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and glial processes was detected in the brain. The effect of 
direct CB2 antisense oligonucleotide injection into the brain 
and treatment with JWH015 in motor function and plus-
maze tests also demonstrated the functional presence of 
CB2 cannabinoid receptors in the central nervous system. In 
humans, there was a high incidence of Q63R polymorphism 
in the  CB2  gene in Japanese alcoholics and depressed sub-
jects. Contrary to the prevailing view that CB2 cannabinoid 
receptors are restricted to peripheral tissues and predomi-
nantly in immune cells, we demonstrated that CB2 cannabi-
noid receptors and their gene transcripts are widely distrib-
uted in the brain. This multifocal expression of iCB2 in the 
brain suggests that CB2 receptors may play broader roles 
than previously anticipated and may therefore be exploited 
as new targets in the treatment of depression and substance 
abuse.  Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Research on the molecular and neurobiological basis 
of the physiological and neurobehavioral effects of mari-
juana and cannabinoids has lagged behind research on 
other natural addictive products like opium and tobacco, 
because of a lack of specific molecular tools and technol-
ogy. Now significant and rapid progress has transformed 
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 Abstract 
 For over a decade, until recently, it was thought that mari-
juana acts by activating brain-type cannabinoid receptors 
called CB1, and that a second type called CB2 cannabinoid 
receptor was found only in peripheral tissues. Neuronal CB2 
receptors in the brain had been controversial. We reported 
the discovery and functional presence of CB2 cannabinoid 
receptors in the mammalian brain that may be involved in 
depression and drug abuse and this was supported by re-
ports of identification of neuronal CB2 receptors that are in-
volved in emesis. RT-PCR, immunoblotting, hippocampal 
cultures, immunohistochemistry, transmission electron mi-
croscopy, and stereotaxic techniques with behavioral assays 
were used to determine the functional expression of CB2 
cannabinoid receptors in the rat brain and mouse brain ex-
posed to chronic mild stress or treated with abused drugs. 
RT-PCR analyses supported the expression of brain CB2 re-
ceptor transcripts at levels much lower than those of CB1 
receptors. In situ hybridization revealed CB2 mRNA in cere-
bellar neurons of wild-type but not of CB2 knockout mice. 
Abundant CB2 receptor immunoreactivity (iCB2) in neuronal 
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marijuana-cannabinoid research into mainstream sci-
ence with the cloning of genes encoding cannabinoid re-
ceptors and the generation of cannabinoid receptor 
knockout mice. 

  There are two currently well-characterized cannabi-
noid receptors, CB1 and CB2, with functional evidence 
for the existence of other subtypes, whose identities have 
been elusive. But these unknown subtypes may turn out 
to be splice variants of CB1 or CB2 receptor subtypes. The 
effects of cannabinoid and marijuana use are mediated 
by activation of cannabinoid receptors. CB1 receptors 
were serendipitously discovered  [1]  while characterizing 
an orphan receptor that turned out to be CB1 cannabi-
noid receptor, which is now known to be one of the most 
abundant binding sites in the brain  [2] . The CB1 recep-
tors are expressed primarily in the brain and some pe-
ripheral tissues, while the CB2 receptors were thought to 
be expressed primarily by immune cells  [3]  in peripheral 
tissues. After over a decade, definitive identification and 
functional characterization of neuronal CB2 cannabi-
noid receptors was also serendipitous. 

  During the summer of 2004, we were interested in 
evaluating the involvement of cannabinoid receptors in 
depression, motivated by the self-medication hypothesis 
of drug abuse. Because it was believed that only CB1 re-
ceptors are expressed in the brain, we wanted to measure 
CB1 protein expression in the brains of stressed mice in 
comparison to controls. As CB1 receptor antibodies were 
back-ordered, we ordered the available CB2 receptor an-
tibodies, since we had postulated several years back that 
CB2 receptors are expressed in the brain but not well 
characterized. We identified and reported the functional 
presence and expression of peripheral cannabinoid CB2 
receptors in the brain  [4–11]  at several scientific confer-
ences in abstract form and as a book chapter  [12] .

  While abundant CB1 receptors are likely to represent 
the principal brain sites for action of endogenous and ex-
ogenous cannabinoids, a number of lines of evidence sup-
port possible brain roles for CB2 and other as yet uniden-
tified cannabinoid receptors. CB2 cannabinoid receptors 
are particularly enriched in immune tissues  [13–15] , 
leading to the expectation that they are present in mi-
croglia. A number of laboratories failed to detect the pres-
ence of CB2 in healthy brains  [14, 16–21] . Other groups 
have demonstrated CB2 expression in rat microglial cells 
 [22] , in cerebellar granule cells  [23] , in mast cells  [24, 25] , 
in retinal tissue  [26] , in human astrocytes  [27] , in limited 
populations of microglial cells including plaque-associ-
ated glia in Alzheimer’s disease brains  [28–30] , and in 
human brain capillary and microvessel preparations  [31] . 

CB2 receptor expression is induced in the macaque brains 
by simian immunodeficiency virus infection  [28]  and in 
rat spinal cord in neuropathic but not inflammatory 
chronic pain models  [29, 30, 32, 33] . Despite this evidence 
that CB2 receptors might be present in the central ner-
vous system (CNS), the expression of neuronal CB2 can-
nabinoid receptors in the CNS has been much less well 
established and characterized in comparison to the ex-
pression of abundant brain CB1 receptors. 

  The availability of anti-CB2 affinity-purified poly-
clonal antibodies directed against amino acids 1–33 and 
20–33 of the CB2 N-terminus and a C-terminal CB2 re-
ceptor antibody provided an opportunity to study the 
brain expression of CB2 immunoreactivity (iCB2) using 
light and electron microscopy that can be documented in 
neuronal patterns. In previous studies and even now the 
specificity of the available antibodies against both CB1 
and CB2 cannabinoid receptors has been questionable. 
This is perhaps why many investigators who may have 
observed the presence of CB2 receptors in the brain con-
cluded that it was probably an artifact. Nevertheless, we 
reported the discovery and functional characterization of 
brain cannabinoid CB2 receptors using RT-PCR, immu-
noblotting, hippocampal cultures, immunohistochemis-
try, and stereotaxic techniques with behavioral assays. 
This allowed us to determine the functional expression 
of CB2 cannabinoid receptors in the rat brain and mice 
brain exposed to chronic mild stress (CMS) or those 
treated with abused drugs. The CMS model of depression 
which we have previously used  [34]  has high validity  [35] . 
CB2 immunostaining observed immunohistochemically 
in apparent neuronal and glial processes in a number of 
brain areas can be blocked by preadsorbing the sera and 
is absent from CB2 knockout mice. These observations 
receive support from in situ hybridization, Western blot, 
RT-PCR data and transmission electron microscopy 
which are consistent with multifocal neuronal iCB2 ex-
pression in the brain, albeit at more restricted patterns 
and at much lower levels than those previously reported 
for CB1 receptors.

