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The effect of cannabimimetic agents on the function of immune

cells such as T and B lymphocytes, natural killer cells and

macrophages has been extensively studied over the past several

decades using human and animal paradigms involving whole ani-

mal models as well as tissue culture systems. From this work, it

can be concluded that these drugs have subtle yet complex effects

on immune cell function and that some of the drug activity is

mediated by cannabinoid receptors expressed on the various

immune cell subtypes. However, the overall role of the cannabi-

noid system of receptors and ligands in human health and disease

is still unclear and requires extensive elucidation. Further studies

will define the precise structure and function of the putative

immunocannabinoid system, the potential therapeutic usefulness

of these drugs in chronic diseases such as acquired immune defi-

ciency syndrome and multiple sclerosis, the effects of these

agents on tumour growth and induction of apoptosis, and the

potential anti-inflammatory and proinflammatory properties of

cannabimimetic compounds. It is likely that the cannabinoid sys-

tem, along with other neuroimmune systems, has a subtle but sig-

nificant role in the regulation of immunity and that this role can

eventually be exploited in the management of human disease.
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Cannabinoïdes et système immunitaire
RÉSUMÉ : L�effet des agents cannabimimétiques sur le fonction-

nement des cellules immunitaires comme les lymphocytes T et B, les

cellules K et les macrophages a fait l�objet de nombreuses études au

cours des dernières décennies à l�aide de paradigmes humains et ani-

maux faisant appel à des modèles animaux entiers ainsi qu�à des sys-

tèmes de culture de tissus. Il ressort de toutes ces études que les

médicaments cannabimimétiques produisent des effets discrets mais

complexes sur le fonctionnement des cellules immunitaires et que

l�activité médicamenteuse est médiée en partie par des récepteurs

cannabinoïdes qui s�expriment sur les divers sous-types de cellules

immunitaires. Toutefois, le rôle global du système cannabinoïde de

récepteurs et de ligands dans la santé et les maladies humaines reste

obscur et demande à être élucidé. Ainsi, des études porteront sur la

structure et le fonctionnement précis du système immuno-cannabi-

noïde présumé, sur le rôle thérapeutique éventuel de ces médica-

ments dans des maladies chroniques comme le syndrome

d�immunodéficience acquis et la sclérose en plaques, sur l�effet de

ces substances sur la croissance des tumeurs et l�induction de l�apop-

tose ainsi que sur les propriétés anti-inflammatoires et pro-inflam-

matoires possibles des composés cannabimimétiques. Il semble bien

que le système cannabinoïde, tout comme d�autres systèmes neuro-

immunitaires, joue un rôle discret mais significatif dans la régulation

de l�immunité et que ses propriétés pourront un jour être exploitées

pour le traitement des maladies humaines.
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For years, the debate has raged concerning the potential use

of marijuana as medicine. In 1997, the United States gov-

ernment asked the Institute of Medicine of the United States

National Academy of Sciences to assess this issue. The

Institute of Medicine (IOM) issued its report in 1999 (1),

which concluded that much had been learned about cannabi-

noid biology and the so-called cannabinoid system of mam-

mals. These data, in total, suggested that cannabinoids do

have the potential to be therapeutic agents and that clinical tri-

als and symptom management assessment should be under-

taken. In addition to the IOM report, political change in both

the United States and Canada has favoured, over the past few

years, the medical use of marijuana. Because of all of these

events, marijuana and cannabinoid use will likely increase in

the United States and Canada both in the general population

and as a therapeutic agent in the treatment of chronic diseases

such as multiple sclerosis and chronic pain, and as an appetite

stimulant following chemotherapy or acquired immune defi-

ciency syndrome (AIDS) wasting syndrome. Although much

has been learned concerning the chemistry and biology of

marijuana and cannabinoids (1), the IOM report concluded

that much more needed to be learned in all areas of cannabi-

noid biology, including effects on the immune system. In the

present report, we summarize some of the evidence concern-

ing the effects of cannabinoids on immune function and also

summarize what is known concerning the immunobiology of

the cannabinoid system. Several reviews of this subject have

appeared recently (2-7). Furthermore, we present some key

issues that should be addressed for a better understanding of

the impact of cannabinoid therapy on immune function, and

of the overall effect of marijuana and its derivatives on human

health and disease.

