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Abstract

In the brain, CB1 cannabinoid receptors primarily mediate the effects of cannabinoids, but CB2 

cannabinoid receptors (CB2Rs) have recently been discovered in the nervous system and also 

implicated in neuromodulatory roles. To understand the mechanisms of CB2R functions in the 

brain, it is essential to localize CB2Rs, but the types of cells expressing CB2Rs have been 

controversial. Unequivocal localization of CB2Rs in the brain has been impeded in part by the low 

expression levels of CB2Rs and poor specificity of detection methods. Here, we used an 

ultrasensitive and specific in situ hybridization method called the RNAscope to determine the 

spatial pattern of CB2R mRNA expression in the mouse hippocampus. CB2R mRNAs were 

mostly expressed in a subset of excitatory and inhibitory neurons in the CA1, CA3 and dentate 

gyrus areas, but rarely in microglia. CB2R knock-out mice were used as a negative control. Using 

the quantitative real-time polymerase chain reaction, we also found that the temporal pattern of 

CB2R mRNA expression was stable during postnatal development. Consistent with previous 

reports, the immunological detection of CB2Rs was not reliable, implying extremely low levels of 

the protein expression and/or insufficient specificity of the current anti-CB2R antibodies. Our 

findings of the expression patterns of CB2R mRNAs may help determine the cell types involved 

in, and hence the mechanisms of, the CB2R-mediated neuromodulation.
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 INTRODUCTION

Neuropsychiatric effects of cannabinoids are primarily mediated by CB1 cannabinoid 

receptors (CB1Rs) in the nervous system. Although early studies have reported that CB1Rs 

are expressed in the brain and CB2 cannabinoid receptors (CB2Rs) are in the immune 

system (Devane et al., 1988; Matsuda et al., 1990; Munro et al., 1993), recent evidence has 

indicated that CB2Rs might also be present in the nervous system (for review, Atwood and 

Mackie, 2010). However, the cellular location of CB2Rs in the brain is still unclear. It is 

physiologically important to determine the distribution and function of CB2Rs because 

major endocannabinoids and Δ9-tetrahydrocannabinol (the main psychoactive ingredient of 

marijuana) activate both CB1Rs and CB2Rs (Mechoulam et al., 1995; Showalter et al., 

1996; Sugiura et al., 2000).

CB2Rs in the brain are expressed in activated microglia whereas their expression is low or 

undetectable in quiescent microglia (Carlisle et al., 2002; Walter et al., 2003; Zhang et al., 

2003; Maresz et al., 2005). In contrast to the microglial expression of CB2Rs, the expression 

of CB2Rs in neurons is still controversial. Immunohistochemical studies have shown that 

CB2Rs are expressed in neurons in the hippocampus (Gong et al., 2006; Onaivi, 2006; 

Brusco et al., 2008; Onaivi et al., 2008). However, conflicting results have been reported 

concerning the location of hippocampal CB2Rs; e.g., the area of the highest CB2R 

immunoreactivity is variable—stratum pyramidale (Gong et al., 2006) or stratum radiatum 

(Brusco et al., 2008)— depending on the source of antibody. Furthermore, lack of negative 

controls using CB2R knockout (KO) mice in these studies failed to settle the controversies 

surrounding the presence of CB2Rs in neurons. Contradictory results have also been 

reported regarding whether CB2Rs are expressed in the brain stem (Derbenev et al., 2004; 

Van Sickle et al., 2005; Baek et al., 2008). In fact, skepticism about the specificity of many 

anti-CB2R antibodies has been expressed, demonstrating the current limitation in 

immunological detection of CB2Rs (Ashton, 2012; Baek et al., 2013; Cecyre et al., 2014; 

Marchalant et al., 2014).

In situ hybridization studies have shown that CB2R mRNAs are expressed in neurons in the 

cerebellum (Skaper et al., 1996), globus pallidus, cerebral cortex, hippocampus (Lanciego et 

al., 2011; Sierra et al., 2014), ventral tegmental area (Zhang et al., 2014a), nucleus 

accumbens, and dorsal striatum (Zhang et al., 2015) of rodents or macaque. Negative control 

experiments with KO mice (Zhang et al., 2014a) or sense probes (Skaper et al., 1996; 

Lanciego et al., 2011; Zhang et al., 2014a) have strengthened the evidence for neuronal 

expression of CB2R mRNAs. However, the pattern of CB2R expression, especially in the 

hippocampus, remains elusive. For instance, CB2R-expressing cells are widely scattered 

throughout the hippocampus but the types of these cells have not been identified (Lanciego 

et al., 2011). Whereas most pallidal neurons express CB2R mRNAs (Lanciego et al., 2011), 

the proportion of hippocampal neurons that express CB2R mRNAs is unclear.

