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A B S T R A C T

Fatty acid amide hydrolase 2 (FAAH2) is an enzyme involved in the degradation of endocannabinoids in humans. 
Altered FAAH2 activity has been implicated in various neurological and psychiatric conditions. We describe a 
male patient presenting with anxiety disorder, autistic-like traits, and borderline intellectual functioning (BIF), as 
well as metabolic disturbances including obesity and hepatic steatosis. Trio-based whole-exome sequencing 
(WES) identified the novel hemizygous c.988C > A (p.Gln330Lys) variant in the X-linked FAAH2 gene, which 
currently lacks an associated MIM phenotype. Structural modelling suggested that the variant induces multiple 
alterations in the amidase signature (AS), a key functional domain of the enzyme. These findings contribute to 
the emerging evidence supporting FAAH2 as a candidate gene for a neurodevelopmental phenotype with 
metabolic involvement, consistent with an X-linked inheritance pattern.

1. Introduction

The endocannabinoid system (ECS) is a widespread neuro
modulatory network that plays a crucial role in central nervous system 
development and regulates numerous cognitive and physiological pro
cesses. It comprises endogenous cannabinoids, their receptors, and the 
enzymes responsible for the synthesis and degradation of these signal
ling molecules (Ranieri et al., 2016; Cristino et al., 2020; Lu and Mackie, 
2021). Dysregulation of ECS enzymes has been linked to a wide range of 
neurological and psychiatric disorders and also affects human meta
bolism (Vettor and Pagano, 2009; Ranieri et al., 2016; Cristino et al., 
2020). The ECS is critically involved in the regulation of energy balance 
across multiple organs by promoting food intake, stimulating fat mass 
accumulation, and suppressing both energy expenditure and thermo
genesis (Nogueiras et al., 2009; Silvestri and Di Marzo, 2013). This 
system aligns behaviour and metabolism with food availability, 
conferring an evolutionary advantage in conditions of food scarcity or 

unpredictability (Elphick, 2012; Watkins and Kim, 2015). However, in 
environments characterised by food abundance, ECS overactivity can 
become maladaptive, contributing to obesity and related metabolic 
disorders. Inhibition of ECS activity has been shown to elicit beneficial 
metabolic effects, including reductions in adiposity, dyslipidaemia, in
sulin resistance, and hepatic steatosis (Basu et al., 2014). As such, 
modulation of ECS enzymatic activity is considered a promising thera
peutic strategy for the management of metabolic disorders and associ
ated health conditions.

Among the numerous genes involved in ECS regulation, FAAH2 
emerges as a key candidate, being located on the X chromosome. Its 
isozyme, FAAH, is involved in the modulation of mood and emotional 
responses, reward processing, pain perception, energy metabolism, 
appetite regulation, inflammation, and other biological processes 
(Conzelmann et al., 2012; Paulus et al., 2021). Genetic variants in 
FAAH2 have been associated with several conditions, including sub
stance and alcohol use disorders, obesity, and eating disorders. The gene 
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encodes an enzyme responsible for the hydrolytic degradation of 
endocannabinoids in humans, a process essential for ECS regulation 
(Haq and Kilaru 2020; Santoso and De Ridder 2023). FAAH2 serves as an 
additional enzyme for N-acylethanolamine (NAE) inactivation in higher 
mammals. Unlike FAAH, which localises to the endoplasmic reticulum, 
FAAH2 is associated with lipid droplets, as demonstrated by immuno
fluorescence studies and analysis of its N-terminal hydrophobic region 
(Kaczocha et al., 2010). According to expression databases such as 
Genotype-Tissue Expression (GTEx) and the Human Protein Atlas 
(HPA), FAAH2 is expressed in a wide range of tissues, including the 
brain. Notably, it shows high expression in the seminal vesicles, sug
gesting a potential role for the ECS in epithelial homeostasis, secretory 
function, or autonomic mechano-afferent signalling (Ückert et al., 
2018). As previously reported, a genetic variant in FAAH2 has been 
associated with neurological and psychiatric symptoms (Sirrs et al., 
2015). In the same study, the identified mutation also led to significant 
alterations in lipid metabolism, as evidenced by abnormalities in the 
whole blood acylcarnitine profile. FAAH2 was proposed as a candidate 
gene for X-linked intellectual disability based on multiple criteria: the 
co-segregation of a copy number variation (CNV) with disease within a 
pedigree, the absence of this CNV in public databases and control pop
ulations, and the gene’s expression pattern and predicted function, 
which are consistent with a neurological phenotype (Whibley et al., 
2010).

