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The endocannabinoid system is a neuromodulatory network regulating synaptic
plasticity, neuronal activity, and neuroinflammatory responses in both the central
and peripheral nervous systems. The endocannabinoid system comprises endog-
enous ligands, termed endocannabinoids, and two principal receptors, cannabi-
noid receptor type 1 and type 2 (CB1R and CB2R). While CB1R is predominantly
associated with the central nervous system and mediates the psychotropic effects
of cannabis-derived compounds, CB2R was initially considered mainly peripheral.
However, growing evidence over the last decades has highlighted a pivotal role
for CB2R in central nervous system homeostasis and pathology. Importantly, the
lack of psychotropic effects associated with CB2R signaling has positioned this
receptor as a promising therapeutic target for several brain-related disorders,
including neuroinflammatory, neurodegenerative, neuropsychiatric, and neuro-
vascular conditions. Here, we provide a structured review of experimental stud-
ies published over the last 3 years investigating CB2R modulation in the central
nervous system, with a particular focus on disease mechanisms and emerging
therapeutic strategies.

KEYWORDS
CB2R, endocannabinoid system, G protein—coupled receptor, neurodegeneration,
neuroinflammation

1 Introduction

The endocannabinoid system (ECS) is a fundamental neuromodulatory network that
maintains central nervous system (CNS) homeostasis by regulating synaptic plasticity, neu-
ronal activity and neuroinflammatory processes (De Melo Reis et al., 2021). This complex
signaling system comprises two primary cannabinoid receptors, cannabinoid type 1 receptor
(CBIR) and cannabinoid type 2 receptor (CB2R), as well as endogenous ligands and the
enzymes responsible for their synthesis and degradation (Cristino et al., 2020). CBIR is
highly expressed in the CNS, where it mediates the psychotropic effects of cannabis deriva-
tives and modulates neurotransmitter release, with lower expression in peripheral tissues.
CB2R was initially characterized as primarily expressed peripherally, especially in circulating
immune cells (e.g., neutrophils and monocytes) (Buckley et al., 2000; Simard et al., 2022).
Increasing evidence supports CB2R expression in glial cells and in neurons within the
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hippocampus, nucleus accumbens, striatum, and brainstem (Van
Sickle et al., 2005; Brusco et al., 2008). Neuronal CB2R was also
shown to modulate dopaminergic, serotonergic and glutamatergic
neurotransmission (Zhang et al., 2021; Grabon et al., 2023b; Meanti
et al., 2025; Zhao et al., 2025).

CB2R is a G protein—-coupled receptor, typically coupled to
Gi/o proteins, and its activation inhibits adenylyl cyclase, leading
to reduced intracellular cAMP levels and downstream protein
kinase A activity (Demuth and Molleman, 2006). CB2R also
recruits f-arrestins, regulating receptor desensitization, internal-
ization and downstream inflammatory signaling (Chiurchiu et al.,
2015; Soethoudt et al., 2017). Beyond this canonical pathway,
CB2R signaling engages multiple intracellular signaling pathways
relevant to neuroinflammation, including the PI3K/Akt and mito-
gen-activated protein kinase (MAPK) cascades, which regulate
cell survival, cytokine production, and microglial activation. A
key mechanism underlying CB2R-mediated anti-inflammatory
effects is the inhibition of the NF-xB pathway, resulting in
decreased expression of pro-inflammatory mediators. CB2R acti-
vation has also been associated with the induction of antioxidant
responses via the Nrf2 pathway and with the modulation of
inflammasome activity, contributing to the control of oxidative
stress and inflammatory signaling. Collectively, these pathways
place CB2R as a key regulator of neuroinflammatory responses
and microglial activity. In addition, CB2R can form functional
heteromers with receptors such as CB1R and CXCR4 (Callén et
al., 2012; Coke et al., 2016; Scarlett et al., 2018), thereby modifying
receptor coupling, downstream signaling, and cellular responses
in a context-dependent manner (Figure 1).

10.3389/fnbeh.2026.1882543

Under physiological conditions, CB2R expression in the CNS
is relatively low but becomes markedly upregulated in reactive
microglia and, to a lesser extent, astrocytes and neurons follow-
ing injury or inflammatory stimuli (Grabon et al., 2023a,b;
Grabon et al., 2024). As the resident immune cells of the CNS,
microglia undergo profound functional and transcriptional
changes in response to stress, trauma, or neurodegeneration, con-
tributing to inflammatory and oxidative processes associated
with neuronal dysfunction (Gao et al., 2023). CB2R activation
counteracts these responses by limiting pro-inflammatory cyto-
kine release, reducing oxidative stress, and promoting neuropro-
tective microglial phenotypes
Schmole, 2020).

Although microglia represent the most extensively studied

(Komorowska-Miiller and

CB2R-expressing CNS population, recent evidence demonstrates
important functions for CB2R in astrocytes, neurons, endothelial
and infiltrating immune cells. These cell populations appear to
engage distinct downstream signaling programs. In microglia,
CB2R primarily regulates inflammatory responses through path-
ways involving NF-kB, NLRP3 inflammasome activity, PI3K/Akt-
Nrf2 signaling and metabolic reprogramming. In astrocytes,
CB2R has been linked to autophagy, proteostasis and glial reac-
tivity, while neuronal CB2R was shown to contribute to synaptic
homeostasis, neurotransmitter release and dopaminergic, seroto-
nergic and glutamatergic signaling. In endothelial cells, CB2R
participates in the regulation of blood-brain barrier (BBB) integ-
rity, leukocyte recruitment and vascular inflammatory responses.
Together, these observations support a model in which CB2R
signaling is highly cell type-dependent and shaped by the local
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pathological environment. Due to its immunomodulatory prop-
erties and lack of psychotropic effects, CB2R has emerged as a
therapeutic target in inflammatory, autoimmune, neurodegenera-
tive and neuropsychiatric disorders (Cabafiero et al., 2021).
Selective CB2R agonists thus appear promising candidates for
further investigation, as they are designed to target CB2R with
little or no affinity for CB1R, avoiding CB1R-mediated adverse
effects and improving therapeutic applicability in inflammatory
pathologies (Pertwee, 2012; Picone and Kendall, 2015; Capozzi et
al., 2021).

In this review, we systematically screened the scientific literature
over the last 3 years to highlight the recent advancements in the
understanding of CB2R function, its involvement in CNS disorders
and its potential as a therapeutic target. We focus on experimental
evidence describing the mechanistic involvement of CB2R in CNS
pathologies and, importantly, pain biology is not discussed, since it is
often at the crossroads between the central and peripheral nervous
systems and many reviews have already been produced on medical
usage and anti-nociceptive effects of phytocannabinoids (Whiting et
al,, 2015; Finn et al,, 2021; Soliman et al., 2021; Barakji et al., 2023).

2 Search methods, eligibility criteria,
and screening

A structured literature search was performed using the PubMed
database (National Institutes of Health). The search covered publica-
tions from January 1st, 2023 to April 1st, 2026, and was conducted
during April 2026.

Terms were selected to capture CB2R and its gene nomenclature,
including “CB2R;” “CB-2 receptor;” “CNR2,;” “CNR-2,” and “cannabi-
noid receptor 2”. These terms were combined with pathology-specific
keywords (using the Boolean operator AND/OR), corresponding to
major neurological and neuropsychiatric disease categories (neuroin-
flammation, neurodegeneration, depression, anxiety, psychosis,
schizophrenia, epilepsy, and neurovascular conditions).

The search was restricted to original research articles using
PubMed filters. Reviews, editorials, conference abstracts, com-
ments, errata, and retracted publications were excluded. Studies
were further screened to retain only those providing experimen-
tal evidence on the role of CB2R within the central nervous
system, with emphasis on mechanistic and preclinical investiga-
tions. Inclusion criteria comprised: (i) original experimental
studies, (ii) investigation of CB2R function, and (iii) CNS-
relevant models. Exclusion criteria included non-CNS studies,
purely descriptive expression analyses without functional assess-
ment, and non-English articles.

