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Immune System

The immune system has the important function of de-
fending the host from foreign agents or pathogens, and, 
depending on the nature of these, it makes use of innate 
and/or adaptive immunity mechanisms to eliminate 
them. In both cases, proteins and specialized cells are in-
volved in eliminating pathogens. Briefly, innate immu-
nity involves natural barriers as well as the complement 
system, e.g., the skin and mucous membranes contain 
phagocytic cells able to recognize pathogen-associated 
molecular patterns (PAMPs) through pattern recogni-
tion receptors (PRRs). These mechanisms isolate the in-
fectious agent by an inflammation process, thereby pre-
venting replication, spreading, and damage. If the infec-
tious agent evades the innate immunity response, the 
components of adaptive immunity are initiated. This re-
sponse is pathogen-specific and involves T and B lym-
phocytes. T lymphocytes recognize antigens via T cell re-
ceptors and resulting in the activation of different path-
ways, depending on the nature of the lymphocyte. CD4+ 
T helper cells recognize the antigen through the major 
histocompatibility complex class II (MHC II) whereas 
CD8+ T cytotoxic cells achieve this through the MHC I. 
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Abstract
Although the endocannabinoid system (ECS) is involved in 
the regulation of several physiological processes, including 
sleep and the immune response, its role during infections 
has not been fully studied. It is well known that the use of 
this drug increases susceptibility to infections because of 
the impact on the modulation of the immune system. Con-
cerning the medicinal or recreational use of marijuana, its 
influence on the course of an infection, whether this has 
been caused by bacteria, viruses, parasites, and to a lesser 
degree, fungi, has been reported. Furthermore, there is evi-
dence suggesting the involvement of the ECS in the control 
and elimination of infectious agents such as bacteria, virus-
es, and some protozoa; in the case of fungi, few studies are 
available so far. The purpose of this review is to present the 
existing studies related to infections and the ECS, the micro-
bicidal effects of compounds isolated from Cannabis sativa, 
and the association between marijuana use and the devel-
opment of rare pathologies in specific diseases.
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B lymphocytes can also recognize antigens, and are 
known to participate in antibody-mediated immunity. 
An effective immune response also involves other cells 
such as monocytes, neutrophils, eosinophils, macro-
phages, dendritic cells, natural killer (NK) cells, and Tγδ 
cells, among others. The participation of these cells de-
pends on the site of the infection, the infectious agent, and 
other factors to be able to identify, isolate, and eliminate 
pathogens. Thus, the immune system puts in place a com-
plex mechanism to fulfill its function, including respond-
ing to hormones, neurotransmitters, and proteins, and 
specific lipids, such as endocannabinoids (eCBs). As 
some of these cells bear cannabinoid membrane recep-
tors, i.e., cannabinoid receptor 1 (CB1) and CB2 [1], it 
may be that the activation of the endocannabinoid system 
(ECS) plays a decisive role in preventing the development 
of a disease.

The Endocannabinoid System

The ECS is composed of eCBs and enzymes (for the 
synthesis and breakdown of eCBs), as well as the canna-
binoid receptors, CB1 and CB2, which are widely distrib-
uted throughout the body. Cannabinoid receptors are ac-
tivated by different ligands that are either endogenous, 
such as eCBs, or exogenous, such as marijuana derivatives 
and synthetic compounds.

The term cannabinoid includes compounds of differ-
ent origin: endogenous cannabinoids (i.e., the eCBs), can-
nabinoids from vegetable origin or phytocannannabi-
noids, and cannabinoids from synthetic origin, either ag-
onists or antagonists to the cannabinoid receptors (Fig. 1).

Based on their chemical structure, cannabinoids are 
divided into 4 groups: classical, nonclassical, aminoalkyl-
indoles, and eicosanoids. Classical cannabinoids are 
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Fig. 1. The endocannabinoid system is composed of 2 cannabinoid receptors, CB1 and CB2; endocannabinoid 
compounds, such as AEA and 2-AG; and enzymes for the synthesis and degradation of eCBs. Cannabinoid re-
ceptors can be activated by phytocannabinoids present in the C. sativa plant, and also by synthetic cannabinoids 
used for experimental purposes. Both can be either agonists or antagonists.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e



Immunoregulation by THC Neuroimmunomodulation 2017;24:183–199
DOI: 10.1159/000481824

185

dibenzopyran derivatives, such as 9-tetrahydrocannabi-
nol (9-THC) and HU-210; nonclassical cannabinoids 
contains bicyclic and tricyclic analogs of 9-THC that lack 
a pyran ring like CP 55,940; aminoalkylindoles have 
structures that differ markedly from those of both classi-
cal and nonclassical cannabinoids and are well represent-
ed by WIN 55,212–2, a derivative of pravadoline; and 
eicosanoids have structures quite unlike those previously 
mentioned, with N-arachidonoylethanolamine (anan-
damide [AEA]) and 2-arachidonoylglycerol (2-AG) be-
ing the main ones [2].

 Approximately 60 phytocannabinoids are synthesized 
by Cannabis sativa [3, 4]; of these, Δ-9-THC (THC) is the 
main psychoactive compound [5]. Other cannabinoids 
found in cannabis are Δ-8-THC, cannabidiol (CBD),  
cannabinol (CBN), cannabigerol (CBG), and cannabi-
chromene (CBC) [6], among others. Furthermore, other 
organisms also produce their own cannabinoids, i.e., 
eCBs, derived from arachidonic acid, such as AEA and 
2-AG, O-arachidonyl ethanolamine (virodhamine), 2-ar-
achidonylglycerylether (noladin ether), N-arachidonoyl 
dopamine (NADA), and oleamide. There are cannabi-
noid-related molecules called N-acylethanolamides, such 
as palmitoylethanolamide (PEA) and oleoylethanolamide 
(OEA), that do not activate the CB1 receptor but instead 
interact with the peroxisome proliferator-activated re-
ceptor (PPAR)α, mediating anti-inflammatory processes 
[7, 8].

There are a large number of cannabinoids of synthetic 
origin, differing in their affinity to one or both cannabi-
noid receptors; in addition, there are also agonists or an-
tagonists which have been useful in the experimental 
study of the ECS.

eCBs can be defined as endogenous lipids, derivatives 
of amides, esters, and ethers, and comprise long-chain 
polyunsaturated fatty acids, mainly arachidonic acid. 
eCBs are located in lipid membranes, synthesized on de-
mand in a Ca+2-dependent fashion in response to either 
physiological or pathological stimuli [9] and, in the case 
of AEA, accumulation and breakdown in liposomes [10]. 
AEA and 2-AG are the most studied eCBs and, despite 
being arachidonic acid derivatives, they can be synthe-
sized by several pathways; however, the enzymes required 
are not the same in all instances. The enzymes required 
for AEA synthesis are N-acyltransferase (NAT) and N-
acyl phosphatidylethanolamine phospholipase D (NAPE-
PLD). For 2-AG synthesis, the enzymes phospholipase C 
(PLC) and diacylglycerol lipase (DGL) are required, 
among others. Breakdown enzymes also differ between 
AEA and 2-AG; fatty acid amide hydrolase (FAAH) is re-

sponsible for AEA hydrolysis whereas monoacylglycerol 
lipase (MGL) is required in the case of 2-AG [9] (Fig. 1; 
[11]).

In addition to CB1 and CB2, the existence of a third 
cannabinoid receptor (CB3) has been suggested [12], and 
there are also 2 orphan G protein-coupled receptors (GP-
CRs) which overlap with CB1 and CB2, namely, GPR18 
and GPR55 [13]. CB1 and CB2 are associated with the G 
proteins of the Gi/o family (Gi1–3 and Go1 and 2) via the 
intracellular loops of the protein. Both cannabinoid re-
ceptors inhibit adenylyl cyclase via Gi and stimulate 
MAPK activity. By inhibiting adenylate cyclase, the re-
duction of the second messenger cAMP leads to the open-
ing of rectifying potassium channels. CB1 also mediates 
the inhibition of N-type and P/Q-type calcium currents 
[14, 15].

The cannabinoid receptors are widely distributed; CB1 
is expressed mainly in the central nervous system (CNS), 
particularly in the cerebral cortex, olfactory bulb, cerebel-
lum, and spinal cord [16]. It can also be located in periph-
eral tissues such as the adrenal glands, thymus, tonsils, 
lungs, heart, bone marrow, prostate, uterus, ovaries, and 
testes [17]. Although CB1 mRNA levels represent only 
1–10% of the CB2 content in immune tissues, they are 
expressed (from the highest to the lowest expression lev-
el) in B lymphocytes, NK cells, polymorphonuclear neu-
trophils, CD8 T cells, and CD4 T cells [1]. CB2, on the 
other hand, is also expressed in the CNS but is most high-
ly expressed in immune tissues such as the spleen and 
thymus [1, 18] as well as in blood cell subpopulations 
such as CD4 and CD8 lymphocytes, neutrophils, mono-
cytes, NK cells, and B lymphocytes [1].

CB1 and CB2 and Physiological Regulation
The activation of cannabinoid receptors is involved in 

biological processes such as appetite, or in antiemetic and 
analgesic effects. Moreover, the therapeutic use of canna-
binoids has proved effective in the treatment of neuro-
pathic pain [19–21], epilepsy, multiple sclerosis (MS), 
feeding disorders, and glaucoma [15, 22, 23]. However, 
since cannabinoid receptors are present on immune cells, 
they can modulate the function of the immune system, 
potentially inducing immunosuppression [24, 25]. As an 
example, the eCBs AEA and 2-AG can modulate inflam-
mation, although not always in association with cannabi-
noid receptor binding, due to an arachidonic acid mole-
cule within the structure, which is a precursor of bioactive 
or anti-inflammatory lipids; moreover, they can be me-
tabolized by biosynthetic eicosanoid molecules produc-
ing additional lipids [11]. 
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Synthetic cannabinoids are widely used in biomedical 
research, in the form of compounds with preferential ac-
tivity over CB1, e.g., arachidonyl-2-chloroethanolamide 
(ACEA) and arachidonyl-cyclopropylamide (ACPA). 
CB2 is activated by compounds such AM1241, JWH-133, 
HU-910, and HU-308 [26]; in addition, there are com-
pounds without special selectivity for either cannabinoid 
receptor, such as HU-210, CP 55,940, and R–(+)–WIN 
55,212–2. On the other hand, there are CB1 antagonists 
such as SR141716A and AM251; and CB2 antagonists 
such as SR144528 and AM630 [14, 26] (Fig. 1). Their use 
in research has been crucial in unraveling the role of ECS 
activation in some diseases caused by infectious agents.