The aim of the present study is to investigate a potential association 
between the FAAH2 gene, and the clinical symptoms observed in the 
patient, which include anxiety, autistic-like behaviours, borderline in
tellectual functioning (BIF), as well as metabolic abnormalities such as 
obesity and hepatic steatosis.

2. Materials and methods

2.1. Library preparation and next generation sequencing (NGS) analysis

Genomic DNA was extracted from peripheral blood leukocytes of the 
proband and both parents, as previously described (Calì et al., 2024). 
Library preparation (TRIOS) and exome enrichment were performed 
using the Agilent SureSelect V7 kit (Santa Clara, CA, USA), following the 
manufacturer’s instructions. Whole exome sequencing (WES) was car
ried out on an Illumina HiSeq 3000 instrument (San Diego, CA, USA). 
This approach achieved ≥ 97 % coverage at a depth of at least 20×.

Variants were filtered based on the following criteria: (i) recessive, 
de novo, or X-linked inheritance patterns; (ii) minor allele frequency 
(MAF) < 1 % according to the following public datasets: 1000 Genomes, 
ESP6500, ExAC, and GnomAD. The reference genome used was HG38.

Variant confirmation was performed via conventional Sanger 
sequencing using the BigDye™ Terminator v1.1 Cycle Sequencing Kit 
(Life Technologies, CA, USA) and the SeqStudio Genetic Analyzer 
(Thermo Fisher Scientific, Waltham, MA, USA). The primers used for 
Sanger confirmation were:

Forward: 5′- TGGATGGAACATGATGGAGGC -3′.
Reverse: 5′- GGCAGTAAGTGAAGTAAAGGGC -3′.
DNA fingerprinting was carried out to confirm maternity and pa

ternity for the proband and both parents (Calì et al., 2002).

2.2. Bioinformatic and variant analysis

The identified variant was analysed using multiple bioinformatics 
tools to predict its potential functional impact. Initially, it was searched 
in the Human Gene Mutation Database (HGMD Professional 2023) to 
assess any prior reporting. Variant filtering and prioritisation were 
performed with VarAft (version 2.17–2), and pathogenicity classifica
tion followed the American College of Medical Genetics and Genomics 
(ACMG) guidelines, as implemented in VarSome (Richards et al., 2015).

A numerical scoring system was applied, and the identified variant 
received 4 points, corresponding to a classification of variant of 

uncertain significance (VUS) (range 0–5 points). The criteria used for 
this classification are summarised in Table 1.

To investigate FAAH2 expression patterns, data were retrieved from 
the Human Protein Atlas (HPA) (https://www.proteinatlas.org/) 
(accessed on 10 September 2024). Gene Ontology (GO) terms related to 
FAAH2 function and domain annotations were obtained from QuickGO 
(https://www.ebi.ac.uk/QuickGO/) (accessed on 10 September 2024). 
Additional data on protein function and structure were gathered from 
UniProt (https://www.uniprot.org/), InterPro (https://www.ebi.ac.uk/ 
interpro/), and PROSITE (https://prosite.expasy.org/) (all accessed on 
10 September 2024).

2.3. Structural and functional annotation

To explore potential structural consequences of the identified 
variant, a 3D model of FAAH2 was generated using UCSF ChimeraX 
(version 1.7; Resource for Biocomputing, Visualization, and Bioinfor
matics – RBVB, University of California, San Francisco). Functional 
enzyme classification was obtained from the ExPASy database (http 
s://www.expasy.org/) (accessed on 10 September 2024), while 
reaction-specific data were retrieved from the Rhea database (https 
://www.rhea-db.org/) (accessed on 10 September 2024), linking 
FAAH2 to its corresponding biochemical reactions.