CANNABINOID EFFECTS ON
IMMUNE FUNCTION

The immune system is a complex network of cells, tissues

and soluble mediators, including cytokines and hormones

(Figure 1). Initial maturation of stem cells to competent

lymphocytes occurs in primary lymphoid organs such as

thymus and bone marrow. This maturation is extremely

important in that it promotes the development of immune

cells that recognize nonself antigens, allowing the immune

system to recognize foreign antigens rather than self anti-

gens, thus suppressing the tendency toward autoimmunity.

Maturation in these organs is regulated by hormones such as

corticosteroids and cytokines such as colony-stimulating fac-

tors, and is susceptible to modulation by drugs such as

cannabinoids. Mature lymphocytes exit the thymus and

bone marrow, and migrate to secondary lymphoid organs

such as the spleen, lymph node, etc (Figure 1). Here, they

comingle with other cellular elements of immunity, such as

macrophages, dendritic cells, neutrophils, etc, and together

produce the immune response when antigens and microbes

enter these organs. These cellular interactions, as in the thy-

mus and bone marrow, are also highly regulated by hor-

mones and cytokines and, in addition, are susceptible to

influences by drugs such as cannabinoids. Antigen stimula-

tion results in the generation of the various immune effector

functions, such as cell-mediated immunity, antibody pro-

duction, manifestations of allergy and autoimmunity, inter-

leukin and cytokine production, and the production of a

variety of biologically active substances such as endorphins

and cannabimimetics such as anandamide (Figure 1). These

and other immune manifestations form the basis for resist-

ance to infections and tumours, and affect other physiologi-

cal processes in the body ranging from general

hematopoiesis to psychological mood. Clearly, this com-

plexity of the immune system provides a variety of entry

points at which cannabinoids and other drugs may interact

with and alter normal immune homeostasis, making analy-

sis of drug effects on immunity a long and difficult process. 

Human and animal studies
Drug effects on immune function can be examined using a

variety of experimental paradigms. One of these involves

the removal of immune cells from humans and animals

exposed to marijuana, and examining whether cellular

immune functions have been altered. Some of the earliest

work examining the effect of marijuana on immunity dates

back to the early 1970s and involves this kind of study.

Peripheral blood leukocytes were removed from marijuana

smokers, and changes in T cell proliferation were studied

(Table 1). The results were mixed, depending on the report,

with at least one group showing a decrease in proliferation (8)

and another group showing no effect (9). Other T cell func-

tions were also studied (Table 1) with mixed results, sug-

gesting that significant depression of peripheral blood
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Figure 1) The immune system. Stem cells mature to competent
lymphocytes in primary lymphoid organs such as thymus and bone
marrow (BM). The mature lymphocytes migrate to secondary lym-
phoid organs such as the spleen, lymph node, blood, bronchial
lymphatic tissue (BALT), gut-associated lymphatic tissue (GALT)
and skin, where they interact with the other main cellular compo-
nents of the immune system. Foreign antigen induces these cells to
produce the various effector functions of immunity, including cell-
mediated immunity (CMI) and antibodies, allergy and autoimmu-
nity, chemokines and cytokines such as interferons (IFNs) and
tumour necrosis factor (TNF), and neuroimmune hormones such
as endorphins and anandamide. NK Natural killer



 

leukocyte T cell function cannot be readily demonstrated in

the cells of marijuana smokers. Equivocal results were also

obtained in studies examining other immune cell subpopula-

tions removed from marijuana smokers (Table 1), with

either no effects or limited effects associated with marijuana

use. However, harmful effects of drug use cannot be ruled

out. Recently, at least one report has shown significant func-

tional changes in alveolar macrophages taken from the

lungs of marijuana smokers, suggesting that certain immune

cell populations are affected by drug use in terms of the

ingestion and killing of bacteria and the production of

cytokines such as tumour necrosis factor-alpha (TNFα),

granulocyte-macrophage colony-stimulating factor and

interleukin (IL)-6 (10). 