The search yielded 56 records for neuroinflammation, 38 for neu-
rodegeneration, 17 for depression, 17 for anxiety, 11 for psychosis-
related terms, 7 for schizophrenia, 7 for epilepsy, and 2 for
neurovascular conditions. Study selection followed a structured
screening process. After removal of duplicates and preliminary exclu-
sions, records were screened for eligibility based on title and abstract.
Full-text articles were then assessed, and studies not meeting the
inclusion criteria were excluded. The final set of studies included only
those providing experimental evidence on CB2R function within the
central nervous system. No additional eligible studies were identified
through Google Scholar searches.
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3 Results and discussion
3.1 Neuroinflammation

Immune responses in the nervous system are essential for tissue
homeostasis, pathogen clearance and injury repair. Excessive or unre-
solved inflammation drives neuronal dysfunction, synaptic impair-
ment and tissue damage, fueling the progression of neurodegenerative
and neuroinflammatory disorders (Miiller et al., 2025). In this regard,
CB2R is widely recognized as an important regulator of inflammatory
processes in the CNS and a potential therapeutic target for neuroin-
flammatory and neurodegenerative diseases (Zhang et al., 2021;
Grabon et al., 2023b; Meanti et al., 2025; Zhao et al., 2025). Detection
of CB2R expression in the CNS remains challenging, as its expression
is generally low under physiological conditions and can be dynami-
cally regulated in response to stimuli in a time- and cell type-depen-
dent manner (Grabon et al., 2023a,b; Grabon et al., 2024). To this end,
several studies have provided important advances in the spatial and
temporal characterization of tissue CB2R expression. Microglia rep-
resent the main mediators of immune surveillance and phagocytic
activity in the CNS. Their activation is often categorized into classical
(M1-like) or alternative (M2-like) phenotypes (Komorowska-Miiller
and Schmole, 2020). M1 microglia produce pro-inflammatory cyto-
kines and chemokines and express the NADPH oxidase, which gener-
ates reactive oxygen species (ROS) and inducible nitric oxide synthase
(INOS). M2 activation describes anti-inflammatory and healing
microglial activities, releasing anti-inflammatory cytokines, growth
and neurotrophic factors. Hence, CB2R signaling fine-tunes microg-
lial activation and the balance between protective and detrimental
inflammatory responses.

The literature search identified 23 CNS-focused studies investigat-
ing CB2R signaling in neuroinflammation over the last 3 years.
Consistent with the central role of microglia in CNS immunity, 16 of
the 23 original research articles specifically focused on this cell
population.

Grabon et al. mapped the expression of CB2R across 11 brain
regions by RT-qPCR in three mouse strains (C57BL/6, Balb/c, and
Swiss), identifying microglia as the principal cell type contributing to
CB2R expression. Under physiological conditions, CB2R expression
was shown to be low and uniform across the examined regions.
However, its expression was differentially regulated depending on the
inflammatory stimuli. In particular, in vitro analyses showed that LPS-
induced inflammation produced an early and transient reduction in
CB2R mRNA levels in both BV2 cells and microglia isolated from
C57BL/6 mice, whereas IFN-y stimulation induced a rapid increase in
CB2R expression in BV2 cells, supporting a stimulus-dependent regu-
lation of CB2R expression (Grabon et al., 2024). Intriguingly, Laloli et
al. developed a novel inducible microglia-specific CB2R knockout
mouse model incorporating a dual reporter system, enabling simulta-
neous visualization of both Cnr2 expression and gene deletion (Laloli
et al., 2025). This model provides a valuable tool for investigating
microglia-specific CB2R signaling. Despite the different experimental
approaches, these studies converge on the low expression of CB2R
under basal conditions and its dynamic regulation by inflammatory
clues, supporting the concept of CB2R as a context-dependent sensor
of immune activation rather than a constitutively active immuno-
modulatory receptor.

Multiple studies highlight the functional interplay between CB2R
and microglial inflammatory pathways. Standoli et al. described a
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functional cross-talk between the ECS and sphingosine-1-phosphate
(S1P) signaling in BV2 microglial cells. They showed that LPS induces
sphingosine kinase 1 and 2 (SphK1/2), required for SIP production
and downstream pro-inflammatory cytokine release. Pharmacological
enhancement of endocannabinoid tone via Fatty Acid Amide
Hydrolase (FAAH) inhibition or direct activation of CB2R reduced
TNFa and IL-1f release and suppressed SphK1/2 induction. These
findings link LPS-driven inflammation to CB2R-mediated immuno-
modulation (Standoli et al., 2023).

Further mechanistic insight was provided by Rodrigues et al., who
investigated the role of CB2R-related signaling in the regulation of
NLRP3 inflammasome activation, iNOS and microglial polarization.
In BV2 cells exposed to lipopolysaccharide (LPS), CBD reduced the
expression of activation markers, limiting pro-inflammatory cytokine
release and promoting a shift away from a classically activated microg-
lial phenotype. These effects were partially reversed by CB2R antago-
nism, indicating that CB2R-dependent signaling contributes to
CBD-mediated modulation of inflammasome activity and inflamma-
tory output, although iNOS and nitric oxide regulation appeared
largely CB2R-independent (Rodrigues et al., 2024).

Consistently, studies using selective CB2R agonists further under-
score its role in shaping microglial polarization. Wang et al. demon-
strated that activation of CB2R with JWH133 in a cellular model of
Parkinson disease inhibited pro-inflammatory M1 polarization while
promoting M2-associated markers. This phenotypic switch was
accompanied by activation of the PI3K/Akt pathway and enhanced
Nrf2 nuclear translocation, reversed by CB2R antagonism, supporting
a CB2R-dependent neuroprotective signaling cascade (Wang et al.,
2023). Moreover, Chen et al. provided evidence that CB2R-mediated
regulation of microglial phenotype involves Nogo-B as a downstream
effector. CB2R activation with HU-308 promoted a shift from M1
toward M2 polarization, reducing TNF-a while increasing IL-10 pro-
duction. Importantly, Nogo-B overexpression attenuated these effects,
identifying it as a critical mediator of CB2R-dependent immunomod-
ulation (Chen et al., 2025). Beyond polarization, CB2R influences
microglial metabolic programming. Shan et al. showed that CB2R
activation attenuates AnglI-induced microglial activation and inflam-
matory cytokine production by suppressing aerobic glycolysis, associ-
ated with reduced neuroinflammation and improved systemic
outcomes (Shan et al., 2024).

Remarkably, despite the use of different inflammatory paradigms,
these studies reveal a notable mechanistic convergence. Indeed, CB2R
activation consistently promoted a shift away from pro-inflammatory
microglial states. PI3K/Akt-Nrf2 signaling, suppression of glycolytic
metabolism, and modulation of downstream effectors such as Nogo-B
all converge toward reduced cytokine production and enhanced
expression of reparative markers. Together, these observations suggest
that CB2R functions as an upstream regulator capable of coordinating
multiple anti-inflammatory programs according to cellular context.

Consistent with these mechanistic observations, CB2R-mediated
immunomodulatory effects have been described in overlapping neu-
roinflammatory and neurodegenerative settings. Ricardi et al. tested
the immunomodulatory effect of B-caryophyllene (BCP) in the HMC3
microglial cell line exposed to Amyloid p (AB) peptide. In addition to
attenuating AP cytotoxicity, BCP reduced secretion of pro-inflamma-
tory cytokines, enhancing that of anti-inflammatory ones and regu-
lated NF-kB activation, partially abolished by the CB2R antagonist
SR144528 (Ricardi et al., 2025). Two groups explored the role of the
ECS in regulating neuroinflammation in in vivo models of kainic
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acid-induced neuronal injury. Karan and colleagues showed that local
injury in the dorsal hippocampus triggers a rapid neuroinflammatory
response in distant, non-lesioned brain regions. At later time points,
CB2R expression was upregulated in distant regions of ventral hip-
pocampus, neocortex and cortical meninges, suggesting its involve-
ment in delayed inflammatory responses. Pharmacological blockade
of CB2R with the antagonist AM630 during injury and early post-
injury significantly impaired the upregulation of the anti-inflamma-
tory mediator Cx3CL1 in the neocortex, indicating a role for CB2R in
the modulation of inflammatory responses in the CNS (Karan et al.,
2024). A different pharmacological approach was employed by
Arimura and co-workers, who developed a reversible inhibitor of
monoacylglycerol lipase (a major hydrolase of 2-AG in the brain) and
tested its efficacy in a mouse model of neuronal injury. The compound
attenuated cognitive deficits and neuronal loss, modulated microglial
and astrocytic activation and attenuated inflammatory signaling. This
neuroprotective effect was reported to be CB2R dependent, as the
effect was attenuated by AM630 (Arimura et al., 2024).