A comparative sequence analysis between FAAH1 and FAAH2 was 
performed using BioEdit software (version 7.2), in order to identify 
conserved and divergent amino acid residues potentially affecting pro
tein function.

3. Results

3.1. Clinical report

The patient, the first child of non-consanguineous parents, exhibited 
delayed milestones (walking at 20 months, first words at 4 years) and 
early behavioral abnormalities (repetitive activities, auditory hyper
sensitivity, self-isolation), leading to a diagnosis of pervasive develop
mental disorder at age 3. With support, his speech and engagement 
improved, allowing him to attend school with peers. He completed 
vocational training in hotel management, with intellectual assessments 
placing him in the “borderline” range. At 16, he experienced episodic 
limb stiffening, left-hand rotation, eye deviation, tremors, and unre
sponsiveness followed by vomiting. Normal EEG findings and symptom 
resolution with psychological counseling suggested pseudo-seizures, 
without the need for anti-epileptic drugs.

His history included progressive obesity from age 10, managed with 
dietary measures. Family history was negative for similar disorders.

On examination, he was oriented, well-groomed, and cooperative, 
with minimal speech modulation. Neurologically, cranial nerves, motor 
function, sensation, and reflexes were normal, though gross motor 
movements were clumsy. General examination revealed a BMI of 32 and 
dysmorphic features, including an elongated face, high forehead, frontal 

Table 1 
ACMG-based classification of the identified variant.

Criteria for 
classifying variants

Category 
code

Description

Moderate PM2 Absent from controls (or at extremely low 
frequency if recessive) in Exome Sequencing 
Project, 1000 Genomes Project, or Exome 
Aggregation Consortium.

Supporting PP3 Multiple lines of computational evidence 
support a deleterious effect on the gene or 
gene product

Supporting PP4 Patient’s phenotype or family history is highly 
specific for a disease with a single genetic 
aetiology.

Final ACMG variant classification: Uncertain Significance (4pts)
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bossing, downturned palpebral fissures, small columella, hypoplastic 
nostrils, bulbous nasal tip, well-defined philtrum, low tongue posture, 
high-arched palate, and crossbite. He had mild thoracolumbar scoliosis, 
pronated flat feet, and valgus heel deviation. Cardiac, respiratory, and 
abdominal exams were unremarkable.

Abdominal ultrasound, prompted by mild liver enzyme elevation, 
showed mild hepatomegaly, hyper-echogenicity consistent with stea
tosis, and a slightly enlarged spleen (13 cm).

3.2. Genetic variant detection

Whole-exome sequencing (WES) analysis identified a hemizygous 
c.988C > A variant in the FAAH2 gene (ENST00000374900.5), located 
on the X chromosome (Fig. 1).

This single-nucleotide substitution results in a missense mutation, 
replacing glutamine (Gln) with lysine (Lys) at position 330 of the protein 
sequence (Gln330Lys). The variant was inherited from the healthy 
mother, consistent with an X-linked inheritance pattern (Fig. 2).

To assess the potential pathogenicity of this variant, we performed in 
silico functional predictions using multiple bioinformatics tools. Variant 
classification followed the American College of Medical Genetics 
(ACMG) guidelines, as implemented in VarSome, which integrates 
multiple predictive algorithms for conservation, structural impact, and 
potential deleterious effects. Additionally, the variant was searched in 
the Human Gene Mutation Database (HGMD Professional 2023) and 
filtered using VarAft (2.17–2), confirming its novelty, as it has not been 
previously reported in clinical or population databases.

Despite the lack of prior descriptions, functional studies have 
implicated FAAH2 in neurological and metabolic processes, with pre
vious reports associating mutations in this gene with neuro
developmental and psychiatric symptoms, along with metabolic 
dysregulation. FAAH2 encodes a fatty acid amide hydrolase predomi
nantly expressed in the brain and liver, sharing structural and functional 
similarities with its paralog FAAH1. The enzyme catalyzes the hydro
lysis of fatty acid amides (FAAs) into their respective free fatty acids and 

amines, a reaction critical in endocannabinoid signaling. According to 
the Rhea database (Rhea ID: 26136) and Expasy (EC 3.5.1.99), FAAH2 is 
involved in lipid metabolism, with potential implications in neuro
transmission, inflammation, and energy homeostasis.