Experimental animals exposed to marijuana and cannabi-

noids have also been studied (Table 1). For example, mon-

keys exposed to marijuana smoke displayed lower T cell

mitogen responses and serum antibody (11). In addition, mice

exposed to cannabinoids showed reduced antibody produc-

tion (12,13), natural killer (NK) cell activity (14) and

macrophage function (15). Recently, defects in T cell func-

tion in mice following THC injection have been shown to be

associated with reduced host resistance to infection and

tumours (Table 1). For example, mice were injected with

tetrahydrocannabinol (THC), followed a day later by infec-

tion with a bacterial pathogen (16). It was observed that THC,

under these conditions, inhibited the development of immuni-

ty to the bacterial challenge through mechanisms involving

the suppression of T helper cells. Similar findings were

observed in a tumour immunity model (17). Here, repeated

injections of THC into mice inhibited the development of

immunity to a tumour cell challenge by mechanisms involv-

ing an imbalance in T cell cytokine production. Of interest,

both of these studies showed an involvement of cannabinoid

receptors in mediating the immune suppressive effects. From

the above studies, it appears that exposure of humans and ani-

mals to marijuana and its components affects a variety of

immune functions, with the predominating effect being one of

suppression. Furthermore, high drug doses probably affect

immunity by mechanisms that bypass cannabinoid receptor

involvement. However, lower doses appear to affect T cell

function through receptor-mediated mechanisms.

Cell culture studies
Drug effects on immune function can also be determined by

removing immune cells from nondrug-treated humans and

animals, and then treating these cells in culture with the vari-

ous drug preparations (Table 2). In these types of studies, the

functions of human T cells (18) and NK cells (19) were found

to be suppressed by THC and other cannabinoids, which were

similar to drug-induced suppression observed in vivo (see

above). Interestingly, however, human B cells from tonsils

cultured with various cannabimimetics were observed to dis-

play increased proliferation in response to drug treatment
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TABLE 1
Cannabinoid effects on immunity in humans and animals

Model Cell type Function Effect

Human T cells � Proliferation ↓ or none

� Rosette formation ↓

� CD4:CD8 ratio ↑

B cells � Immunoglobulin E ↑

� Immunoglobulin G ↓

Macrophages � Phagocytosis None

� Antimicrobial activity and ↓

cytokine production

NK cells � Cytolysis None

Animal T cells � Cytolysis ↓

� Antimicrobial activity ↓

� Antitumour activity ↓

B cells � Antibody production ↓

Macrophages � Protein production ↓

� IL-1, IL-6, TNF-α production ↑

� Cytolysis ↓

NK cells � Cytolysis ↓

↓ Decrease; ↑ Increase; IL Interleukin; NK Natural killer; Th T helper;

TNF Tumour necrosis factor

TABLE 2
Cannabinoid effects on immunity in human and animal cell
cultures

Model Cell type Function Effect

Human T cells � Proliferation ↓

B cells � Proliferation ↑

Macrophages � Nitric oxide release ↑

� Tumour necrosis factor-alpha ↓

NK cells � Cytolysis ↓

Animal T cells � Proliferation ↓

� Cytolysis ↓

� Th1 cell activity ↓

� Th2 cell activity ↑

� Interleukin-2 ↑ or ↓

� NF-AT ↓

� NF-κB ↑

B cells � Antibody production ↓

� Proliferation ↓

Macrophages � Phagocytosis ↓

� Antigen processing ↓

� AA and ANA production ↑

� Interleukin-1 ↑

� Tumour necrosis factor-alpha ↓

� Nitric oxide release ↓

NK cells � LAK-cell activity ↓

� Interleukin-2 receptor ↑ or ↓

� Cytolysis ↓

↓ Decrease; ↑ Increase; AA Arachidonic acid; ANA Anandamide;

LAK Lymphokine-activated killer; NK Natural killer; NF-AT Nuclear factor

of activated T cells; NF-κB Nuclear factor kappa B; Th T helper



 

(20). Furthermore, the drug effect appeared to be mediated by

a cannabinoid receptor-dependent mechanism. Macrophages

isolated from human peripheral blood preparations have also

been shown to be responsive to cannabimimetics. For exam-

ple, stimulation of TNF-α production by endotoxin was sup-

pressed by THC treatment (21), whereas production of nitric

oxide by cultured macrophages was increased by the endo-

cannabimimetic anandamide, by mechanisms involving

cannabinoid receptors (22) . 

