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Introduction
Statistical reports from the annual National Survey on Drug Use 

and Health (NSDUH) show that after alcohol, marijuana has the 
highest rate of abuse among all drugs [1]. Due to the recent public 
attention of the legalization of marijuana in the United States and the 
constant fight against alcohol abuse, research efforts highlighting the 
biomedical consequences of the use of these substances are relevant 
to the drug abuse field and of public health interest. One of the major 
components of health that affect the entire body and health outcome 
is the immune system; therefore, in this review, we will discuss the 
prevalence of alcohol and marijuana abuse, followed by the individual 
effects of alcohol and cannabinoids on the immune system; then, we 
will focus on the role of endocannabinoids on the alcohol-induced 
inflammatory effects. The ultimate objective of this review is a discussion 
of the combined effects of alcohol exposure and cannabinoid receptors 
on immune inflammation leading to a further discussion of novel 
therapeutic strategies to treat alcohol dependence using cannabinoid 
receptor targeting.

Alcohol abuse

In 2012, 3.3 million global deaths were attributed to alcohol 
consumption [2]. In the United States alone, 87.6 percent of people 
ages 18 or older reported that they drank alcohol during their lifetime, 
and among those who reported drinking, 24.6 percent were binge 
drinkers and 7.1 percent were engaged in heavy drinking [3]. Alcohol 
has been reported as the third leading preventable cause of death in the 
US [4] and has become a huge economic burden; for instance in 2006, 
alcohol misuse cost Americans over $ 200 billion [5]. Globally, alcohol 
misuse is the first leading risk factor for premature death and disability 
among people between the ages of 15 and 49 [6]. 

Even though alcohol abuse statistics are impressive in terms of 
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death and cost, the widespread alcohol consumption is still prevalent 
and the above mentioned statistics are often disregarded. Moreover, 
the public health often has the assumption that alcohol use in general 
is common and not harmful; therefore, alcohol users seem to be 
consistently affected by the preventable harmful effects of alcohol. For 
instance, besides alcohol-induced liver cirrhosis [7] and other alcohol-
related liver diseases [8], alcohol has been identified as a risk factor for 
cancer of the mouth, esophagus, pharynx, larynx, liver, and breast [9].

Although most of the statistics related to drinking alcohol indicate 
a harmful association with health and an increased risk of fatalities, it is 
relevant to point out that there are reports claiming beneficial effects of 
drinking alcohol. For instance, according to the dietary guidelines for 
Americans, moderate alcohol consumption is up to 1 drink per day for 
women and up to 2 drinks per day for men [10]. Some of the beneficial 
effects attributed to moderate alcohol consumption include decreased 
risk for heart disease, ischemic stroke, and diabetes [11,12]. Based on 
the statistics provided above and the harmful and beneficial aspects of 
alcohol drinking; broadening our understanding of the relationship 
between alcohol consumption and health is critical. 

Since not all the effects of alcohol are damaging according to several 
positive associations of health and alcohol drinking, it is relevant to 
point out that compare with abstinence and heavy drinking, moderate 
alcohol consumption has been associated with higher intakes and blood 
concentrations of some micronutrients including antioxidants [13]. 
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Furthermore, evidence has been provided that certain alcoholic drinks 
such as red wine possesses anti-oxidant activities due to its content 
of polyphenols [14]. Most recently, alcohol has also been associated 
with better memory as results suggest that light and moderate alcohol 
consumption in older people is associated with higher episodic memory 
and larger hippocampal volume [15]. 

Due to the past and current medical uses of prototypical substances 
of abuse, including alcohol and marijuana, these substances are gaining 
interest from the scientific community as recently reviewed not only 
for their medicinal benefits, but for their detrimental effects under 
Neuro-inflammatory conditions such as Neuro-HIV [16].

Marijuana abuse

As of 2013, cannabis was the most common illicit substance used 
by people admitted to treatment facilities [17]. In 2014, Marijuana was 
reported by NIDA as the most common illicit drug used in the United 
States [18]. As of march 2014, 20 states in the U.S. [19] had legalized 
the medicinal use of marijuana. Overall, cannabis has been considered 
the world’s most widely used illicit substance; and in 2010, as much as 
5 % of the world’s population had abused marijuana [20]. Although in 
the U.S., marijuana is considered a Schedule I controlled substance, 
cannabis research and the medical use of cannabis have shown extreme 
promise for the treatment of numerous medical problems including 
pain, insomnia and anxiety [21]. For instance, CB2 agonists and 
fatty acid amide hydrolase inhibitors are among several molecular 
compounds in clinical trials for the treatment of neuropathic pain 
[22]. In addition, there are several patents claiming CB2 modulators 
as a new class of analgesics and supporting CB2 agonists’ promising 
role in the management of pain [23]. Other findings have indicated 
that activation of both, CB1 and CB2 receptors, has beneficial effects 
in Alzheimer experimental models by reducing harmful β-amyloid 
peptide accumulation and tau phosphorylation, as well as by promoting 
the brain’s intrinsic repair mechanisms [24]. 