CB2Rs modulate neuronal functions, such as anxiety (Garcia-Gutierrez et al., 2012), 

memory (Garcia-Gutierrez et al., 2013) and pain (Anand et al., 2009). Chronic activation of 

CB2Rs increases excitatory synaptic transmission (Kim and Li, 2015), whereas acute 

activation of CB2Rs reduces inhibitory synaptic transmission (Morgan et al., 2009) and 
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neuronal excitability (Patel et al., 2003; Sagar et al., 2005; den Boon et al., 2012; Zhang et 

al., 2014a). However, the cellular mechanisms of CB2R functions are unknown. For 

investigation of the mechanisms, it is important to determine the cellular location of CB2Rs 

in the brain because it may suggest the signaling pathways of CB2Rs. For example, if 

hippocampal CB2Rs are expressed only in interneurons as suggested (Lanciego et al., 2011), 

the effects of CB2Rs on pyramidal cells (Kim and Li, 2015) might occur via intercellular 

signaling mechanisms, but this critical matter is yet to be identified.

Here, we investigated the spatial and temporal patterns of CB2R mRNA expression in the 

hippocampus using an ultrasensitive in situ hybridization method called the RNAscope 

(Wang et al., 2012) and quantitative PCR (qPCR) with both wild type (WT) and CB2R KO 

mice.

 EXPERIMENTAL PROCEDURES

 Animals

C57BL/6J, CB2R WT and CB2R KO mice (The Jackson Laboratory) of either sex were 

used. CB2R KO mice (Jackson stock number 005786) were originally created by Deltagen 

on the background of C57BL/6J mice. We crossed homozygous KO mice (CB2R−/−) with 

C57BL/6J mice to obtain heterozygous CB2R+/− mice, and then bred the CB2R+/− mice 

with each other to generate littermates of CB2R+/+ (i.e., WT) and CB2R−/−. Animals were 

anesthetized with isoflurane vapor and decapitated. For RNAscope and 

immunohistochemistry experiments, anesthetized mice were fixed before decapitation by 

cardiac perfusion with 10% neutral buffered formalin (Thermo Scientific). All experiments 

were conducted in accordance with the animal use protocol that was approved by the 

Institutional Animal Care and Use Committee of Georgia Regents University.

 Polymerase chain reaction (PCR)

The hippocampi were isolated from C57BL/6J mice at age 1–22 weeks. The hippocampi 

from 20-week-old CB2R KO mice were also used as a negative control and the spleens, 

which express abundant CB2Rs, from 2-week-old C57BL/6J mice were used as a positive 

control. Except for 1-week-old mice, the blood of anesthetized animals was removed by 

cardiac perfusion with ice-cold phosphate-buffered saline (PBS). After decapitation, the 

hippocampi were dissected out and immediately transferred to PBS. mRNAs were isolated 

with the RNeasy Mini kit (Qiagen) and treated with RNase-Free DNase (Qiagen), and the 

purity was verified with NanoDrop 2000 Spectrophotometer (Thermo Scientific). Single 

strand cDNA was synthesized from the extracted RNA (2.5 μg) with SuperScript III First-

Strand Synthesis System (Invitrogen) and oligo-dT, and then used for PCR.

The reverse transcription PCR (RT-PCR) was performed with the synthesized cDNA (1 μ l) 

and three pairs of primers for Cnr2 (the gene for CB2Rs). The forward primers for the 

primer pairs 1, 2 and 3 were AGGACAAGGCTCCACAAGAC, 

GCACCCATGTGACTTGCAGA and ACAGAAGTGACCAACGGCTC, respectively. The 

backward primer, ATAGGTAGCGGTCAACAGCG, was common for the three pairs. The 

predicted sizes of products from the primer pairs 1, 2 and 3 were 494, 679 and 382 bp, 
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respectively. Primers for Gapdh were also used as a loading control (forward, 

TGACCACAGTCCATGCCATC; backward, GGATAGGGCCTCTCTTGCTC; product, 539 

bp). The PCR products were visualized in 1.5% agarose gels with ethidium bromide 

staining.

The qPCR was conducted with the cDNA and SsoAdvanced Universal SYBR Green 

Supermix (Bio-Rad) in triplicate using the Real-Time PCR Detection System (Bio-Rad). 