Many studies involving animal immune cell cultures have

been performed, and as with human cells, cannabinoid treat-

ment led to either an increase or a decrease in cellular func-

tion (Table 2). For example, murine T and B cell proliferation

was suppressed by drug treatment (23,24) as was T cell and

NK cell killing (25,26), and B cell antibody production (27).

The production of cytokines by immune cells was also affect-

ed by cannabinoids. The production of various types of inter-

ferons was shown to be decreased after THC treatment of

cultured murine cells, as was IL-2, TNF-α and others (5,28).

However, cytokines such as IL-1 and TNF-α were also

shown to be increased by drug treatment (5,28), underscoring

the complexity that cannabinoid treatment has on proinflam-

matory and anti-inflammatory mechanisms. Because these

cytokine changes are related to changes in signalling cas-

cades, several reports have implicated alterations in the tran-

scription factors nuclear factor of activated T cells and

nuclear factor kappa B in the drug effects on IL-2 (29) and 

IL-2 receptor proteins (30). Undoubtedly, similar types of

studies will help to determine the mechanisms of cannabinoid

effects on gene expression in immune cells.

Other complex immune mechanisms are reported to be

altered after drug treatment in vitro. For example, the pro-

cessing of antigens by macrophages for presentation to 

T cells is altered by cannabinoid treatment (31). In summary,

cannabinoid treatment alters a wide array of immune func-

tions when added to cultures of human and animal cells. The

role of cannabinoid receptors in many of these drug effects,

as well as the relative significance of the in vitro findings to

human health and disease, remain to be determined.

IMMUNOCANNABINOID SYSTEM
The brain and immune tissues appear to have a so-called

cannabinoid system of specific receptors and ligands. This

system, as well as others involving hormone and cytokine

agents, serve to mediate communication between the various

tissues (Figure 2) (32). Although much has been learned con-

cerning the structure and function of the cannabinoid system,

major gaps in understanding still exist, especially concerning

the role of the cannabinoid system in immunity (ie, immuno-

cannabinoid system). There are at least two subtypes of

cannabinoid receptors (CBRs), termed CB1 and CB2.

Initially, pharmacological evidence suggested the existence

of these receptors in brain tissue (33), and the subsequent

molecular cloning of the first subtype from a rat brain com-

plementary DNA library (34) confirmed this conclusion. The

second subtype, CB2, interestingly was cloned not from the

the brain, but from a human immune cell line (35). Thus, it

was apparent from the start that the CBR system existed not

only in brain, as expected, but also in cells of the immune sys-

tem. CBRs are classified within the seven transmembrane

G protein-coupled receptor superfamily (36), and although

they transduce signals through a pertussis toxin-sensitive

Gi/Go inhibitory pathway, recent evidence suggests that they

may couple to Gs proteins as well (37). Interestingly, the G

protein pathways have been linked to signalling events in

cells of the immune system (38). In addition to CBRs, the

brain and peripheral tissues also contain endogenous ligands

for these receptors (39). Chemically, these substances are

based on arachidonic and palmitic acids rather then cannabi-

noids, and generally have a lower affinity for CBRs than

cannabinoid derivatives (40). They are produced by cells in

both the brain and immune systems (41), and their existence

supports the current view of a complete cannabinoid system of

endogenous receptors and ligands that regulates various phys-

iological processes in both the brain and peripheral tissues

(Figure 2).