On the other side, studies have demonstrated that exocannabinoids, 
such as THC and synthetic cannabinoids, including “Spice”, interfere 
with the protective function of the Endocannabinoid System (ECS) 
present in the brain and required for neurogenesis. For instance, 
during cannabinoid abuse, significant impairments in neurocognitive 
and behavioral functioning are evident [25-27] and these effects are 
exacerbated in subjects with a compromised immune system as in the 
case of those with symptomatic HIV infection [28].

In summary, despite the increase evidence of the beneficial 
effects of marijuana and cannabinoid signaling in general, according 
to the National Institute on Drug Abuse (NIDA), cannabis has been 
associated with bi-directional effects on the neuronal, cardiovascular, 
endocrine, respiratory, and immune systems; therefore, there is a 
growing demand for cannabinoid research in order to elucidate and 
differentiate the positive and negative effects of marijuana use [29]. 

Alcohol and the immune system 

Previous studies have demonstrated that alcohol abuse has 
immunosuppressive effects on the body and although alcohol has 
been shown to directly affect lymphocyte functions, a decreased in 
the function of antigen presenting cells seems to play a crucial role in 
ethanol-induced effects on cell-mediated immunity [30]. Furthermore, 
alcohol exposure has been shown to affect several aspects of the 
immune system including, but not limited to, monocyte/macrophage 
function [31], dendritic cell function [32-35], T and B cells function 
and cytokine/chemokine production [30-36].

Dendritic cells are crucial antigen presenting cells that link the cell-
mediated innate immune response with the adaptive immune response 
[37,38]. Alcohol has been shown to impair the antigen presenting 
capacity of dendritic cells derive from Peripheral Blood Mononuclear 
Cells (PBMC) and may involve decreased IL-12, CD80, and CD86, and 
reduced dendritic cell differentiation [32]. In addition, both chronic 
and acute alcohol consumption have been shown to affect dendritic 
cell number and functions in rhesus macaques [39] and humans [35], 
interfering with their differentiation and antigen presentation [34]. 

Besides the cellular effects of alcohol, other humoral components 
of the immune system are also affected by alcohol consumption. For 
instance, acute alcohol has been shown to reduce pro-inflammatory 
cytokines such as TNF-α and IL-1β in rat macrophages [40] and in 
human blood monocytes [41]. In the context of other inflammatory 
conditions, alcohol may affect immune function including antigen 
presentation and disease progression [42]. 

A recent study analyzing gene expression profiles of rat cerebellum 
under acute alcohol intoxication revealed increases in the expression of 
genes involved in diverse cellular activities including immunological 
functions such as antigen processing, antigen presentation, immune 
response, and MHC protein complex among others [43]. Other animal 
studies with wild type, toll-like receptor 2 (TLR2)knockout, and toll-
like receptor 4 (TLR4) knockout mice treated chronically with alcohol 
for 5 months demonstrated that ethanol activates the innate immune 
system by stimulating TLR4 signaling in glial cells, triggering the up-
regulation of cytokines (IL-1β, IL-17, TNF-α) and chemokines (MCP-
1, MIP-1α, CX3CL1) in the striatum and serum [44]. 

Overall, the effects of alcohol on cytokine and chemokine 
production are highly dependent on the duration and amount of 
alcohol use [36]. For instance, acute alcohol exposure, generally 
suppresses cytokine and chemokine production [45] while chronic 
alcohol use is frequently associated with activation of pro-inflammatory 
cytokines, particularly TNF- alpha [46]. Moreover, acute and chronic 
alcohol differentially modulate monocyte/macrophage activation 
and cytokine production [47]. Our recent publication using human 
Monocyte-Derived Dendritic Cells (MDDC) supports an increase of 
pro-inflammatory cytokine production after 0.1 % ethanol treatment in 
vitro [33] compare to untreated cells. Moreover, protein array profiles 
(Figure 2) of MDDC derived from alcohol user revealed a significant 
increase in the production of several pro-inflammatory cytokines and 
chemokines (MCP-1, ICAM-1, IL-16, GM-CSF, IL-10, IL-309, TNF-α, 
TIMP-2, MCSF, PDGF-β, MIP-1α, IL-12-p40, IL-15). 