  Methods 

 Subjects 
 Male and female C57BL/6, DBA/2 and BALBc mouse strains 

were utilized in different treatment groups for behavioral tests.  
 BALBc mice were exposed to CMS every day for 4 weeks to simu-
late the symptoms of anhedonia; brains from stressed, capsaicin-
exposed and control mice were prepared for  CB2  gene expression 
assay using RT-PCR, immunohistochemical and electron micros-
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copy. Experiments conformed to the National Institutes for 
Health guidelines for the care and use of laboratory animals that 
sought to minimize both the number of animals used and any 
suffering that they might experience.

  Behavioral Measurements and CMS 
 A total of 60 BALB/c male mice were housed 12 h in the light 

and 12 h in the dark. Thirty experimental mice were exposed to 
CMS every day for 4 weeks to achieve anhedonia (CMS test). 
These experimental animals were subjected to the weekly CMS 
regime consisting of three 10-hour periods of 45° cage tilt; 3 peri-
ods of overnight stroboscopic illumination; two 10-hour periods 
of empty water bottle; 2 periods of overnight food or water depri-
vation; two 10-hour periods of damp bedding. The CMS-treated 
and nonstressed groups consisted of 30 mice each and were split 
into three subgroups, respectively. The first group was subjected 
to chronic daily administration of the CB2 agonist JWH015 re-
ceiving the selected dose of 20 mg/kg (n = 10 each). The second 
group received acute injections of 20 mg/kg of the CB2 agonist 
JWH015 (n = 10 each). Doses used were determined from our pre-
liminary studies. The third group was not subjected to injections 
(n = 10 each). All nonstressed groups were given food and water 
at all times, as well as comfortable cage surroundings, while the 
experimental group was housed in a different room. At the end of 
the stress regime, stereotype behavior was measured in activity 
monitors in all groups. In addition, stereotype behavior was also 
measured following acute 10-min treatments with JWH015 (1–20 
mg/kg) in naïve male and female mouse strains used. In this test 
situation, 10 min after drug administration mice were placed in 
activity monitors and stereotypic counts obtained from the auto-
mated system. Such stereotypic counts like rearing behavior and 
other repetitive behaviors are automatically recorded by the com-
puter-controlled measurement of motor behavior.

  CB2 Cannabinoid Receptor Gene Expression 
  CB2  gene expression using RT-PCR was determined in the na-

ïve mouse strains, those exposed to CMS and those that were pre-
natally exposed to capsaicin. Brains were dissected from these 
groups of mice (n = 5 per group). RNA was extracted using RNeasy 
kit and cDNA was synthesized by Revertra Ace and oligo-dT 
primer. The expression of  Cnr2  gene was compared by TaqMan 
real-time PCR with an ABI PRISM 7900 HT Sequence Detection 
System (Applied Biosystems, Foster City, Calif., USA), using the 
TaqMan gene expression assay for  Cnr2  (Mm0043826_m1).

  Immunohistochemistry and Electron Microscopy 
 Mice were anesthetized with pentobarbital, briefly perfused 

transcardially with saline and then with 4% paraformaldehyde in 
phosphate buffer (0.1  M , pH 7.4) for 5 min. Brains were dissected, 
postfixed in buffered paraformaldehyde for 2 h at room tempera-
ture, equilibrated with 30% sucrose in phosphate buffer at 4   °   C, 
frozen and cut into sagittal 20- to 40- � m sections using a sliding 
microtome. Immunohistochemistry used floating sections and 
an avidin-biotinylated peroxidase method. Sections were incu-
bated with 1% hydrogen peroxide in phosphate-buffered saline 
for 10 min at room temperature to inhibit endogenous peroxidase, 
washed three times with phosphate-buffered saline, incubated for 
1 h in 3% normal goat serum in Tris-buffered saline, pH 7.4 at 
22   °   C, incubated in primary CB2 antibody obtained from Sigma-
Aldrich, Mo., USA, and Cayman Chemicals, Mich., USA, diluted 

1:   300 in Tris-buffered saline containing 3% normal goat serum 
for 24 h at 4   °   C, rinsed, incubated for 1 h at 22   °   C in 1:   200 dilution 
of biotinylated goat anti-rabbit (Vector, Burlingame, Calif., USA), 
rinsed, incubated with ABC reagent for 1 h (Vector), rinsed, and 
then incubated with diaminobenzidine for color deposition. Sec-
tions were mounted on coated slides, dehydrated, coverslipped, 
viewed and imaged using Zeiss and Leitz microscopes and a 
Nikon digital camera, immunoreactive elements were plotted 
onto the atlas depictions of Franklin and Paxinos  [36] , and im-
ages edited using Photoshop (vCS; Adobe systems). As additional 
control, iCB2 of brain sections from CB2 receptor knockout mice 
and wild-type controls was also analyzed using the C-terminal 
CB2 receptor antibody obtained from Santa Cruz Biotechnology 
Inc. (Santa Cruz, Calif., USA).

  For electron microscopy, perfusion of the mouse and removal 
of the brain with 4% paraformaldehyde, 0.1% purified glutaralde-
hyde fixative in 0.1  M  phosphate buffer was used for the detection 
of CB2 cannabinoid receptors. After tissue preparation, CB2 an-
tibodies were utilized as in immunohistochemical localization 
with modifications for transmission electron microscopy.

  Statistical Analysis 
 Data for stereotypy were analyzed by analysis of variance for 

multiple comparisons, followed by Tukey’s test where appropri-
ate. The accepted level of significance was p  !  0.05.

  For  CB2  gene expression analysis, the unpaired t test (Graph-
Pad software) was used and p  !  0.05 was the accepted level of sig-
nificant difference.

  Results 

 Analysis of Stereotype Behavior 
 There was a general pattern of reduced stereotype be-

havior following the acute treatment with the CB2 ago-
nist (JWH015, 20 mg/kg) in a strain- and gender-depen-
dent fashion. The reduced stereotypy in both males and 
females in the three mouse strains tested occurred as the 
dose was increased up to 20 mg/kg dose ( fig. 1 ). However, 
there was an enhanced stereotypy in the males and a re-
duction in stereotype behavior in the females of the 
DBA/2 strain. The enhanced stereotype behavior record-
ed in the DBA/2 males occurred at the lower doses of the 
agonist ( fig. 1 ). 