Neuroimmune regulation through the CB2R was investigated in
pure inflammatory settings beyond neurodegeneration. Starr and col-
leagues explored the immunoregulatory role of CB2R agonism in in
vitro systems of HIV-infected brain-resident myeloid lineage cells,
such as human monocyte-derived macrophages (MDMs) and induced
pluripotent stem cell-derived microglia (iMg). The CB2R selective
agonist JWH-133 dose-dependently impaired HIV replication in
MDM:s and iMg, likely reflecting differences in baseline Cnr2 expres-
sion, and reduced cytokine release from HIV-infected MDMs but not
iMg. Transcriptomic analyses revealed that CB2R agonism primarily
altered interferon and integrated stress response pathways in MDMs
while altering synapse maintenance and phagocytosis in iMg. CB2R
activation attenuated HIV-induced NLRP3 inflammasome activation
in iMg, without decreasing NF-kB activation (Starr et al., 2025). The
involvement of CB2R in systemic inflammatory conditions was
explored by Matias et al. using a rat model of cecal ligation and punc-
ture-induced sepsis, where early CB2R blockade with AM630 reduced
sepsis-induced fear generalization but did not increase survival rate
or alter TNF-a levels (Matias et al., 2023). Chen and Mackie explored
neurodevelopmental inflammation using cannabinoid receptor
knockout mice. They compared the role of CB2R in offspring cogni-
tive impairment caused by perinatal cannabinoid exposure (PCE) and
maternal immune activation (MIA). CB2R was shown to be involved
in MIA-related neurodevelopmental deficits, as CB2R KO adult off-
spring did not exhibit MIA-related cognitive abnormalities. The com-
bination of PCE and MIA produced behavioral defects only in CB2R
KO adult offspring, suggesting a compensatory role for CB2R signal-
ing under both environmental stressors (Chen and Mackie, 2025).
Videtta and colleagues investigated the analgesic efficacy of an essen-
tial oil (EO) from non-psychotrophic Cannabis sativa in the experi-
mental autoimmune encephalomyelitis (EAE) mouse model of
multiple sclerosis. In addition to improving the overall symptomatol-
ogy of EAE mice, EO induced a shift in spinal and hippocampal
microglia toward an anti-inflammatory phenotype and enhanced
CB2R expression. Administration of AM630 reversed the EO anti-
inflammatory response in LPS-stimulated BV-2 microglial cells and
abolished its anti-allodynic effect in EAE mice, linking these effects to
CB2R pathways (Videtta et al., 2026).

Since long-term alcohol intake is known to induce neuroinflam-
mation (Adams et al., 2023) in both humans and animal models, the
role of CB2R in alcohol-induced neuroinflammation has been
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investigated using conditional knockout (cKO) approaches. Roberts
and colleagues used microglia-specific cKO mice and observed that
the selective KO of CB2R in microglia under basal conditions and
during alcohol administration enhanced the expression of pro-inflam-
matory cytokines TNF-a, IL-6, IL-1a, and IL-1f in the hippocampus
of mice (Roberts et al., 2023). Consistently, Kibret and coworkers
employed cKO mice with selective deletion of CB2R in dopamine
neurons and in microglia. Cell type-specific CB2R deletion signifi-
cantly increased pro-inflammatory cytokine levels in the prefrontal
cortex, striatum, and hippocampus. Treatment with the non-selective
cannabinoid receptor mixed agonist WIN 55,212-2 significantly
reduced alcohol preference compared to the vehicle controls, further
linking CB2R signaling to alcohol-induced neuroinflammation
(Kibret et al., 2023). As microglia-driven neuroinflammation is a key
pathogenic mechanism of depression and cognitive disorders as well
(see the dedicated paragraph below) (Xia et al., 2025), Wang et al.
explored the CB2R-mediated anti-inflammatory effect of the antide-
pressant agent esketamine (ESK), resulting in decreased pro-inflam-
matory cytokine and nitrite levels, along with downregulated iNOS
and NF-kB signaling in BV-2 microglial cells exposed to LPS. AM630
reversed the modulatory effect of ESK on microglial activation, sug-
gesting that the CB2R-mediated immunoregulatory effects may also
be involved in the antidepressant effect of ESK (Wang et al., 2024).

Beyond mood-related neuroinflammation, CB2R signaling has
also been implicated in inflammation-associated cognitive dysfunc-
tion. Wu et al. linked decreased oleamide levels to more severe post-
operative cognitive dysfunction and increased inflammatory markers
in socially isolated mice. By upregulating hippocampal expression of
FoxQ1l, a transcription factor involved in inflammatory regulation and
cellular stress responses, oleamide-mediated CB2R activation restored
cognitive function and ameliorated neuroinflammation (Wu et al,,
2025). Similarly, Chen and colleagues investigated the involvement of
BCP in mitigating neuroinflammation in a mouse model of periopera-
tive neurocognitive disorders, comprising cognitive impairments
caused by surgery and anesthesia associated with microglia-mediated
neuroinflammation (Chen et al., 2023). These mice treated with BCP
showed increased CB2R expression 24 h after surgery in the hippo-
campus and a reduction of neuroinflammation as evidenced by
decreased IL-1f and IL-6 levels. Co-administration of AM630 and
BCP attenuated these anti-inflammatory effects in response to microg-
lia activation, supporting the immunomodulatory role of CB2R in
attenuating neuroinflammation and microglial activation. Although
microglia represent the primary CB2R-expressing immune cells in the
CNS, recent studies have demonstrated that CB2R expression is also
selectively upregulated in brain endothelial cells in response to inflam-
matory stimuli, suggesting a direct involvement of this receptor in the
vascular response to injury (Ramirez et al., 2012). Using a mouse
model of traumatic brain injury, Bullock and colleagues explored Cnr2
expression in brain endothelial cells, showing that CB2R was selec-
tively upregulated under inflammatory conditions. Pharmacological
activation of this receptor with the selective agonist PM289 on the
hCMEC/D3 endothelial cell line preserved blood-brain barrier integ-
rity, reduced TNF-a-induced ICAM-1 expression and inhibited
NF-xB signaling, further supporting a protective role for CB2R in
neuroinflammation-associated vascular dysfunction (Bullock et
al,, 2023).

The vast majority of recent studies support a predominantly anti-
inflammatory role for CB2R signaling across diverse experimental
settings. Despite differences in species, disease models, and
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pharmacological approaches, these studies consistently report reduced
cytokine production, attenuation of microglial activation, and preser-
vation of tissue homeostasis following CB2R activation. However,
emerging evidence suggests that this framework may not be univer-
sally applicable.

Indeed, in contrast to the abovementioned literature, Moe et al.
highlighted a detrimental pro-inflammatory role of microglial CB2R
signaling in graft-versus-host disease (GVHD). Using a murine model
of GVHD, the authors showed that CB2R expression is upregulated in
activated microglia and contributes to CNS inflammation. Notably,
genetic deletion of host CB2R reduced microglial activation, donor
T-cell infiltration, and neuronal injury, indicating a key role for CB2R
in GVHD-associated neuroinflammation. Consistently, pharmaco-
logical blockade of CB2R with the brain-penetrant inverse agonist/
antagonist SMM-189 attenuated CNS inflammation without affecting
systemic disease, further supporting the involvement of microglial
CB2R signaling in immune cell recruitment and neuroinflammatory
processes during GVHD (Moe et al., 2024).

Opverall, recent evidence identifies microglial CB2R as a central
regulator of neuroimmune homeostasis. Across pharmacological,
genetic, and disease-specific models, CB2R signals repeatedly con-
verge on three major biological processes: modulation of inflamma-
tory cytokine production, regulation of microglial activation state and
control of cellular metabolic programs. Nevertheless, the observation
that CB2R blockade can also exert beneficial effects in selected patho-
logical settings, such as GVHD, indicates that receptor function is
strongly influenced by disease context and cellular environment. Thus,
rather than acting as a uniformly anti-inflammatory receptor, CB2R
appears to behave as a dynamic modulator of immune responses,
whose effects depend on the underlying pathological state.

3.2 Neurodegenerative disorders

Recent evidence points to the ECS as a relevant player in neuro-
degenerative diseases, with CB2R as a promising pharmacological
target, largely due to its anti-inflammatory effects and lack of psycho-
tropic activity (Chen et al., 2017; Lu and Mackie, 2021; Reyes-Resina
et al., 2025). Our search yielded 37 papers over the last 3 years for
neurodegeneration. Targeted search for Alzheimer disease (AD) and
Parkinson disease (PD) resulted in 17 and 14 entries, respectively,
while one entry each was found for Huntington disease (HD) and
Frontotemporal dementia (FTD). After screening for studies focused
on the central activity of CB2R, we selected 8 papers addressing AD,
7 PD, 2 FTD, and 4 other scientific works related to neurodegenerative
conditions, presented together in this section.

