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Abstract
Objective: From the perspective of etiology, borderline personality disorder (BPD) is a multifactorial and complex
disorder, hence our understanding about the molecular basis and signaling of this disorder is extremely limited.
The purpose of this study was evaluating the relationship between BPD and the Monoacylglycerol lipase (MGLL)
polymorphism rs782440 in the population of Hamadan, Iran.

Materials and Methods: In this case-control study, 106 participants including 53 patients with BPD and 53
healthy control subjects were selected by psychiatrists in the Department of Psychiatry at Farshchian Sina
Hospital in Hamadan. The BPD patients were selected based on the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) form for diagnosing BPD patients. For genotyping, polymerase chain reaction (PCR) was
used to amplify the desired region including the MGLL intronic C>T single nucleotide polymorphism (SNP)
(rs782440) and afterward the amplicon was sequenced using the Sanger sequencing method. To determine the
genotype of these patients, their sequences were aligned with the reference sequence of MGLL through the CLC
genomic workbench software.

Results: The results indicated that the frequency of TT in comparison to the CC genotype was significantly different
(P=0.003) and the risk of BPD in change from the TT genotype to CC genotype was increased by 6.679%. Regarding
the frequency of allele in this group, no significant difference was observed.

Conclusion: This paper, has studied and reports for the first time, the association between MGLL SNP (rs782440) with
BPD. The findings of the current research revealed that the TT genotype increases the risk of BPD compared to the CC
genotype. Considering the lack of a suitable diagnostic biomarker for BPD, using this potential biomarker in the near
future can be promising.

Keywords: Borderline Personality Disorder, Monoacylglycerol Lipase, Polymorphism

Citation: Hatami Bavarsad N, Jahangard L, Saidijam M, Karimi SA, Soltanian AR, Shahriari E, Afshar S, Sarihi A. Association of MGLL intronic C>T single
nucleotide polymorphism (rs782440) with borderline personality disorder: a case-control study. Cell J. 2023; 25(11): 783-789. doi: 10.22074/CELLJ.2023.2004323.1321
This open-access article has been published under the terms of the Creative Commons Attribution Non-Commercial 3.0 (CC BY-NC 3.0).

Introduction

Borderline personality disorder (BPD) is considered
as a multidimensional disorder accompanied with main
symptoms including impulsivity, repetitive suicidality
and dissociative symptoms like instability in impulse

control, and interpersonal relationships which appears
in adolescence (between 10-18 years) or adulthood (19-
25 years) (1, 2). BPD diagnosis is impeded by other
overlapping disorders and lack of a biological profile or
specific family history (2, 3).

Received: 08/June/2023,
October/2023
*Corresponding Addresses: P.O.Box: 6517838736, Research Center for
Molecular Medicine, Hamadan University of Medical Sciences, Hamadan, Iran
P.0.Box: 6517838736, Department of Neuroscience, School of Sciences and
Advanced Technology in Medicine, Hamadan University of Medical Sciences,
Hamadan, Iran

Emails: s.afshar@umsha.ac.ir, sarihi@umsha.ac.ir

Revised: 04/September/2023, Accepted: 02/

Royan Institute

Cell Journal ..,


https://orcid.org/0000-0001-5136-4259
https://orcid.org/0000-0002-1250-9002

Association of MGLL SNP (rs782440) with BPD

From an etiological point of view, it has been confirmed
that BPD is a multifactorial disorder and results from
the reaction between environmental and genetic agents.
Moreover, according to some familial and twin
studies, heredity of BPD which has comorbidity
with personality disorders like drug abuse and mood
disorder varies between 30 to 70% (4, 5).

The monoacylglycerol lipase (MAGL) enzyme
which is encoded by the MGLL gene is located on
chromosome 3q21.3, and has been shown to be related
to BPD (6, 7). MGLL is one of the enzymes of the
endocannabinoid system (ECS) and belongs to the
group serine hydrolase enzymes. The ESC consists of
two main endogenous ligands: 2-arachidonoylglycerol
(2-AG) which is degraded into arachidonic acid (AA)
by MAGL, and anandamide (AEA) (8). In this regard,
this enzyme has an important role in determining the
amount of 2-AG and AA in the brain. These compounds
are related to inflammatory pathways, hence various
compound of the ECS such as MAGL could be used
as a therapeutic targets (9). It is worth mentioning that
the use of ECS agents, especially the anandamide-
degrading enzyme fatty acid amide hydrolase (FAAH),
and MAGL inhibitors in disorders like neuropsychiatric
diseases, is very promising. In this regard, MAGL
inhibitors for example, have exhibited anxiolytic and
antidepressant effects (10-12).