Other studies performed in adolescent rats have reported that 
alcohol-mediated immune-modulatory effects are dependent on the 
ethanol by volume concentration and exposure to alcoholic drinks 
containing high ethanol percentages can have more profound effects 
on immune responses than exposure to alcoholic drinks containing 
low percentages of ethanol [48]. In the context of other inflammatory 
conditions such as HIV, alcohol has been reported to cause 
concentration-dependent alterations in gene expression during acute 
binge drinking in the HIV-1 transgenic rat [49]. 

Additionally, reports focusing on the effects of chronic and acute 
alcohol consumption on the innate and adaptive immune responses 
have been extensively reviewed [30-36]. Most recently, during the 
2013 Alcohol and Immunology Research Interest Group (AIRIG) 
meeting., emphasis has been given on the adverse effects of alcohol-
induced inflammatory responses under diverse diseases and injury 
conditions, including discussions on the adverse effects of alcohol on 
liver inflammation, systemic effects, and alcohol’s role in infection and 
immunology [50]. 
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Cannabinoids and the immune system

The notion that cannabinoids have an effect on the immune system 
dates back to 1993, when the molecular characterization of a peripheral 
receptor for cannabinoids was identified in macrophages found in the 
marginal zone of the spleen [51], and human cannabinoid receptors and 
their gene transcripts were also identified in blood samples from normal 
human volunteers who reported no prior use of marijuana [52]. Since 
then, several reports with endocannabinoids, natural cannabinoids, 
and synthetic cannabinoids have demonstrated a major role of these 
compounds on inflammation and immunomodulation. For instance, 
the plant Cannabis sativa has been used for centuries in Asian medicine 
to reduce pain, inflammation, and asthma [53]. Over the years, the 
increase in popularity and recreational use of marijuana has caused a 
profound effect of marijuana smoke on immune defense mechanisms 
against bacterial and viral infections [54]. To date, there are reports of 
both anti and pro-inflammatory effects of cannabinoids. For instance, 
the main psychoactive cannabinoid, Δ-9- tetrahydrocannabinol (THC), 
and the main nonpsychoactive cannabinoid, cannabidiol , have been 
shown to decrease the Th17 inflammatory autoimmune phenotype 
[55]. The endocannabinoid, anandamide, has been shown to inhibit 
lymphocyte proliferation [56] and macrophage-mediated killing of 
tumor necrosis factor-sensitive cells [57]. The synthetic cannabinoid, 
CP55,940, has also been found to play a role in B cell activation and 

maturation [58]. And most recently, THC treatment of primary human 
monocytes during differentiation has been shown to reduce HIV-1 
infection of subsequent macrophages [59]. 

Moreover, activation of CB2 has been shown to have both immune 
protective and neuro protective effects, for instance, CB2 agonists have 
been shown to attenuate leukocyte-endothelial cell interactions and 
blood-brain barrier dysfunction under inflammatory conditions [60]. 
Overall, cannabinoid receptors and endogenous cannabinoids have 
been implicated in the regulation of the immune response and this 
topic has been widely reviewed [54-61]. 

Following the above review of the literature on alcohol, marijuana, 
and the immune system, we would like to give an overview of our own 
findings using inflammatory cytokine array profiles performed with 
MDDC whole cell lysates from blood donors who abuse alcohol or 
marijuana. Overall, there were higher levels of inflammatory cytokines 
produced by cells derived from the alcohol abusing patient while 
marijuana abuse caused lower activation of inflammatory cytokine 
production (Figure 1). A summary of the cytokines that were highly 
expressed on the alcohol abuse array compared to the marijuana abuse 
are depicted on (Figure 2) and include MCP-1, ICAM-1, IL-16, GM-
CSF, IL-10, IL-309, TNF-α, TIMP-2, MCSF, PDGF-β, MIP-1α, IL-
12-p40, IL-15. 

Ray Biotech inflammation arrays were incubated with whole cell lysates from dendritic cells derived from monocytes isolated from healthy control, alcohol abuser, 
and a marijuana smoker.  Chemi-luminescence signals were detected by a film developer and analyzed by densitometry.