3.2.1 Alzheimer disease

AD is the most common form of dementia (Sobue et al., 2024; Lui
and Tsao, 2026), characterized by progressive cognitive decline,
memory loss and behavioral changes. Its pathophysiological hallmarks
include cholinergic deficiency, Ap pathology, tau protein hyperphos-
phorylation and neuroinflammation (Schwab et al., 2022). Among the
many pathogenic mechanisms involved in AD, the ECS has emerged
as a potential therapeutic target due to its ability to modulate major
neurotransmission pathways related to AD (Basavarajappa et al,,
2017). Recent studies consistently support CB2R upregulation in
AD-associated neuroinflammatory environments, particularly in rela-
tion to AP pathology, glial activation and cognitive decline.
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Pharmacological activation of CB2R generally exerts neuroprotective
effects across both genetic and pharmacological AD models, although
sex-dependent and cell-specific differences have also emerged.
Medina-Vera and co-workers sought to assess CB2R expression
levels in an App™-“F knock-in mouse model of AD. CB2R gene
expression was found to be upregulated in 6- and 12-month-old
APPNL-G-F
with AP pathology, suggesting a correlation between CB2R expression

mice, while remaining low at 2 months of age, in parallel

and disease severity. Immunostaining experiments confirmed the
presence of CB2R in different brain regions including astrocytes sur-
rounding A deposits. Primary cultures of neurons and astrocytes
derived from wild-type (WT) mice exposed to AP42 showed increased

NL-G-F

CB2R levels, while cultures from App mice showed even higher
CB2R expression upon treatment, further supporting the association
between AP pathology and CB2R upregulation (Medina-Vera et
al,, 2023).

Sobue and co-workers employed the same mouse model and
reported increased CB2R mRNA expression in microglia from
8-month-old App™-“*N-GF mice. Building on previous findings
showing elevated CB2R expression in the hippocampus, frontal and
temporal cortex of postmortem human AD brains (Benito et al., 2003;
Cavanna and Trimble, 2006; Galan-Ganga et al., 2020) and the estab-
lished role of CB2R in neuroinflammation, the group investigated
whether the selective CB2R agonist JWH133 could ameliorate cogni-
tive impairments. Object recognition tests showed improved memory
repeated JWHI133
Furthermore, chronic JWH133 administration led to a reduction of

performance following administration.
dystrophic neurites in the cerebral cortex, a well-established feature of
AD pathology (Sadleir et al., 2016), indicating that CB2R stimulation
improve cognitive performance and reduce neuritic damage in the
App"GFNLGE mijce (Sobue et al., 2024).

Tisi and co-workers employed 12-month-old Tg2576 mice over-
expressing the amyloid precursor protein (APP)—a stage preceding
hippocampal Af plaque formation—to investigate ECS alterations in
the retina. CB2R expression was found to be significantly upregulated
compared to WT mice. Immunofluorescence on retinal cryosections
revealed increased CB2R signal across all retinal layers, along with
enhanced IBA-1 signal, indicating microglial activity, while GFAP
staining showed no significant differences between groups. The wide-
spread distribution of CB2R upregulation across retinal layers suggests
the involvement of multiple cell types, in agreement with previous
reports in AD patient brains (Tisi et al., 2025).

Pacheco-Sanchez and co-workers exploited the 3 x Tg-AD mouse
model, to assess Cnr2 gene expression in primary hippocampal astro-
cyte cultures from female mice. Lower Cnr2 levels were detected in
AD compared to WT astrocytes, with female WT astrocytes showing
higher Cnr2 expression, highlighting sex-dependent differences in
cannabinoid signaling that should be considered when investigating
AD pathogenesis (Pacheco-Sanchez et al., 2023).

The search for multi-target pharmacological strategies was pur-
sued by Hu and co-workers, who investigated the effects of Guilingji
(GL)), a traditional Chinese herbal medicine formulation comprising
over 20 components, on the APPswe/PS1AE9 transgenic AD mouse
model. GL] administration reduced Af deposition in the hippocam-
pus and attenuated neuronal apoptosis as assessed by immunostain-
ing, Nissl and TUNEL analyses. GL] improved long-term memory
performance, suggesting a differential impact on specific memory
processes. In vitro experiments on HT22 and BV2 cell lines further
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supported its potential as a multi-target pharmacological approach in
AD (Hu et al., 2025).

Zhu and co-workers demonstrated that extracellular vesicle (EV)-
mediated delivery of the CB2R agonist AM1241 delayed neurodegen-
eration and improved neuronal function recovery in APP/PS1 mice.
EVs-AM1241-treated mice showed learning performance comparable
to WT animals in the Morris water maze and fear conditioning test,
along with electrophysiological recordings indicating higher activity
in hippocampal CA1 units. Histological analyses revealed reduced A
plaque burden in the cortex and hippocampus, decreased BACE1
expression, reduced apoptosis, and increased expression of neuronal
markers NeuN and Tuj1. Mechanistically, calcium-Erk signaling path-
ways were found to be regulated following EVs-AM1241 treatment,
supporting EV-mediated CB2R agonist delivery as a therapeutic strat-
egy (Zhu Y. et al,, 2023).

Beyond genetic models, pharmacological approaches represent an
additional avenue for AD modeling and ECS modulation. Toledano
and Akirav employed the intracerebroventricular streptozotocin
(ICV-STZ) rat model of sporadic AD to evaluate the effects of chronic
CBD administration. CBD prevented STZ-induced impairments in
the Object Location and Novel object recognition tests. CB2R mRNA
expression was upregulated in the hippocampus of ICV-STZ rats, an
effect prevented by CBD treatment in both the CA1 and dentate gyrus
regions. Co-administration of the CB2R antagonist AM630 abolished
the behavioral benefits of CBD, indicating partial CB2R involvement
in CBD-mediated protection (Toledano and Akirav, 2025). Finally,
Spatz and co-workers relied on a pharmacological model of AD based
on oligomerized Af,s ;5 peptide injection to evaluate a series of merged
human butyrylcholinesterase inhibitor/CB2R ligands. One compound
dose-dependently attenuated A, ;5 -induced learning deficits in both
the Y-maze spontaneous alternation task and the passive avoidance
response test, supporting a dual-target approach in AD (Spatz et
al,, 2023).

Together, AD studies point toward a consistent framework in
which CB2R expression increases alongside disease progression and
neuroinflammatory burden. Despite the heterogeneity of experimen-
tal approaches, interventions targeting CB2R ultimately reduce glial
activation, attenuate neuroinflammation and improve cognitive out-
comes. Hence, the therapeutic potential of CB2R in AD primarily
derives from its ability to modulate the neuroimmune environment
rather than directly targeting amyloid pathology. Still, whether CB2R-
mediated neuroprotection results predominantly from microglial,
astrocytic or neuronal signaling remains incompletely resolved and
warrants further investigation.

3.2.2 Parkinson disease

PD is the most common neurodegenerative movement disorder
(Li et al., 2025), characterized by the loss of dopaminergic neurons of
the substantia nigra pars compacta, causing bradykinesia, rigidity,
tremor and postural instability (Poewe et al., 2017). Given the poten-
tial of CB2R modulation to influence neuroinflammation and neuro-
degeneration, research has focused on identifying pathways that could
offer therapeutic benefit without the psychotropic effects associated
with CBIR activation.

Receptor-level interactions were explored by Reyes-Resina and
colleagues, who investigated the CB2R-NMDAR heterodimer in
the context of PD. Using HEK-293 T cells expressing either or
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both receptors and exposed to a-synuclein (x-syn) fibrils, the
authors showed that whereas CB2R agonist JWH133 normally
decreased intracellular cAMP and induced p-arrestin II recruit-
ment, pre-exposure to a-syn fibrils attenuated both effects. Cross-
antagonism events between CB2R and NMDAR were further
confirmed in primary microglial cultures, where a-syn fibrils
reduced the heteromer abundance and modulated downstream
signaling through both the cAMP and MAPK pathways. Notably,
CB2R agonism upregulated M2 microglial markers while down-
regulating M1 markers, underscoring the neuroprotective role of
the ECS. These findings suggest that CB2R-NMDAR complexes
may play a relevant role in a-synucleinopathies (Reyes-Resina et
al,, 2025).