Due to the high level of AEA in the serum of BPD
patients and also the comorbidity of BPD with other
neuropsychiatric disorders [like post-traumatic stress
disorder (PTSD)] (13), the need for more investigation
on the correlation between brain functions and the
diseases with plasma level of ECS is extremely felt.

Single nucleotide polymorphisms (SNPs) as the most
common genetic differences, have an important role
in the study of human health. SNPs could be used to
anticipate the risk of developing diseases, response
to treatment and so on. Currently, many studies are
continuing to identify associated SNPs with several
disease such as cancer, diabetes, heart disease, and
neurological disorder. Several studies have focused on
finding diagnostic biomarkers for various neurological
diseases (13-16). Hence, some interesting studies have
been conducted on the relationship of ECS related gene
polymorphisms with some physiological functions such
as psychophysiological modes (such as depression and
anxiety), eating disorders, regulation of energy balance,
appetite, and also drug (marijuana and alcohol) abuse (10,
17-19). Considering the important role of this gene in the
ESC and BPD, the rs782440 SNP, the effects of which
was only evaluated on plasma low-density lipoprotein
cholesterol, and lack of any in-depth study on the role of
MGLL in the pathogenesis of BPD, the aim of this study
was evaluating the association between BPD and MGLL
intronic C>T SNP (rs782440).
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Materials and Methods
Participants

In this case-control study, all the participants were from
a local community in Hamadan, Iran. Diagnosis of BPD
was done on the basis of criteria of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5)
by psychiatrists (Clinical psychiatric interview) in the
psychology department of Farshchian Sina Hospital
in Hamadan, Iran. The most important diagnostic
criteria for BPD are: impulsivity, repetitive suicidality
and dissociative symptoms like instability impulse
control, interpersonal relationships and the use of
immature defense mechanisms in relationships such
as projection, projective identification and splitting.
First, a written informed consent was taken from all
participants. Next, each subject was given a health
and illness assessment form to fill out. The screening
population consisted of 110 Iranian subjects consisting
55 patients with BPD and 55 healthy control subjects
(20). All of the case participants in this study were
collected from patients admitted to the psychiatry
department of Farshchian Sina Hospital in years from
2021 to 2022. The inclusion criteria in the study were
the clinical diagnosis of BPD based on DSM-5 and
informed consent to participate in the study. Exclusion
criteria included lack of informed consent and clinical
diagnosis of concurrent psychotic disorders and
major depressive disorder. All procedures and study
protocols applied in the present study were approved
by the Mental Health Research Committee at Medical
School of Hamadan University of Medical Sciences
(IR.UMSHA.REC.1399.942).

DNA extraction and genotyping

Five ml of the Subjects’ blood was drained into a
vacuum tube with EDTA. The DNA was extracted from
the blood samples via the genome DNA extraction kit
DNG (Sinaclon, Iran) and was stored in -20°C. The
sanger sequencing method was used for the genotyping
of MGLL intronic C>T SNP (rs782440). The primer pair
for sanger sequencing was designed through the Allele ID
6 software and the specificity of the designed primer pair
was evaluated with NCBI Primer BLAST. The designed
primers (F: AACTAACAGCAGGCAGGTTGACAandR:
AACTAACAGCAGGCAGGTTGACA) with amplicon
size 459 bp were synthesized by TAG Copenhagen
(Danmark). Moreover, the temperature program in the
thermal cycler was as follows: Initial denaturation was
done for 5 minutes at 95°C and continued to the next
steps by 35 cycles of 95°C for 30 seconds, 62°C for 30
seconds, and 72°C for 45 seconds and final extension for
5 minutes at 72°C.

Finally, PCR amplicons were sequenced with Sanger
sequencing (ABI 3500). The genotype for each sample



was evaluated through aligning the sequenced amplicon
and reference genome sequence using the CLC Genomic
Workbench software version 11.0.1 (Fig.1) (16).

Statistical analysis

In the study, qualitative values such as sex and
education were described by frequency and percentage.
Also, to describe quantitative variables (e.g., age),
mean + SD was used. The Chi-Square test was used
to verify the establishment of the Hardy-Weinberg
equilibrium. However, due to lack of this equilibrium,
the expectation-maximization (EM) algorithm method
was used to estimate allelic frequencies by the R
software (version 3.2.2). The Chi-square test was
used to compare the demographic variables in case
and control groups. In addition, Logistic regression
was used to compare the phenotypes and alleles
frequencies in the case and control groups. Univariate
and Multiple logistic regression models were used to
obtain crude and adjusted odds-ratios, respectively.