  Control mice displayed significantly more stereotypic 
activity compared to the control mice chronically treated 
with JWH015 (20 mg/kg). However, there was no signif-
icant difference in stereotype behavior when compared 
to the stressed group. The stressed acutely treated mice 
had a significant decrease in stereotypy when compared 
to the stressed group that was not treated. Acutely treated 
mice in the control and stress groups displayed slightly 
less stereotype behavior than the untreated mice ( fig. 2 ).
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  CB2 Gene Expression Analyses 
 The expression of the  CB2  gene transcripts was present 

and varied between the whole brains of the three mouse 
strains BALBc, DBA/2 and C57BL/6 using CB2-specific 
probes and primers. However, the  CB2  gene expression 
variation was not statistically significant between the 
mouse strains. Furthermore, the expression of the  CB2 
 gene transcripts was enhanced by CMS and in mice pre-
natally exposed to capsaicin but this was not statistically 
significant either ( fig. 3 ).

  CB2 Receptor Immunohistochemistry and Electron 
Micrograph 
 CB2-immunopositive staining was observed in the 

analyzed regions of the cerebral cortex ( fig. 4 ). Apical 
dendrites of pyramidal neurons were moderately to heav-
ily stained. Other less heavily stained neurons and many 
blood cells did not show immunostaining. Moderate to 
dense CB2 immunostaining was observed in pyramidal 
neurons of the hippocampal allocortex and some inter-
neurons in the stratum oriens and stratum radiatum as 
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  Fig. 1.  Modification of mouse stereotype 
behavior by the putative CB2 cannabinoid 
receptor agonist JWH015, as assessed in 
activity monitors. Groups of male and fe-
male mice were acutely treated with 
JWH015 (1–20 mg/kg) for 10 min prior to 
placement in activity monitors and stereo-
typy was evaluated for 20 min and com-
pared to vehicle-treated animals. Data 
represent the mean + SEM for 6–10 mice 
per group. Significant changes in stereo-
type behavior are indicated as  *  p  !  0.05 
(one-way ANOVA followed by Dunnett’s 
test for multiple comparison with con-
trols). Groups of male and female mouse 
strains: C57BL/6 ( a  and  b ), BALBc ( c  and 
 d ), DBA/2 ( e  and  f ). 
  Fig. 2.  Modification of mouse stereotype 
behavior by the putative CB2 cannabinoid 
receptor agonist JWH015 (20 mg/kg), as 
assessed in activity monitors in stressed 
and nonstressed mice. Groups of stressed 
and nonstressed controls were chronically 
treated and other nontreated stressed and 
nonstressed groups were acutely chal-
lenged with 20 mg/kg JWH015. C = Con-
trols; CT = controls chronically treated;
S = stressed group; ST = stressed animals 
chronically treated with JWH015; CA and 
SA = control or stressed animals acutely 
treated with 20 mg/kg JWH015. Stereo-
type behavior was evaluated for 20 min 
and compared to vehicle-treated animals. 
Data represent the mean + SEM for 6–10 
mice per group. Significant changes in ste-
reotype behavior is indicated as  *  p  !  0.05 
(one-way ANOVA followed by Dunnett’s 
test for multiple comparison with con-
trols). 
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  Fig. 4.  CB2-immunopositive staining was observed in the regions 
of the cerebral cortex that we analyzed. Apical dendrites of pyra-
midal neurons were moderately to heavily stained. iCB2 was pres-
ent mainly in neuronal cell bodies and observed in scattered fi-
bers in the cerebral cortex. In the cerebral cortex, some of the 
neurons immunostained for CB2 seem to be pyramidal neurons 
in layers III and V. Other less heavily stained neurons and many 
blood cells do not show immunostaining because the circulatory 
system was washed before perfusion. Immunostaining for CB2 
has been indicated by arrows. 

  Fig. 3.  Relative quantification of  CB2  
mRNA expression in the mouse model; 
the  CB2  gene was present and was regu-
lated insignificantly by chronic mild 
stressors in the whole mouse brain. Brains 
were obtained from adult C57BL/6 mice 
that had been prenatally exposed to capsa-
icin, as well as from adult BALBc mice and 
another group of C57BL/6 mice exposed to 
CMS as described in the methods section. 
The expression of CB2 mRNA in the whole 
brains of the stressed animals was com-
pared to that of naïve controls. Error bars 
represent SEM. 

  Fig. 5.  A moderate to dense CB2 immunostaining was observed 
in pyramidal neurons of the hippocampal allocortex and some 
interneurons in the stratum oriens and stratum radiatum. In the 
hippocampus, the immunostaining is present in the pyramidal 
layer but also in some interneurons. Some glial cells also appeared 
to be immunostained for CB2 in the hippocampus. Immunos-
taining for CB2 has been indicated by arrows. There are no blood 
cells present in the tissue because the circulatory system was 
washed before perfusion. 
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indicated in  figure 5 . Some glial cells also appeared to be 
immunostained for CB2 in the hippocampus ( fig. 5 ).

  There was dense immunostaining for CB2 receptors 
with diffuse black deposits on dendrites from mouse 
brain cortical areas as indicated in the electron micro-
graphs. In some areas, axon terminals were not immuno-
reactive for CB2 receptors and small rounded synaptic 
vesicles were seen ( fig. 6 ). The pattern of staining in most 
cortical areas appears to be mainly postsynaptic localiza-
tion of CB2 cannabinoid receptors. 

  Discussion 

 The clinical and functional implication of neuronal 
CB2 cannabinoid receptors in the brain will gradually 
become clearer because more research will unravel addi-
tional role(s) as hypothesized in this paper. Accumulat-
ing evidence from our studies and those of others indi-
cates that CB2 cannabinoid receptors are present in the 
brain but have not been systematically characterized. The 
main goal of these studies was to localize CB2 cannabi-
noid receptors and their distribution patterns in the rat 
and mouse brains and to assess their functional implica-
tion. Some of the data obtained from this ongoing re-
search have been published recently  [12]  and also pre-
sented at scientific conferences  [4–11] . Numerous previ-
ous studies for over a decade since the cloning of CB2 
cannabinoid receptors failed to detect the presence of 