Structural modeling and visualization using UCSF ChimeraX suggest 
potential conformational changes within the amidase signature (AS) 
domain, a conserved functional motif essential for FAAH2 enzymatic 
activity. Structural annotations from InterPro, Prosite, and QuickGO 
indicate that changes in this region could potentially impair substrate 
binding and enzymatic function. Given the role of FAAH2 in lipid 
metabolism and neurological processes, the Gln330Lys variant might 
contribute to the patient’s phenotype by altering enzymatic function, 
potentially impacting lipid signaling pathways.

3.3. Protein structure prediction

The p.Gln330Lys variant may affect the enzyme’s structure and 
function due to the substitution of the polar, uncharged glutamine with 
the positively charged lysine. Protein structure prediction analysis 
revealed folding differences within the wild type and the mutated 
FAAH2 protein. These differences are attributed to the different 
hydrogen bonds number and patterns. As predicted, the wild type pro
tein displayed a total number of 498 hydrogen bonds. Conversely, the 
predicted mutated protein structure accounted for 494 hydrogen bonds. 
In the specific mutation site Gln330 was not registered any variations in 
hydrogen bonds number and organization (Fig. 3).

Nevertheless, the analysis of the hydrogen bonds organization in the 
whole protein structure, unveiled notable differences as results of the 
mutation identified. One key difference is that the mutated version lacks 
the hydrogen bond between Gly32 and Leu29. Additionally, in the 
mutated protein, a bond formed between Arg61 and Pro122. Arg63 in 
the mutated protein interacts once with Arg60, twice with Lys107, and 
once with Lys110, while the wild type does not show a bond with 
Lys110. The mutated protein also lacks interactions with Lys90 and 
Ile173. In the mutated protein, Gln105 forms a bond with Glu109, which 

Fig. 1. Next generation sequencing (NGS) analysis and detection of the novel c.988C > A variant within the FAAH2 gene (ENST00000374900.5). (a) Graphical 
representation of the chromosomal localization of the FAAH2 gene on the X chromosome, with the genetic variant (c.988C > A) located in exon 7. (b) Whole-exome 
sequencing (WES) results displayed using the Integrative Genomics Viewer (IGV) tool, showing the sequencing data for the patient and both healthy parents. The 
possibility of maternal mosaicism was excluded based on read depth analysis from NGS data. At the variant site, the mother exhibited a total of 239 reads, of which 
100 were covered by nucleotide A and 139 by nucleotide C. The asterisk indicates the position of the amino acid change, Gln330Lys.
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is absent in the wild type. Similarly, Ser133 establishes a hydrogen bond 
with Glu132, absent in the wild type. There is also an additional 
hydrogen bond in the mutated protein between Thr155 and Gln135, 
which does not occur in the wild type. In the mutated protein, Ser177 
has only one hydrogen bond with Trp182. In contrast, the wild type has 

additional interactions between Ser177 and both Ser206 and Glu184. 
Moreover, a hydrogen bond forms between Trp182 and Ser177 in the 
mutated protein, which is not present in the wild type. There is also a 
hydrogen bond between Ser186 and Glu184 in the mutated version that 
is absent in the wild type. In the wild type, an additional bond exists 

Fig. 2. Pedigree analysis of the inheritance pattern of the variant in the affected patient reveals an X-linked mode of inheritance. Notably, the mother carries the X 
chromosome with the genetic variant FAAH2 (ENST00000374900.5) (indicated by the asterisk), which has a 50 % probability of being passed on to her offspring. 
Conventional Sanger sequencing is presented for patient and both healthy parents. Maternal mosaicism was excluded based on read depth analysis and confirmed by 
Sanger sequencing of both DNA strands.