The primer pair for Cnr2 was GGGTCGACTCCAACGCTATC (forward) and 

AGGTAGGCGGGTAACACAGA (backward; product, 126 bp). Primers for Gapdh were 

used as an internal control (forward, CCGCATCTTCTTGTGCAGTG; backward, 

ATGAAGGGGTCGTTGATGGC; product, 149 bp). Each experiment included a template-

free control. The PCR products were analyzed by the DNA melting curve. The relative 

quantities of Cnr2 PCR products were estimated with respect to the amount of Gapdh 
product using the ΔCt method: %GAPDH = (2Ct of Gapdh – Ct of Cnr2) × 100.

We genotyped mice using the REDExtract-N-Amp Tissue PCR Kit (Sigma-Aldrich) and the 

following primers: GGGGATCGATCCGTCCTGTAAGTCT, 

GACTAGAGCTTTGTAGGTAGGCGGG and GGAGTTCAACCCCATGAAGGAGTAC.

 RNAscope in situ hybridization and co-immunohistochemistry

CB2R WT and KO mice at age 4 months were used. Formalin-perfused, isolated hippocampi 

were further stored in 10% neutral buffered formalin for 16–32 h at 23°C. In each session of 

RNAscope hybridization, slices from CB2R WT and KO mice were processed 

simultaneously. Fixed hippocampi were dehydrated in ethanol, embedded in paraffin and cut 

into 5-μm-thick slices. The slices on Superfrost Plus slides (Fisher Scientific) were baked in 

a dry oven for 1 h at 60°C and then deparaffinized with xylene (twice, 5 min each) and 

ethanol (twice, 1 min each). RNAscope hybridization was performed with the RNAscope 2.0 

HD Detection Kit (Advanced Cell Diagnosis). The tissue sections were treated with 

pretreatment solutions of proprietary compositions (Advanced Cell Diagnosis): Pretreatment 

Solution #1 for 10 min at 23°C, Pretreatment Solution #2 for 15 min at 100–104°C, and 

Pretreatment Solution #3 (protease digestion) for 15 min at 40°C. The slices were incubated 

with a custom synthesized CB2R RNAscope probe (Advanced Cell Diagnostics) for 2 h at 

40°C, followed by amplifying hybridization processes. The CB2R RNAscope probe targeted 

the base pairs 338–672 of the CB2R mRNA NM009924.3. The sliceswere stainedwith 4',6-

diamidino-2-phenylindole (DAPI) (1 μg/ml in PBS) for 10 min at 23°C and then mounted 

with the EcoMount mounting medium (Biocare Medical).

A subset of slices were co-immunostained with one of the primary antibodies against 

neurogranin (Millipore, AB5620), GAD67 (Millipore, MAB5406) or Iba1 (Wako, 

019-19741). Between the RNAscope hybridization and DAPI staining, slices were washed 

with PBS containing 0.1% Triton X-100 (referred to as PBST) (twice, 5 min each) and then 

blocked by 4% normal goat serum in PBST for 1 h at 23°C. The primary antibodies were 

diluted at 1:300 in PBST containing 4% normal goat serum. After incubation with a primary 

antibody (15–17 h at 4°C), the slices were washed with PBST and incubated with a 

secondary antibody—goat anti-rabbit or anti-mouse IgG conjugated with DyLight488 

(Thermo Scientific)—for 2 h at 23°C. The secondary antibodies were diluted at 1:300 in 
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PBST. After being washed with PBST, the slices were mounted with ProLong Diamond 

Antifade Mountant with DAPI (Life Technologies).

 Western blotting and immunohistochemistry with anti-CB2R antibodies

For Western blotting, the hippocampi were isolated from C57BL/6J and CB2R KO mice 

aged 4 months and then transferred to an ice-cold radioimmunoprecipitation assay buffer 

(Thermo Scientific), which was supplemented with a protease inhibitor cocktail (Sigma–

Aldrich) and a phosphatase inhibitor cocktail (Thermo Scientific). The tissue was 

homogenized by sonication with two 10-s pulses (one pulse every min) at 4 °C. The 

homogenates were centrifuged at 10,000×g for 10 min at 4 °C. The supernatants were 

collected and incubated in a sample buffer (200 mM Tris at pH 6.8, 5% sodium dodecyl 

sulfate (SDS), 0.1 mM EDTA, 8 M urea, 100 mM dithiothreitol, 0.1% bromophenol blue 

and 30% glycerol) for 10 min at 37 °C. Protein samples were run on a 10% polyacrylamide 

gel (Bio-Rad) and then transferred onto polyvinylidene difluoride membranes (Thermo 