CB2 cannabinoid receptors in the brain  [3, 14, 16–20] . 
Therefore, little was known about their neuronal func-
tion. With the availability of specific probes and primers, 
we detected the presence of  CB1  and  CB2  mRNAs in the 
brains of rats and mice using RT-PCR  [4–12] . We dem-
onstrated that CB2 receptors are present in various re-
gions of the adult rat and mouse brains. There were sim-
ilar patterns of immunostaining in the spleen and cere-
bellum using three different antibodies. Furthermore, in 
primary hippocampus cultures, CB2-positive expression 
was detected in neuron-specific enolase (NSE)-positive 
cells. Immunohistochemical analyses revealed abundant 
CB2 immunostaining in apparent neuronal and glial 
cells in a number of brain areas  [37] . Previous studies 
have shown intense CB1 receptor immunoreactivity in 
hippocampal formation, basal ganglia and the molecular 
and granular layers of the cerebellum with moderate 
staining in the olfactory bulb, piriform cortex, cerebral 
cortex, and many thalamic nuclei  [38, 39] . Our data indi-
cate that CB1 and CB2 immunoreactivities may share lo-
calization in the same brain structures with possible dif-
ferences in the distribution patterns in neuronal elements 
where they are localized  [37] . For example, these previous 
studies  [38, 39]  and our data show that both CB1 and CB2 
receptors are localized in the cerebellum, where CB1 was 
seen in the molecular layer and granular layers whereas 
CB2 receptors were observed mainly in Purkinje cells and 
the molecular layer. In spite of the accumulating evidence 
using in situ hybridization, mRNA probes, specific CB2 

  Fig. 6.  Ultrastructural and subcellular localization of CB2 recep-
tors in mouse cortical neurons. Transmission electron micro-
graph illustrating a high-resolution definition of cortical CB2 
cannabinoid receptor localization at the ultrastructural level. 
Representative micrograph of the cortical area showing dendrites 
with immunostaining for CB2 receptors with diffuse black depos-
its and mitochondria are clearly visible. In some areas, axon ter-
minals were not immunoreactive for CB2 receptors and small 
rounded synaptic vesicles are present. Two axon terminals mak-
ing contact with a dendrite but without immunostaining for CB2 
are apparent. For example at the area of the two synaptic contacts, 
the synapses appear to be excitatory and possibly glutamatergic. 
The primary magnification is  ! 10,000. Arrows show asymmetri-
cal synaptic contacts and the diffuse dark DAB deposits indicat-
ing positive immunostaining for CB2 receptors. The star shows a 
nerve terminal. 
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antibodies and data from our studies and those of others 
indicating the expression of CB2 receptors in the brain, 
much less is known about the specific cell types in which 
CB2 receptors are found and their subcellular localiza-
tion in these cells in the brain remains to be determined. 
Such future studies will allow direct electrophysiological 
analysis for the definition of the specific roles of CB2 re-
ceptors in the brain. 

  The new knowledge from our data and those of other 
recent studies  [4–12, 37, 40–42]  that CB2 receptors are 
present in the brain raises many questions about the pos-
sible roles that CB2 receptors may play in the nervous 
system. These results therefore extend the previous evi-
dence that CB2 receptors are playing an important role in 
immune function to other putative neuronal functions by 
their apparent presence in neuronal processes. Our stud-
ies implicate neuronal and glial CB2 receptors in the CMS 
model of depression and substance abuse. A possible di-
rect involvement of neural mechanisms has been linked 
to CB2 receptor-mediated antihyperalgesia in rats and 
mice  [42] . Furthermore, brain stem CB1 and CB2 recep-
tors were demonstrated to be functionally coupled to in-
hibition of emesis in the ferret  [40] . The immunohisto-
chemical localization of CB2 receptors, when compared 
to the known CB1 receptor distribution in the brain, may 
be an indication of other putative functional roles of CB2 
cannabinoid receptors in the brain and spinal cord. 
Therefore, both CB1 and CB2 receptors seem likely to 
work both independently and/or cooperatively in differ-
ing neuronal populations to regulate important physio-
logical activities in the CNS. The precise nature of the 
effects of neuronal CB2 receptor activation remains to be 
determined. Recent preliminary data indicate that CB2 
action in the brain can be unmasked to reveal catalepsy, 
which may be relevant to the psychoactive effects of CB2 
receptor activation  [43] . If it turns out that the effects of 
CB2 ligands can be unmasked to reveal psychoactivity, 
then activating CB2 receptors in the brain may produce 
psychoactive and nonbehavioral effects, like emesis 
 [40] .

  From the CB2 cannabinoid receptor electron micro-
graph data presented here and from the immunohisto-
chemical distribution patterns in the cerebellum, it can 
be postulated that the presence of iCB2 in Purkinje cell 
bodies and dendrites may be indicative of their mainly 
postsynaptic localization. This is because the dendritic 
trees arising from the Purkinje cells are positive for iCB2. 
However, these dendrites have been shown not to be im-
munostained for CB1 receptors confirming the presyn-
aptic localization of CB1 receptors. As demonstrated in 

our study, the cell bodies of the Purkinje cells are immu-
noreactive for CB2 but negative for CB1 receptors as not-
ed by others  [38, 39] , again confirming the established 
presynaptic localization of CB1 receptors in the brain. 
Another possibility is that CB2 cannabinoid receptors 
may be synthesized in the cell body of the Purkinje cells 
to be transported to another location. It has been docu-
mented that CB1 receptors are present in the axons com-
ing from the basket cells located in the molecular layer 
that forms the basket cells around the basal area of the 
Purkinje cells  [38, 39] . The report  [40]  on the identifica-
tion and functional characterization of brain stem can-
nabinoid CB2 receptors is consistent, in part, with our 
findings and with other reports of brain CB2 receptor 
expression  [4–12, 30, 41] . However, a focus on brain stem 
localizations and antiemetic functions of brain cannabi-
noid CB2 receptors  [40]  may understate the importance 
of CB2 receptors in the other brain areas in which we and 
others have identified CB2 mRNA and protein. The pre-
vious interpretation was that because CB2 was not de-
tected in the brain, it was enriched in the peripheral tis-
sues, particularly in immune cells. Therefore, targeting 
CB2 receptors by specific CB2 ligands may result in ther-
apeutic activity without psychoactivity. This conclusion 
may be valid for the wrong reasons. It appears that can-
nabinoids may have a more significant role in controlling 
neuroinflammation than previously thought  [41] . Never-
theless, the distribution of iCB2 in the brain may provide 
novel targets for the effects of cannabinoids in the ner-
vous system beyond neuroimmunocannabinoid activity. 