The neuroprotective potential of CB2R activation was further sup-
ported by Liu and colleagues, who employed two rat models of PD—
the 6-OHDA model and primary ventral mesencephalon neurons
treated with MPP+. In both models, administration of JWH133
restored key markers of neurodegeneration, tyrosine hydroxylase-
positive neuron count and mitochondrial membrane potential while
reducing ROS accumulation, effects reversed by co-treatment with the
CB2R antagonist AM630. The group also reported that JWH133 nor-
malized the Bcl-2/Bax ratio and reduced cleaved caspase-3 expression,
indicating an anti-apoptotic action. Additionally, JWH133 partially
reversed MPP + -induced dysregulation of iron transport proteins
DMT1 and FPN1, suggesting that CB2R activation may reduce iron
accumulation and neurodegeneration (Liu et al., 2024). A different
perspective was offered by Dos Santos Pereira and colleagues, who
assessed the role of CB2R in L-DOPA-induced dyskinesia (LID) in
hemiparkinsonian mice. Although selective CB2R agonists failed to
rescue LID manifestation, the semisynthetic cannabidiol derivative
4’-F-CBD combined with Chlorpromazine produced a partial reduc-
tion in striatal astrocyte activation and attenuated the upregulation of
corticostriatal glutamatergic synaptic markers vGluT1 and PSD95 in
6-OHDA lesioned mice treated with L-DOPA, suggesting a normal-
ization of overactive glutamatergic transmission (Dos Santos Pereira
etal.,, 2024). The role of astrocytic CB2R was specifically addressed by
Zhu and colleagues (Zhu H. et al., 2023) in a subacute 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) model of PD. Selective
knockdown of CB2R in astrocytes exacerbated MPTP-induced TH
neuron loss in the substantia nigra pars compacta, while pre-admin-
istration of JWH133 improved motor impairments and dopamine
levels and reduced astrocyte activation. The authors showed that these
effects depended on the autophagic response in astrocytes, consistent
with the central role of autophagy and proteostasis in neurodegenera-
tion models (Tanaka and Matsuda, 2014; Hipp et al., 2019; Candelise
et al., 2023; Montalesi et al., 2025).

Transcriptomic sequencing revealed that FOXGI1 protein was
upregulated in LPS, ATP- and MPP + treated primary astrocytes,
reversed by CB2R activation. RT-qPCR analyses further confirmed
that JWH133 promoted MAPILC3B mRNA levels, leading the
authors to propose that CB2R activation inhibits the interaction
between FOXGI and MAP1LC3B, hence promoting MAP1LC3B
transcription. FOXG1 knockdown was produced in a PD-like mouse
model treated with JWH133, and both behavioral assessment and
immunohistopathological analyses were performed. FOXG1 knock-
down abolished the neuroprotective effects of JWH133, linking CB2R
signaling to autophagic regulation and protein quality control in PD
(Zhu H. et al., 2023).
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The modulation of a-syn pathology by CB2R was investigated by
two additional groups. Joers and colleagues used a rat model of synu-
cleinopathy based on AAV2/5-mediated human a-syn overexpression
and found that systemic administration of SMM-189, a CB2R inverse
agonist, reduced phosphorylated a-syn at Ser129. Feng and colleagues,
on the other hand, employed CB2R KO mice injected with fibrillar
a-syn in the nucleus accumbens, demonstrating that CB2R deficiency
prolonged microglial activation, exacerbated synaptic pruning and
enhanced cholinergic synapse loss (Feng et al., 2023). Mechanistically,
CB2R deficiency potentiated CREB phosphorylation and c-fos expres-
sion downstream of a-syn stimulation, a pathway shown to drive
complement-mediated microglial engulfment of synaptic elements
(Joers et al., 2024).

Finally, Targa and colleagues examined CB2R involvement in
sleep and memory alterations in a rotenone model of PD. Intrastriatal
infusion of the AM630 reversed rotenone-induced changes in sleep
macrostructure and interhemispheric desynchronization. At the same
time, the partial agonist GW405833 improved object recognition
memory, suggesting that sleep and cognitive alterations in PD involve
partially independent CB2R-dependent mechanisms (Targa et
al,, 2025).

Remarkably, in contrast to AD studies, recent PD works highlight
the role of CB2R as a regulator of both neuroinflammation and dopa-
minergic neuronal survival. On the one hand, this dual activity may
suggest that CB2R occupies a strategic position in PD, where inflam-
matory and neurodegenerative processes are tightly interconnected;
on the other hand, this discrepancy may suggest that neuronal CB2R
signaling deserves further investigation in AD, as it could represent an
overlooked factor contributing to the complexity of this disease.

3.2.3 Frontotemporal dementia and other
neurodegenerative conditions

FTD is a heterogeneous group of early-onset, progressive neuro-
degenerative disorders characterized by degeneration of the frontal
and temporal lobes, causing progressive cognitive, behavioral and
language impairment (Boeve et al., 2022). Two major molecular
classes account for approximately 95% of clinical FTD cases: FTD-
TAU, related to misfolded Tau protein in neurons, and FTD-TDP-43,
characterized by intraneuronal cytoplasmic aggregates of TDP-43
(Cairns et al., 2007; Riku et al., 2022; Silva-Llanes et al., 2025). The role
of CB2R modulation in FTD has been investigated across both molec-
ular subtypes, yielding mechanistically distinct findings. Silva-Llanes
and colleagues focused on FTD-TAU, examining how the CB2R
antagonist PGN36 affects cognitive decline in a Tau-dependent mouse

model. Tau™

overexpression was induced in the hippocampus via
viral injection, followed by administration of PGN36 or vehicle.
Building on prior findings from the same group, which demonstrated
that CB2R deficiency ameliorates cognitive impairment induced by
Tau™"'* overexpression (Galan-Ganga et al., 2021), behavioral testing
confirmed that TAUP'* overexpression induces cognitive impair-
ment, while PGN36 administration restored the discrimination index
to control levels, indicating that CB2R modulates Tau™*'*-induced

cognitive decline. Tau*'-

overexpression further induced Cnr2
expression, an effect reversed by PGN36 treatment. Importantly,
PGN36 did not affect Cnrl expression, confirming the compound

P301L

selectivity for Cnr2. Tau™*"* overexpression broadly downregulated

gene expression, with most transcripts normalized following PGN36
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administration. Pathway enrichment analysis identified synapse orga-
nization and signaling among the most significantly affected cellular
functions. Immunofluorescence assessment of brain-derived neuro-
trophic factor (BDNF) levels in the CA3 hippocampal region con-
firmed these findings, while in the dentate gyrus, PGN36 failed to
rescue BDNF levels. DAPI staining of the DG revealed a loss of the
granule layer in the TAU*'* overexpression group, partially reduced
by PGN36 treatment (Silva-Llanes et al., 2025).

In a CaMKIIa-TDP43 mouse model of FTD-TDP-43, Gonzalo-
Consuegra and colleagues evaluated the CB2R agonists HU-308 and
RO-6866945. Both compounds rescued the impaired discrimination
and preference indexes observed in untreated transgenic mice during
the Novel Object Recognition test. In the medial prefrontal cortex,
CB2R agonists restored corticospinal motor neuron immunoreactivity
and reduced astrogliosis and microgliosis, assessed by S-100f and Ibal
staining, respectively. Similar effects were observed in the hippocam-
pal CA1 region, while in the dentate gyrus, neuronal signal recovery
was accompanied by reduced glial activation. Importantly, phosphor-
ylated TDP-43, a hallmark of protein aggregation and proteostatic
stress (Tan et al., 2017; Candelise et al., 2021; Lu et al., 2025), was
elevated in CaMKIIa-TDP43 mice and reduced following
RO-6866945 treatment, supporting a role for CB2R activation in miti-
gating proteostatic pathology in FTD (Gonzalo-Consuegra et
al,, 2024).

Notably, the divergent responses observed between FTD-TDP43
and FTD-Tau models illustrate a broader theme emerging through-
out the CB2R literature: receptor modulation cannot be universally
classified as beneficial or detrimental. Instead, therapeutic outcomes
appear strongly dependent on the underlying molecular pathology,
emphasizing the importance of disease-specific approaches when
targeting CB2R. Research on CB2R involvement in neurodegenera-
tion has also been extended to models of HD. Paredes-Ruiz and col-
leagues assessed the role of a selective monoacylglycerol lipase
inhibitor, JZL184, in 3-nitropropionic acid (3-NP)-induced mito-
chondrial dysfunction, a well-established model recapitulating sev-
eral hallmarks of HD in cellular and in vivo contexts. 3-NP induced
a 55% reduction in mitochondrial activity, which was completely
rescued by JZL184 administration. In synaptosome preparations,
this protective effect was reversed by the CB2R inverse agonist
JTE907, suggesting a CB2R -dependent mechanism of action
(Paredes-Ruiz et al., 2023). Employing the same 3-NP model,
Kordinova and colleagues synthesized and biologically evaluated a
series of 2,6,9-trisubstituted purine derivatives (compounds display-
ing selective CB2R agonist activity) in differentiated SH-SY5Y neu-
ron-like cells. The tested compounds exhibited neuroprotective
effects by modulating both caspase-dependent and caspase-indepen-
dent apoptotic pathways, with one derivative emerging as the most
effective, combining CB2R agonist activity with pronounced cyto-
protective effects (Kordinova et al., 2026).