The Role of the ECS in Bacterial Infections

Phylogenetic analyses have reported the presence of 
cannabinoid receptors in phylum Chordata organisms, 
such as Ciona intestinalis [27] or Branchiostoma floridae 
[28]. Although there are no available reports regarding 
the presence of cannabinoid receptors in organisms be-
longing to other phyla like Proteobacteria, Vira, Nema-
toda, or Deuteromycota, this is very likely because the 
exogenous activation of the ECS plays an important role 
in the development of bacterial infections, both in vitro 
and in vivo (Table 1).

In the 1970s, the combination of THC and lipopoly-
saccharide (LPS) was shown to be highly toxic in mice, as 
tested by the combination of a raw THC preparation (dis-
tilled marijuana), LPS obtained from different bacteria 
(Escherichia coli and 3 species of the genus Salmonella, S. 
minnesota, S. typhi, and S. abortus), and a commercial 
Pseudomonas vaccine [29]. Moreover, it was found that 
the lethal capability of heat-killed bacteria was enhanced 
when THC was also administered. Therefore, it was clear 
that the combination of bacterial endotoxins and THC 
was more toxic than expected when compared to their 
individual effects. The authors suggested that this en-
hanced toxicity could also occur in humans because com-
mon enteric bacteria, opportunistic bacteria, and food-
borne gram-negative bacteria can serve as LPS sources, 
potentially exacerbating enteric diseases when combined 
with marijuana use.

In contrast, C. sativa extracts exert microbicidal activ-
ity on gram-positive bacteria such as Baccilus subtilus, 
Baccilus pumilus, Staphylococcus aureus, Micrococcus fla-
vus [30], Clostridium sporogens, Enterococcus faecium, 
and Streptococcus salivarius [28]; and on gram-negative 
bacteria like Proteus vulgaris, Bordetella bronchioseptica 

[30], Pectobacterium carotovorum, and Pseudomonas 
savastanoi [31]; as well as in some fungi, such as Aspergil-
lus niger [30]. However, it should be highlighted that the 
microbicidal effect of cannabinoids has only been seen in 
experiments in vitro.

The following paragraphs will discuss specific studies 
on specific bacteria species. We acknowledge our lack of 
information regarding the presence of a cannabinoid re-
ceptor; we suggest that one possibly does exist, or that 
cannabinoids might modulate parasites through other 
means such as enzyme/transporter inhibition. The im-
pact of cannabinoids on bacterial infections and on the 
growth of bacteria in vitro is shown in Table 1.

Sepsis
Sepsis is defined as a systemic infection as the result of 

an inefficient immune response. A murine study model 
involving the injection of LPS is how the role of CB1 and 
CB2 during sepsis was discovered. Where the activation 
of CB1 is concerned, this allows the good functioning of 
innate immunity parameters, e.g., CB1-deficient mice are 
unable to develop fever, have a lower expression of TLR4 
in the liver and spleen when compared to wild-type (WT) 
mice, and their peritoneal macrophages do not secrete 
proinflammatory cytokines [32].

Concerning CB2, a study performed on CB2 knockout 
mice revealed a higher mortality rate, a higher concentra-
tion of proinflammatory cytokines such as TNF-α, inter-
leukin (IL)-6, and a higher HMGB1 level when compared 
to WT mice under sepsis; after administering GW405833, 
a CB2 agonist, the cytokines and the mortality rate were 
decreased [33]. Another study determined that the activa-
tion of CB2, using the agonist HU-308, can prevent ad-
ditional damage during sepsis, in this case, at the intesti-
nal level [34]. Furthermore, mice with endotoxemia (ex-
perimental sepsis induced by LPS administration) treated 
with the CB2 agonist URB597 and the inhibitor of the 
enzymes FAAH and MGL, JZL184, showed a reduced 
number of adherent leukocytes in the submucosal and 
axial veins, reducing the endothelial interaction of leuko-
cytes and thus preventing inflammatory damage, in addi-
tion to improving intestinal capillary perfusion, an idea 
further reinforced when the mice were treated with the 
antagonist AM630, resulting in an unmodified number of 
leukocytes [34, 35].

CB1 is thus important in the development of an effi-
cient innate immune response whereas CB2 prevents ad-
ditional inflammatory damage during sepsis. These stud-
ies support the idea that the ECS could be used as an ef-
fective therapeutic target in sepsis treatment.
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Staphylococcus aureus
S. aureus is capable of causing serious infections in hu-

mans such as bloodstream infections and pneumonia, or 
bone and joint infections. It can be spread by direct con-
tact with an infected person, in droplets dispersed by 
sneezing or coughing, or by touching contaminated ob-
jects.

Marijuana and Infections. In the early 1980s, a study 
reported that the acute inhalation of marijuana smoke 
impaired the pulmonary antibacterial defense system of 
rats infected with S. aureus in a dose-dependent manner 
[36]. A similar model of marijuana smoke inhalation in 
mice, in a subacute schema, resulted in a higher necrotic 
index when compared to control mice [37].

Table 1. Effect of cannabinoids on bacteria 

Infectious agent Treatment/situation Effect observed Reference

In vitro 
B. subtilus
B. pumilus
S. aureus
M. flavus
P. vulgaris
B. bronchioseptica

C. sativa extracts: 
ethanolic and
petroleum ether
extracts

Antimicrobial activity 30

S. aureus
(several strains)

THC, CBD, CBG,
CBC, or CBN

Potent antibacterial activity 6

B. suis SR141617A Bactericidal effect due to a prolonged phosphorylation of
the transcription factor CREB within macrophages

51

In vivo
LPS injection Knockout mice to:

CB1

CB2

HU-308, URB597,
and JZL184

Unable to develop fever; lower expression of TLR4 in liver and spleen; 
peritoneal macrophages do not secrete proinflammatory cytokines
Higher mortality rate; higher concentration of proinflammatory
cytokines (TNF-α, IL-6 and HMGB1 levels)
Prevents intestinal damage during sepsis 
Prevent inflammatory damage by:
– reducing the number of adherent leukocytes and endothelial
interaction of leukocytes
– improving intestinal capillary perfusion

32

33

34
34, 35

L. pneumophila THC

SR141716A
and SR144528

Increases mortality by:
– reducing protective Th1 response
– inhibiting DC functions
– inducing the excessive mobilization of acute-phase cytokines 

in a receptor-dependent mechanism.
Higher Legionella CFU/mg in the lungs; increased levels of IL-1, IL-6, 
and TNF-α
Higher Legionella CFU/mg in the lungs; increased levels of IL-1, IL-6, 
and TNF-α.

48
41
43

44

44

L. monocytogenes Marijuana extract
or THC

Suppresses resistance to infection 40

S. pneumoniae HU-211 Reduces brain damage 54

Clinical case
F. nucleatum Positive toxicology 

screening for
cannabis

Immunosuppression, which led  to a rapid brain death 41

S. pneumoniae Long-term CBD
administration

Reduces neurological damage 54
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Marijuana Derivatives and Infection Control. C. sativa 
is a potential source of the natural compounds capable of 
controlling bacterial infections by exhibiting antibiotic 
resistance. Appendino et al. [6] investigated the antibac-
terial profile of the cannabinoids THC, CBD, CBG, CBC, 
and CBN, a selection of their carboxylic precursors (pre-
cannabinoids), and synthetic positional isomers, using a 
panel of clinically relevant S. aureus strains: EMRSA-15, 
one of the main epidemic methicillin-resistant strains; 
SA-1199B, a multidrug-resistant strain overexpressing 
the NorA efflux mechanism (the best characterized anti-
biotic efflux pump in this species); RN4220, a macrolide-
resistant strain; XU212, a tetracycline-resistant strain 
overexpressing the TetK efflux pump; and ATCC25923, 
a standard laboratory strain. These cannabinoids showed 
a strong antibacterial activity against the tested methicil-
lin-resistant S. aureus strains [6], suggesting that some 
cannabinoids could be a reliable option for the treatment 
of antibiotic-resistant S. aureus (Table 1).

Legionella pneumophila
Several studies have indicated that the activation of the 

ECS during L. pneumophila infection is what facilitates its 
virulence. L. pneumophila is an intracellular gram-nega-
tive bacterium causing Legionnaire’s disease. Legionella 
bacteria are mainly found in water. Cough, high fever, 
muscle aches, headaches, and shortness of breath are the 
common symptoms, beginning 2–10 days after exposure; 
diagnosis can be difficult due to the symptoms being sim-
ilar to those of other forms of pneumonia. People >50 
years of age have a higher risk of developing this disease, 
as do smokers, people with any lung disease (e.g., emphy-
sema and chronic obstructive pulmonary disease), can-
cer, diabetes, or kidney failure, or, in general, those with 
a suppressed immune system [38].

Host resistance to L. pneumophila depends on the ac-
tivation of proinflammatory cytokines and T helper type 
1 (Th1) immunity, a rapid increase in serum levels of IL-
12 and interferon gamma (IFN-γ), and splenic IL-12Rβ2 
expression [39]. The Th1 response regulates cell-mediat-
ed immunity, controlling intracellular pathogens. Th1 
cells are induced by IL-12, concomitant to IFN-γ induc-
tion. The Th2 response regulates humoral immunity, 
characterized by IL-4 initiation followed by the produc-
tion of IL-5 and IL-13, and B cell activation, to produce 
certain antibody isotypes [39]. In this context, it is well 
known that cannabinoids suppress Th1 immunity in a 
variety of animal models challenged with bacterial infec-
tions, including L. pneumophila infection [40, 41]. THC-
increased mortality is caused by a reduced protective Th1 

response. For instance, when experimental animals were 
treated with THC a day before infection with L. pneu-
mophila, this resulted in an increased lethality index [42]. 
It has been suggested that THC facilitates death by induc-
ing the excessive mobilization of acute-phase cytokines 
[43]. The administration of CP 55,940 (a synthetic eCB), 
at a dose of 6 mg/kg 1 day before and 1 day after the sub-
lethal infection of mice with L. pneumophila, resulted in 
around 50% mortality, higher Legionella CFU/mg in the 
lungs, and increased levels of IL-1, IL-6, and TNF-α [44]. 
This evidence leads us to conclude that ECS activation 
with either THC or CP 55,940 increases the likelihood of 
death in an L. pneumophila-infected host.