Dominant and recessive genetic models were used to
further compare the association between the variants
in the case and control groups. The significance
level in this research was considered less than 0.05.
The proportion of T allele of the rs782440 codon
is equal to 49.5% in controls (20), and we assumed
that its frequency between the cases is about 50%.
Considering that the maximum significant difference
was d=0.2, a type I error level of 5% and test power
of 90%, the sample size in each group was estimated
to be 48 samples, while in this study 53 samples were
used in each group.

Results

The present study was conducted on a sample of 106
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patients, including 53 cases and 53 controls, who were
selected in regards to age and gender. In the control
group, 38.2% of the subjects belonged to the age
group bewteenl5-24 years, 56.4% were 25-34 years
old, and 5.5% of them were in the 35 to 45 range of
age. Moreover, 27.3% were female and 72.2% were
male. On the other hand, in the case group, 41.8% of
the patients were 15-24 years old, 41.8% were 25-34
and 16.4% were 35-45. Moreover, regarding gender,
in the BPD group 25.5% were female and 74.5% were
male.

Since the Hardy-Weinberg equilibrium was not
established, allele frequencies (C and T) were
estimated via the EM algorithm, (Table 1). According
to the obtained results, 37 subjects (42.5%) in the
control group and 28 patients (37.8%) in the case
group possessed the T allele.

Moreover, by using the logistic regression model, it
was observed that the case and control groups showed
no significant differences in terms of the frequency of C
and T alleles (OR=1.26, CI=0.645-2.91, P=0.55). The TT
genotype compared to the CC genotype had a significant
difference in both case and control groups and the TT
genotype increased the risk of BPD by 6.679% compared
to the CC genotype (OR=6.679, CI=1.974-22.596,
P=0.002).

On the other hand, the results of the current study
revealed a significant difference between the TC and CC
genotypes in both groups and the TC genotype increased
the risk for BPD by 4/817% compared to the CC genotype
(OR=4.817, CI=1.324-17.527, P=0.02) (Table 2).

In fact, one reason why we did not find the allele
significant in this study but found the genotypes
significant, could be that the frequency of TT is much
higher than CC genotypes.

BrccTch Feche IIGII Shhcsicly HIm: IIII s IGGGIIIII
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Trace data ﬁ ”\Tf \ MM"'_\ \ qn?”?n“ M ' { p\ H\ M\ /Q“??H(\ (
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\/V/\ | /\‘ [\
AG genotype CEBEITCEEEE RCBTCCTHECE TCCECETCET cITCGTCHET IIIG-III GCETETTTTC EcccEEETHE 255
Trace data (\M Mf f ‘MAA/\/\[\/\/\/\ ?"?”Q?”‘H M ‘ H \ “;HH? \\ QM\QU T
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Fig.1: Sanger sequencing analysis for three samples. Sequence analysis for three samples including GG, AA, and AG genotypes are shown.
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Table 1: Demographic information of participants

Variables Control n (%) Case n (%) Chi-square (df) P value
Age (Y)
15-24=1 21(38.2) 23 (41.8) 4.276 (2) 0.12
25-34=2 31(56.4) 23 (41.8)
35-45=3 3(5.5) 9(16.4)
Sex
Female 15 (27.3) 14 (25.5) 0.047 (1) 0.83
Male 40 (72.7) 41 (74.5)
Education
Under-educated=0 3(5.5) 29 (52.7) 29.792 (1) 0.001
Diploma and above=1 52 (94.5) 26 (47.3)

Table 2: Genotype and allele frequencies distribution in BPD patients and healthy control subjects
Allele/Genotype/Model Control Case OR-CI (95%) P value Adjusted OR-CI (95%) P value

Allel, n (%)’
T 37 (42.5) 28(37.8)  1.216(0.645-2.91) 0.55"
C (ref) 50 (57.5) 46 (62.2)

Genotype, n (%)

TT 33 (61.1) 21(39.6)  6.629(1.974-22.596)  0.002"  7.08 (1.977-25.374) 0.003"
TC 17 (31.5) 15(28.3)  4.817(1.324-17.527)  0.02" 3.483 (0.892-13.601) 0.07
CC (ref) 4(7.4) 17(32.1) - B B B

Recessive model

TT 33 (61.1) 21 (39.6) 2.395 (1.102-5.203) 0.03" 2.364 (1.057- 5.286) 0.04™

TC+CC 21(38.9) 32 (60.4)

Dominant model

TT+TC 50 (92.6) 36 (67.9) 5.903 (1.831-19.027) 0.003™ 5.847 (1.762-19.395) 0.004™

cc 4(7.4) 17 (32.1)

*; Allele frequencies T and C were estimated by the expectation-maximization (EM) algorithm, because the Hardy-Weinbarg equilibrium was not observed,
**: The P values were determined using univariate logistic regression model, ***; The P values were determined using multiple-logistic regression model.
In this model, the results were adjusted by sex and age, OR; Odds ratio, and Cl; Confidence interval.
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Discussion

For gaining deeper understanding regarding the
pathology of BPD, clarification for ambiguities of the
neurotransmitter systems and genetic factors related to
BPD is necessary (21). The MGLL gene has been studied
polymorphically in diseases with similar signaling
pathways (20, 22, 23) but it has not yet been investigated
in BPD.