Parallel efforts have been directed toward the development of
novel synthetic ligands with enhanced selectivity for CB2R over CB1.
Gioé-Gallo and colleagues evaluated the neuroprotective potential of
a series of newly developed compounds in primary mouse cells and
in retinoic acid- and GLP-1-differentiated SH-SY5Y human neuro-
blastoma cells transiently transfected with MAPT P301L and APP
V7171 expression plasmids. Across both models, the compounds
demonstrated neuroprotective effects that were consistently reversed
by the CB2R antagonist SR144528, confirming CB2R-mediated action
(Gioé-Gallo et al., 2025).
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The protective role of CB2R was further explored in a rotenone-
induced cytotoxicity model by Rathod and Agrawal, who investigated
the effects of the natural compound BCP in SH-SY5Y cells. Assessment
of the GSK3B/Nrf2/HO-1 signaling axis revealed that rotenone
increased GSK3 activity while decreasing Nrf2 and HO-1 activity,
effects partially reversed by BCP treatment (Rathod and Agrawal,
2025). Overall, these studies emphasize two recurring mechanistic
themes: the tight association between CB2R upregulation and patho-
logical protein accumulation, and the capacity of CB2R signaling to
modulate neuroimmune responses across diverse disease contexts.
While most studies support a neuroprotective role for receptor activa-
tion, emerging disease-specific differences indicate a strong depen-
dence on the underlying molecular pathology, affected cell populations
and stage of disease progression.

3.3 Neuropsychiatric disorders

The ECS is widely recognized to play a central role in neuropsy-
chiatric disorders, particularly in affective disorders such as depres-
sion and anxiety (Stampanoni Bassi et al., 2018; Chadwick et al., 2020;
Gallego-Landin et al., 2021). Depressive disorders were reported to
affect 3.8% of the global population, with higher prevalence in women
(Otte et al., 2016). Due to the therapeutic potential of ECS modulation
in psychiatric disorders, research has focused on identifying pathways
that could elude the psychotropic effects mediated by the
CB1R. Compared to neurodegenerative disorders, evidence linking
CB2R to neuropsychiatric phenotypes remains more heterogeneous
and mechanistically fragmented, mostly relying on behavioral para-
digms and pharmacological modulation.

The systematic search for research papers that investigated CB2R
in depression and anxiety yielded 17 entries for each topic over the last
3 years. Independent searches for “psychot*,” “epilepsy” and “schizo-
phrenia” were conducted to cover the most common neuropsychiatric
disorders associated with CB2, yielding 11, 7 and 7 entries,
respectively.

After screening for experimental works focused on CNS-relevant
CB2R activity, we selected 4 papers for the “depression” group, 6 for
the “anxiety” group, and 3 from the other groups, presented together
in this section.

Depression and anxiety can be evaluated in WT murine models
by established behavioral tests. Hen-Shoval and co-workers (Hen-
Shoval et al., 2023) assessed depressive-like behavior using the Forced
Swim Test (FST) in female and male Wistar-Kyoto rats, a strain dis-
playing depressive- and anxiety-like phenotypes (Malkesman et al.,
2006; Seedat et al., 2009). Animals were acutely treated with
Cannabidiolic Acid Methyl-Ester, a semi-synthetic analogue of the
CBD precursor Cannabidiolic Acid. This compound was shown to
exert antidepressant-like effects in all genders in terms of decreased
immobility and increased swimming during the FST. Notably, the
antidepressive effects were abolished by pre-treatment with AM630
only in female rats. The CB2R antagonist further prevented the down-
regulation of FAAH, the key catabolic enzyme for endocannabinoids,
supporting a sex-dependent involvement of CB2R signaling.

The pharmacological modulation of the ECS was employed by
Kruk-Slomka and co-workers (Kruk-Slomka et al., 2025) to assess
anxiety behavior in male Swiss mice using the Elevated Plus Maze test.
Here, a battery of CB2R agonists and antagonists was injected intra-
peritoneally (i.p.) and behavior was assessed following acute admin-
istration. Acute CB2R modulation induced anxiogenic-like effects, in
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terms of reduced entries and time spent in the open arms of the maze.
Although apparently conflicting with part of the previous literature,
the authors discussed the possibility of an opposite effect between
acute and chronic administration of CB2R ligands, still confirming the
central role of CB2R in emotional behavior. Together, these findings
highlight a context-dependent role of CB2R in affective behavior,
influenced by sex, pharmacological profile, and timing of receptor
modulation.

A similar pharmacological approach was put forth by Johnson and
colleagues (Johnson et al., 2023) using the zebrafish Danio rerio as an
experimental model. The authors sought to investigate, using the
Open Field Test, the potential anxiolytic effects of terpenes with a
similar mode of action to cannabinoids and addressed the involve-
ment of CB receptors using selective ligands. Behavioral analyses
showed that terpenes BCP and Terpinolene reduced zebrafish anxiety-
like behavior, reversed by AM630, suggesting a CB2R-mediated effect.
BCP was also shown to affect hedonic behavior in female Swiss mice
(Dos Santos Barbosa et al., 2023), mechanistically linked to CB2R
activity through pre-administration of AM630. Researchers observed
reduced motivational salience in food-fasted mice treated with BCP
and the CB2R agonist JWH-133 during the runway task and condi-
tioned place preference test, prevented by pre-treatment with AM630.
These results extend CB2R involvement to motivation and reward
processing.

Besides Terpenes, the search for compounds that can act on affec-
tive disorders by modulating the ECS was expanded by Wang and
co-workers (Wang et al., 2025) to the traditional functional Chinese
medicine plant Schisandra chinensis. In this work, researchers applied
the established Chronic Unpredictable Mild Stress paradigm to induce
depressive behavior in male C57BL/6 mice. Animals received oral
administration of control solution or Schisandra chinensis extract and
received i.p. administration of the CB2R agonist WIN55212-2 and the
CB2R antagonist AM630. Whereas the plant extract was able to
reduce depressive-like symptoms induced by the unpredictable stress
paradigm, the protective effect was abolished by CB2R blockade,
which further enhanced microglial phagocytic activity, supporting the
central role of CB2R in brain-resident immune cells.

A different pharmacological approach was taken by Yang and co-
workers (Yang et al., 2024). Researchers designed various CBD deriva-
tives with potential dual activity on CB2R and the serotonergic
receptor 5-HT1A and selected the one showing the most favorable
brain exposure. Low acute doses of the compound produced antide-
pressive effects as assessed by FST and Tail-Suspension Test (TST),
while higher concentrations did not affect the behavior. Higher doses
were, however, required to exert anxiolytic effects on stress-induced
hypothermia, suggesting a differential concentration effect of the com-
pound acting on CB2R and 5-HT1A. Insights on the interaction
between CB2R and the neurotransmission system were further
reported by Canseco-Alba and colleagues (Canseco-Alba et al., 2024).
Researchers employed a conditional double KO of CB2R and the
Dopamine Transporter DAT on a C57BL/6 background. Mice were
treated with methamphetamine to model schizophrenia-like behavior,
observing a reduced percentage of pre-pulse inhibition and reduced
social preference, supporting the relevance of midbrain-expressed
CB2R in models of psychosis.

Neuroanatomical evidence has been obtained by Uzuneser and
co-workers (Uzuneser et al., 2023) by targeting the brain-specific
transporter of endocannabinoids, Fatty Acid Binding protein 5
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(FABP-5), through direct injection in the prelimbic region of male
Sprague Dawley rats, challenged with antagonists of the ECS. The
FABP-5 inhibitor exerted dose-dependent anxiolytic effects, reversed
by AM630. Electrophysiological recordings revealed that FABP-5 inhi-
bition caused the attenuation of firing rate from the medial prefrontal
cortex to the basolateral amygdala, elevated the firing rate of ventral
hippocampal neurons, and altered the local field potential of both
brain regions. These effects were reversed by AM630, indicating that
the neural circuitry governing anxiety behavior might be modulated
by CB2R signaling.

Whereas the reported works employ highly heterogeneous experi-
mental paradigms, they collectively support the shared mechanism by
which CB2R signaling regulates behavior through neuroimmune
pathways. Since depressive and anxiety-like phenotypes are frequent
comorbidities across neurological disorders, many pre-clinical studies
assessed them as symptoms of different experimental setups involving
CB2R in the CNS.