As previously described in the model using THC and 
L. pneumophila-infected mice, Th1 cytokine levels are di-
minished during a challenge infection whereas Th2 cyto-
kines are increased [39–42]. It is well known that Th1 
polarization is inhibited by increased IL-4, GATA3, and 
NF-κB activation, and increased prostaglandin and glu-
cocorticoids. Interestingly, THC-induced activation of 
both CB1 and CB2 causes the release of glucocorticoids 
and prostaglandin E2, suppressing Th1 polarization. 
Newton et al. [45] injected L. pneumophila or THC alone 
into mice, observing that THC induced a rapid rise in se-
rum corticosterone; however, the injection of both agents 
actually significantly augmented corticosterone produc-
tion, proving that THC directly increased the level of this 
hormone in L. pneumophila-infected mice. Pretreatment 
with the CB1 antagonist, SR141716A, had no effect on the 
THC-induced corticosterone response; however, treat-
ment with the CB2 antagonist, SR144528, increased se-
rum corticosterone levels, suggesting that although THC 
significantly augments the mobilization of serum corti-
costerone and prostaglandins, the increased levels do not 
account for the drug-induced suppression of Th1 activity 
[45].

After L. pneumophila infection, the dendritic cells 
(DCs) produce high levels of IL-12p40. Interestingly, 
one proposed mechanism by which THC suppresses 
Th1 immunity is the inhibition of IFN-γ production and 
DC function concomitant with lower IL-12p40 secre-
tion [41, 46], and the expression of costimulatory MHC 
class II, CD86, and CD40. The polarized expression of 
molecules such as the Notch ligand and Delta4 has been 
observed in response to L. pneumophila infection [46]. 
Both Notch ligands, Jagged1 and Delta4 (Th2- and Th1-
polarizing molecules, respectively), were induced in 
DCs after L. pneumophila infection; however, L. pneu-
mophila-infected mice treated with THC showed a sig-
nificant suppression of Delta4 expression, but there was 
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little effect on Jagged1, suggesting that Th1 polarization 
is induced by the Delta4 ligand [46]. GPCRs have also 
been shown to increase Jagged ligand expression and to 
polarize Th2 [47]. Interestingly, cannabinoid receptors 
are coupled to Gi, and it is possible that these types of 
receptors might suppress Th1 by inhibiting the Delta4 
ligands [41, 46].

Blocking ECS activation through CB1 or CB2 antago-
nists (SR141716A and SR144528, respectively) attenuates 
the effect of THC on Th1-promoting cytokines, such as 
IFN-γ and IL-12, indicating that cannabinoid receptors 
are involved in this response [48]. The role of CB1 and 
CB2 in the shift from Th1 to Th2 immunity is linked to 
the suppression of serum IL-12 and IFN-γ in L. pneu-
mophila-infected mice. However, it has been found that 
treatment with THC induces the suppression of splenic 
IL-12Rβ2 expression, mediated by CB1 but not by CB2. 
Regarding molecular mechanisms, it has been shown that 
THC increases GATA-3 and Jagged1 mediated by CB2, 
and that THC treatment also increases the NF-κB level in 
the spleen and decreases the Delta4 in the DCs of infected 
mice. THC thus shifts to a nonprotective Th2 response, 
by suppressing IL-12Rβ2 through CB1, and by increasing 
IL-4, GATA-3, NF-κB, and Jagged1 via a mechanism that, 
at least partly, involves CB2 [39].

Listeria monocytogenes
Listeriosis is caused by the facultative and opportunis-

tic intracellular gram-positive bacterium Listeria mono-
cytogenes, which can be transmitted through contaminat-
ed sources such as refrigerated foods, vegetables, pre-
pared meat products, and unpasteurized milk. These 
bacteria can grow in cold temperatures and can cause me-
ningoencephalitis and/or septicemia in adults and new-
born infants, as well as spontaneous abortion during ear-
ly pregnancy. Newborn infants, pregnant women, the el-
derly, and immune-compromised individuals are among 
those with a higher risk of developing listeriosis. Little 
information on the interaction between the ECS and L. 
monocytogenes is currently available (Table 1); however, 
it has been reported that treating L. monocytogenes-in-
fected mice with marijuana extract or THC markedly 
suppressed resistance to bacterial infection, an effect that 
can be compared to flumethasone, a potent immunosup-
pressive steroid [49]. It would be interesting to conduct 
additional studies on the role of ECS components in this 
infection, as they could reveal information on the innate 
and adaptive immune response to intracellular organisms 
such as L. monocytogenes.

Fusobacterium nucleatum
Fusobacterium nucleatum is a microorganism that can 

cause periodontal diseases, soft-tissue abscesses, pulmo-
nary and intra-abdominal infections, and, very rarely, in-
tracerebral infections. There is also a report of a previ-
ously healthy 25-year-old man with a cerebellar abscess 
caused by F. nucleatum that resulted in rapid brain death, 
that correlated with a positive toxicological screening for 
cannabis and amphetamines. This was a rare case for 2 
reasons: (1) F. nucleatum is a strictly anaerobic microor-
ganism, and, in most cases, aerobic pathogens such as 
Neisseria meningitides and Streptococcus pneumoniae are 
thought to be responsible for meningitis or brain abscess-
es; and (2) only 6% of brain abscesses caused by bacteria 
arise from infection by Fusobacterium spp. [50]. Once 
again, these data suggest an immune suppression induced 
by cannabinoids that may have played an important role 
in an unusual clinical course.

Brucella suis
Brucella suis is a gram-negative bacterium affecting 

pigs, and causes inflammatory chronic infections in the 
gonads, causing abortions, or the birth of weak or dead 
piglets, orchitis, and other gonad afflictions, resulting in 
elevated economic loss. There is the potential for humans 
who are in direct contact with the diseased animals to be-
come infected. The CB1 antagonist, SR141716A, induces 
a protecting effect by inhibiting bacterial replication 
within infected macrophages in a dose-dependent man-
ner (10–500 nM). Even a 1-nM concentration can achieve 
a bactericidal effect [51] due to the activation of protein 
kinase A mediated by AMPc, resulting in a prolonged 
phosphorylation of the transcription factor CREB, and 
thus impairing an essential pathway for B. suis survival 
within macrophages [52].

Streptococcus pneumoniae 
Little is known about the role of the ECS in pneumo-

coccal meningitis, a bacterial infection affecting the me-
ninges and spinal cord, with lethality established in ap-
proximately 50% of untreated cases [53]. There are sev-
eral bacteria associated with meningitis, S. pneumoniae 
being one of them. An experimental model of pneumo-
coccal meningitis caused by S. pneumoniae in rats deter-
mined that the synthetic cannabinoid HU-211 reduced 
brain damage when administered in combination with 
ceftriaxone [54]. Permanent neurological damage is a 
major problem in pneumococcal meningitis survivors; 
such effects can be attenuated with long-term CBD ad-
ministration; however, this effect is also accompanied by 
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reduced proinflammatory cytokines such as TNF-α in the 
frontal cortex (the mechanisms of this are unknown) 
[55]. The little information available concedes that can-
nabinoids can reduce neurological damage, but more in-
formation is necessary in this regard. 

Viral Infections

Hepatitis C
Hepatitis C, a liver disease caused by its namesake vi-

rus (HCV), affects approximately 150 million people 
globally, a significant number of whom are chronically 
infected and will eventually develop liver cirrhosis or can-
cer [53], and can also develop metabolic disorders such as 
insulin resistance and steatosis. Although the moderate 
use of cannabis may help treatment adherence in patients 
with hepatitis C [56], because it stabilizes weight loss and 
nausea [57], long-term daily use has been associated with 
fibrosis progression [58]. ECS activation by the CB1 ago-
nist ACEA promotes HCV replication in hepatocyte cul-
tures. CB1 upregulation and high levels of 2-AG during 
hepatic diseases have been documented [59]. Further 
studies on the role of the ECS during HCV infection are 
needed. Table 2 summarizes the in vitro and in vivo stud-
ies on this virus and the use of different cannabinoids.

Herpes
Caused by the herpes simplex virus (HSV), herpes has 

been described as 2 types: HSV-1 transmitted by oral con-
tact and mainly causing orolabial herpes, and HSV-2 
transmitted through sexual contact with an infected per-
son, causing genital herpes. The WHO has estimated that 
400 million people worldwide are currently infected with 
HSV-2 [53].

In the late 1970s, a report suggested that cannabinoids 
had the capacity to suppress host resistance to HSV [49]. 
Based on this, Cabral et al. [60, 61] evaluated the effect of 
THC on HSV-2 infections. Their studies in vitro, using 
virus-infected Vero cells pretreated for 24 h with THC, 
showed a higher extracellular incidence of the virus that 
correlated with the dissolution of the cellular membrane, 
and inhibited the synthesis, maturation, and cellular 
transport of specific HSV-2 glycoproteins [62] and mac-
rovacuoles in the cytoplasm that contained virus aggre-
gates. Their results suggest that treatment with cannabi-
noids facilitates the exit of the virus from infected cells 
[63], thereby facilitating viral dispersion. In addition, 
THC has been found to inhibit macrophage-extrinsic an-
ti-HSV activity [64]. Experiments in vivo, using mice and 

guinea pigs, reported that THC decreased host resistance 
to HSV-2 vaginal infection, as observed by: (1) the greater 
frequency and severity of genital lesions, (2) higher mor-
tality, and (3) higher virus titers in vaginal secretions and 
reduced IFN titers [63, 65, 66], indicating that cannabi-
noids induce a decreased resistance to HSV-2 (Table 2).

In another context, there is an association between 
HSV and Kaposi sarcoma, known as Kaposi sarcoma-as-
sociated herpes virus (KSHV), that causes Kaposi sarco-
ma in individuals with HIV. KSHV is very persistent in 
immune-suppressed hosts, promoting tumor growth. 
The lack of efficacious therapies has precipitated the use 
of compounds like CBD, a nonpsychoactive cannabinoid 
shown to induce apoptosis in endothelial cells infected 
with KSVH, as well as inhibiting endothelial growth fac-
tors, e.g., viral GPCR (vGPCR), chemokine growth-regu-
lated protein α (GRO-α), vascular endothelial growth fac-
tor receptor (VEGFR)-3, and VEGF-C [67].