The aim of this study was investigating the effect of
MGLL intronic C>T SNP (rs782440) on BPD. Therefore,
the fundamental role of the genetic basis of BPD and
the relationship between the desired polymorphism and
etiology of BPD was clarified and strengthened. This SNP
is located in the intronic region of long arm of chromosome
3. The bioinformatics prediction analysis indicated
that this intronic region contains a distal enhancer-like
signature (EH38E2235794). This SNP which affects the
CTCF-bound sequence may have a role in regulation of
MGLL expression (http://genome.ucsc.edu).

In the current study it was hypothesized and the results
confirmed that the risk of BPD increased with some
genotypes such as the TT and AT genotypes, compared
to the CC genotype but no significant difference in the
frequency of alleles C and T was found, from which it
could be inferred that the frequency of the TT genotypes
is much higher than the CC genotypes. Moreover,
despite the significant correlation between BPD and the
ECS, according to our knowledge, this report is the first
study to examine the link between one of the genetic
polymorphisms of ECS and BPD.

The lifelong perspective of BPD from adolescence
to adulthood is characterized by a change in symptoms
of BPD such as affective dysregulation, suicidality and
impulsivity at the age of 10-18 years toward abnormal
interpersonal relationships, functional abnormality, as well
as subsequent recurrence and collapse period as the main
symptoms in adulthood (24, 25). In this study overlaps
of other neuropsychiatric disorder symptoms with BPD
were considered, so in this respect patients were selected
by psychiatrists based on the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) scale.

Previous studies have revealed a connection between
various aspects and characteristics of BPD with some
genes or their variants (FKBP5a co-chaperone of the
glucocorticoid receptor) (26), the oxytocin receptor
(OXTR) (27), and monoamine oxidase-A (MAOA-L)
(28). Moreover, recent studies have indicated that both
SERTand BDNF genes are associated with BPD symptoms
(29). In the current report, the association between the
MGLL gene and BPD has been studied for the first time.

The ECS related genes polymorphisms can affect some
psychophysiological modes such as depression, anxiety,
eating disorders, regulation of energy balance, appetite,
and also drug abuse (10, 17-19). Furthermore, the relation
between the MGLL gene and various disorders like brain
tumors, nicotine dependency, inflammatory pain and
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metabolic diseases has been revealed (20, 30-32). For
example, the rs3773159 variant of MGLL was associated
with type 2 diabetes, while the rs684358 variant of MGLL
was associated with high body mass index (BMI) (33, 34).

Similarly, Ouellette et al. (20) have conducted a
related study on gene variants of MGLL and low density
lipoprotein which are involved in the same signaling
pathway, as MGLL is involved in the metabolic pathways
related to lipoprotein TG. The result of their research
which is consistent with the results of the current study,
revealed that in MGLL intronic C>T SNP (rs782440), the
TT genotype shows a higher risk for particle size of LDL.

In one study regarding the effect of dronabinol
(Cannabinoid Agonist) on the colonic motility of Patients
with Irritable Bowel Syndrome, showed a modest relation
between MGLL variant and colonic motility and tone (35).
Such studies are in line with the current paper about the
MGLL gene, but similar to BPD it requires more studies.

However, in contrast to the results of the current study and
previously mentioned studies regarding the involvement
of ECS variant genes, in a study of association of 15
genetic variants genes of ECS such as FAAH and MGLL,
using 91 German subjects with anorexia nervosa (AN), no
major association between this SNP with AN was found
(36). Taking into consideration weight and diet, using ECS
compound changes as a biomarker can be enlightening to
some extent (37, 38).

Anandamide (AEA)-degrading enzyme (FAAH) and
ECS receptors including CB1 and CB2 (18, 39) are the
main members of ECS. A series of studies have also
been done on ECS and drugs that may be abused. One
of them, revealed that MGLL in connection with FAAH
and CBI, is associated with mood changes caused by
THC, so that inhibition of MGLL mimics the pseudo-
antidepressant properties of THC. In accordance with this
issue, childhood adversity and cannabis abuse have been
associated with MGLL SNP (rs604300) (40).