The expression of CBRs outside of the brain was first indi-

cated by the demonstration of CB1 mRNA expression in

human testis tissue (42). This was followed by reports that

murine splenocytes contained CB1 mRNA, as detected by

reverse transcriptase polymerase chain reaction (43), and

human peripheral blood mononuclear cells (PMBCs) also

expressed the message (44). The second receptor subtype

CB2 mRNA was also shown to be expressed in immune cells

and rat spleen rather than brain (35), and was found to be

expressed at higher levels than CB1 in these peripheral tis-

sues (45). Not all cells of the immune system express CBRs

equally. For example, the rank order of expression of CB1 in

human PBMCs, in decreasing order, is B cells, NK cells,

polymorphonuclear neutrophils, CD8 cells, monocytes and

CD4 cells (44). This trend recently has also been observed in
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Figure 2) Cannabinoid system interactions. The brain, immune
system and hypothalamic-pituitary-adrenal (HPA) axis have all
been shown to express cannabinoid receptors and anandamide.
The immune system appears to express both receptor subtypes.
The cannabinoid system possibly supports bidirectional communi-
cation between neural and immune tissues along with other neu-
roimmune hormones and cytokines



 

mouse splenocytes (46). For CB2, the rank order in human

PBMCs, in decreasing order, is B cells, NK cells, monocytes,

polymorphonuclear neutrophils and T cells (45), and again is

similar in mouse cells (unpublished data).

These and other studies have helped to establish the cur-

rent model for CBR distribution � that CB1 is primarily in

the brain and associated structures, such as the pituitary (47)

and peripheral nervous tissues (48), while CB2 is primarily

in the reproductive and immune systems (Figure 2). These

tissues express not only the various CBR subtypes but also

the endogenous ligands, such as anandamide. Therefore, the

cannabinoid system becomes yet another regulatory and

communication system for the various organs in the body. 

KEY ISSUES FOR FUTURE STUDY
Structure and function of the immunocannabinoid system 
Limited evidence shows that CBRs are expressed in selected

immune tissues such as blood cells, the spleen and tonsils (see

above). However, little is known concerning their expression

in other immune tissues, such as the thymus, lymph node,

bone marrow, gut and bronchial lymphatic tissues. This is a

key issue because these tissues are of great importance in

overall host resistance, and it cannot be assumed that the CBR

expression is uniform throughout the entirety of immune tis-

sues. Another key issue involves the regulation of CBR gene

expression during the course of immune activation. Although

several reports have suggested that both CB1 (46,49) and

CB2 (50) receptors are increased after T cell and B cell acti-

vation, this phenomenon has not been observed under a

diversity of activation conditions. Furthermore, little is

known concerning the gene promoter region controlling CB1

and CB2 gene activation, as well as the transcription factors

generated in immune cells that may control CBR gene activi-

ty. Signalling mechanisms linked to CBRs and the resulting

gene activities in immune cells are other areas needing further

investigation. Signalling through adenylyl cyclase in immune

cells has been observed (51), as has activation of nuclear fac-

tor kappa B (30). However, other signalling cascades have

been linked to CBRs in other tissues (52,53) and, therefore,

may also be active in immune cells. Besides CBR expression

and function, another key issue involves the production by

immune tissues of endogenous ligands for CBRs.

Anandamide is produced in spleen (41), but little is known

about the production of this agonist along with other putative

CBR agonists such as 2-arachidonyl glycerol (54) and palmi-

toylethanolamide (55) in immune tissues of various origins

and under varying conditions of stress. It is known that

immune cells contain high levels of the fatty acid precursors

for these agonists, and, in addition, metabolites of this group

of chemicals (eg, arachidonic acid) have been shown to be

powerful regulators of immune cell activity. Expectations are

high, therefore, that CBR agonists are generated during the

course of immune activity and play a role in immune regula-

tion. In the future, some of these questions may be answered

with the aid of the newly described CBR knockout mice.

Although neither knockout is grossly immunodeficient

(56-58), further indepth studies may reveal the immune

mechanisms regulated by CBRs.

Cannabinoid use in AIDS and multiple sclerosis
Several chronic diseases have been targeted for trial treat-

ment with cannabinoids. Among these are AIDS wasting

and movement disorders, such as multiple sclerosis (1).