Retroviruses
People suffering from HIV/AIDS are known to use 

marijuana more frequently, seeking to improve their ap-
petite, decrease nausea, or control pain; however, there 
are some consequences that should be considered in this 
regard. As we have discussed throughout this review, 
THC suppresses cellular immune functions; therefore, we 
expect to see further impairment in HIV-infected indi-
viduals; for example, animal models have demonstrated 
that NK cell activity becomes suppressed at high THC 
doses [68]. A hybrid model based on human peripheral-
blood leukocytes implanted into SCID mice (the huPBL-
SCID model) revealed that, in the presence of THC, HIV 
replication was increased 50-fold in the systemic viral 
load; although there was no difference in the percentage 
of CD4+ T cells, the expression of CCR5 and CXCR4 
(chemokine receptors, both essential coreceptors for HIV 
infection) was increased, and the number of IFN-γ-
producing cells was decreased [69]. In other cases, the 
negative effects produced by infection, such as by HSV, 
are enhanced by the administration of THC. When there 
is coinfection, such as by the Friend leukemia virus, these 
effects are even greater than the individual effect, i.e., spe-
cifically, the rate of infection development and mortality 
are increased [67]. On the other hand, the activation of 
CB2 could be an alternative in active antiretroviral ther-
apy, as it can attenuate neurocognitive disorders associ-
ated with HIV infection by inhibiting viral replication, 
regulate inflammation by reducing the permeability of 
the hematoencephalic barrier and leukocyte infiltration, 
and suppress the activity of neurotoxic proteins (e.g., Tat 
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and HIV-1gp120), thereby decreasing neuronal damage 
[70]. It also prevents Tat from promoting monocyte mi-
gration through the hematoencephalic barrier [71].

Development of the Immune System and eCBs
There are critical stages in perinatal development. The 

administration of cannabinoids during this period would 
compromise the function of the immune system, e.g., ges-
tational exposure to THC using SR141716A and AM630 
as CB1 and CB2 antagonists, respectively, reduces thymic 
cellularity in fetuses and produces higher rates of apopto-
sis in thymocytes. Both effects are mediated by the activa-
tion of CB1 and CB2. Immune function, tested with the 

HIV-1 p17/p24/gp120 protein in adult mice exposed pre-
natally to THC, revealed that these animals exhibited a 
lower T cell proliferation rate as well as lower amounts of 
specific antibodies against HIV-1 p17/p24/gp120, sug-
gesting that prenatal cannabis exposure can lead to a less 
efficient immune system in adulthood, increasing the risk 
of infectious diseases [72].

Studies on male macaques infected with simian immu-
nodeficiency virus (SIV) have reported that chronic THC 
use did not affect the viral load in the plasma, but that 
there were reduced levels of CB1 and CB2 in the hippo-
campus that correlated with the decreased expression of 
the proinflammatory cytokine, monocyte chemoattrac-

Table 2. Effect of cannabinoids on viruses 

Infectious agent Treatment/situation Effect observed Reference

In vitro
HCV ACEA Promotes virus replication by:

– upregulation of CB1 expression
– high levels of 2-AG

46

HSV THC Higher quantities of extracellular virus 47, 48

HIV AEA and 2-AG Suppress proinflammatory cytokine production and increase anti-
inflammatory cytokines in the cytotoxicity produced by HIV-1
Tat protein in the retina

61

In vivo
HSV THC Higher mortality in mice and pigs from vaginal infection 50, 52, 53

Retroviruses
HIV

SIV

THC

THC

Increases HIV replication, besides the expression of CCR5 and CXCR4
chemokine receptors; reduces CD4+ T cells and IFN-γ-producing cells
Suppresses NK cell activity
Reduces thymic cellularity and enhances apoptosis, through CB1
and CB2 activation
Reduces CB1 and CB2 levels in the hippocampus and MCP-1
Decreases early mortality in male macaques

56

55
57

58
59

Influenza virus THC Increases viral loads by:
– higher hemaglutinin 1 expression
– diminished CD4+ and CD8+ lymphocyte and macrophage
recruitment into the lungs

77

Theiler’s virus WIN 55,212 – 2, 
ACEA, or JWH-015
WIN 55,212-2

AEA
CBD

THC and CBD

Promotes remyelination

Inhibits the expression of adhesion molecules ICAM-1 and VCAM-1 
Reduces CD4+CD25+Foxp3– T cells activation in the CNS and
increases regulatory CD4+CD25+Foxp3+ T cell activation
Inhibition of VCAM-1 expression by the activation of CB1
Reduces CCL2 and CCL5 expression and reduces leukocyte
infiltration in the brain 
Suppress Th17 response

81

80
86

83
84

87, 88

Ex vivo
HSV CBD Produces apoptosis in endothelial cells infected with KSHV 54
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tant protein-1 (MCP-1). Treatment with the cannabinoid 
decreased early mortality, however [72, 74]. Interestingly, 
this effect is gender-dependent, as female macaques in the 
same condition showed that THC treatment did not pro-
tect them from early mortality [75].

Last but not least, eCBs seem to play an important role 
in the treatment of certain HIV-related pathologies, such 
as vision problems due to an increased inflammatory re-
sponse associated with the HIV-1 Tat protein. The use of 
the eCBs, AEA and 2-AG, to control Tat-induced cyto-
toxicity in retinal cells resulted in the suppression of the 
production of proinflammatory cytokines such as TNF-α, 
IFN-γ, IL-6, and IL-12p70, and increased production of 
anti-inflammatory cytokines such as TGF-β and IL-10 
has been suggested. These effects were associated with the 
MAPK pathway [76] (Table 2).

Influenza
The administration of THC could be harmful for a host 

infected with the influenza virus. As reported in studies on 
mice, THC administration after an immune challenge 
with influenza virus A/PR/8 resulted in increased viral 
loads, higher hemagglutinin 1 expression, and diminished 
CD4+ and CD8+ lymphocyte and macrophage recruit-
ment into the lungs [77]. Some of these effects were ob-
served in an opposite manner when CB1 and CB2 knock-
out mice were infected, i.e., showing increased CD4+ lym-
phocyte recruitment, IFN-γ levels, and lung inflammation, 
higher than in control WT mice [78]. Other immune pa-
rameters affected include cytokine secretion by CD4+ T 
cells and NK cells, besides a lower overall percentage of 
subpopulations of antigen-presenting cells present in the 
lungs of infected mice [79]. The observed results demon-
strate that THC administration diminishes the immune 
response against the influenza virus.

Multiple Sclerosis 
An experimental model of encephalomyelitis, induced 

by infection with Theiler’s virus, serves as a model for the 
study of MS, the most common human chronic demye-
linating disease. Clinical deficits described in infected 
mice include progressive impaired motor coordination, 
incontinence, and paralysis associated with axonal loss 
and demyelination [80], and correlating with high levels 
of the vascular cell adhesion molecule-1 protein (VCAM-
1) which mediates the adhesion of cells such as lympho-
cytes, eosinophils, monocytes, and basophils to the vas-
cular endothelium.

Concerning the specific case of MS, its characteristic 
infiltration of autoreactive lymphocytes from the system-

ic compartment into the brain makes the study of this 
disease of particular interest. MS is not a disease caused 
by a virus per se, but the model for studying it requires 
the use of a virus to induce the disease. This is the reason 
why we mention studies using the model of Theiler’s mu-
rine encephalomyelitis virus-induced demyelinating dis-
ease (TMEV-IDD) with what is known about the ECS, 
providing an idea about what might be happening during 
a viral infection. 

The use of cannabinoids has been suggested as a po-
tential therapeutic agent in the treatment of MS; as was 
reported in 2003, the cannabinoids WIN 55,212–2, 
ACEA, or JWH-015 promoted remyelination in TMEV-
infected mice, also reducing the number of CD4+-infil-
trated T cells into the spinal cord, and showing morphol-
ogy similar to that after the vehicle treatment [81]. A few 
years later, Mestre et al. [80] observed that the treatment 
with the cannabinoid agonist WIN 55,212–2 after virus 
infection also inhibited the expression of adhesion mol-
ecules such as intercellular adhesion molecule-1 (ICAM-
1) and VCAM-1, by the activation of nuclear receptors 
inhibiting the PPARγ rather than by the activation of CB1 
or CB2. Moreover, the synthetic cannabinoid resulted in 
lower perivascular CD4+ T lymphocyte infiltrates and 
microglial response; despite these results, the response 
against the virus was not completely abolished in animals 
exposed to WIN 55,212–2. On the other hand, additional 
studies reported increased cyclo-oxygenase-2 and prosta-
glandin E2 expression through the activation of CB1 and 
CB2 [82]. Similar to the report on WIN 55,212–2, other 
studies on the role of the eCB, AEA, showed that the in-
hibition of VCAM-1 expression induced by AEA in brain 
endothelial cell cultures is mediated by the activation of 
CB1, and that the lack of CB1 exacerbates neuroinflam-
mation [83]. TMEV-IDD is also known to upregulate the 
expression of the chemokines, CCL2 and CCL5, in the 
spinal cord of infected mice; such chemokines are impor-
tant in the recruitment of inflammatory cells to the CNS. 
When these mice were treated with CBD, the expression 
of CCL2 and CCL5 was reduced, correlating with reduced 
leukocyte infiltration in the brain [84].

MS is considered as an autoimmune disease, and, 
knowing that lymphocytic cells have CB1 and CB2, how 
cytokines might be involved in the disease has been ad-
dressed in other studies. In addition, serum levels of 
IFN-γ, IL-10, IL-12, or C-reactive protein in MS patients 
have not been reported to have any influence on the de-
velopment of the disease [85]. Nevertheless, a study by 
Arevalo-Martin et al. [86] performed in vivo on mice 
found that the use of WIN 55,212–2 as a CB1/CB2 agonist 
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restored tolerance to a myelin self-antigen, ameliorating 
the disease in the long term. They demonstrated that this 
therapeutic effect correlated with a decreased activation 
of CD4+CD25+Foxp3– T cells in the CNS and increased 
the activation of regulatory CD4+CD25+Foxp3+ T cells, 
suggesting a good alternative for the treatment of MS.

The potential use of cannabinoids in the treatment of 
MS also involves the reduced synthesis and secretion of 
IL-17 by THC and CBD, thereby suppressing the Th17 
response [87] which is commonly increased in patients 
with inflammatory autoimmune pathologies such as MS 
[88].

Parasitic Infections

Protozoa
Protozoa studies in vitro have shown the negative ef-

fect of THC over some free-living amoebae. For example, 
THC and CBD inhibit the proliferation and differentia-

tion of Dictyostelium discoideum in culture [89]. Vero cell 
cultures of Naegleria fowleri (which causes primary amoe-
bic meningoencephalitis) with 20 μg/mL THC added re-
sulted in delayed growth, preventing flagellation and en-
cystment but with no effect on motility, suggesting that 
macromolecular synthesis is inhibited by cannabinoids, 
either directly or indirectly [90]. In another study in vitro, 
free-living Acanthamoeba castellanii, Hartmannella ver-
miformis, and Willaertia magna were exposed to 2-AG, 
AEA, or 2-O-acyl glycerol, resulting in growth inhibition 
[91]. Although these results may seem promising for use 
as an effective therapeutic alternative, studies in vivo re-
port the opposite effect, such as in the case of Acantham-
oeba (Table 3). Mice infected with this amoeba and treat-
ed with THC presented with exacerbated brain infection 
[92, 93], partly due to THC exposure which inhibits mac-
rophage chemotactic response [94] and cell contact-de-
pendent activation [95], suggesting an explanation for 
why these cases presented with higher mortality rates 
than the controls [94].

