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To the Editor:

Synthetic cannabinoid (SC) use has persisted in the United States despite schedule-1 placement under the
Synthetic Drug Abuse Prevention Act of 2012 [1]. Analysis of the National Poison Data System indicates
that hospitalisations caused by SC use increased significantly between 2010 and 2015 [2]. Moreover, there
is a trend of the increasing use of such compounds among adolescents [3]. SCs are often 30-100-fold
more potent than Ag-tetrahydrocannabinol (THC), the major psychoactive ingredient of cannabis, in
activating Cannabinoid receptor 1 (CB;R). Users are attracted to SCs because of the cheaper, novel and
stronger highs such substances offer compared to cannabis, and because the compounds are not screened
for in typical drug tests [1, 2]. Among those hospitalised for SC use, some patients exhibited respiratory
failure [4-7], pulmonary infiltrates [5, 7], alveolar damage or haemorrhage [5-7] and histopathologic
features similar to organising pneumonia [4-6]. The mechanism by which SCs damage pulmonary tissue
has yet to be elucidated - whether by SC binding at CB;R, CB,R or another receptor, and what
downstream effects such binding elicits. Solving this conundrum is the first step in optimising treatment
for patients presenting with SC-related respiratory distress.

CByR is expressed in multiple cell types in the lung, wherein its overstimulation and overactivity has been
linked to lung injury, alveolar inflammation and fibrosis [8, 9]. Here, we explored the acute effects of the SC
CP55,940 on CB)R activation and inflammation in the lungs of C57BL6/] mice. CP55,940 is a functional
and structural analogue of the compounds JWH-018 and CP47,497, which have been extensively used in SC
“K2/Spice” blends. Animal procedures were conducted according to regulations of the Institutional Animal
Care and Use Committee of the National Institute on Alcohol Abuse and Alcoholism. CP55,940
(22.6 ug-kg_l, 565 ng in 150 uL) was delivered in vehicle (0.01% DMSO, 0.5% Tween80, 99.49% saline) via
oropharyngeal (OP) aspiration to mice of 25-27 g body weight. This dose was estimated to generate similar
neurobiological and behavioural effects as experienced by a human smoking two cannabis cigarettes [10].
The lung tissue was collected 4, 24 and 48 h after CP55,940 delivery to assess gene expression of
cannabinoid receptors, inflammatory cytokines, chemokines and pro-inflammatory transcription factors
using the method previously described [8]. Bioactive lipids were quantified by mass spectrometry.

OP CP55,940 administration significantly increased gene expression of CB;R and CB,R within 4 h with
mRNA levels returning to normal by 48 h post-drug delivery (figure 1a). Additionally, CP55,940 strongly
induced the expression of inflammatory cytokines, including tumour necrosis factor alpha (Tnfo),
interleukin 1 beta (IL1B) and interleukin 6 (IL6); chemokines, including chemokine (C-X-C motif) ligand 1
(Cxcll), chemokine (C-C motif) ligand 2 (Ccl2), chemokine (C-C motif) ligand 3 (Ccl3) and chemokine
(C-X-C motif) ligand 10 (Cxcl10) (figure 1b); as well as proinflammatory transcription factors such as
interferon regulatory factor 5 (Irf5) and NACHT, LRR and PYD domains-containing protein 3 (Nlrp3)
inflammasome (figure 1b) with a similar time course. The wet weight of the lung was significantly increased
at 4 h after CP55,940 administration (figure 1c), suggesting pulmonary oedema due to lung inflammation.
Since the most significant gene expression changes were also observed at 4-h time-point, we tried to block
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FIGURE 1 Oropharyngeal (OP) synthetic cannabinoid administration-induced gene expression of inflammatory genes and lipids via activating
cannabinoid receptor 1 (CB4R) in lungs. OP CP55,940 increased the gene expression of a) CB1R and CB,R receptors, and b) pro-inflammatory
cytokines, chemokines and pro-inflammatory transcription factors, and c] wet weight of the left lung. CB{R antagonist rimonabant (Rim)
(10 mg-kg™", intraperitoneal) administration prevented cannabinoid-induced gene expression of d) CB4R, and e) pro-inflammatory cytokines,
chemokines and pro-inflammatory transcription factors, and f) lung wet weight; and generation of inflammatory lipids (g) oxidised
phosphatidylcholines and h) arachidonic acid). i SC induced gene expression of cyclooxygenase in lungs at 4 h after OP CP55,940 administration.
j) Graphical representation. The graphical representation was generated in Biorender. Data are presented as meantsem. Data were analysed by
one-way ANOVA followed by Dunnett's multiple comparisons test. n=4 per group. POVPC: palmitoyl-oxo-valeryl-phosphotidylcholine; PGPC:
palmitoyl-glutaryl- phosphotldylcholme PAzePC: palmitoyl-azelaoyl-phosphotidylcholine; AldoPC: palmitoyl-oxo-nonanoyl-phosphotidylcholine. *:
p<0.05, versus control (Ctrl) group; *: p<0.05, versus vehicle-injected (Veh) and OP CP55,940 administered group.
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the activation of CB,R with intraperitoneal administration of the CB;R antagonist/inverse agonist
rimonabant (10 mg-kg™") 45 min prior to OP administration of CP55,940, then collected tissue 4-h post
CP55,940. The blockade of CB;R prevented the cannabinoid-induced elevation of CB;R gene expression
(figure 1d), along with inflammatory cytokines, chemokines and pro-inflammatory transcription factors
(figure 1e), and lung weight (figure 1f). Rimonabant treatment reduced gene expression of CxclI0, Irf5 and
Nirp3 below the level in the control group, possibly as a result of its inverse agonist activity that reduces
constitutive activation of CB;R in lungs. These findings demonstrate that pulmonary exposure to potent
cannabinoids induces lung inflammation via CB;R activation [5], which aligns with previous findings that
show the pathological role of CB;R activation by endocannabinoids in alveolar inflammation [8, 9].