It is worth mentioning that in contrast to the present
study, a study conducted on Japanese population in the
context of alcoholism with 14 variants of the MGLL gene,
did not show any significant effects of these genotype on
alcoholism (22).

In addition, the findings of this study is in line with the
study of Harismendy et al. (33), showing a relationship
between two locus-variants of MGLL with extreme
obesity and also clarified the connection between MGLL
intron 3 locus interval of rs684358 with BMI.

Conclusion

The results have revealed that MGLL intronic C>T SNP
(rs782440) has a great effect on the psychopathology
of BPD and may be helpful as a potential both in the
treatment field and in new and challenging studying
programs. However, it is suggested that more research
should be conducted in order to provide further knowledge
regarding the role of various compounds of ECS such as
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MGLL, FAAH, CB1, CB2, etc. Furthermore, various types
of polymorphisms in diseases and disorders related to the
ECS system, such as BPD, addiction, eating disorders,
anxiety, depression, and complex post-traumatic stress
disorder have been shown.

For gaining clear knowledge regarding MGLL, further
research at genetic, molecular, pathophysiological, and
physiological levels must be conducted. Moreover, the
current study faced some limitations therefore more
specialized investigations in different contexts of BPD
and statistical populations is required.

Acknowledgments

This research was a part of the Ph.D. thesis of Nazanin
Hatami at The Department of Neurosciences, Faculty of
new Sciences and Technologies in Medicine, Hamadan
University of Medical Sciences and was funded by the
research deputy of Hamadan University of Medical
Sciences and Neurophysiology Research Center (Grant
Number: 1400011045), Hamadan, Iran. There is no
conflict of interest in this study.

Authors’ Contributions

S.AK.,,N.H.B.,L.J.,M.S.,A.S.,S.A.; Conceptualization,
Methodology, and Software. N.H.B., L.J., M.S., A.S.,
S.A.; Writing- Reviewing and Editing. A.S., S.A., M.S.;
Data curation and Supervision. N.H.B., A.S., S.A,;
Writing- Original draft preparation. A.R.S.; Statistical
analysis. N.H.B., E.Sh.; Visualization and Investigation.
N.H.B., S.A.; Software and Validation. All authors read
and approved the final manuscript.

Reference

1. Chanen AM, Betts JK, Jackson H, Cotton SM, Gleeson J, Davey
CG, et al. A comparison of adolescent versus young adult outpa-
tients with first-presentation borderline personality disorder: find-
ings from the MOBY randomized controlled trial. Can J Psychiatry.
2022; 67(1): 26-38.

2.  Kaplan B, Yazici Gulec M, Gica S, Gulec H. The association be-
tween neurocognitive functioning and clinical features of borderline
personality disorder. Braz J Psychiatry. 2020; 42(5): 503-509.

3. Mulder RT, Newton-Howes G, Crawford MJ, Tyrer PJ. The central
domains of personality pathology in psychiatric patients. J Pers Dis-
ord. 2011; 25(3): 364-377.

4. Lubke GH, Laurin C, Amin N, Hottenga JJ, Willemsen G, van Groo-
theest G, et al. Genome-wide analyses of borderline personality
features. Mol Psychiatry. 2014; 19(8): 923-929.

5. Siever LJ, Torgersen S, Gunderson JG, Livesley WJ, Kendler KS.
The borderline diagnosis IlI: identifying endophenotypes for genetic
studies. Biol Psychiatry. 2002; 51(12): 964-968.

6. Aliczki M, Varga ZK, Balogh Z, Haller J. Involvement of 2-arachi-
donoylglycerol signaling in social challenge responding of male
CD1 mice. Psychopharmacology (Berl). 2015; 232(12): 2157-2167.

7. Bhatia G, Bansal V, Harismendy O, Schork NJ, Topol EJ, Frazer K,
et al. A covering method for detecting genetic associations between
rare variants and common phenotypes. PLoS Comput Biol. 2010;
6(10): e1000954.

8. McAllister LA, Butler CR, Mente S, O’'Neil SV, Fonseca KR, Piro JR,
et al. Discovery of trifluoromethyl glycol carbamates as potent and
selective covalent monoacylglycerol lipase (MAGL) inhibitors for
treatment of neuroinflammation. J Med Chem. 2018; 61(7): 3008-
3026.

9. Grabner GF, Eichmann TO, Wagner B, Gao Y, Farzi A, Taschler
U, et al. Deletion of monoglyceride lipase in astrocytes attenuates
lipopolysaccharide-induced neuroinflammation. J Biol Chem. 2016;

Cell J, Vol 25, No 11, November 2023

788

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

291(2): 913-923.