Table 3. Effect of cannabinoids on parasites 

Infectious agent Treatment/situation Effect observed Reference

In vitro
D. discoideum THC or CBD Inhibits proliferation 62

N. fowleri THC Inhibits growth, prevents enflagellation and encystment 63

H. vermiformis
W. magna

2-AG, AEA, or 2-O-acyl
glycerol

Inhibits growth 64

T. cruzi WIN 55,212 Inhibits invasion of cardiac myoblasts
Increases parasitemia

70

M. incognita C. sativa extract Nematicide activity 72

In vivo
A. castellanii THC Inhibits growth

Exacerbates brain infection by inhibiting macrophage
functions 

65 – 67
68

T. brucei brucei C. sativa extract Reduces parasitemia 69

M. incognita C. sativa extract Nematicide activity 72

P. berghei ANKA CBD + artesunate
CB2 knockout mice

Prevents cognitive deficiency associated with malaria
A higher survival rate due to a reduced:
– parasite load in brain
– expression of TNF-α and IFN-γ
– hematoencephalic barrier disruption
– mononuclear cell infiltrate
– CD8+ lymphocyte count

100
101

S. japonicum Mice infected without any 
treatment

Shows higher expression of both cannabinoid receptors
in hepatic tissue

102
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Chagas disease is caused by the protozoan Trypano-
soma cruzi, transmitted by insects of the Triatominae 
subfamily. The WHO estimates that between 6 and 7 mil-
lion people are infected worldwide, mainly in Latin 
America, and the disease causes chronic cardiac, diges-
tive, and neurological disorders [53]. In 1994, Nok et al. 
[96] reported that rats infected with Trypanosoma brucei 
brucei and treated with C. sativa extract showed lower 
levels of parasitemia. Tests in vitro of the synthetic can-
nabinoid R–(+)–WIN 55,212 effect on T. cruzi showed 
that the cannabinoid inhibited the invasion of cardiac 
myoblasts, and, interestingly, there was colocalization of 
CB1 and the attached/invading T. cruzi in the host cell 
membrane. Studies in vivo showed that cannabinoid 
treatment actually increased parasitemia, although the 
mortality rate remained unaffected and cardiac inflam-
mation was reduced [97] (Table 3).

The effect of cannabinoids on parasitic infections 
caused by nematodes has not yet been studied (Table 3); 
however, cannabis has been unconsciously used by hu-
mans as an antihelminthic [98]. The available studies on 
nematodes such as Meloidogyne incognita, a parasite af-
fecting plants, revealed that C. sativa extracts possess ne-
maticide activity [99]. However, there is no experimental 
evidence available to show an association between ECS 
components and nematodes of veterinary and/or human 
importance, let alone how the ECS may be participating 
in the course of these infections.

Plasmodium berghei
In 2015, the WHO reported 212 million cases of ma-

laria, which caused the death of 429,000 people [53]. Plas-

modium is the parasite responsible for malaria, a disease 
characterized by acute fever and the potential develop-
ment of cerebral malaria, which can be fatal due to the 
rupture of the hematoencephalic barrier and brain in-
flammation. CBD, along with the antimalarial drug arte-
sunate, is able to increase the survival rate of mice infect-
ed with Plasmodium berghei ANKA, and can prevent  
cognitive deficiency associated with the infection [100]. 
Interestingly, another study demonstrated that CB2 acti-
vation had no beneficial effect in an experimental murine 
model for cerebral malaria, as CB2 knockout mice pre-
sented with a higher survival rate due to a lower parasite 
load in the brain and lower expression of proinflamma-
tory cytokines such as TNF-α and IFN-γ, in addition to 
lower hematoencephalic barrier disruption [101]. The 
mononuclear cell infiltrate was also lower, with fewer 
CD8+ lymphocytes, in contrast with CD11b+ cells which 
were found in a higher proportion. This suggests that CB2 
modulates the traffic of immune cells, and that the use of 
antagonists for this receptor could be used as a potential 
therapeutic strategy against cerebral malaria.

Flatworms
Mice infected with the flatworm Schistosoma japoni-

cum showed higher expression of both cannabinoid re-
ceptors in their hepatic tissue, unlike tissue from nonin-
fected mice, in which the expression of CB1 and CB2, and 
also AEA, was almost undetectable, suggesting that eCBs 
are involved in the development of hepatic fibrosis in-
duced by schistosomiasis in addition to ECS activation 
during infection, in this case by S. japonicum [102]. This 
mechanism is partly due the CB1 activation in hepatic 

Table 4. Effect of cannabinoids on fungi 

Infectious agent Treatment/situation Effect observed Reference

In vitro
Candida C. sativa extracts

4-terpenyl cannabinolate 
Fungicidal activity
Fungicidal activity

25
76

In vivo
Candida Cannabis use 

THC
Increases the prevalence of oral candidiasis
Suppresses immunity:
– decreases survival of mice 
– decreases IFN-γ and IL-12p40 levels
– increases fungal burden in the kidneys, spleen, brain, and liver

73
77

Clinical case
Aspergillus Contaminated marijuana

cigarettes
In immunocompromised hosts: 
– complicates medical conditions 
– causes death

74
75
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stellate cells and depending on O2
– production by  

NAPDH oxidase, and suggests the blockage of CB1 be- 
ing employed as a therapeutic alternative in the preven-
tion and treatment of hepatic cirrhosis or infection with 
Schistosoma [103].

Fungal Infections

It is well known that the use of cannabis increases the 
prevalence of oral candidiasis [104], and that marijuana 
cigarettes may be contaminated with Aspergillus, in which 
case, their consumption leads to complicated medical 
conditions [105] including death [106]. On the other 
hand, the possible fungicide effect of compounds isolated 
from C. sativa has been under evaluation [30, 107], test-
ing the effects of THC, other cannabinoids, or any com-
ponent of the ECS in general, on infections caused by fun-
gi, using Candida spp. as experimental agents (Table 4). 
The first study reported, concerning the effect of chronic 
administration of systemic THC on secondary infection 
resistance by Candida albicans, showed that the THC 
treatment suppressed the immune system in mice, reveal-
ing considerably decreased serum IFN-γ and IL-12p40, 
accompanied by decreased survival and increased fungal 
burden in the kidneys, spleen, brain, and liver [108]. The 
effects that the ECS components may be exerting on fun-
gal infections are just beginning to be elucidated.

Concluding Remarks

It is well known that the immune system interacts with 
the nervous, immune, and endocrine systems, now con-
sidered as the neuroimmunoendocrine network. In this 
sense, ECS activation could be considered an important 
factor in the study of an effective or deficient immune re-
sponse against infectious diseases. It should be highlight-
ed that ECS activation might also present complex inter-
actions during the course of an infection.

In this review, the in vitro evidence we have presented 
suggests that contact with cannabinoid compounds can 
affect different types of infectious agents, by allowing 
their replication or by eliminating them. This supports 
the idea of existing cannabinoid receptors infecting 
pathogens and that their activation may be responsible 
for previously mentioned effects, pointing to a new bio-
logical function of ECS activation. The immune system is 
responsible for dealing with foreign agents and their 
clearance, but, when the ECS is activated, the final result 

is sometimes different from what would be expected, i.e., 
the survival of infectious agents within the host.

In the case of bacteria, in vitro and in vivo tests present 
opposite effects, meaning that while in vitro studies 
showed cannabinoid compounds exerting antibacterial 
effects [6, 30, 54], in vivo tests showed increased host 
mortality. In the case of infection with L. pneumophila, 
this effect is due to immune system malfunction, caused 
by a compromised Th1 protective response [37] or be-
cause macrophage functions are inhibited [41], thereby 
supporting the notion that ECS activation contributes to 
the function of the immune system. Interestingly, when 
LPS was injected into mice, the results were similar to the 
results reported in vitro, because the lack of cannabinoid 
receptors induced an ineffective immune response [32, 
33].

Similarly, in the case of viral infections, the contact of 
viral particles with cannabinoid compounds makes them 
capable of negatively modulating some immune response 
parameters. During HIV infection, there is a reduction in 
CD4+ T cells and IFN-γ concentration [69]. During SIV 
infection, the activity of NK cells is inhibited [68], result-
ing in increased host mortality [63, 65, 66], and, in an in-
fluenza virus infection, the viral load is also increased 
[77]. In the studies in vitro, different cannabinoids in-
creased HCV [59] and HSV replication [60, 61]. On the 
other hand, the use of cannabinoids during an infection 
with Theiler’s virus, an experimental model of MS, 
showed that cannabinoid agents such as WIN 5,212–2, 
ACEA, and JWH-015 may be good therapeutic targets for 
treating MS due to the fact that they promote remyelin-
ation [81].

Interestingly, in the case of parasites, the effects of can-
nabinoids in vitro and in vivo are similar. Parasites in 
contact with different cannabinoids had inhibited prolif-
eration [89], growth [90, 91], and invasion [97], and there 
were also nematicide effects [99], except for T. cruzi and 
the agonist WIN 55,212–2, which increase parasitemia 
but also inhibit the invasion of cardiac myoblasts [97]. 
Similarly, studies in vivo show that ECS activation by 
THC or C. sativa extracts inhibits parasite growth [92–
94], parasitemia [96], and there is also nematicidal activ-
ity [99], except for A. castellani, where THC administra-
tion inhibits macrophage functions, causing exacerbated 
brain infection.

It is important to point out that, in the report on P. 
berghei ANKA, the treatment with CBD in addition to the 
antimalarial drug artesunate prevented cognitive defi-
ciencies associated with malaria [100]. These results may 
indicate that, where parasitic infections are concerned, 
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cannabinoid compound treatments are able to damage 
the parasites, and in some cases, when given together with 
parasitic agents, can prevent collateral damage in para-
sitic infections, with some exceptions (depending on the 
etiological agent).