Fig. 3. Graphical representation of the wild type and mutated FAAH2 protein structure prediction. (a) Wild type FAAH2 protein structure. (b) Focus on the wild type 
Gln330 residue of the wild type FAAH2 protein. (c) Mutated FAAH2 protein structure. (d) Close-up to the mutated Lys330 residue. As is clearly visible, the hydrogen 
bonds number and pattern didn’t vary as results of the identified mutation.

M. Vinci et al.                                                                                                                                                                                                                                   Gene 966 (2025) 149703 

4 



between Tyr190 and Glu132, which is lacking in the mutated protein, as 
well as a bond between Gln200 and Phe36, also absent in the mutated 
form. Conversely, the mutated protein has an additional hydrogen bond 
between Ser230 and Gly205 that is not present in the wild type. Addi
tionally, there is an extra bond between Arg274 and Leu214 in the 
mutated protein. The wild type has two hydrogen bonds between 
Arg293 and Pro247, while the mutated protein has only one. In the wild 
type, there are two additional hydrogen interactions between Ser316 
and Asp313, and between Ser316 and Lys354, both of which are absent 
in the mutated protein. Furthermore, the mutated version has a bond 
between Lys352 and Glu438 that does not exist in the wild type. The 
wild type also has a bond between Phe377 and Glu415, which is absent 
in the mutated form. Lastly, compared to the wild type, the mutated 
protein has an additional hydrogen bond between Lys429 and Glu432 
and an extra bond between His461 and Leu199, which are not found in 
the wild type. However, the wild type has an additional bond between 
Arg467 and Thr466. Fig. 4 illustrates the amino acid sequence of FAAH2 
and its isozyme. The figure highlights both the specific mutation site at 
position 330, identified in the present study, and the mutation site re
ported in a previous work (Sirrs et al., 2015), where the patient shared 
some phenotypic characteristics to the one analysed in this study.

3.4. Comparison between the phenotype analyzed and the subject 
examined in a previous study

The subject examined in the current manuscript exhibits phenotypic 
features similar to those reported in a previous study (Sirrs et al., 2015), 
in which the genetic variant c.1372 G > T p.Ala458Ser in the FAAH2 
gene was identified. In this context, Table 2 provides a comparison of the 
phenotypes between the two cases. The previously described patient 
(Sirrs et al., 2015) showed an abnormal acyl carnitine profile but this 
testing was not available in our patient for comparison.

4. Discussion

As is well established, the endocannabinoid system is closely asso
ciated with various neurological disorders (Ranieri et al., 2016; Cristino 
et al., 2020). Moreover, this system plays a pivotal role in the regulation 
of obesity and metabolic diseases (Mazier et al., 2015; Martins et al., 
2015). The patient described in the present study exhibits an anxiety 
disorder, autistic-like behaviour, and borderline intellectual functioning 

(BIF). Additionally, the patient presents with obesity and hepatic 
steatosis.

Whole exome sequencing (WES) analysis performed on the patient 
and both healthy parents identified a hemizygous variant in the FAAH2 
gene (Fig. 1), which is intricately involved in the modulation of the 
endocannabinoid system. No other potentially causative variants were 
found in known genes related to the observed phenotype. The variant 
c.988C > A p.Gln330Lys detected in this study was absent from gno
mAD, ClinVar, and dbSNP databases, supporting its novel status. The 
identified p.Gln330Lys substitution may affect enzyme structure and 

Fig. 4. Graphical representation of the amino acid sequences of FAAH2 and its isozyme FAAH1, which share approximately 20% sequence identity. Amidase 
Signature (AS) domain was underscored using the blue line. The red arrows indicate the mutation sites at residues Q330 and A458, identified in the patient from the 
present study and in a previous study16, where the patient displayed some symptoms similar to those observed in the current case. The Figure was modified from a 
previous study26 and was generated using the software BioEdit.

Table 2 
Comparison of the phenotype examined in the current study carrying the mu
tation p.Gln330Lys and in a previous study (Sirrs et al., 2015) carrying the 
variant p.Ala458Ser.