Scientific). After a brief wash with tris-buffered saline containing 0.1% Tween 20 (referred 

to as TBST), the membranes were blocked for 1 h at 23 °C in a TBST blocking solution 

(TBST + 5% bovine serum albumin), and then incubated with an anti-CB2R antibody 

(1:1000) for 15–17 h at 4 °C. The anti-CB2R antibodies were obtained from Alpha 

Diagnostic International (CB22A), Thermo Scientific (PA1746A), Santa Cruz 

Biotechnology (sc10076 and sc25494), Abcam (ab45942 and ab3651), Alomone Labs 

(ACR003), Cayman Chemical (101550) and R&D Systems (MAB3655). An anti-CB1R 

antibody was from Cayman (101500). The membranes were incubated with horseradish 

peroxide-conjugated anti-IgG (1:10,000; Bio-Rad) for 1 h at 23 °C. Bands were visualized 

with a chemiluminescence detection solution (Thermo Scientific). The membranes were 

stripped in a stripping buffer (three times, 5 min each; 23 °C), which contained 50 mM 

glycine and 0.1% SDS (pH 2.0–2.5 with HCl), and then re-probed with an antibody against 

β-tubulin (1:10,000; Thermo Scientific) for 1 h at 23 °C.

For immunohistochemistry with anti-CB2R antibodies, 5-μm thick hippocampal slices were 

prepared as described earlier for the RNAscope method. Deparaffinized sections were 

treated with ethanol (100%, 95%, and then 80%) and hydrated with deionized water. 

Sections were boiled (95–100°C) in sodium citrate buffer (10 mM sodium citrate, 0.05% 

Tween 20, pH 6.0) for 20 min and then cooled for 20 min. After blocking with 4% normal 

serum (goat or rabbit; Thermo Scientific) in PBST for 1 h at 23°C, the sections were 

incubated with one of the following anti-CB2R antibodies (1:300) for 15–17 h at 4°C: Alpha 

Diagnostic International CB22A (host, rat), Cayman 101550 (rabbit), Abcam ab3651 

(rabbit), and Santa Cruz sc10076 (goat). The following secondary antibodies (1:300) were 

used for 2 h at 23°C: goat anti-rat IgG, goat anti-rabbit IgG, or rabbit anti-goat IgG 

conjugated with DyLight488 (Thermo Scientific). The slices were mounted with ProLong 

Diamond Antifade Mountant with DAPI (Life Technologies).

 Confocal imaging

Fluorescent signals of RNAscope hybridization and immunohistochemistry were imaged 

with a 40× objective lens on a laser-scanning confocal microscope (Zeiss LSM700 or 

LSM780). In each imaging session, we imaged both CB2R WT and KO slices that were 
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processed simultaneously in the same experiment of hybridization or immunostaining. The 

microscope settings (e.g., gain, offset and resolution) were fixed in a given imaging session. 

We analyzed images in the ImageJ software (NIH, Bethesda, MD) using the maximum 

projection of all optical sections.

 Hippocampal slice culture

The hippocampi were isolated from 1-week-old C57BL/6J mice and sliced at 400 μm 

thickness with a vibrating slicer (Leica VT1200S) in ice-cold slicing saline, which consisted 

of 113 mM NaCl, 2.5 mM KCl, 40 mM NaHCO3, 1 mM NaH2PO4, 0.5 mM CaCl2, 5 mM 

MgSO4, 10 mM glucose and 0.5 mM ascorbic acid (300 mOsm; bubbled with 95% O2 and 

5% CO2). The slices were placed on culture membranes (Millipore) at the interface of the 

culture medium and air (with 5% CO2) at 37°C. The medium was exchanged every 2–3 d 

and composed of 50% Minimum Essential Media (Life Technologies, 11090-081), 25% 

Hank’s Balanced Salt Solution (Life Technologies, 24020-117), 25% horse serum 

(HyClone), 2 mM L-glutamine, 10 mM HEPES and additional 5 mM glucose. After being 

cultured for 20 days, slices (8 slices per mouse) were transferred to PBS for mRNA 

extraction.

 Statistics

Comparisons among multiple groups were made with one-way ANOVA. If ANOVA 

revealed a significant difference (P < 0.05) among the groups, pairwise comparisons 

(Bonferroni t-tests) were designed to be performed with a two-tailed confidence level of P < 

0.05. Comparisons between two groups were made with Student’s t-tests with a two-tailed 

confidence level of P < 0.05.