Bedse G, Bluett RJ, Patrick TA, Romness NK, Gaulden AD, Kings-
ley PJ, et al. Therapeutic endocannabinoid augmentation for mood
and anxiety disorders: comparative profiling of FAAH, MAGL and
dual inhibitors. Transl Psychiatry. 2018; 8(1): 92.

Ogawa S, Kunugi H. Inhibitors of fatty acid amide hydrolase and
monoacylglycerol lipase: new targets for future antidepressants.
Curr Neuropharmacol. 2015; 13(6): 760-775.

Wang Y, Gu N, Duan T, Kesner P, Blaskovits F, Liu J, et al. Mono-
acylglycerol lipase inhibitors produce pro- or antidepressant re-
sponses via hippocampal CA1 GABAergic synapses. Mol Psychia-
try. 2017; 22(2): 215-226.

Kolla NJ, Mizrahi R, Karas K, Wang C, Bagby RM, McMain S, et
al. Elevated fatty acid amide hydrolase in the prefrontal cortex of
borderline personality disorder: a [""C]CURB positron emission to-
mography study. Neuropsychopharmacology. 2020; 45(11): 1834-
1841.

1zzo NJ, Yuede CM, LaBarbera KM, Limegrover CS, Rehak C,
Yurko R, et al. Preclinical and clinical biomarker studies of CT1812:
A novel approach to Alzheimer’s disease modification. Alzheimers
Dement. 2021; 17(8): 1365-1382.

Moradi S, Tapak L, Afshar S. Identification of novel noninvasive
diagnostics biomarkers in the parkinson’s diseases and improving
the disease classification using support vector machine. Biomed
Res Int. 2022; 2022: 5009892.

Salem E, Keshvari A, Mahdavinezhad A, Soltanian AR, Saidijam
M, Afshar S. Role of EFNA1 SNP (rs12904) in tumorigenesis and
metastasis of colorectal cancer: a bioinformatic analysis and HRM
SNP genotyping verification. Asian Pac J Cancer Prev. 2022;
23(10): 3523-3531.

Ando T, Tamura N, Mera T, Morita C, Takei M, Nakamoto C, et al.
Association of the ¢.385C>A (p.Pro129Thr) polymorphism of the
fatty acid amide hydrolase gene with anorexia nervosa in the Japa-
nese population. Mol Genet Genomic Med. 2014; 2(4): 313-318.
Lazary J, Eszlari N, Juhasz G, Bagdy G. A functional variant of
CB2 receptor gene interacts with childhood trauma and FAAH
gene on anxious and depressive phenotypes. J Affect Disord.
2019; 257: 716-722.

Palmer RHC, McGeary JE, Knopik VS, Bidwell LC, Metrik
JM. CNR1 and FAAH variation and affective states induced by
marijuana smoking. Am J Drug Alcohol Abuse. 2019; 45(5): 514-
526.

Ouellette C, Rudkowska |, Lemieux S, Lamarche B, Couture P,
Vohl MC. Gene-diet interactions with polymorphisms of the MGLL
gene on plasma low-density lipoprotein cholesterol and size fol-
lowing an omega-3 polyunsaturated fatty acid supplementation: a
clinical trial. Lipids Health Dis. 2014; 13: 86.

Joyce PR, Stephenson J, Kennedy M, Mulder RT, McHugh PC.
The presence of both serotonin 1A receptor (HTR1A) and dopa-
mine transporter (DAT 1) gene variants increase the risk of border-
line personality disorder. Front Genet. 2014; 4: 313.

lwasaki S, Ishiguro H, Higuchi S, Onaivi ES, Arinami T. Associa-
tion study between alcoholism and endocannabinoid metabolic
enzyme genes encoding fatty acid amide hydrolase and mono-
glyceride lipase in a Japanese population. Psychiatr Genet. 2007;
17(4): 215-220.

Tardelli M. Monoacylglycerol lipase reprograms lipid precursors
signaling in liver disease. World J Gastroenterol. 2020; 26(25):
3577-3585.

Newton-Howes G, Clark LA, Chanen A. Personality disorder
across the life course. Lancet. 2015; 385(9969): 727-734.
Zanarini MC, Frankenburg FR, Reich DB, Conkey LC, Fitzmaurice
GM. Treatment rates for patients with borderline personality dis-
order and other personality disorders: a 16-year study. Psychiatr
Serv. 2015; 66(1): 15-20.

Amad A, Ramoz N, Peyre H, Thomas P, Gorwood P. FKBP5 gene
variants and borderline personality disorder. J Affect Disord. 2019;
248: 26-28.