  Overview of Brain CB2 Cannabinoid Receptors 
 Variants of  CB1  and  CB2  Cannabinoid Receptor  
 Gene Structures 
 The  CB2  cannabinoid gene structure has been poorly 

defined thus far, but we have extensively analyzed and 
characterized the human  CB1  gene and its 5 �  exons, can-
didate regulatory regions, polymorphisms, haplotypes 
and association with polysubstance abuse  [44] . The hu-
man CB1 receptor was found to have a number of splice 
variants, which may in part account for some of the myr-
iad behavioral effects of marijuana and cannabinoid li-
gands, along with novel exons and candidate promoter 
region sequences that confer reporter gene expression. 
Interestingly, common polymorphisms reveal patterns of 
linkage disequilibrium and haplotype analysis that dis-
play significant allelic frequency differences between 
substance abusers and controls in European-American, 
African-American and Japanese samples  [44] . The many 
splice variants of the  CB1  gene that we have reported in 
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humans  [44]  probably account for the myriad behavioral 
effects of smoking marijuana ( fig. 7 a). Such effects may 
include actions at CB2 cannabinoid receptors because 
their presence has been poorly characterized and less well 
studied for CNS function. However, many features of the 
cannabinoid  CB2  gene structure, regulation and varia-
tion are beginning to emerge with the discovery and 
functional identification of CB2 receptors in the mam-
malian CNS. This prior poor definition could be related 
to the previously held view that  CB2  gene was not ex-
pressed in the brain but mainly in immune cells and it 
was less investigated for roles in the CNS except for the 
association with brain cells of macrophage lineage. 

  The human  CB2  gene and its mouse ortholog are lo-
cated on chromosomes 1p36 and 4QD3, respectively. In 
humans, the  CB2  gene is reported to consist of a single 
translated exon flanked by 5 �  and 3 �  untranslated regions 
 [45] , and a single untranslated exon and similar  CB2  gene 
structure is shown in mice except that two transcripts are 
encoded using different first exons ( fig. 7 b, c). Most re-
gions of the  CB2  gene are highly conserved, but the hu-
man has glutamine and mice and rats have arginine at 
position 63  [45, 46] . Mice with deletion of the  CB2  gene 
have a decreased bone mass, reminiscent of human osteo-
porosis  [47]  and in humans a number of polymorphisms 
in the  CB2  gene including Q63R  [46, 47]  have been re-
ported. H316Y has been linked to osteoporosis and auto-
immune disorders. There is little or no information about 
the role of CB2 cannabinoid receptors in neuropsychiat-
ric disorders. But in neurological disorders associated 
with inflammation, the expression of CB2 receptors has 
been reported in limited populations of microglia includ-
ing plaque-associated glia in Alzheimer’s disease brains 
 [29, 30] . Indeed our studies provide the first evidence for 
a role of CB2 cannabinoid receptors in depression and 
substance abuse as described below.

  Behavioral Evidence for the Functional Presence of 
CB2 Cannabinoid Receptors in the Brain 
 There are two currently well-characterized cannabi-

noid receptors and there is functional evidence for the 
existence of other subtypes of cannabinoid receptors  [2] . 
Increasingly, functional evidence suggests that some can-
nabinoids mediate their effects independently of known 
CB1 and CB2 cannabinoid receptors. Thus, the cloning 
of an orphan G-protein-coupled cannabinoid receptor, 
GPR55, may be another subtype of cannabinoid receptors 
 [48] . The initial characterization and functional distribu-
tion indicate that GPR55 may be present in several CNS 
cell types and its activation increases intracellular calci-

um  [48] . This putative human GPR55 cannabinoid re-
ceptor is encoded by 319 amino acids and was mapped to 
chromosome 2q37. Human GPR55 transcripts have been 
isolated from the brain and spleen, and specific mRNA is 
expressed in the caudate nucleus and putamen, but not in 
the hippocampus, thalamus, pons, cerebellum and fron-
tal cortex of the brain or in the liver  [49] . Curiously in 
rats, mRNA transcripts of the GPR55 ortholog have been 
detected in the spleen and intestine, and in situ hybrid-
ization has indicated some expression in the hippocam-
pus, thalamic nuclei and midbrain regions  [49] . So far, 
GPR55 orthologs have been identified in the genomes of 
the rat, mouse, dog, cow, chimpanzee and human. The 
mouse ortholog is located on chromosome 1 and encodes 
a 327-amino-acid protein. These currently known can-
nabinoid receptors include CB1, CB2, GPR55 and CBn 
(where CBn is any putative functional cannabinoid re-
ceptor subtype but without molecular identity; see Ona-
ivi et al.  [50]  for a review). 

  In the behavioral studies, we used mice subjected to 
CMS and another group of mice that had been exposed 
to capsaicin, the pungent ingredient in hot ‘chili’ peppers. 
The involvement and expression of CB2 cannabinoid re-
ceptors in the brains of CMS and control mice was deter-
mined using Western blotting and RT-PCR ( fig. 3  for RT-
PCR data). Anhedonia was established with a significant 
decrease in weekly sucrose and modification of alcohol 
consumption by animals subjected to CMS. CB2 canna-
binoid receptors were found to be expressed in the brains 
of control mice and enhanced in the brains of CMS ani-
mals. Alcohol consumption was modified in the CMS 
animals compared to controls, and curiously that alcohol 
consumption in stressed mice was significantly enhanced 
by chronic treatment with the mixed CB1/CB2 agonist 
WIN55212–2 and JWH015, a putative CB2 cannabinoid 
receptor agonist, but not in control mice that were not 
subjected to CMS. This may not be surprising as 

  
  Fig. 7.  The human  CB1  and  CB2  gene structures.  a  Structure of 
the  CB1  gene and its five variants that may account for numerous 
behaviors in the brain. The human  CB2  gene and its mouse ortho-
log are located on chromosomes 1p36 and 4QD3, respectively. In 
humans ( b ), the  CB2  gene consists of a single translated exon 
flanked by 5 �  and 3 �  untranslated regions, and a single untrans-
lated exon and similar  CB2  gene structure is shown in mice except 
that two transcripts are encoded using different first exons ( c ). 
Most regions of the  CB2  gene are highly conserved, but the human 
has glutamine and mice and rats have arginine at position 63. 
ESTs = Expressed sequence tags. 
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WIN55212–2, a pravadoline derivative, does not only ac-
tivate and bind to CB1 but also CB2 cannabinoid recep-
tors; however, it preferentially binds to CB2 receptors 
 [27] . This is even more relevant as CB1 mutant mice still 
respond to WIN55212–2 but not  �  9 -THC  [51] . 