There is scant information on ECS activation during 
fungal infections, with the available information allowing 
us to say that, under in vitro conditions, cannabinoid 
compounds have antifungal activity [30, 107], but that, in 
the host, the use of cannabis is associated with a high 
prevalence of oral candidiasis [104]. ECS activation is an 
important factor for this condition, present among can-
nabis users. When mice were infected with Candida, it 
caused decreased host survival because it suppressed an 
effective immune response [108]. However, too few stud-
ies exist to be able to make a generalization concerning 
the role of ECS activation during fungal infections.

Further studies to elucidate the role of ECS activation 
in relation to infectious diseases are necessary because: 
(1) infectious diseases are common; it is known that >2 
billion people are infected with helminths, and (2) can-

nabinoid receptors are distributed throughout the body. 
A clear case for the importance of conducting these stud-
ies is that the immune system is responsible for eliminat-
ing pathogens and the cannabinoid receptors are present 
in the immune cells.

Acknowledgements

J.M.M. was supported by grant #IN-208715 from the Programa 
de Apoyo a Proyectos de Investigación e Innovación Tecnológica 
(PAPIIT) from Dirección General de Asuntos del Personal Aca-
démico (DGAPA), Universidad Nacional Autónoma de México 
(U.N.A.M.) and grant 176803 from the Programa de Fondos Sec-
toriales CB-SEP, Consejo Nacional de Ciencia y Tecnología 
(CONACyT). R.H.C. is a PhD student at the Programa de Docto-
rado en Ciencias Biomédicas, UNAM, and has a scholarship from 
CONACyT.

Disclosure Statement

The authors declare no conflicts of interest.

References

 1 Galiègue S, Mary S, Marchand J, Dussossoy D, 
Carrière D, Carayon P, Bouaboula M, Shire D, 
Le Fur G, Casellas P: Expression of central and 
peripheral cannabinoid receptors in human 
immune tissues and leukocyte subpopula-
tions. Eur J Biochem 1995; 232: 54–61.

 2 Pertwee RG, Howlett AC, Abood ME, Alex-
ander SP, Di Marzo V, Elphick MR, Greasley 
PJ, Hansen HS, Kunos G, Mackie K, 
Mechoulam R, Ross RA: International Union 
of Basic and Clinical Pharmacology. LXXIX. 
Cannabinoid receptors and their ligands: be-
yond CB1 and CB2. Pharmacol Rev 2010; 62: 

588–631.
 3 Radwan MM, Ross SA, Slade D, Ahmed SA, 

Zulfiqar F, ElSohly MA: Isolation and charac-
terization of new cannabis constituents from 
a high potency variety. Planta Med 2008; 74: 

267–272.
 4 Radwan MM, ElSohly MA, El-Alfy AT, 

Ahmed SA, Slade D, Husni AS, Manly SP, 
Wilson L, Seale S, Cutler SJ, Ross SA: Isolation 
and pharmacological evaluation of minor 
cannabinoids from high-potency Cannabis 
sativa. J Nat Prod 2015; 78: 1271–1276.

 5 Gaoni Y, Mechoulam R: Isolation, structure, 
and partial synthesis of an active constituent 
of hashish. J Am Chem Soc 1964; 86: 1646–
1647.

 6 Appendino G, Gibbons S, Giana A, Pagani A, 
Grassi G, Stavri M, Smith E, Rahman MM: 
Antibacterial cannabinoids from Cannabis 
sativa: a structure-activity study. J Nat Prod 
2008; 71: 1427–1430.

 7 Hanus LO: Pharmacological and therapeutic 
secrets of plant and brain (endo)cannabi-
noids. Med Res Rev 2009; 29: 213–271.

 8 Pertwee RG: Endocannabinoids and their 
pharmacological actions. Handb Exp Phar-
macol 2015; 231: 1–37.

 9 Cascio MG, Marini P: Biosynthesis and fate of 
endocannabinoids. Handb Exp Pharmacol 
2015; 231: 39–58.

10 Oddi S, Fezza F, Pasquariello N, De Simone C, 
Rapino C, Dainese E, Finazzi-Agrò A, Mac-
carrone M: Evidence for the intracellular ac-
cumulation of anandamide in adiposomes. 
Cell Mol Life Sci 2008; 65: 840–850.

11 Turcotte C, Chouinard F, Lefebvre JS, Fla-
mand N: Regulation of inflammation by can-
nabinoids, the endocannabinoids 2-arachi-
donoyl-glycerol and arachidonoyl-ethanol-
amide, and their metabolites. J Leukoc Biol 
2015; 97: 1049–1070.

12 Fride E, Foox A, Rosenberg E, Faigenboim M, 
Cohen V, Barda L, Blau H, Mechoulam R: 
Milk intake and survival in newborn cannabi-
noid CB1 receptor knockout mice: evidence 
for a “CB3” receptor. Eur J Pharmacol 2003; 

461: 27–34.

13 Irving A, Abdulrazzaq G, Chan SLF, Penman 
J, Harvey J, Alexander SPH: Cannabinoid re-
ceptor-related orphan G protein-coupled re-
ceptors. Adv Pharmacol 2017; 80: 223–247.

14 Howlett AC, Shim JY: Cannabinoid receptors 
and signal transduction. Madame Curie Bio-
science Database (Internet). Austin, Landes 
Bioscience, pp 2000–2013.

15 Pertwee RG: Ligands that target cannabinoid 
receptors in the brain: from THC to anan-
damide and beyond. Addict Biol 2008; 13: 

147–159.
16 Hu SS, Mackie K: Distribution of the endo-

cannabinoid system in the central nervous 
system. Handb Exp Pharmacol 2015; 231: 59–
93.

17 Pertwee RG, Ross RA: Cannabinoid receptors 
and their ligands. Prostaglandins Leukot Es-
sent Fatty Acids 2002; 66: 101–121.

18 Munro S, Thomas KL, Abu-Shaar M: Molecu-
lar characterization of a peripheral receptor 
for cannabinoids. Nature 1993; 365: 61–65.

19 Scott DA, Wright CE, Angus JA: Evidence 
that CB-1 and CB-2 cannabinoid receptors 
mediate antinociception in neuropathic pain 
in the rat. Pain 2004; 109: 124–131.

20 Cui JH, Kim WM, Lee HG, Kim YO, Kim CM, 
Yoon MH: Antinociceptive effect of intrathe-
cal cannabinoid receptor agonist WIN 
55,212–2 in a rat bone tumor pain model. 
Neurosci Lett 2011; 493: 67–71.



Immunoregulation by THC Neuroimmunomodulation 2017;24:183–199
DOI: 10.1159/000481824

197

21 Burgos E, Gómez-Nicola D, Pascual D, Mar-
tín MI, Nieto-Sampedro M, Goicoechea C: 
Cannabinoid agonist WIN 55,212–2 prevents 
the development of paclitaxel-induced pe-
ripheral neuropathy in rats. Possible involve-
ment of spinal glial cells. Eur J Pharmacol 
2012; 682: 62–72.

22 Merroun I, El Mlili N, Martinez R, Porres JM, 
Llopis J, Ahabrach H, Aranda P, Sanchez 
Gonzalez C, Errami M, Lopez-Jurado M: In-
teraction between orexin A and cannabinoid 
system in the lateral hypothalamus of rats and 
effects of subchronic intraperitoneal adminis-
tration of cannabinoid receptor inverse ago-
nist on food intake and the nutritive utiliza-
tion of protein. J Physiol Pharmacol 2015; 66: 

181–190.
23 Alexander SP: Therapeutic potential of can-

nabis-related drugs. Prog Neuropsychophar-
macol Biol Psychiatry 2016; 4: 157–166.

24 McKallip RJ, Lombard C, Martin BR, Nagar-
katti M, Nagarkatti PS: Delta-(9)-tetrahydro-
cannabinol-induced apoptosis in the thymus 
and spleen as a mechanism of immunosup-
pression in vitro and in vivo. J Pharmacol Exp 
Ther 2002; 302: 451–465.

25 Rieder SA, Chauhan A, Singh U, Nagarkatti 
M, Nagarkatti P: Cannabinoid-induced apop-
tosis in immune cells as a pathway to immu-
nosuppression. Immunobiology 2010; 215: 

598–605.
26 Soethoudt M, Grether U, Fingerle J, Grim 

TW, Fezza F, de Petrocellis L, et al: Cannabi-
noid CB2 receptor ligand profiling reveals bi-
ased signalling and off-target activity. Nat 
Commun 2017; 8: 13958.

27 Anday JK, Mercier RW: Gene ancestry of the 
cannabinoid receptor family. Pharmacol Res 
2005; 52: 463–466.

28 Elphick MR: BfCBR: a cannabinoid receptor 
ortholog in the cephalochordate Branchios-
toma floridae (amphioxus). Gene 2007; 399: 

65–71.
29 Bradley SG, Munson AE, Dewey WL, Harris 

LS: Enhanced susceptibility of mice to combi-
nations of delta 9-tetrahydrocannabinol and 
live or killed gram-negative bacteria. Infect 
Immun 1977; 17: 325–329.

30 Wasim K, Haq I, Ashraf M: Antimicrobial 
studies of the leaf of Cannabis sativa L. Pak J 
Pharm Sci 1995; 8: 29–38.

31 Nissen L, Zatta A, Stefanini I, Grandi S, Sgor-
bati B, Biavati B, Monti A: Characterization 
and antimicrobial activity of essential oils of 
industrial hemp varieties (Cannabis sativa 
L.). Fitoterapia 2010; 81: 413–419.

32 Duncan M, Galic MA, Wang A, Chambers 
AP, McCafferty DM, McKay DM, Sharkey 
KA, Pittman QJ: Cannabinoid 1 receptors are 
critical for the innate immune response to 
TLR4 stimulation. Am J Physiol Regul Integr 
Comp Physiol 2013; 305: 224–231.

33 Gui H, Sun Y, Luo ZM, Su DF, Dai SM, Liu X: 
Cannabinoid receptor 2 protects against acute 
experimental sepsis in mice. Mediators In-
flamm 2013; 2013: 741303.

34 Sardinha J, Kelly ME, Zhou J, Lehmann C: Ex-
perimental cannabinoid 2 receptor-mediated 
immune modulation in sepsis. Mediators In-
flamm 2014; 2014: 978678.

35 Kianian M, Al-Banna NA, Kelly ME, Leh-
mann C: Inhibition of endocannabinoid deg-
radation in experimental endotoxemia reduc-
es leukocyte adhesion and improves capillary 
perfusion in the gut. J Basic Clin Physiol Phar-
macol 2013; 24: 27–33.

36 Huber GL, Pochay VE, Pereira W, Shea JW, 
Hinds WC, First MW, Sornberger GC: Mari-
juana, tetrahydrocannabinol, and pulmonary 
antibacterial defenses. Chest 1980; 77: 403–410.