Because it is recognized that smoked marijuana is a crude

delivery system for THC, which also delivers harmful sub-

stances, a key issue in the use of cannabinoids in these dis-

eases is the development of suitable THC formulations, and

delivery systems that are safer and more effective than mar-

ijuana smoking. Devices such as inhalers and cutaneous

patches are already under development; however, drug for-

mulations containing THC and other active substances from

marijuana have yet to be produced.

Antitumour effects of cannabimimetic agents 
Cannabimimetics have been shown to alter the course of

hematopoietic and tumour cell growth. For example, anan-

damide was shown to enhance significantly the proliferative

effect of IL-3 on the myeloid cell line 32Dcl3 (59) by means

of a CB2-mediated mechanism. On the other hand, anan-

damide suppressed the proliferation of breast and prostate

cancer cell lines through mechanisms involving the suppres-

sion of prolactin and nerve growth factor receptors (60).

This suppressive effect extended to several cannabinoid

agonists and appeared to involve the CB1 receptor. These

studies raise a key question concerning the potential effect

of cannabimimetics on tumour growth. Are cancer patients at

greater risk if they decide to use marijuana to control nausea?

On the other hand, may these drugs have a real antitumour

potential under the right conditions? Regarding the latter

question, a recent report suggests that these compounds can

suppress tumour growth in mice and rats (61). C6 glioma

cell tumours were established in the animals, and they were

treated with THC or other cannabimimetics for up to seven

days. This treatment extended survival and led to shrinkage

of tumour size (61). It was also shown that the mechanism

of action of the drug involved the induction of apoptosis in

the tumour cells. This is one of several reports that have

shown that cannabinoids induce apoptosis (62,63), and it is

possible that programmed cell death may be a key mecha-

nism of action of cannabimimetic agents in a variety of tis-

sues, including tumours.

Anti-inflammatory effects of cannabinoids
Marijuana and cannabinoids are recognized analgesics, and

recently, nonpsychoactive derivatives have been shown to

have anti-inflammatory effects. The dimethylheptyl deriva-

tive of THC-11-oic acid, when given orally to mice, sup-

pressed both acute and chronic inflammatory changes (64).

Furthermore, this compound was shown to be an effective

analgesic and anti-inflammatory agent, in addition to being

tolerated well by the host following oral administration (65).

Another nonpsychoactive cannabinoid, HU-211, has been

shown, in several studies, to suppress inflammation that is

caused through the mobilization of cytokines such as TNF-α
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(66,67). From these studies, a key issue emerges involving

linkage between the effects of cannabinoids on cytokines and

the effects of these agents on inflammation. It is possible that

suppression of cytokine production or function is at the core

of the drug effects on inflammation. Cannabimimetic agents

have broad effects on cytokine biology (5), suggesting that

under various conditions, these drugs may have either proin-

flammatory or anti-inflammatory effects. Further studies are

needed to resolve these possibilities.

CONCLUSIONS
A variety of factors point to increased use of marijuana and

cannabinoids in the United States and Canada over the next

few years. Although much has been learned concerning the

chemistry and biology of these agents, much more needs to

be discovered in all areas of cannabinoid biology, including

effects on immune function. The immune system is

extremely complex, consisting of a variety of organs, cells,

tissues and soluble factors working together to produce a

plethora of effector functions. This complexity provides

many avenues for cannabinoids to alter immune function,

and over the past decade or so, many of these avenues have

been examined. From a variety of experimental paradigms,

cannabinoids have been shown repeatedly to modulate

immune function. However, from these studies, it cannot be

concluded that marijuana smoking causes severe immuno-

deficiency in humans. What can be concluded is that these

drugs have the potential to modulate immune function

through both receptor- and non-receptor-mediated mecha-

nisms. Clearly, additional studies are needed to determine

the precise structure and function of the putative immuno-

cannabinoid system; the potential therapeutic usefulness of

these drugs in chronic diseases such as AIDS and multiple

sclerosis; the effects of these agents on tumour growth and

induction of apoptosis; and the potential anti-inflammatory

and proinflammatory properties of cannabimimetic com-

pounds. It is likely that the cannabinoid system, along with

other neuroimmune systems, has a subtle but significant role
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