  Indeed chronic unpredictable stress was shown to 
downregulate endocannabinoid signaling with reduced 
CB1 receptor expression and significantly reduced the 
content of the endocannabinoid 2-arachidonylglycerol 
within the hippocampus in the rat  [52] . In another study, 
the differential responses to acute and repeated stress in 
newborn and adult cannabinoid CB1 receptor knockout 
mice provided additional evidence that the endocannab-
inoid physiological control system plays a vital role in the 
animal’s ability to cope with stress during early develop-
ment as well as in adulthood  [53] . Furthermore, similar-
ities between some symptoms of melancholic depression 
and those seen in animals with endocannabinoid defi-
ciency as in CB1 mutant mice or those with pharmaco-
logical blockade of the CB1 receptors have also been re-
ported  [54] . Our data extend this deficiency in endocan-
nabinoid signaling in the CMS model to the alteration of 
brain CB2 cannabinoid receptors that is a component of 
the endocannabinoid physiological control system. Tak-
en together, with previous data demonstrating that CB1 
knockout mice exhibit enhanced susceptibility to anhe-
donic effects of chronic variable stress  [54] , our data sug-
gest a functional interaction with the endocannabinoid 
physiological control system, with a contribution from 
both CB1 and CB2 cannabinoid receptors in the CMS 
model of depression. 

  In our current studies, the chronic treatment of mice 
with the mixed CB1 and CB2 agonist WIN55212–2 
blocked anhedonia induced by CMS. Similar results were 
obtained with the putative CB2 agonist, JWH015, also 
known to have effects on CB2 receptors [Onaivi et al., 
unpubl. data]. We have also evaluated the effects of the 
putative CB2 agonist, JWH015, the mixed CB1/CB2 ago-
nist WIN55212–2 and the antagonist SR144528 on mouse 
general activity, including distance traveled, ambulatory 
activity and stereotype behavior. Stereotypy is the repet-
itive behaviors like rearing which are automatically as-
sessed by the computer-controlled locomotor activity 
monitors. The performance of mice in the two-compart-
ment black-and-white box was also assessed following 
acute treatment with the agonist JWH015 and the antag-
onist SR144528. Acute treatment with the CB2 agonist 
(JWH015) alters mouse spontaneous locomotor activities 
in a strain- and gender-dependent fashion. Increasing 
doses of JWH015 reduced activity in general. However, 

there was an increase in activity by the males and a reduc-
tion in activity by the females of the DBA/2 strain. The 
enhanced locomotor activity recorded in the DBA/2 
males occurred at the lower doses of the agonist; however, 
a general pattern of depression in locomotor activity was 
induced by JWH015 in both males and females in the 
three mouse strains tested as the dose was increased up 
to 20 mg/kg ( fig. 1 ). The effects of acute administration 
of JWH015 on stereotype behavior were similar to those 
described for locomotor activity with the females of the 
three strains C57BL/6, BALBc and DBA/2 more suscep-
tible to the locomotor depressant effects. Similar observa-
tions have been reported for the effects of another CB2 
agonist, GW405833  [55] . Curiously, the observation that 
CB2 agonists induce sedation and catalepsy only at high-
er doses has been interpreted by this group and others in 
rodent models of pain, to have a potential to treat pain 
without eliciting the centrally mediated side effects asso-
ciated with nonselective cannabinoid agonists  [21, 56] . 
While this view may be speculative, the recent reports of 
the functional presence of CB2 cannabinoid receptors in 
the CNS may indicate that CB2 and CB1 cannabinoid re-
ceptors work independently and/or cooperatively in dif-
ferent neuronal populations to regulate a number of 
physiological activities influenced by cannabinoids.

  The performance of mice in the two-compartment 
black-and-white box was also evaluated. The CB2 agonist 
reduced mouse general activity with increasing doses, 
demonstrating that JWH015 may inhibit mouse sponta-
neous locomotor activity, probably through activation of 
CB2 cannabinoid receptors. In the two-compartment 
black-and-white box, the acute effects of this putative 
CB2 agonist JWH015 at low doses (1–20 mg/kg) did not 
induce a robust anxiolytic response. Rather this periph-
eral administration of JWH015 induced an anxiogenic 
profile of response in the black-and-white test box with 
females of the C57BL/6 strain being more sensitive to 
aversions in the white chamber. In contrast, chronic treat-
ment of control mice with JWH015 induced an anxio-
lytic profile of response in comparison to the CMS ani-
mals. The locomotor activities following the acute treat-
ment with JWH015 by the female C57BL/6 mice in the 
white chamber was significantly reduced compared to 
the males without significant modification in the black 
chamber by both male and female C57BL/6 mice in com-
parison to vehicle-treated controls. However, the total 
zone entries into both chambers were significantly re-
duced with increasing dose, with the female mice being 
more susceptible to the locomotor depressant effects of 
JWH015. Using the DBA/2 strain, the spontaneous loco-
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motor activity and stereotype behavior were enhanced by 
acute administration of low doses of SR144528. The males 
were more susceptible to the enhanced locomotor behav-
ior than the female mice, except at the 20 mg/kg dose 
when the male mice were also more sensitive to the loco-
motor depressant effects of CB2 cannabinoid receptor 
antagonism. SR144528 did not induce stereotype behav-
ior in female mice at the doses used. In the two-compart-
ment black-and-white test box, treatment with SR144528 
had little or no effect on the time spent in both chambers 
by male or female DBA/2 mice except a reduced time 
spent in the white chamber by the male mice at the high-
est dose used of 20 mg/kg. The spontaneous locomotor 
activities in both chambers by both DBA/2 males and fe-
males treated with SR144528 were also not significantly 
different from vehicle-treated control mice at 20 mg/kg 
when the locomotor activity was significantly reduced in 
the white chamber in comparison to control animals. The 
transition between the chambers measured as total zone 
entries was also not significantly different from control 
mice, except at the lowest dose of 1 mg/kg of SR144528 
when the transitions between the chambers were signifi-
cantly enhanced in the male mice. We then determined 
the performance of the stressed animals in behavioral 
measures of these motor function and emotionality tests 
with and without challenge with the mixed CB1 and CB2 
agonist WIN55212–2 or JWH015, the putative CB2 can-
nabinoid receptor agonist. Stress, whether by CMS or 
prenatal exposure to capsaicin, induced gender-specific 
aversions in the elevated plus-maze test and modulation 
of spontaneous locomotor activity in mice. While the 
modulation of locomotor activity induced in mice by 
stress was enhanced, the aversions of mice to the open 
arms of the plus-maze were reduced by treatment with 
WIN55212–2 [Onaivi et al., unpubl. data]. In contrast, 
the reduced spontaneous locomotor activities of mice 
subjected to CMS for 4 weeks were enhanced by acute or 
chronic daily treatment with the putative CB2 cannabi-
noid agonist (JWH015), in comparison to control mice 
that were not stressed but treated acutely or chronically 
with JWH015. On the other hand, stress and chronic 
treatment with JWH015 appeared to reduce stereotype 
response in control and stressed mice, while acute treat-
ment significantly reduced stereotype behavior in stressed 
but not in control animals ( fig. 2 ). These effects of CB2 
cannabinoid receptor ligands in in vivo behavioral tests 
are provided as functional evidence of CB2 cannabinoid 
receptors in the brain that play a role in motor function 
and emotionality tests. The antagonism of the behavioral 
effects of the putative CB2 receptor agonist, JWH015, by 

SR144528 was not determined in this study. However, 
other studies have demonstrated the selectivity of JWH015 
on mediating its effects via CB2 receptors  [57, 58]  and the 
effect of JWH015 was completely blocked by the CB2-
specific antagonist, SR144528  [59] .