OP administration of CP55,940 also caused a significant increase in lung homogenates of
palmitoyl-oxo-valeryl-phosphotidylcholine (POVPC), palmitoyl-glutaryl-phosphotidylcholine (PGPC),
palmitoyl-azelaoyl-phosphotidylcholine  (PAzePC) and palmitoyl-oxo-nonanoyl-phosphotidylcholine
(AldoPC) in a CB;R-dependent manner, as rimonabant treatment prevented such increases (figure 1g).
These oxidised phosphatidylcholines (ox-PCs) are proinflammatory and instigate immune responses
through binding to diverse receptors including Platelet-activating factor receptor and Toll-like receptor 4,
among others [11]. Ox-PCs are implicated as lipid mediators of lung injury and acute respiratory distress
syndrome (ARDS). Increases in ox-PCs like POVPC also result in their accumulation in alveolar
macrophages (AM), causing foam-cell formation and M2 polarisation, both of which are associated with
lung injury and fibrosis [12]. These findings suggest CB;R agonism may cause increased cytokine
expression via the actions of ox-PCs, a notion evidenced previously [13]. The rapid timescale of ox-PC
formation we observed suggests an enzymatic mechanism, possibly via direct action of 15-lipoxygenase
(15-LO) on phospholipids, and/or indirect formation through eicosanoid incorporation into
lyso-phospholipids via the Lands cycle. We observed a CB;R-dependent increase in lung arachidonic acid
levels (figure 1h), and a CP55,940-induced increase in pulmonary cyclooxygenases (COXs) gene
expression (figure 1i), both of which support not only generation of inflammatory prostanoids, but also
the possibility of indirect enzymatic ox-PC formation. The ox-PCs we report are derived from PCs which
are critical components of lung surfactant. Considering their growing relevance to lung pathologies, the
biologic origin of 0x-PCs such as those observed in this study warrant investigation of a direct regulatory
role of CB;R activation.

CB;R and CB,R have often opposite functions in pathologies. Therefore, the cannabinoid receptor system
has regulatory and counter-regulatory functions. THC and many SCs have similar affinities for CB;R and
CB,R, the relative contribution of which to the observed effects might be context dependent considering
the distinct expression levels of the two receptors in different pathologies. The findings reported in this
study indicate that SC binding to CB;R in the lungs may instigate the pulmonary conditions observed in
those hospitalised for SC use, and we posit a pathologic mechanism mediated by ox-PC signalling.
Additionally, the findings suggest the potential use of CB;R antagonists in the treatment of SC-induced
lung disease (figure 1j). Although the CB;R antagonist rimonabant is no longer available due to
neuropsychiatric side effects, orally bioavailable, peripherally restricted CB;R antagonists which are
currently under clinical development may offer an alternative [8, 14]. Recent observational studies have
uncovered a unique imaging pattern distinct to SC use as detected by multidetector computed
tomography, which can serve as a diagnostic criterion for SC-induced pulmonary disease. This may be of
particular importance when the patient is unresponsive [6].

There is also growing concern that THC itself may also cause similar respiratory pathologies. As the
popularity and availability of THC-rich cannabis concentrates increases, there are reports of ARDS
associated with its vaporised inhalation [15]. Cannabis concentrate-induced ARDS presents with similar
findings as SC-induced ARDS, including alveolar haemorrhage, organising pneumonia and pulmonary
infiltrates [15]. Further investigation is warranted to determine whether CB;R activation is causal in this
condition and whether concentrates might elicit such pathology due to their higher THC content or to
lower levels of other cannabis constituents such as cannabidiol and tetrahydrocannabivarin, which can
counter-balance THC’s activity at CB;R. All in all, these findings should raise an important public health
concern for respiratory health related to cannabinoid use.
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