Symptom p.Gln330Lys p.Ala458Ser

Problems at 
birth

Not registered Hypotonia, feeding

Language 
milestone

Delayed (first world at 4 
years)

Delayed

Motor problems 
in childhood

Not registered Delayed

Childhood EEG Normal overabundance of multifocal 
sharp waves against a 
discontinuous asynchronous 
background

Childhood 
behaviour

Social isolation and 
hyperacusis

​

Autism Autistic features Diagnosed at 3 years
Anxiety Yes Yes, diagnosed at 7 years
Psychogenic 

seizures
Occurred 5 times, from 15 to 
17 years old

Frequent after 22 years old

Other physical 
findings

Borderline intellectual 
function, clumsiness in gross 
motor skills, low tongue 
posture, high-arched palate, 
and reverse bite

Preserved neurocognitive 
abilities, severe dysarthria, a 
supranuclear vertical gaze 
palsy, left facial hypoplasia, 
limited jaw opening, limited 
lateral movement of his tongue 
but no associated tongue 
weakness, bilaterally reduced 
fine motor movements, a mild 
left spastic gait and a bilateral 
action tremor

Body mass index 
(BMI)

Obesity (BM 32) Obesity (BM 31)
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function, due to the replacement of a polar, uncharged glutamine with a 
positively charged lysine. This change could potentially alter substrate 
specificity, catalytic activity, or protein stability, thereby influencing 
endocannabinoid signalling. According to ACMG guidelines, the variant 
was classified as of uncertain significance (4 points), although protein 
modelling indicated notable structural alterations involving the amidase 
signature (AS) domain.

It should be noted that WES targets only coding regions, which 
constitute approximately 2 % of the genome, and does not capture 
intronic variants that may also be clinically relevant. At present, FAAH2 
has no MIM phenotype entry associating it with a defined disease. 
However, functional studies have linked it to clinical features similar to 
those observed in this patient (Sirrs et al., 2015; Table 2). Located on the 
X chromosome, FAAH2 follows a classic X-linked inheritance pattern 
(Fig. 2). In this case, the mother is a healthy heterozygous carrier of the 
variant, while the unaffected father does not carry the mutation. This 
pattern supports the potential for maternal transmission and a more 
pronounced phenotype in hemizygous males. A previous study identi
fied a p.Ala458Ser variant in FAAH2 in a male patient with comparable 
symptoms, while the unaffected brother did not carry the mutation, 
strengthening the link between FAAH2 variation and disease (Sirrs et al., 
2015). To investigate the functional impact of the identified p.Ala458Ser 
mutation, the FAAH2 mutant was expressed in human 293 T cells. The p. 
Ala458Ser variant consistently showed reduced expression levels 
(~30–40 %) compared to wild type FAAH2. Enzymatic assays using 
anandamide (AEA) and palmitoylethanolamide (PEA) as substrates 
demonstrated significantly impaired hydrolytic activity in the mutant 
compared to wild type enzyme (Sirrs et al., 2015).

The FAAH2 gene encodes an enzyme registered in the Expasy data
base under EC number 3.5.1.99, with two reactions annotated in the 
Rhea database (RHEA:26136; RHEA:26506). Functional annotations 
from the QuickGO database indicate that FAAH2 possesses hydrolase 
activity (GO:0016787) and fatty acid amide hydrolase activity 
(GO:0017064), and participates in lipid catabolism (GO:0016042) and 
arachidonic acid metabolism (GO:0019369). The protein is localised to 
lipid droplets (GO:0005811) and membranes (GO:0016020).

FAAH2 is expressed in several primate and vertebrate species but is 
absent in rodents such as mice and rats. It encodes an isozyme of FAAH1 
(Simard et al., 2022), although the two share only ~ 26 % sequence 
identity. While both enzymes hydrolyse primary fatty acid amides, they 
differ in substrate specificity and tissue distribution, implying a com
plementary function in primates (Wei et al., 2006). Expression data from 
the Human Protein Atlas (HPA) and GTEx confirm FAAH2 expression in 
multiple tissues, including the brain, although its precise neural role 
remains undefined. A mutagenesis study in Danio rerio implicated 
faah2a as a stress-modulating gene, with disruption leading to attenu
ated locomotor responses to hyperosmotic stress, suggesting a behav
ioural regulatory function (Krug et al., 2018).