   CB2  Cannabinoid Receptor Gene Targeting by CB2 
Antisense Oligonucleotide Modifies Behavior 
 We speculated that if CB2 cannabinoid receptors are 

present in the brain, then antisense oligonucleotides 
complementary to  CB2  mRNA transcript will block 
translation of or stimulate degradation of  CB2  mRNA. It 
is therefore important to determine whether inhibition of 
 CB2  gene expression in the brain will alter behavior as 
observed with the exogenous administration of CB2 li-
gands discussed above. Although antisense technologies 
have limitations, with appropriate controls and modifica-
tions, an antisense drug for human use is available in the 
clinic  [55] . The validated plus-maze test of anxiety  [60, 
61]  was used to ascertain whether  CB2  cannabinoid tran-
scripts are functionally expressed in the brain to influ-
ence behavior. An underlying hypothesis for this test is 
the self-medication hypothesis that an affective syn-
drome, including stress associated with everyday living, 
depression and anxiety states may be associated with un-
controllable drug and alcohol dependency. Thus the plus-
maze test that has been validated for use as a model for 
assessment of anxiety was utilized in the determination 
of a functional role (if any) of CB2 cannabinoid receptors 
in the brain. The plus-maze consists of two enclosed arms 
and two open arms and the test is based on rodents’ aver-
sion to open spaces. Standard anxiolytic drugs such as 
diazepam reduce the aversions to the open arms by in-
creasing the time spent and number of entries into the 
open arms. Direct intracerebroventricular cannabinoid 
 CB2  oligonucleotide microinjection into the mouse brain 
reduced mouse aversions to the open arms, further indi-
cating the functional presence of CB2 cannabinoid recep-
tors in the brain influencing behavior. 

  Functional Presence and  CB2  Cannabinoid Gene 
Transcript Variation in Brains of Stressed Animals 
and Animals Treated with Abused Substances 
 We first determined whether  CB2  gene transcripts are 

present in the brain and then compared the expression of 
 CB2  gene transcripts between the spleen and the brain. 
This is because CB2 receptor mRNA was thought to be 
expressed primarily in immune cells but not in the brain 
and that the message was most abundant in B cells  [18–20, 
46, 62, 63] . Since CB2 receptors are intensely expressed in 
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peripheral and immune tissues, expression in brain mi-
croglia has been anticipated. We found that the expression 
of  CB2  gene transcripts was about 100 times higher in the 
spleen than in the brain of rats using RT-PCR. Therefore 
brain cells, neurons plus glial cells, express mRNA for  CB2  
gene transcripts but at lower levels than peripheral tissues 
and immune tissues. Differences in the distribution of 
mouse, rat, and human  [3, 46]  CB2 cannabinoid receptors 
have been reported, but in all cases these investigators 
could not detect CB2 receptors or their gene transcripts in 
the brain. We have previously demonstrated the differen-
tial expression of  CB1  gene transcripts in different mouse 
strains  [2, 50] . Using CB2-specific probes and primers, we 
compared the expression of  CB2  gene transcripts in three 
mouse strains, BALBc, DBA/2 and C57BL/6, for which we 
had previously reported the differential strain-specific 
brain distribution of  CB1  gene transcripts  [2] . The expres-
sion of the  CB2  gene transcripts was present but varied 
insignificantly in the whole brains of these mouse strains 
and was enhanced insignificantly by CMS ( fig. 3 ). Fur-
thermore, the expression of the  CB1  and  CB2  cannabinoid 
receptor gene transcripts was compared in different re-
gions of the mouse brain. The data obtained confirmed 
the previously known distribution patterns of  CB1  gene 
transcripts enriched in the cerebellum, hippocampus, 
striatum, thalamus, cortex, hypothalamus, brain stem, 
midbrain, and testis. The expression levels of the  CB1  gene 
as shown in a representative RT-PCR were 100 times high-
er than the  CB2  gene expression levels with reference to 
the brain stem. The spleen is known to have the most 
abundant  CB2  gene transcripts. Substantial detection of 
 CB2  gene transcripts was recorded in the stomach, brain 
stem, testis, lungs, kidney, heart, and hypothalamus. To 
further understand the physiological relevance of the ex-
pression of CB2 cannabinoid receptors and their gene 
transcripts, we examined the expression of  CB2    gene tran-
scripts in rodents treated with opioids, morphine or her-
oin, cocaine and alcohol in comparison to saline-treated 
controls. Animals treated with cocaine or heroin showed 
increased expression of  CB2  gene transcripts in compari-
son to saline-treated controls. The modification of expres-
sion of  CB2  gene transcripts is notable, indicating the 
presence of  CB2  gene transcripts in the brain that is influ-
enced by abused substances and stress.

   CB2  Cannabinoid Receptor Gene Variation in 
Depression and Substance Abuse: from Mice to 
Humans 
 Reports by our group  [4–12]  and others  [40–42]  have 