 RESULTS

 The amount of hippocampal CB2R mRNAs is stable during postnatal development

We first examined whether CB2R mRNAs are expressed in the mouse hippocampus using 

RT-PCR. Two pairs of primers were designed to detect two splicing variants, which have 

been named CB2R-A (NM_009924.3) and CB2R-B (XM_006538515.1) (Liu et al., 2009) 

(Fig. 1A). A third primer pair targeted the exon that is common for both transcripts (Fig. 

1A). The RT-PCR results indicated that CB2R mRNAs were expressed in the hippocampus 

of mice at 1–22 weeks of age (Fig. 1A). The data also showed that the mRNA levels of 

CB2R-B in the hippocampus were almost undetectable (Fig. 1A), in accord with the results 

from other brain areas such as the prefrontal cortex, striatum and brain stem (Liu et al., 

2009).

We used qPCR to quantify the relative amount of CB2R mRNAs at various ages. The 

primers were designed to detect the common axon (i.e., exon 3). Levels of CB2R mRNAs in 

the hippocampus of 1- to 22-week-old mice varied within the range from 0.0034 ± 0.0005% 

(n = 3 mice at age 7 weeks) to 0.0047 ± 0.0010% (n = 10 mice at age 1–2 weeks) of the 

amount of GAPDH mRNA (Fig. 1B). The CB2R mRNA amounts at age 4–5 and 22 weeks 

were 0.0035 ± 0.0006% (n = 8) and 0.0038 ± 0.0008% (n = 3) of the GAPDH mRNA 

amount, respectively. There was no significant difference among the mRNA levels within 1–
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22 weeks of age (P = 0.73, ANOVA). CB2R mRNAs in the hippocampus of CB2R KO mice 

were also quantified with the same primers, but no signal was detected in the qPCR assay 

(data not shown). This result suggests that Cnr2 in the mouse hippocampus is expressed 

without significant temporal variation from age 1 week to adulthood.

Cultured or ex vivo systems have been used for functional assays of CB2Rs (Skaper et al., 

1996; Zhang et al., 2014a; Kim and Li, 2015), but it is unknown whether the CB2R 

expression levels in these systems recapitulate those in fresh tissue. For example, culture 

processes activate microglia (Becher and Antel, 1996) and thus induce their CB2R 

expression (Carlisle et al., 2002). We examined changes in CB2R mRNA levels in slice 

cultures of the mouse hippocampus using qPCR. The amount of CB2R mRNAs in cultured 

slices was 0.012 ± 0.002% of the amount of GAPDH mRNAs (n = 3 mice; Fig. 1C). This 

value was 3.5 times higher than the CB2R mRNA levels in the freshly isolated hippocampus 

of 4- to 7-week-old adolescent mice (0.0035 ± 0.0005% of GAPDH mRNA; n = 11 from 

Fig. 1B; P = 0.00003, t-test). This result raises a possibility that the expression and/or 

function of CB2Rs could be overestimated in cultured systems.

 RNAscope in situ hybridization specifically detects CB2R mRNAs in the hippocampus

Next, we examined the spatial pattern of CB2R mRNA distribution in the mouse 

hippocampus. The traditional in situ hybridization method generated both negative (Munro 

et al., 1993; Howlett et al., 2002) and positive (Lanciego et al., 2011) results about 

hippocampal CB2R mRNAs. Therefore, we used an ultrasensitive in situ hybridization 

method called the RNAscope (Wang et al., 2012). As a first step, we needed to validate our 

method of RNAscope hybridization using control probes. Positive and negative control 

probes were designed to detect the mouse housekeeping gene Ppib and the bacterial gene 

DapB, respectively (Wang et al., 2012). The positive control probe produced strong 

fluorescent signals in the hippocampus of CB2R WT mice (Fig. 2A–B), whereas the 

negative control probe generated no fluorescence (Fig. 2C–D). The positive control signals 

overlapped or were in close proximity to DAPI staining, implying that the Ppib mRNAs are 

present in the nuclei and cytoplasm, which are the locations of transcription and translation, 

respectively. This result is consistent with the previous report (Wang et al., 2012), in which 

the same probes were used, and thus suggests that our hybridization was successfully carried 

out.

We then examined the distribution of CB2R mRNAs using a custom made RNAscope probe 

targeting the sequences deleted in the CB2R KO mice that we used—base numbers 122– 

456 in the common axon 3. CB2R mRNAs were observed in strata pyramidale and radiatum 

in the CA1 and CA3 regions, and strata granulosum and moleculare and hilus in the dentate 

gyrus (Fig. 3A–C). Similar hybridization patterns were observed in a total of 11 WT slices. 