Figure 1: Inflammatory profiles of non-substance, alcohol, and marijuana users
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After the arrays from figure one were developed, the optical density corresponding to each cytokine spot was measured; Data were analyzed using RAYBIO analysis  
tool. Values shown represent optical density for cytokines with more than 3-fold differences between alcohol and marijuana arrays. Negative control background 
signals respective to each array were subtracted from each cytokine value.   

Figure 2: Alcohol and Marijuana differentially modulate inflammatory cytokines
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Materials and Methods
Participants 

All procedures performed in the studies involving human 
participants were in accordance with Helsinki declaration [62] and 
approved by FIU’s Institutional Review Board (IRB). Blood donors 
were recruited from the Borinquen Health Care Center, Inc., Miami. 
Consents were obtained consistent with Florida International 
University (FIU) and the National Institutes of Health (NIH) policies. 
Exclusion criteria were poly drug use, Hepatitis, HIV, other medical 
conditions, age < 18 and > 50 years, and pregnancy. 

Cytokine array

Whole cell lysates (WCL) were extracted from dendritic cells 
derived from monocytes obtained from blood donors as previously 
described by us [33]. Ray Biotech inflammation arrays (catalog # AAH-
INF-3-8, Ray Biotech, Norcross, GA) were incubated with (WCL) 
from healthy control, alcohol abuser, and marijuana smoker. Chemi 
luminescence signals were detected by a film developer and analyzed 
by densitometry using Image J software. Data were analyzed using the 
RAYBIO Analysis Tool.

The endocannabinoid system

The discovery of cannabinoid receptor 1 (CB1) in the Central 
Nervous System (CNS) [63,64] the molecular characterization of a 
peripheral cannabinoid receptor 2 (CB2) [51-65], and the discovery 
of novel compounds that act as ligands of the brain receptors led to 
the assumption that other natural endogenous THC-like molecules 
called the endocannabinoids, were present in the CNS [66,67]. 
endocannabinoids such as anandamide, which was discovered by 
Mechoulam and colleagues [68] are recognized as endogenous ligands 
that act upon their cannabinoid receptors [69]. To date, two endogenous 
cannabinoids, anandamide and 2-arachiodonyl-glycerol (2-AG), play 
an important role in the modulation of physiological processes in the 
CNS [70]. The discovery of the above mentioned endocannabinoids 
and their receptors led to a new field of studies implicating them in 
many CNS dysfunctions including, but not limited to obesity [71], pain 
[72], osteoporosis [73], and addiction [74]. 

Recent studies suggest that cannabinoids, including 
endocannabinoids, which activate CB1 can increase neurotransmitter 
release by enhancing Ca(2+) influx in vitro; which demonstrates 
a crucial role of endocannabinoid -induced potentiation of 
neurotransmission [75]. Moreover, enhancement of endocannabinoid 
signaling can serve as a neuro-protective therapeutic modality by 
activating signaling pathways downstream from cannabinoid receptors, 
eventually promoting neuronal maintenance and function, and also 
subsequently supporting the endocannabinoid system as a target for 
novel therapeutic drugs [76,77].

Cannabinoid receptors, endocannabinoids, and alcoholism

Cannabinoids and endocannabinoids have been implicated with 
the rewarding effects of addictive substances, including, but not 
limited to nicotine, opiates, alcohol, and cocaine; therefore, they are 
part of natural regulatory mechanisms for drug reward and promising 
targets for the treatment of addictive disorders [78]. Various studies 
as previously reviewed and presented at the 2001 Research Society on 
Alcoholism symposium have revealed how endocannabinoids and the 
enzymes responsible for their synthesis and degradation have played 
an important role in complex physiological functions involving drug 
abuse and alcoholism [79,80]. 