In a model of chronic epilepsy induced by pilocarpine (Cai et al.,
2024), CB2R agonist AM1241 was shown to alleviate epileptic seizures
and associated depression, as demonstrated by FST, TST and sucrose
preference test. Mice displaying depressive-like behavior after seizure
induction showed increased hippocampal expression of
CB2R. Co-immunofluorescence staining of the receptor with the
microglial marker Ibal showed that CB2R expression was predomi-
nantly localized in microglia, suggesting a strong link between neuro-
inflammation and ECS activity through CB2R. Accordingly, the
agonist AM1241 reduced seizure frequency and depressive behavior,
along with reduced neuronal loss in the hippocampal CA3 region and
reduced neuroinflammation. Notably, these studies reinforce the link
between CB2R activity and neuroimmune modulation, particularly
through microglial responses, as a shared mechanism across distinct
pathological contexts.

Two recent studies investigated CB2R signaling in alcohol-related
neuropsychiatric phenotypes (Gasparyan et al., 2023; Navarrete et al.,
2025), frequently related to anxiety behavior (American Psychiatric
Association, 2013). In their first work, they evaluated the anxiolytic
action of CBD after spontaneous alcohol withdrawal, observing an
increased expression of the gene Cnr2 in the nucleus accumbens,
potentiated by CBD administration. A similar increase of Cnr2 was
reported, in their second work, in a model of Fetal Alcohol Spectrum
Disorder. Mice displayed reduced time in the lighted box and
increased immobility in the TST, substantiating the relevance of CB2R
in the regulation of emotional behaviors. Early life adversity was fur-
ther related to depressive behavior and reported to be rescued by
increased CB2R activity through lentiviral prelimbic injection in
female rats after maternal separation (Andersen, 2024), substantiating
the importance of CB2R signaling in higher-order brain regions.

Expression of CB2R was shown to be modulated during unhealthy
aging as well by Jantsch and co-workers (Jantsch et al., 2025). Here,
aged male Wistar rats fed with an obesogenic diet displayed anxiety-
like behavior when tested using the Elevated Plus Maze, a phenotype
partially rescued by CBD administration. Notably, cafeteria diet
caused the reduction of CB2R transcripts in the prefrontal cortex, fur-
ther reduced by CBD administration, thus supporting the involve-
ment of ECS dysregulation in anxiety-related phenotypes during
unhealthy aging.

Overall, CB2R is gaining increased attention as a potential target
for neuropsychiatric disorders. Recent evidence positions CB2R as
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a context-dependent modulator of affective and psychotic pheno-
types, acting through neuroimmune and broader neuromodulatory
mechanisms. Pharmacological approaches have revealed the central
role of this receptor in the modulation of emotional behavior. Across
models, CB2R effects converge on three main axes: (i) modulation
of endocannabinoid tone (e.g., FAAH), (ii) regulation of neuroim-
mune responses via microglia, and (iii) interaction with classical
neurotransmitter systems, particularly dopaminergic and serotoner-
gic pathways. As the neurobiology of psychiatric disorders is multi-
factorial, future work is needed to better understand the involvement
of the ECS and CB2R. While neuroimmune mechanisms currently
represent the strongest and most consistent evidence base, increas-
ing data suggest that CB2R may influence higher-order behavioral
functions through coordinated effects on both immune and neu-
rotransmitter networks. Indeed, CB2R may influence behavioral
phenotypes not only through neuroimmune regulation but also
through direct and indirect modulation of monoaminergic signaling
networks. Furthermore, gender differences appear to be key in both
psychiatric disorders and ECS regulation, yet few recent works have
addressed the differences in their experimental setup. Furthermore,
multiple behavioral tests seem to be required to evaluate nuances in
behavioral output, both in murine and alternative models. Future
studies should integrate behavioral analyses with molecular and bio-
chemical characterization of ECS components. Overall, the develop-
ment of selective CB2R-targeting compounds may improve the
management of major neuropsychiatric disorders and related
comorbidities.

3.4 Neurovascular disorders

Neurovascular disorders comprise pathological conditions affect-
ing the cerebral vasculature, including ischemic stroke and cerebro-
vascular inflammatory damage. The ECS plays a pivotal role in
protecting both neurons and vessels, with both cannabinoid receptors
expressed in neurons and endothelial cells, regulating the permeability
of the BBB and neuroinflammation.

Our systematic literature search over the last 3 years yielded 9
results for “ischemia” and 2 for “neurovascular,” which were reduced
to 3 studies after removal of duplicates and exclusion of non-CNS-
related works.

Numerous studies have confirmed the significant neuropro-
tective effect of the plant-derived CB2R agonist BCP in cerebral
ischemia (Flores-Soto et al., 2021; Mallmann et al., 2022; Zhang
et al,, 2022; Zhao et al., 2023). Notably, the role of BCP in protect-
ing against white matter damage was recently evaluated. White
matter, largely composed of myelinated axons, is particularly vul-
nerable to ischemic damage (Wang et al., 2016) due to limited
blood flow and reduced collateral circulation. As a result, axonal
glial disruption and demyelination may occur, representing a key
factor contributing to cognitive dysfunction following cerebral
ischemia (Rosenzweig and Carmichael, 2015). Therefore, in the
work of Xin et al., the authors used a mouse model of middle
cerebral artery occlusion and oligodendrocyte OGD/R (oxygen
and glucose deprivation/reperfusion) models to explore the role
of BCP in white matter damage and repair after ischemic stroke
(Xin et al., 2024). Overall, they found that in mice, after ischemic
stroke, BCP treatment improved motor and cognitive functions
through CB2R activation and preserved Myelin-associated
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glycoprotein and myelin basic protein expression levels, consis-
tent with its protective effects on white matter integrity following
ischemic stroke. These findings support a role for BCP in pre-
serving white matter integrity after cerebral ischemias. They fur-
ther showed in cultured oligodendrocytes that BCP is able to
increase their viability and reduce LDH release, by attenuating
OGD/R-induced cellular damage and NLRP3-mediated pyropto-
sis (Xin et al., 2024).

A model of cerebral ischemia-reperfusion injury (CIRI) was
deployed by Li and co-workers (Li et al., 2024) to assess the effect of
the CB2R selective agonist AM1241 on alleviating this kind of injury.
Researchers observed reduced neuroinflammation and oxidative
stress both in microglial BV2 cells and in a mouse model of CIRI after
treatment with AM1241, substantiating its role as a neuroprotective
agent. Notably, they linked the biological effect to the interaction of
AM1241 with the complex of the Toll-like receptor 4 (TLR4) and
myeloid differentiation factor 2 (MD2), as demonstrated by co-immu-
noprecipitation and MD2 overexpression in cells. Surface Plasmon
Resonance experiments reported a dissociation constant of 8.27 pM
for AM1241 and MD2, substantially higher than the dissociation con-
stant of AM 1242 with the CB2R (Yao et al., 2006). Hence, the contri-
bution of CB2R signaling relative to MD2/TLR4 interaction should be
further clarified before attributing these effects to non-canonical
AM1241 activity. Nevertheless, these findings warrant further inves-
tigation into potential off-target or CB2R-independent effects
of AM1241.

He and colleagues investigated whether physical exercise could
enhance the microglial protection in a CB2R- and P2Y12-
dependent manner (He et al., 2025). P2Y12, a purinergic receptor
highly expressed in homeostatic microglia, is dramatically reduced
after microglial activation (Yu et al., 2019). Preservation of P2Y12
expression may therefore represent a strategy to maintain protec-
tive microglia-neuron interactions during ischemic injury. Their
data demonstrated that PE increased microglial P2Y12 expression,
enhancing microglial dynamics and promoting microglial contacts
with neurons as assessed by in vivo two-photon imaging. The effect
of physical exercise has been correlated to the activity of CB2R,
since it increased CB2R expression in microglia. Furthermore,
CB2R activation was involved in increasing Nrf2 phosphorylation
and MafK transcription factor level, ultimately upregulating P2Y12
expression. Thus, PE-induced CB2R signaling may support neuro-
nal protection by preserving microglia-neuron somatic junctions
(He et al., 2025).

Collectively, these findings support CB2R activation as a
potential therapeutic strategy against ischemic and neurovascu-
lar damage.