37 Ashfaq MK, Watson ES, elSohly HN: The ef-
fect of subacute marijuana smoke inhalation 
on experimentally induced dermonecrosis by 
S. aureus infection. Immunopharmacol Im-
munotoxicol 1987; 9: 319–331.

38 Centers for Disease Control and Prevention: 
from 2013 (revised 15 November 2016). 
https://www.cdc.gov/legionella/index.html.

39 Newton CA, Chou PJ, Perkins I, Klein TW: 
CB(1) and CB(2) cannabinoid receptors me-
diate different aspects of delta-9-tetrahydro-
cannabinol (THC)-induced T helper cell shift 
to following immune activation by Legionella 
pneumophila infection. J Neuroimmune 
Pharmacol 2009; 4: 92–102.

40 Klein TW, Cabral GA: Cannabinoid-induced 
immune suppression and modulation of anti-
gen-presenting cells. J Neuroimmune Phar-
macol 2006; 1: 50–64.

41 Lu T, Newton C, Perkins I, Friedman H, Klein 
TW: Cannabinoid treatment suppresses the 
T-helper cell-polarizing function of mouse 
dendritic cells stimulated with Legionella 
pneumophila infection. J Pharmacol Exp Ther 
2006; 319: 269–276.

42 Newton CA, Klein TW, Friedman H: Second-
ary immunity to Legionella pneumophila and 
Th1 activity are suppressed by delta 9-tetra-
hydrocannabinol injection. Infect Immun 
1994; 62: 4015–4020.

43 Klein TW, Newton C, Widen R, Friedman H: 
Delta 9-tetrahydrocannabinol injection in-
duces cytokine-mediated mortality of mice 
infected with Legionella pneumophila. J Phar-
macol Exp Ther 1993; 267: 635–640.

44 Smith MS, Yamamoto Y, Newton C, Fried-
man H, Klein T: Psychoactive cannabinoids 
increase mortality and alter acute phase cyto-
kine responses in mice sublethally infected 
with Legionella pneumophila. Proc Soc Exp 
Biol Med 1997; 214: 69–75.

45 Newton CA, Lu T, Nazian SJ, Perkins I, Fried-
man H, Klein TW: The THC-induced sup-
pression of Th1 polarization in response to 
Legionella pneumophila infection is not medi-
ated by increases in corticosterone and PGE2. 
J Leukoc Biol 2004; 76: 854–861.

46 Lu T, Newton C, Perkins I, Friedman H, Klein 
TW: Role of cannabinoid receptors in delta-
9-tetrahydrocannabinol suppression of IL-
12p40 in mouse bone marrow-derived den-
dritic cells infected with Legionella pneu-
mophila. Eur J Pharmacol 2006; 532: 170–177.

47 Amsen D, Blander JM, Lee GR, Tanigaki K, 
Honjo T, Flavell RA: Instruction of distinct 
CD4 T helper cell fates by different notch li-
gands on antigen presenting cells. Cell 2004; 

117: 515–526.
48 Klein TW, Newton CA, Nakachi N, Friedman 

H: Delta 9-tetrahydrocannabinol treatment 
suppresses immunity and early IFN-gamma, 
IL-12, and IL-12 receptor beta 2 responses to 
Legionella pneumophila infection. J Immunol 
2000; 164: 6461–6466.

49 Morahan PS, Klykken PC, Smith SH, Harris 
LS, Munson AE: Effects of cannabinoids on 
host resistance to Listeria monocytogenes and 
herpes simplex virus. Infect Immun 1979; 23: 

670–674.
50 Hischebeth GT, Keil VC, Gentil K, Boström 

A, Kuchelmeister K, Bekeredjian-Ding I: Rap-
id brain death caused by cerebellar abscess 
with Fusobacterium nucleatum in a young 
man with drug abuse: a case report. BMC Res 
Notes 2014; 7: 353.

51 Gross A, Terraza A, Marchant J, Bouaboula 
M, Ouahrani-Bettache S, Liautard JP, Casellas 
P, Dornand J: A beneficial aspect of a CB1 
cannabinoid receptor antagonist: SR141716A 
is a potent inhibitor of macrophage infection 
by the intracellular pathogen Brucella suis. J 
Leukoc Biol 2000; 67: 335–344.

52 Gross A, Bouaboula M, Casellas P, Liautard 
JP, Dornand J: Subversion and utilization of 
the host cell cyclic adenosine 5’-monophos-
phate/protein kinase A pathway by Brucella 
during macrophage infection. J Immunol 
2003; 170: 5607–5614.

53 WHO: World Health Organization,  Geneva, 
Switzerland, from 2015 (revised November 
2016 and May 2017). http://www.who.int/en/.

54 Bass R, Engelhard D, Trembovler V, Shohami 
E: A novel nonpsychotropic cannabinoid, 
HU-211, in the treatment of experimental 
pneumococcal meningitis. J Infect Dis 1996; 

173: 735–738.
55 Barichello T, Ceretta RA, Generoso JS, 

Moreira AP, Simões LR, Comim CM, Que-
vedo J, Vilela MC, Zuardi AW, Crippa JA, 
Teixeira AL: Cannabidiol reduces host im-
mune response and prevents cognitive im-
pairments in Wistar rats submitted to pneu-
mococcal meningitis. Eur J Pharmacol 2012; 

697: 158–1564.
56 Sylvestre DL, Clements BJ, Malibu Y: Cannabis 

use improves retention and virological out-
comes in patients treated for hepatitis C. Eur J 
Gastroenterol Hepatol 2006; 18: 1057–1063.

57 Costiniuk CT, Mills E, Cooper CL: Evaluation 
of oral cannabinoid-containing medications 
for the management of interferon and ribavi-
rin-induced anorexia, nausea and weight loss 
in patients treated for chronic hepatitis C vi-
rus. Can J Gastroenterol 2008; 22: 376–380.

58 Hézode C, Roudot-Thoraval F, Nguyen S, 
Grenard P, Julien B, Zafrani ES, Pawlotsky 
JM, Dhumeaux D, Lotersztajn S, Mallat A: 
Daily cannabis smoking as a risk factor for 
progression of fibrosis in chronic hepatitis C. 
Hepatology 2005; 42: 63–71.



Hernández-Cervantes/Méndez-Díaz/
Prospéro-García/Morales-Montor

Neuroimmunomodulation 2017;24:183–199
DOI: 10.1159/000481824

198

59 Sun LJ, Yu JW, Wan L, Zhang XY, Shi YG, 
Chen MY: Endocannabinoid system activa-
tion contributes to glucose metabolism disor-
ders of hepatocytes and promotes hepatitis C 
virus replication. Int J Infect Dis 2014; 23: 75–
81.

60 Cabral GA, McNerney PJ, Mishkin EM: Del-
ta-9-tetrahydrocannabinol enhances release 
of herpes simplex virus type 2. J Gen Virol 
1986; 67(Pt 9):2017–2022.

61 Cabral GA, McNerney PJ, Mishkin EM: Effect 
of micromolar concentrations of delta-9-tet-
rahydrocannabinol on herpes simplex virus 
type 2 replication in vitro. J Toxicology Envi-
ron Health 1987; 21: 277–293.

62 Mishkin EM, Cabral GA: Inhibition of cell-
associated herpes simplex virus type 2 glyco-
proteins by delta 9-tetrahydrocannabinol. 
Proc Soc Exp Biol Med 1987; 185: 41–48.

63 Cabral GA, Lockmuller JC, Mishkin EM: Del-
ta 9-tetrahydrocannabinol decreases alpha/
beta interferon response to herpes simplex vi-
rus type 2 in the B6C3F1 mouse. Proc Soc Exp 
Biol Med 1986; 181: 305–311.

64 Cabral GA, Vasquez R: Delta 9-tetrahydro-
cannabinol suppresses macrophage extrinsic 
antiherpesvirus activity. Proc Soc Exp Biol 
Med 1992; 199: 255–263.

65 Mishkin EM, Cabral GA: Delta-9-tetrahydro-
cannabinol decreases host resistance to her-
pes simplex virus type 2 vaginal infection in 
the B6C3F1 mouse. Gen Virol 1985; 66: 2539–
2549.

66 Cabral GA, Mishkin EM, Marciano-Cabral F, 
Coleman P, Harris L, Munson AE: Effect of 
delta 9-tetrahydrocannabinol on herpes sim-
plex virus type 2 vaginal infection in the guin-
ea pig. Proc Soc Exp Biol Med 1986; 182: 181–
186.

67 Maor Y, Yu J, Kuzontkoski PM, Dezube BJ, 
Zhang X, Groopman JE: Cannabidiol inhibits 
growth and induces programmed cell death in 
Kaposi sarcoma-associated herpesvirus-in-
fected endothelium. Genes Cancer 2012; 3: 

512–520.
68 Ongrádi J, Specter S, Horváth A, Friedman H: 

Combined in vitro effect of marijuana and 
retrovirus on the activity of mouse natural 
killer cells. Pathol Oncol Res 1998; 4: 191–199.

69 Roth MD, Tashkin DP, Whittaker KM, Choi 
R, Baldwin GC: Tetrahydrocannabinol sup-
presses immune function and enhances HIV 
replication in the huPBL-SCID mouse. Life 
Sci 2005; 77: 1711–1722.

70 Purohit V, Rapaka RS, Rutter J: Cannabinoid 
receptor-2 and HIV-associated neurocogni-
tive disorders. J Neuroimmune Pharmacol 
2014; 9: 447–453.

71 Raborn ES, Jamerson M, Marciano-Cabral F, 
Cabral GA: Cannabinoid inhibits HIV-1 Tat-
stimulated adhesion of human monocyte-like 
cells to extracellular matrix proteins. Life Sci 
2014; 104: 15–23.

72 Lombard C, Hegde VL, Nagarkatti M, Nagar-
katti PS: Perinatal exposure to Δ-9-tetra-
hydrocannabinol triggers profound defects  
in T cell differentiation and function in fe- 

tal and postnatal stages of life, including de-
creased responsiveness to HIV antigens. J 
Pharmacol Exp Ther 2011; 339: 607–617.

73 Winsauer PJ, Molina PE, Amedee AM, Filipe-
anu CM, McGoey RR, Troxclair DA, Walker 
EM, Birke LL, Stouwe CV, Howard JM, Leon-
ard ST, Moerschbaecher JM, Lewis PB: Toler-
ance to chronic delta-9-tetrahydrocannabinol 
(Δ9-THC) in rhesus macaques infected with 
simian immunodeficiency virus. Exp Clin 
Psychopharmacol 2011; 19: 154–172.