identified the functional presence of cannabinoid CB2 

receptors in neuronal and glial processes contrary to the 
view for over a decade that the CB2 cannabinoid recep-
tors were restricted to peripheral tissues and predomi-
nantly immune tissues. We also found differential modi-
fication of  CB2  gene expression in various brain regions 
of animals treated with abused substances like cocaine, 
morphine and alcohol and in those subjected to stressors, 
including CMS and prenatal capsaicin exposure  [4–12] . 
These findings are of importance as they open new areas 
in basic neuroscience research and provide new ap-
proaches for our fundamental understanding of depres-
sion and addictive disorders, for which pharmacological 
treatment has been disappointing. We have tested the hy-
pothesis that genetic variants of the  CB2  gene might have 
significant effects and be associated with depression and 
alcoholism. This hypothesis is supported by the identifi-
cation of a missense polymorphism at  CB2  cDNA posi-
tion 188–189, which results in a dinucleotide conversion 
of AA to GG and predicts a nonconservative amino acid 
substitution of glutamine by arginine at position 63 
(Q63R). This tandem polymorphism is important as it 
has the potential to change function in the mature ex-
pressed cannabinoid CB2 receptor as demonstrated in 
the immune system by an in vitro assay  [55] . In humans, 
the Q63R polymorphism has been associated with osteo-
porosis and autoimmune disorders  [45, 47] . The associa-
tion of  CB2  gene variation was probed in Japanese sub-
jects to examine the nonsynonymous polymorphism, 
Q63R, in the  CB2  gene for association with depression or 
alcoholism in the Japanese population. There was a sig-
nificant difference in allelic frequency between cases and 
controls at the Q63R polymorphism in the  CB2  gene 
[Ishiguro, unpubl. data], and a high incidence of this 
polymorphism was found in Japanese alcoholics and de-
pressed subjects. As many genetic variants play various 
roles in depression and/or substance abuse, the Q63R 
polymorphism may be a previously unknown risk factor 
in depression and/or alcoholism at least in the Japanese 
population. If this can be generalized to other ethnicities, 
then the results support the possibility of targeting the 
cannabinoid system using CB2 ligands in depression and 
drug abuse and perhaps in their comorbidity in Japanese 
or other populations. In the mouse model, the CB2 recep-
tor and transcripts were regulated insignificantly by 
chronic mild stressors. Chronic treatment with the mixed 
CB1/CB2 agonist WIN55212–2 (1.0 mg/day) or the puta-
tive CB2 agonist JWH015 (20 mg/kg) enhanced alcohol 
consumption in stressed but not in control mice. In ani-
mals that developed alcohol preference,  CB2  gene expres-
sion was downregulated in the midbrain and striatum. It 
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is therefore tempting to speculate that the reported ef-
fects of alcohol may be associated with changes in the 
cannabinoid system, with CB2 cannabinoid receptors 
playing a regulatory role.

  CB2 Receptor Immunohistochemical Localization in 
the Rat Brain and Spleen 
 Contrary to prior reports that CB2 cannabinoid re-

ceptors were not expressed in the brain, we report wide 
distribution of CB2 receptors in brain regions suggest-
ing a reevaluation of the role of CB2 cannabinoid recep-
tors in the CNS  [4–12, 37] . Other reports have appeared 
indicating the functional presence in the brain stem  [40]  
and localization in the rat cerebellum  [42]  in agreement 
with our reports  [4–12, 37] . These reports all show the 
absence of CB2 mRNA in CB2 knockout mice and the 
presence in wild-type controls. Immunoblots from 
mouse brain and spleen lysates revealed a major band of 
approximately 53 kDa, with other visible bands around 
37 kDa and 75 kDa, similar to those observed recently 
 [40] . The use of three anti-CB2 affinity-purified poly-
clonal antibodies with peptide conjugates correspond-
ing to different amino acid terminals and yielding sim-
ilar patterns of staining indicated further specificity of 
CB2 receptor localization. The different antibodies 
showed very similar staining patterns in both the rat 
spleen and cerebellum sections supporting their speci-
ficity to the CB2 receptor. Cannabinoid CB2 immuno-
staining was observed in many parts of the rat and 
mouse CNS. Most iCB2 was found in patterns consistent 
with nerve cell bodies, neuronal processes, and glial 
cells and processes. The 3rd CB2 receptor antibody was 
utilized for the CB2 knockout mice and their wild-type 
controls. This 3rd antibody appeared more specific for 
mouse CB2 receptors and has an origin different from 
the first two antibodies that were initially utilized in the 
preliminary studies. The preadsorption and coincuba-
tion of the antibody with the immunizing peptide re-
sulted in blocking CB2 staining in the rat hippocampus, 
hippocampal cell culture, HEK 293 cells transfected 
with pcDNA 3.1 CB2 and a lack of iCB2 in HEK cells 
with pcDNA 3.1 mock transfection. Using the CB2 
knockout mice, CB2 immunostaining was present in the 
spleen of wild-type but not in the spleen of CB2 knock-
out mice. CB2 immunostaining was detected in the in-
terpolar part of the spinal 5th nucleus of wild-type but 
not CB2 knockout mice. As an additional control, using 
in situ hybridization, we demonstrated that  CB2  canna-
binoid receptor mRNA was clearly expressed in the cer-
ebellum of wild-type and not in the CB2 knockout mice. 

 CB2  receptor mRNA was also absent using the sense 
controls in the wild-type mice. Antisense cRNA probe 
did not detect signals around the Purkinje cells and mo-
lecular layer in the CB2 knockout mice. However, strong 
signals were detected around the Purkinje cells and mo-
lecular layers with little or no expression in the granular 
layer of the cerebellum in the wild-type mice. Specifi-
cally these studies and our initial RT-PCR analyses of 
brain  CB2  mRNAs of naïve and drug-treated mice  [12]  
revealed brain  CB2  receptor gene transcript expression 
at levels much lower than those of the spleen further in-
dicating the presence of CB2 receptors in the brain. The 
spleen  CB2  gene expression using RT-PCR was about 140 
times higher than that in the brain.  CB2  receptor gene 
expression was also detected in the mouse striatum, 
midbrain and hippocampus at about the same expres-
sion levels. Using double-labeling sequentially, tissues 
were first labeled with the CB2 receptor antibody, fol-
lowed by a neuron marker, NSE. Confocal immunofluo-
rescence image of iCB2, NSE on neurons and overlay of 
CB2 receptor on neurons illustrate the presence of CB2 
receptors on hippocampal neurons in culture. iCB2 was 
also observed in the olfactory tubercle, islands of Calle-
ja, cerebral cortex, striatum, thalamic nuclei, hippocam-
pus, amygdala, substantia nigra, periaqueductal gray, 
paratrochlear nucleus, paralemniscal nucleus, red nu-
cleus, pontine nuclei, inferior colliculus and the parvi-
cellular portion of the medial vestibular nucleus  [37] . 
CB2-immunopositive staining was observed in the re-
gions of the cerebral cortex that were analyzed ( fig. 4 ). 
Apical dendrites of pyramidal neurons were moderately 
to heavily stained. Other less heavily stained neurons 
and many blood cells do not show immunostaining. A 
moderate to dense CB2 immunostaining was observed 
in pyramidal neurons of the hippocampal allocortex 
and some interneurons in the stratum oriens and stra-
tum radiatum ( fig. 5 ). Some glial cells also appeared to 
be immunostained for CB2 in the hippocampus ( fig. 5 ). 
Therefore, CB2 cannabinoid receptors are widely dis-
tributed in the brain areas examined.

  Ultrastructural and Subcellular Localization of CB2 
Receptors in Mouse Cortical Neurons 
 Definitive electron microscopic evidence is needed to 

precisely determine the subcellular localization of CB2 
receptors. The immunoelectron microscopy approach 
shows a high-resolution definition of cortical CB2 can-
nabinoid receptor localization at the ultrastructural level. 
Electron micrographs from different cortical areas show 
dendrites with immunostaining for CB2 receptors with 
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