The endocannabinoids system plays a crucial role in the 
dependence and withdrawal of substances such as alcohol, and changes 
in the levels of endogenous cannabinoids such as anandamide and 
2-arachiodonyl-glycerol (2-AG) have been observed in regions of 
the brain responsible for reinforcement after long-term exposure to 
alcohol [81]. To date, scientists are still aiming to discover new ways 
in which the physiological processes of these endocannabinoids, 
natural cannabinoids, synthetic cannabinoids, and their receptors 
can be modified in order to achieve specific responses geared toward 
discovering their role in the motivation to consume alcohol [74]. 
A substantial amount of data suggesting a correlation between CB1 
receptor agonist and antagonists and the motivation to consume 
alcohol have been reported in studies with rodent models. For instance, 
a down-regulation of CB1 receptor function and signal transduction 
caused by chronic ethanol administration have been reported, which 
are thought to result from the persistent stimulation of the receptors 
by the endogenous CB1 agonists, AEA and 2-AG, and these have been 
found to be also induced by chronic ethanol treatment [79]. There is 
also evidence of regulation of anandamide levels in the brain by acute 
administration of ethanol [82]. Further, electrophysiological evidence 
from in vivo animal studies, has demonstrated the involvement 
of the endogenous cannabinoid system in the effects of alcohol in 
the mesolimbic reward circuit [83]. Other studies based on the rat 
Chronic Intermittent Ethanol (CIE) model for alcohol withdrawal and 
dependence have suggested a bidirectional effect of alcohol on CB1 
by transiently down-regulating hippocampal CB1 followed by a long-
term up-regulation, which may contribute to the long-term cognitive 
impairments observed during alcohol use disorders [84]. Along with 
other studies, this report also demonstrated a role of alcohol on the 
induction of endogenous cannabinoids [79,84,85]. 

Overall, these reports supported CB1 receptor blockage as crucial 
for decreasing alcohol consumption and supported the role of the 
endocannabinoid system in alcohol induced tolerance and dependence, 
suggesting that drugs targeted against the endo-cannabinoid system 
could be therapeutically useful in treating alcohol use disorders [86]. 
A more in depth review of the interactions between alcohol and the 
endocannabinoid system highlighting the implications for alcohol 
dependence and the comparative effects of alcohol and cannabis was 
recently published and provides additional relevant information [87]. 

Therapeutic potential of cannabinoid receptors and novel 
strategies to treat alcohol dependence

Animal models with CB1 receptor deletions have become 
prevalent in studies aiming to elucidate the effects of alcohol and 
endocannabinoid interactions in the CNS. For instance, in a study 
conducted involving CB1 receptor deficient mice exposed to chronic 
ethanol administration, the CB1 receptor deficient mice had a much 
higher inclination toward alcohol consumption than the wild-type 
controls, demonstrating a crucial role of CB1 in ethanol dependence 
and preference [88]. Furthermore, the CB1 antagonist, rimonabant 
(SR 141716), has been extensively studied and reviewed as a promising 
pharmacotherapy for alcohol dependence [89]. Besides the substantial 
evidence highlighted above using animal models, human studies have 
been reported on the use of rimonabant for the treatment of alcohol 
dependence. For instance, a 12-week double-blind, placebo-controlled 
clinical trial to assess the efficacy of rimonabant in the prevention of 
relapse to alcohol in recently detoxified alcohol-dependent patients 
was performed in 2008 [90]. 

Despite the evidence of CB1 antagonists to reduce alcohol 
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dependence in animal models and human clinical trials, rimonabant 
was shown in a meta-analysis of four anti-obesity studies to increase the 
risk of psychiatric adverse events including depressed mood disorders 
and anxiety [91]. These findings of increased risk of suicide during 
treatment with rimonabant were later confirmed by the US Food and 
Drug Administration; therefore, leading to the recommendation to 
increase alertness to these severe psychiatric adverse reactions [92]. 
Besides the above mentioned side effects, other less conclusive reports 
show that rimonabant has no effect on alcohol consumption in heavy 
alcohol drinkers [93]. 

Overall, due to the detrimental CNS-related side effects of 
rimonabant, efforts are being shifted to the exploration of the blockade 
of CB1 receptors in peripheral tissues as in the case of obesity mouse 
models [94]. More recent approaches are considering the study of 
novel CB1 antagonists such as PF 514273 and their role on ethanol 
preference [95]. And lastly, studies targeting other receptors such as 
CB2 have gained popularity. For instance, the novel CB2 receptor 
agonist, HU- 910, has been found to exert a protective effect in 
various diseases associated with inflammation and tissue injury [96] 
and other reviews of the literature had focused on recent advances in 
studies involving CB2 activation in the setting of neuroinflammation, 
immunomodulation, and HIV infection [97]. Most recent efforts have 
been made for the design, synthesis, and evaluation of new amino 
alkylindole derivative compounds with dual CB1R antagonist/CB2R 
agonist activity with potential for the treatment of alcohol abuse [98].