74 Molina PE, Winsauer P, Zhang P, Walker E, 
Birke L, Amedee A, Stouwe CV, Troxclair D, 
McGoey R, Varner K, Byerley L, LaMotte L: 
Cannabinoid administration attenuates the 
progression of simian immunodeficiency vi-
rus. AIDS Res Hum Retroviruses 2011; 27: 

585–592.
75 Amedee AM, Nichols WA, LeCapitaine NJ, 

Stouwe CV, Birke LL, Lacour N, Winsauer PJ, 
Molina PE: Chronic Δ-9-tetrahydro can-
nabinol administration may not attenuate 
simian immunodeficiency virus disease pro-
gression in female rhesus macaques. AIDS 
Res Hum Retroviruses 2014; 30: 1216–1225.

76 Krishnan G, Chatterjee N: Endocannabinoids 
affect innate immunity of Müller glia during 
HIV-1 Tat cytotoxicity. Mol Cell Neurosci 
2014; 59: 10–23.

77 Buchweitz JP, Karmaus PW, Williams KJ, 
Harkema JR, Kaminski NE: Targeted deletion 
of cannabinoid receptors CB1 and CB2 pro-
duced enhanced inflammatory responses to 
influenza A/PR/8/34 in the absence and pres-
ence of delta-9-tetrahydrocannabinol. J Leu-
koc Biol 2008; 83: 785–796.

78 Buchweitz JP, Karmaus PW, Harkema JR, 
Williams KJ, Kaminski NE: Modulation of 
airway responses to influenza A/PR/8/34  
by delta-9-tetrahydrocannabinol in C57BL/6 
mice. J Pharmacol Exp Ther 2007; 323: 675–
683.

79 Karmaus PW, Chen W, Crawford R, Kaplan 
BL, Kaminski NE: Δ9-tetrahydrocannabinol 
impairs the inflammatory response to influ-
enza infection: role of antigen-presenting 
cells and the cannabinoid receptors 1 and 2. 
Toxicol Sci 2013; 131: 419–433.

80 Mestre L, Docagne F, Correa F, Loría F, Her-
nangómez M, Borrell J, Guaza C: A cannabi-
noid agonist interferes with the progression of 
chronic model of multiple sclerosis by down 
regulating adhesion molecules. Mol Cell Neu-
rosci 2009; 40: 258–266.

81 Arevalo-Martín A, Vela JM, Molina-Holgado 
E, Borrell J, Guaza C: Therapeutic action of 
cannabinoids in a murine model of multiple 
sclerosis. J Neurosci 2003; 23: 2511–2516.

82 Mestre L, Correa F, Docagne F, Clemente D, 
Guaza C: The synthetic cannabinoid WIN 
55,212–2 increases COX-2 expression and 
PGE2 release in murine brain-derived endo-
thelial cells following Theiler’s virus infection. 
Biochem Pharmacol 2006; 72: 869–880.

83 Mestre L, Iñigo PM, Mecha M, Correa FG, 
Hernangómez-Herrero M, Loría F, Docagne 
F, Borrell J, Guaza C: Anandamide inhibits 

Theiler’s virus-induced VCAM-1 in brain en-
dothelial cells and reduces leukocyte transmi-
gration in a model of blood-brain barrier by 
activation of CB1 receptors. J Neuroinflam-
mation 2011: 8:102.

84 Mecha M, Feliú A, Iñigo PM, Mestre L,  
Carrillo-Salinas FJ, Guaza C: Cannabidiol 
provides long-lasting protection against  
the deleterious effects of inflammation in a 
viral model of multiple sclerosis: A role for 
A2A receptors. Neurobiol Dis 2013: 59: 141–
150.

85 Katona S, Kaminski E, Sanders H, Zajicek J: 
Cannabinoid influence on cytokine profile in 
multiple sclerosis. Clin Exp Immunol 2005; 

140: 580–585.
86 Arevalo-Martin A, Molina-Holgado E, Guaza 

C: A CB1/CB2 receptor agonist, WIN 55,212–
2, exerts its therapeutic effect in a viral auto-
immune model of multiple sclerosis by restor-
ing self-tolerance to myelin. Neuropharma-
cology 2012; 63: 385e393.

87 Kozela E, Juknat A, Kaushansky N, Rimmer-
man N, Ben-Nun A, Vogel Z: Cannabinoids 
decrease the Th17 inflammatory autoim-
mune phenotype. J Neuroimmune Pharma-
col 2013; 8: 1265–1276.

88 Murphy AC, Lalor SJ, Lynch MA, Mills KH: 
Infiltration of Th1 and Th17 cells and activa-
tion of microglia in the CNS during the course 
of experimental autoimmune encephalomy-
elitis. Brain Behav Immun 2010; 24: 641–651.

89 McClean DK, Zimmerman AM: Action of 
delta 9-tetrahydrocannabinol on cell division 
and macromolecular synthesis in division-
synchronized protozoa. Pharmacology 1976; 

14: 307–321.
90 Pringle HL, Bradley SG, Harris LS: Suscepti-

bility of Naegleria fowleri to delta 9-tetrahy-
drocannabinol. Antimicrob Agents Che-
mother 1979; 16: 674–679.

91 Dey R, Pernin P, Bodennec J: Endocannabi-
noids inhibit the growth of free-living amoe-
bae. Antimicrob Agents Chemother 2010; 54: 

3065–3067.
92 Marciano-Cabral F, Ferguson T, Bradley SG, 

Cabral G: Delta-9-tetrahydrocannabinol 
(THC), the major psychoactive component of 
marijuana, exacerbates brain infection by 
Acanthamoeba. J Eukaryot Microbiol 
2001;(suppl):4S–5S.

93 Cabral GA, Marciano-Cabral F: Cannabi-
noid-mediated exacerbation of brain infec-
tion by opportunistic amebae. J Neuroimmu-
nol 2004; 147: 127–130.

94 Marciano-Cabral F, Raborn ES, Martin BR, 
Cabral GA: Delta-9-tetrahydrocannabinol, 
the major psychoactive component in mari-
juana, inhibits macrophage chemotaxis to 
Acanthamoeba. J Eukaryot Microbiol 2006; 

53(suppl 1):S15–S17.
95 Burnette-Curley D, Marciano-Cabral F, 

Fischer-Stenger K, Cabral GA: Delta-9-tetra-
hydrocannabinol inhibits cell contact-depen-
dent cytotoxicity of Bacillus Calmétte-
Guérin-activated macrophages. Int J Immu-
nopharmacol 1993; 15: 371–382.



Immunoregulation by THC Neuroimmunomodulation 2017;24:183–199
DOI: 10.1159/000481824

199

96 Nok AJ, Ibrahim S, Arowosafe S, Longdet I, 
Ambrose A, Onyenekwe PC, Whong CZ: The 
trypanocidal effect of Cannabis sativa constit-
uents in experimental animal trypanosomia-
sis. Vet Hum Toxicol 1994; 36: 522–524.

97 Croxford JL, Wang K, Miller SD, Engman 
DM, Tyler KM: Effects of cannabinoid treat-
ment on Chagas disease pathogenesis: balanc-
ing inhibition of parasite invasion and immu-
nosuppression. Cell Microbiol 2005; 7: 1592–
1602.

98 Roulette CJ, Kazanji M, Breurec S, Hagen EH: 
High prevalence of cannabis use among Aka 
foragers of the Congo Basin and its possible 
relationship to helminthiasis. Am J Hum Biol 
2016; 28: 5–15.

99 Mukhtar T, Zameer Kayani M, Arshad Hus-
sain M: Nematicidal activities of Cannabis sa-
tiva L. and Zanthoxylum alatum Roxb. against 
Meloidogyne incognita. Ind Crops Prod 2013; 

42: 447–453.

100 Campos AC, Brant F, Miranda AS, Machado 
FS, Teixeira AL: Cannabidiol increases sur-
vival and promotes rescue of cognitive func-
tion in a murine model of cerebral malaria. 
Neuroscience 2015; 289: 166–180.

101 Alferink J, Specht S, Arends H, Schumak B, 
Schmidt K, Ruland C, et al: Cannabinoid re-
ceptor 2 modulates susceptibility to experi-
mental cerebral malaria through a CCL17-
dependent mechanism. J Biol Chem 2016; 

291: 19517–19531.
102 Liu H, Gao X, Duan R, Yang Q, Zhang Y, 

Cheng Y, Guo Y, Tang W: Endocannabi-
noids anandamide and its cannabinoid re-
ceptors in liver fibrosis after murine schisto-
somiasis. J Huazhong Univ Sci Technolog 
Med Sci 2009; 29: 182–186.

103 Wang M, Abais JM, Meng N, Zhang Y, Ritter 
JK, Li PL, Tang WX: Upregulation of can-
nabinoid receptor-1 and fibrotic activation 
of mouse hepatic stellate cells during Schis-
tosoma japonicum infection: role of NADPH 
oxidase. Free Radic Biol Med 2014; 71: 109–
120.

104 Darling MR, Arendorf TM, Coldrey NA: Ef-
fect of cannabis use on oral candidal car-
riage. J Oral Pathol Med 1990; 19: 319–321.

105 Szyper-Kravitz M, Lang R, Manor Y, Lahav 
M: Early invasive pulmonary aspergillosis in 
a leukemia patient linked to Aspergillus-con-
taminated marijuana smoking. Leuk Lym-
phoma 2001; 42: 1433–1437.

106 Hamadeh R, Ardehali A, Locksley RM, York 
MK: Fatal aspergillosis associated with 
smoking contaminated marijuana, in a mar-
row transplant recipient. Chest 1988; 94: 

432–433.
107 Ahmed SA, Ross SA, Slade D, Radwan MM, 

Zulfiqar F, Matsumoto RR, Xu YT, Viard E, 
Speth RC, Karamyan VT, ElSohly MA: Can-
nabinoid ester constituents from high-potency 
Cannabis sativa. J Nat Prod 2008; 71: 536–542.

108 Blumstein GW, Parsa A, Park AK, McDow-
ell BL, Arroyo-Mendoza M, Girguis M, 
Adler-Moore JP, Olson J, Buckley NE: Effect 
of delta-9-tetrahydrocannabinol on mouse 
resistance to systemic Candida albicans in-
fection. PLoS One 2014; 9.


	NIM481824_T01X
	TabellenTitel
	NIM481824_T02X
	TabellenTitel
	NIM481824_T03X
	TabellenTitel
	NIM481824_T04X
	TabellenTitel