Zhang M, Liu N, Chen H, Zhang N. Oxytocin receptor gene, child-
hood maltreatment and borderline personality disorder features
among male inmates in China. BMC Psychiatry. 2020; 20(1): 332.
Kolla NJ, Meyer J, Sanches M, Charbonneau J. Monoamine ox-
idase-a genetic variants and childhood abuse predict impulsive-
ness in borderline personality disorder. Clin Psychopharmacol
Neurosci. 2017; 15(4): 343-351.

Salinas V, Villarroel J, Silva H, Herrera L, Jerez S, Zazueta A, et
al. SERT and BDNF polymorphisms interplay on neuroticism in
borderline personality disorder. BMC Res Notes. 2020; 13(1): 61.
Hohmann AG. Inhibitors of monoacylglycerol lipase as novel anal-



31.

32.

33.

34.

35.

36.

gesics. Br J Pharmacol. 2007; 150(6): 673-675.

Li X, Gao S, Li W, Liu Z, Shi Z, Qiu C, et al. Effect of monoacylg-
lycerol lipase on the tumor growth in endometrial cancer. J Obstet
Gynaecol Res. 2019; 45(10): 2043-2054.

Muldoon PP, Chen J, Harenza JL, Abdullah RA, Sim-Selley LJ,
Cravatt BF, et al. Inhibition of monoacylglycerol lipase reduces
nicotine withdrawal. Br J Pharmacol. 2015; 172(3): 869-882.
Harismendy O, Bansal V, Bhatia G, Nakano M, Scott M, Wang X,
et al. Population sequencing of two endocannabinoid metabolic
genes identifies rare and common regulatory variants associated
with extreme obesity and metabolite level. Genome Biol. 2010;
11(11): R118.

Rao P, Zhou Y, Ge SQ, Wang AX, Yu XW, Alzain MA, et al. Vali-
dation of type 2 diabetes risk variants identified by genome-wide
association studies in Northern Han Chinese. Int J Environ Res
Public Health. 2016; 13(9): 863.

Wong BS, Camilleri M, Busciglio |, Carlson P, Szarka LA, Burton
D,et al. Pharmacogenetic trial of a cannabinoid agonist shows re-
duced fasting colonic motility in patients with nonconstipated irrita-
ble bowel syndrome. Gastroenterology. 2011; 141(5): 1638-1647.
el-7.

Miller TD, Reichwald K, Bronner G, Kirschner J, Nguyen TT,

789

37.

38.

39.

40.

Hatami Bavarsad et al.

Scherag A, et al. Lack of association of genetic variants in genes of
the endocannabinoid system with anorexia nervosa. Child Adolesc
Psychiatry Ment Health. 2008; 2(1): 33.

Bourdy R, Hertz A, Filliol D, Andry V, Goumon Y, Mendoza J, et al.
The endocannabinoid system is modulated in reward and homeo-
static brain regions following diet-induced obesity in rats: a cluster
analysis approach. Eur J Nutr. 2021; 60(8): 4621-4633.
Tagliamonte S, Laiola M, Ferracane R, Vitale M, Gallo MA, Meslier
V, et al. Mediterranean diet consumption affects the endocannabi-
noid system in overweight and obese subjects: possible links with
gut microbiome, insulin resistance and inflammation. Eur J Nutr.
2021; 60(7): 3703-3716.

Gil-Ordéfiez A, Martin-Fontecha M, Ortega-Gutiérrez S, Lopez-
Rodriguez ML. Monoacylglycerol lipase (MAGL) as a promising
therapeutic target. Biochem Pharmacol. 2018; 157: 18-32.

Carey CE, Agrawal A, Zhang B, Conley ED, Degenhardt L, Heath
AC, et al. Monoacylglycerol lipase (MGLL) polymorphism rs604300
interacts with childhood adversity to predict cannabis dependence
symptoms and amygdala habituation: Evidence from an endocan-
nabinoid system-level analysis. J Abnorm Psychol. 2015; 124(4):
860-877.

