
strated an association between CB1 mRNA expression 
levels and a lower score on the SWLS and increased crav-
ing and cannabis consumption. Using the mean promot-
er methylation of the CB1 receptor gene as the dependent 
variable, the promoter methylation status was signifi-
cantly related only to the results of the WHO-Assist To-
bacco Subscale. Human laboratory studies have shown 
that THC acting on the CB1 receptor is the primary com-
ponent for the reinforcing properties of marijuana  [31] . 
However, the precise role of the CB1 receptor in humans 
for drug reinforcement has not yet been specified. The 
present study showed a higher expression of CB1 recep-
tor subtype in THC-dependent subjects in association 

with a lower satisfaction of life and craving. It appears 
reasonable to assume that a high craving might be fol-
lowed by a lower satisfaction with life accompanied by 
higher CB1 receptor mRNA expression levels that are 
measurable in peripheral blood leukocytes. The associa-
tion between craving and CB1 receptor mRNA expres-
sion levels has been described previously in several dif-
ferent animal addiction models  [6] . In humans, CB1 an-
tagonists such as Rimonabant have been found to have 
significant benefits in smoking cessation with a nearly 
two-fold increase in nicotine abstinence after 10 weeks 
compared to placebo  [32] . Tobacco and cannabis misuse 
appears to be associated as reported in a study by Mon-
shouwer et al.  [33]  that examined a large cohort of sub-
jects exposed to prenatal tobacco smoking. This exami-
nation agrees with the results of the presented study 
showing a high prevalence of tobacco smoking in THC-
consuming subjects. Another potential role for endocan-
nabinoids is the reinforcing effect of alcohol. A CB1 re-
ceptor blockade decreases alcohol consumption and 
cravings, whereas its activation increases the amount of 
alcohol intake  [34]  possibly explaining the association 
between elevated CB1 receptor expression and severity of 
alcohol and nicotine intake as measured by the Fager-
ström Scale and the WHO Assist subscales for Nicotine 
and Alcohol and THC.

In general, the application of CB1 blockers has also 
been discussed in a variety of ‘craving’ disorders such as 
cocaine or heroin abuse  [35] . It has been assumed that 
CB1 antagonists affect the endocannabinoid system 
through the antagonism of CB1 receptors targeting the 
midbrain dopamine neurones that again regulate drug 
reward processes moderating craving  [36] .

Nevertheless, there are considerable limitations in-
trinsic to these types of naturalistic studies on clinical 
samples.

The research on the changes in epigenetic phenomena 
and receptor expression within the brain is not always 
easy to obtain; therefore, easily accessible and mainly pe-
ripheral markers are required. CB1 and CB2 receptor ex-
pression may be possible candidates that can further elu-
cidate the mechanisms of THC dependence, because ex-
ogenous and endogenous cannabinoids are administered 
systemically and exert their influence throughout the 
whole body. Therefore, it can be hypothesized that the 
changes found in this study might to some extent reflect 
brain status.

It has been shown that the adaptation of CB1 receptor 
expression to chronic THC administration is regionally 
widespread and accounts for the different effects of THC 
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on human beings  [37] . Therefore, the results from this 
study might only represent peripheral changes relative to 
THC and nicotine consumption that do not necessarily 
reflect brain status; however, research on animals has 
found similar results of a CB1 receptor mRNA up-regu-
lation in specific brain areas following chronic THC ad-
ministration  [26] .

In conclusion, the present study shows that the expres-
sion levels of the CB1 receptor gene and its promoter 
methylation in peripheral blood lymphocytes might be 
easily accessible candidates as biological markers for fu-
ture research into the mechanisms of THC action and 
dependence and possibly also other types of addiction. As 

the peripheral expression of CB1 receptor was signifi-
cantly altered with regards to THC dependence or smok-
ing status, the peripherally expressed promoter methyla-
tion was assessed as previously performed in studies on 
alcohol dependence and depression  [38, 39] . Neverthe-
less, it appears probable that the methylation status varies 
with the respective brain region.

In summary, the results of this study propose an as-
sociation between THC dependence, CB1 receptor ex-
pression levels and promoter methylation status, cravings 
and satisfaction with life, warranting further studies into 
the exact mechanisms of these relationships.
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