According to InterPro, both FAAH1 and FAAH2 belong to the 
amidase signature (AS) superfamily (IPR036928), characterised by a 
conserved C-terminal domain rich in serine and glycine residues and 
containing a distinctive Ser-Ser-Lys catalytic triad (IPR023631). 
AlphaFold modelling revealed differences in hydrogen bonding between 
the wild-type and mutant FAAH2 structures. The p.Gln330Lys variant 
induced the loss of four hydrogen bonds. Notably, within the AS domain 
(residues 127–246), several novel bonds were observed in the mutant 
protein, including Ser133–Glu132 and Thr155–Gln135, which are ab
sent in the wild type. Conversely, critical interactions such as 
Ser177–Ser206/Glu184 and Tyr190–Glu132 were lost. Additional new 
interactions, including Ser230–Gly205 and Arg274–Leu214, were 
observed in the mutant. These changes, particularly in a region of 
α-helices housing the catalytic residues, suggest possible impacts on 
structural stability and enzymatic activity. While the mutation lies 
outside the AS domain, the observed changes in hydrogen bonding — 
based on distances between 2.5 and 3.5 Å, with a peak at 2.9 Å (Liu et al., 
2008; Hubbard and Haider, 2010) — could still compromise protein 

function. Interestingly, the previously identified pathogenic variant p. 
Ala458Ser is also located outside the AS domain yet has been func
tionally implicated in disease (Sirrs et al., 2015).

Although the precise physiological role of FAAH2 remains unclear, 
lipid droplet localisation is essential for endocannabinoid hydrolysis 
(Ueda et al., 2013). Given the importance of lipid droplets in triglyceride 
and cholesterol storage and trafficking, disruption of FAAH2 function 
may affect these pathways (Robichaud et al., 2021; Dumesnil et al., 
2023). In support, the p.Ala458Ser variant has been hypothesised to 
alter FAAH2 substrate/product levels, influencing cholesterol transport 
and contributing to the patient’s phenotype (Sirrs et al., 2015). The 
present patient exhibited reduced serum cholesterol and triglycerides, 
which have been associated with psychiatric symptoms including anx
iety and depression via modulation of serotonin signaling (Sahebzamani 
et al., 2013; Thomas and Tampé, 2020). The patient also showed 
elevated serum aminotransferases (AST and ALT) and signs of hepatic 
steatosis. Although a direct link between the mutation and hepatic 
steatosis is speculative, the imbalance in fatty acid metabolism and 
cholesterol efflux may contribute to the observed hepatic pathology, 
which is frequently associated with such metabolic disturbances 
(Sahebzamani et al., 2013; Thomas and Tampé, 2020).

The endocannabinoid system’s role in obesity and hepatic steatosis is 
well documented (Kunos and Osei-Hyiaman, 2008; Mallat and Lotersz
tajn, 2010). Specifically, feeding behaviour and lipid metabolism are 
regulated by CB1 and CB2 receptors and their endogenous ligands (Behl 
et al., 2021). Nevertheless, we cannot exclude the possibility that the 
patient’s metabolic abnormalities arise from dietary imbalances alone. It 
also remains uncertain whether hepatosplenomegaly is attributable to 
obesity or the FAAH2 variant.

Although associations between FAAH variants and obesity have been 
proposed, findings remain inconsistent (Sipe et al., 2005; Müller et al., 
2017; Behl et al., 2021). However, FAAH is known to mediate leptin- 
driven appetite and energy balance (Balsevich et al., 2018). In the 
case reported by Sirrs et al. (2015), the individual also presented with 
obesity (BMI 31). To date, FAAH is associated with drug addiction and 
substance abuse (MIM #606581), but not with metabolic phenotypes. In 
obese rats, FAAH was overexpressed in the adrenal gland and soleus 
muscle, though increased enzymatic activity was restricted to the ad
renal gland (Iannotti et al., 2013), suggesting transcriptional and post- 
transcriptional regulation. Analogously, FAAH2 expression has been 
shown to increase in abdominal adipose tissue of obese individuals, 
particularly following weight loss, while decreasing in gluteal fat 
(Bennetzen et al., 2011). Expression also differs across populations, with 
levels in skeletal muscle fivefold lower in South Asians compared to 
Caucasians (Nahon et al., 2018).