Cell J, Vol 25, No 11, November 2023



	_Hlk139434789
	_Hlk139437006
	_Hlk139407141
	_Hlk139408839
	_Hlk139407277
	_Hlk139408687
	_Hlk139409607
	_Hlk139409866
	_Hlk137006708
	_Hlk139440879
	_Hlk139442387
	_Hlk139434435
	_Hlk139458654
	_Hlk139624679
	_Hlk139624388
	_Hlk139543028
	_Hlk139378824
	_Hlk139626927
	_Hlk139306322
	_Hlk141728517
	_Hlk139379674
	_Hlk139388586
	_Hlk139388677
	_Hlk143333140
	_Hlk139386924
	_Hlk139498733
	_Hlk139460033
	_Hlk139472436
	_Hlk139630649
	_Hlk139627529
	_Hlk139391346
	_Hlk139558008
	_Hlk139709483
	_Hlk140766249
	_Hlk140766932
	_Hlk139204455
	_Hlk139137683
	_Hlk139377189
	_Hlk140960557
	_Hlk139621990
	_Hlk145939246
	_Hlk139625631
	_Hlk141711796
	_Hlk139497996
	_Hlk140767283
	_Hlk139622837
	_Hlk139563163
	_Hlk139628461
	_Hlk132812923
	_Hlk131681507
	_Hlk139377568
	_Hlk141738573
	_Hlk141739339
	_Hlk141739414
	OLE_LINK3
	OLE_LINK4
	OLE_LINK48
	OLE_LINK122
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK27
	OLE_LINK28
	_Hlk143451197
	_Hlk143451171
	OLE_LINK29
	_Hlk143451212
	OLE_LINK79
	_Hlk143425350
	_Hlk143425371
	_Hlk143425383
	_Hlk143425397
	_Hlk143425410
	_Hlk128583391
	OLE_LINK88
	OLE_LINK132
	_Hlk83673299
	_Hlk148270734
	OLE_LINK204
	OLE_LINK94
	OLE_LINK1
	OLE_LINK90
	OLE_LINK42
	_Hlk142503990
	OLE_LINK91
	OLE_LINK57
	OLE_LINK46
	OLE_LINK20
	OLE_LINK92
	OLE_LINK133
	OLE_LINK201
	OLE_LINK138
	OLE_LINK7
	OLE_LINK8
	OLE_LINK157
	OLE_LINK153
	OLE_LINK139
	OLE_LINK152
	OLE_LINK203
	OLE_LINK150
	OLE_LINK151
	OLE_LINK6
	OLE_LINK142
	_Hlk143459280
	OLE_LINK2
	OLE_LINK93
	OLE_LINK134
	OLE_LINK18
	OLE_LINK96
	OLE_LINK17
	_Hlk143449911
	OLE_LINK15
	OLE_LINK19
	OLE_LINK141
	OLE_LINK125
	OLE_LINK97
	OLE_LINK95
	OLE_LINK126
	OLE_LINK115
	OLE_LINK99
	OLE_LINK5
	OLE_LINK75
	OLE_LINK56
	OLE_LINK116
	OLE_LINK124
	OLE_LINK113
	OLE_LINK118
	OLE_LINK14
	OLE_LINK41
	OLE_LINK3
	OLE_LINK119
	OLE_LINK101
	OLE_LINK26
	OLE_LINK78
	OLE_LINK58
	OLE_LINK80
	_Hlk127471050
	OLE_LINK62
	OLE_LINK63
	OLE_LINK128
	OLE_LINK135
	OLE_LINK25
	OLE_LINK64
	OLE_LINK61
	OLE_LINK44
	OLE_LINK85
	OLE_LINK32
	OLE_LINK103
	OLE_LINK84
	OLE_LINK10
	OLE_LINK11
	OLE_LINK123
	OLE_LINK33
	OLE_LINK114
	_Hlk143419800
	OLE_LINK140
	_Hlk143420023
	_Hlk143419814
	_Hlk143420038
	OLE_LINK34
	OLE_LINK53
	OLE_LINK13
	OLE_LINK67
	OLE_LINK35
	OLE_LINK117
	OLE_LINK68
	OLE_LINK83
	OLE_LINK66
	OLE_LINK54
	OLE_LINK36
	OLE_LINK71
	OLE_LINK37
	OLE_LINK38
	OLE_LINK70
	OLE_LINK131
	OLE_LINK31
	OLE_LINK39
	_Hlk143456182
	OLE_LINK121
	OLE_LINK86
	_Hlk143455372
	_Hlk143455875
	_Hlk143455886
	_Hlk128663709
	_Hlk128663735
	_Hlk128663759
	_Hlk128663863
	_Hlk128664144
	_Hlk128664180
	_Hlk128663524
	OLE_LINK1
	OLE_LINK36
	OLE_LINK13
	OLE_LINK14
	OLE_LINK17
	OLE_LINK16
	OLE_LINK18
	OLE_LINK20
	OLE_LINK22
	OLE_LINK10
	OLE_LINK24
	OLE_LINK5
	OLE_LINK33
	OLE_LINK25
	OLE_LINK34
	OLE_LINK35
	OLE_LINK31
	OLE_LINK12
	_Hlk137983276
	_Hlk120664990
	_Hlk120665012
	_Hlk139049383
	_Hlk122820784
	_Hlk145591847
	_Hlk149208513
	_Hlk141903072
	_Hlk145615703