Summary
In summary, while in recent years the scientific community has 

shifted gears into the support of CB₂ receptor activation to mediate 
immunosuppressive effects by limiting inflammation and tissue injury 
in a vast majority of pathological conditions, there is still the paradigm 
claiming activation of CB2 capable of enhancing or even triggering 
tissue damage [99]. Therefore, other novel strategies that target the 
endocannabinoid system may prove valuable to treat not only substance 
abuse, but a wide range of neuroinflammatory conditions. For instance, 
Fatty Acid Amide Hydrolase (FAAH), the enzyme involved in the 
inactivation of the endocannabinoid anandamide is being considered 
as a therapeutic target for neuroprotection by Zhuang and colleagues. 
They are testing selective FAAH inhibitors and their binding with an 
anandamide carrier protein for their effective delivery to specific target 
sites in the brain [100]. In the context of other inflammatory conditions 
such as HIV, impaired neurogenesis in mice by HIV-1-Gp120 has been 
shown to be rescued by genetic deletion of FAAH [101]. 

Worldwide, chronic consumption of alcohol is one of the leading 
causes of severe injury and mortality, resulting in 3.3 million global 
deaths [2]; while, cannabis is one of the most common illicit substances 
used by people admitted to treatment facilities [17] and has been 
reported by NIDA as the most common illicit drug used in the United 
States [18]. Although the detrimental effects of addictive substances, 
including alcohol and marijuana are well known, it is relevant to 
highlight that they also have been reported to provide beneficial effects 
and are being exploited for medicinal use as highlighted above and as 
recently reviewed by Chang et al. [16]. 

In the context of alcohol abuse, alcohol and marijuana may have 
differential neuroimmune properties and modulatory effects; therefore, 
leading to the proposal of a potential role of cannabinoid receptors and 
endocannabinoids on the emancipation of alcohol-adverse effects and 
the possible treatment of alcohol use disorders. As our review of the 
literature points out, the endocannabinoid system is closely associated 

with the physiological responses involved in alcohol dependence and 
alcohol use disorders. Animal studies have suggested a bidirectional 
effect of alcohol on CB1, which may contribute to the long-term 
cognitive impairments observed during alcohol use disorders [84]. 
Along with other studies, this report also demonstrated a role of alcohol 
on the induction of endogenous cannabinoids [79,84,85]. Overall, 
the reviewed reports led to a suggestive role of cannabinoid receptor 
targeting as an effective tool for decreasing alcohol consumption and 
a role for the endocannabinoid system in alcohol- induced tolerance 
and dependence; therefore, therapeutic drugs targeted against the 
endocannabinoid system could be promising for the treatment alcohol 
use disorders [86]. 

We also discussed the role of animal models with CB1 receptor 
deletions as crucial in elucidating the effects of alcohol and 
endocannabinoid interactions in the CNS as shown by a much higher 
inclination toward alcohol consumption- ethanol dependence, and 
stress-induced increase of ethanol preference in the CB1 knockout mice 
[88]. In addition, we reviewed literature that highlights the cannabinoid 
CB1 receptor antagonist, rimonabant, (SR 141716), as a promising 
pharmacotherapy for alcohol dependence [89] as well as clinical 
data that showed rimonabant caused adverse unwanted psychiatric 
effects [91,92] or no effects on alcohol consumption [93]. Lastly, we 
presented studies targeting CB2 receptors and using novel CB2 agonists, 
which have been shown to exert a protective effect in various diseases 
associated with inflammation and tissue injury [96,97]. Other novel 
non-receptor-related strategies targeting the endocannabinoid system 
were also discussed to treat not only substance abuse, but a wide range 
of neuroinflammatory conditions [100,101].

Conclusion
Interestingly, our previous findings suggest that CB2 and GPR55 

are highly up regulated in alcohol abusers and these receptors also 
play a crucial immune-regulatory role during alcohol treatment in 
vitro [33]. Furthermore, our own study highlighted in this review 
confirms that cannabinoids and alcohol exert differential and opposite 
inflammatory effects as shown by the cytokine array profiles performed 
with monocyte-derived dendritic cells from alcohol, marijuana, and 
control donors (Figures 1 and 2).

Based on our findings and on the current review of the past 
and current studies on alcohol and cannabinoid-induced neuro-
inflammation, it is clear that cannabinoids have been shown to have 
both beneficial and detrimental effects on different organ systems and 
the interactions of certain endocannabinoids and cannabinoid-based 
drugs have been shown to affect the motivation to consume alcohol; 
however, further studies must be conducted and substantial evidence 
must be acquired in order to use these novel endocannabinoid and 
exocannabinoid -based therapeutic approaches in the clinic for the 
treatment of alcohol use disorders. 
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