This study has two main limitations: the first one is the absence of 
functional characterization of the identified variant, particularly 
through enzymatic assays measuring hydrolytic activity against AEA 
and PEA substrates. The second limitation is the unavailability of whole 
blood acyl-carnitine profile data for comparison with the previously 
reported p.Ala458Ser case (Sirrs et al., 2015). These missing analyses 
represent important avenues for future investigation to fully understand 
the variant’s molecular and metabolic consequences.

In conclusion, this study contributes to the growing body of evidence 
implicating FAAH2 in metabolic and neuropsychiatric phenotypes. 
Further functional and clinical investigations are warranted to elucidate 
the mechanistic roles of this gene and its potential relevance in human 
disease.
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Thomas, C., Tampé, R., 2020. Structural and mechanistic principles of ABC transporters. 
Annu. Rev. Biochem 89, 605–636. https://doi.org/10.1146/annurev-biochem- 
011520-105201.

Ückert, S., la Croce, G., Bettiga, A., et al., 2018. Expression and distribution of key 
proteins of the endocannabinoid system in the human seminal vesicles. Andrologia 
50, e12875. https://doi.org/10.1111/and.12875.

Ueda, N., Tsuboi, K., Uyama, T., 2013. Metabolism of endocannabinoids and related 
<scp>N</scp> -acylethanolamines: Canonical and alternative pathways. FEBS J. 
280, 1874–1894. https://doi.org/10.1111/febs.12152.

Vettor, R., Pagano, C., 2009. The role of the endocannabinoid system in lipogenesis and 
fatty acid metabolism. Best Pract. Res. Clin. Endocrinol. Metab. 23, 51–63. https:// 
doi.org/10.1016/j.beem.2008.10.002.

Watkins, B.A., Kim, J., 2015. The endocannabinoid system: directing eating behavior and 
macronutrient metabolism. Front. Psychol. 5. https://doi.org/10.3389/ 
fpsyg.2014.01506.

Wei, B.Q., Mikkelsen, T.S., McKinney, M.K., et al., 2006. A second fatty acid amide 
hydrolase with variable distribution among placental mammals. J. Biol. Chem. 281, 
36569–36578. https://doi.org/10.1074/jbc.M606646200.

Whibley, A.C., Plagnol, V., Tarpey, P.S., et al., 2010. Fine-scale survey of X chromosome 
copy number variants and indels underlying intellectual disability. Am. J. Hum. 
Genet. 87, 173–188. https://doi.org/10.1016/j.ajhg.2010.06.017.

M. Vinci et al.                                                                                                                                                                                                                                   Gene 966 (2025) 149703 

8 

https://doi.org/10.1038/sj.ijo.0802954
https://doi.org/10.1186/s13023-015-0248-3
https://doi.org/10.1146/annurev-biochem-011520-105201
https://doi.org/10.1146/annurev-biochem-011520-105201
https://doi.org/10.1111/and.12875
https://doi.org/10.1111/febs.12152
https://doi.org/10.1016/j.beem.2008.10.002
https://doi.org/10.1016/j.beem.2008.10.002
https://doi.org/10.3389/fpsyg.2014.01506
https://doi.org/10.3389/fpsyg.2014.01506
https://doi.org/10.1074/jbc.M606646200
https://doi.org/10.1016/j.ajhg.2010.06.017

	Investigating the role of a novel hemizygous FAAH2 variant in neurological and metabolic disorders
	1 Introduction
	2 Materials and methods
	2.1 Library preparation and next generation sequencing (NGS) analysis
	2.2 Bioinformatic and variant analysis
	2.3 Structural and functional annotation

	3 Results
	3.1 Clinical report
	3.2 Genetic variant detection
	3.3 Protein structure prediction
	3.4 Comparison between the phenotype analyzed and the subject examined in a previous study

	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgment
	Data availability
	References