4 Conclusion and future perspectives

Over the last 20 years, there has been a surge in scientific
papers that investigated the role of CB2R in the CNS, growing
from 30 entries in 2006 to more than 60 publications per year

over the last 5 years, according to a broader “neuro*

search along
with the working prompt. Advancements have been made in the
understanding of the importance of the ECS in most brain-

related disorders, spanning from neuroinflammation and
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neurodegeneration to neuropsychiatric conditions, as summa-
rized in Figure 2. An important theme emerging from recent
studies is the progressive expansion of CB2R biology beyond its
established role in neuroimmune regulation. While CB2R-
mediated modulation of microglial activation and inflammatory
responses remains consistent across many neurological models,
recent works have highlighted additional functions involving
astrocytic proteostasis, neuronal homeostasis, neurotransmission
and neurovascular regulation. Different pathological settings
appear to engage distinct CB2R-dependent programs, a concept
exemplified by the divergent responses in FTD-TDP43 and FTD-
Tau models, where CB2R agonism and antagonism, respectively,
produced beneficial outcomes. Similar observations have been
reported in GVHD-associated neuroinflammation, where CB2R
blockade reduced microglial activation, immune cell infiltration
and neuronal injury. Collectively, these findings indicate that the
biological consequences of CB2R modulation are closely linked
to the cellular and molecular landscape of each pathological con-
dition, including the predominant cell populations involved, the
inflammatory milieu and the underlying proteinopathy. In this
view, CB2R emerges as a context-dependent regulator integrating
neuroimmune, metabolic and synaptic responses across CNS
disorders.

Of note, most evidence derives from heterogeneous experimental
approaches, ranging from immortalized cell lines to conditional
knockout models and cell type-specific genetic manipulations. While
these approaches support a role for CB2R in CNS homeostasis, con-
clusions based solely on pharmacological modulation should be
interpreted cautiously until confirmed through complementary
experimental strategies. Pharmacological modulation of CB2R has
shown promising neuroprotective and cognitive effects across CNS
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disorders. The main modulators of CB2R employed in recent works
are listed in Table 1. Molecular actions of CB2R extend far beyond
canonical Gi/o signaling, involving dynamic regulation of inflamma-
some activity, cellular metabolism, receptor heteromerization, and
glia-neuron communication in a disease- and cell-specific manner.
Once addressed, these variables, together with a better understanding
of species-dependent differences in CB2R biology and pharmacologi-
cal tools, may contribute to closing the gap between experimental
findings and future clinical translation. Rather than acting as a simple
anti-inflammatory switch, CB2R emerges as a highly plastic signaling
platform whose molecular outputs are shaped by cellular identity,
receptor interactome, inflammatory state, and ligand-dependent sig-
naling bias.

Therefore, the complexity of CB2R biology underscores the
need for careful experimental design. A recurrent limitation
across recent studies is the lack of mechanistic depth in many
CB2R-related works, particularly in neuropsychiatric studies,
where behavioral findings are often insufficiently supported by
mechanistic ECS analyses. Future work should therefore priori-
tize the clarification of receptor- and context-specific CB2R
mechanisms, addressing variables such as sex differences, disease
stage, and model selection, with the ultimate goal of translating
these findings into viable therapeutic strategies for human CNS-
related pathologies.
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TABLE 1 List of modulators of CB2R activity.

Compound CB2R action Model Main effects Mechanisms Reference(s)

JWH133 Selective agonist AD, PD, neuroinflammation Improved cognition, reduced microglial PI3K/Akt, Nrf2 activation, M2 Sobue et al. (2024), Wang et al. (2023), Liu et
activation, neuroprotection polarization al. (2024), and Zhu H. et al. (2023)

HU-308 Selective agonist FTD-TDP43 Reduced gliosis and pTDP-43 pathology Anti-inflammatory signaling Gonzalo-Consuegra et al. (2024)

RO-6866945 Selective agonist FTD-TDP43 Improved NOR performance, reduced pTDP-43 | Modulation of glial activation Gonzalo-Consuegra et al. (2024)

AM1241 Selective agonist Epilepsy, ischemia, AD-related models Reduced seizures, neuroinflammation, CB2R-dependent immunomodulation | Cai et al. (2024), Li et al. (2024), and Zhu Y.
oxidative stress et al. (2023)

GW405833 Partial agonist PD Improved recognition memory Modulation of dopaminergic signaling | Targa et al. (2025)

WIN55,212-2

CB1R/CB2R agonist

Alcohol-related neuroinflammation,

depression models

Reduced alcohol preference, antidepressant-

like effects

ECS modulation

Kibret et al. (2023) and Wang et al. (2025)

CBD Indirect/partial CB2R-related AD, neuroinflammation Cognitive rescue, reduced inflammasome NF-«B inhibition, inflammasome Rodrigues et al. (2024) and Toledano and
effects activation modulation Akirav (2025)
CBDA-ME CBR2-related activity Depression Antidepressant-like effects FAAH modulation Hen-Shoval et al. (2023)

B-Caryophyllene
(BCP)

Selective agonist

AD, ischemia, anxiety,

neurodegeneration

Anti-inflammatory, anxiolytic, neuroprotective

NF-xB, Nrf2/HO-1 modulation

Ricardi et al. (2025), Johnson et al. (2023),
Dos Santos Barbosa et al. (2023), Xin et al.
(2024), and Rathod and Agrawal (2025)

chinensis extract

formulation

modulation

Oleamide CB2R-related signaling Post-operative cognitive dysfunction Cognitive rescue, reduced neuroinflammation | FoxQI signaling Wu et al. (2025)

Esketamine CB2R-related indirect modulation Neuroinflammation/depression Reduced cytokine production NF-kB/iNOS inhibition Wang et al. (2024)

JZL184 Indirect ECS enhancer Huntington-related models Restored mitochondrial activity Increased 2-AG signaling Paredes-Ruiz et al. (2023)

FAAH inhibitors Indirect ECS enhancer Neuroinflammation Reduced cytokine release Increased endocannabinoid tone Standoli et al. (2023)

PM289 Selective agonist TBI/endothelial inflammation Preserved BBB integrity NF-«B inhibition Bullock et al. (2023)

PGN36 Antagonist FTD-TAU Improved cognition Synaptic pathway modulation Silva-Llanes et al. (2025)

SMM-189 CB2R inverse agonist GVHD, synucleinopathy Reduced neuroinflammation and a-syn Regulation of microglial activation Moe et al. (2024) and Joers et al. (2024)

pathology

SR144528 Antagonist Multiple models Reversed CB2R-mediated effects Pharmacological validation Ricardi et al. (2025) and Gioé-Gallo et al.
(2025)

AM630 Antagonist Multiple models Blocked protective effects of agonists CB2R validation tool Karan et al. (2024), Arimura et al. (2024),
Wang et al. (2024), Chen et al. (2023),
Johnson et al. (2023), and Toledano and
Akirav (2025)

Guilingji (GL]) Multi-component herbal AD (APPswe/PS1AE9 mice) Reduced AB deposition, improved long-term Multi-target neuroprotection, ECS- Hu et al. (2025)

formulation memory, reduced apoptosis related modulation
Schisandra Multi-component herbal Depression/CUMS model Reduced depressive-like behavior CB2R-dependent microglial Wang et al. (2025)
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Glossary

ECS - Endocannabiniod System
CBR1/2 - cannabinoid receptor 1/2
CNS - Central NErvous System

MAPK - mitogen activated protein

ROS - reactive oxygen species

iNOS - inducible nitric oxide synthase
S1P - sphingosine-1-phosphate
SphK1/2 - sphingosine kinase 1/2
FAAH - Fatty Acid Amide Hydrolase
LPS - lipopolysaccharide

BCP - B-caryophyllene

AP - Amyloid-f

MDM - monocyte-derived macrophages
iMg - induced pluripotent stem cell-derived microglia
PCE - perinatal cannabinoid exposure
MIA - maternal immune activation

EO - essential oil

EAE - experimental autoimmune encephalomyelitis
cKO - conditional knockout

ESK - esketamine

GVHD - graft-versus-host disease

AD - Alzheimer Disease
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PD - Parkinson Disease

FTD - Frontotemporal dementia

HD - Huntington Disease

WGT - wild-type

APP - Amyloid precursor protein

GLJ - Guilingji

EV - Extracellular vesicles

ICV-STZ - intracerebroventricular streptozotocin
a-syn - a-synuclein

LID - L-DOPA-induced dyskinesia

MPTP - 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
BDNF - brain-derived neurotrophic factor

3-NP - 3-nitropropionic acid

FST - forced swim test

i.p. - intraperitoneal

TST - tail suspension test

FABP-5 - Fatty Acid Binding protein 5

BBB - blood-brain barrier

OGDI/R - oxygen and glucose deprivation/reperfusion
CIRI - cerebral ischemia-reperfusion injury
TLR4 - Toll-like receptor 4

MD2 - myeloid differentiation factor 2
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