Because the expression pattern of CB2R mRNAs in the CA3 area (Fig. 3B) resembled that 

in the CA1 region, further experiments were focused on the CA1 area and dentate gyrus. 

The punctate pattern of fluorescence in the RNAscope hybridization is typically observed 

for mRNAs of low expression levels (Wang et al., 2012), and therefore, our data suggest that 

the expression level of CB2R mRNAs might be low. The fluorescent puncta of CB2R 

mRNAs were localized near or together with DAPI staining, implying that most CB2R 
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mRNAs were located in the somata, i.e., at the location of either transcription or translation, 

as observed with typical mRNAs in other in situ hybridization experiments including the 

RNAscope (Wang et al., 2012; McIsaac et al., 2013). It appeared that CB2R mRNAs were 

expressed only in a subset of cells because only part of DAPI signals were associated with 

CB2R mRNAs (Fig. 3A–C). In a total of 11 slices from CB2R KO mice, the CB2R 

RNAscope probe generated little fluorescent signal (Fig. 3D–E), suggesting that our 

detection method was specific for CB2R mRNAs.

 CB2R mRNAs are expressed in glutamatergic neurons

Because CB2R mRNAs were located in multiple layers of the hippocampus (Fig. 3), the 

types of cells expressing CB2R mRNAs needed to be determined by co-

immunohistochemistry with an antibody against a cell marker. We first used an anti-

neurogranin antibody to label glutamatergic neurons along with the RNAscope in situ 

hybridization. In CA1 stratum pyramidale, most cell bodies were strongly labeled by an anti-

neurogranin antibody and CB2R mRNAs were localized in neurogranin-expressing cells 

(Fig. 4A), suggesting that CB2R mRNAs were expressed in pyramidal neurons. In CA1 

stratum radiatum, CB2R mRNAs were also observed in neurogranin-negative cells (Fig. 

4A), indicating that non-pyramidal cells, perhaps interneurons and/or glia, might also 

express CB2R mRNAs. In the dentate gyrus, CB2R mRNAs were expressed in both 

neurogranin-positive granule cells and neurogranin-negative cells in hilus and stratum 

moleculare (Fig. 4B).

It was not possible to distinguish individual cells only with DAPI staining (Fig. 3) because 

the staining did not reveal clear margins of nuclei in strata pyramidale and granulosum. 

However, the immunostaining against neurogranin enabled us to discern and thus count 

individual cells (Fig. 4). We counted the cells in strata pyramidale and granulosum based on 

the DAPI signal surrounded by neurogranin and also the cells in other layers based on the 

DAPI signal alone. In the CA1 area, 16% of neurogranin-positive cells (52/319 cells in 6 

slices) and 19% of neurogranin-negative cells (27/144 cells in 6 slices) expressed CB2R 

mRNAs. In the dentate gyrus, 15% of neurogranin-positive cells (89/579 cells in 6 slices) 

and 23% of neurogranin-negative cells (45/195 cells in 6 slices) expressed CB2R mRNAs. 

These results demonstrate that approximately 20% of cells—either glutamatergic or non-

glutamatergic—in the CA1 area and dentate gyrus expressed CB2R mRNAs.

 CB2R mRNAs are also expressed in interneurons

Glutamatergic neurons, GABAergic neurons and microglia are the cell types known to 

express CB2Rs in the brain (for reviews, Stella, 2004; Atwood and Mackie, 2010). First, to 

determine whether CB2R-positive cells in CA1 stratum radiatum are interneurons, we 

immunostained hippocampal slices against GAD67 and also hybridized with the RNAscope 

probe. GAD67 was detected in the strata pyramidale and radiatum (Fig. 5A), as expected 

from its known localization in somata and axon terminals (Pinal and Tobin, 1998; Chen et 

al., 2011). In CA1 stratum radiatum, the DAPI signals that were positive for or close to (≤5 

μm) CB2R mRNAs overlapped or were surrounded by GAD67 immunoreactivity (Fig. 5A). 

In the stratum moleculare and hilus in the dentate gyrus, the expression pattern was also 

similar; the DAPI signals associated with CB2R mRNAs were colocalized with GAD67 
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(Fig. 5B). These results, consistent in a total of 7 slices, suggest that the CB2R-expressing 

non-glutamatergic cells in the CA1 area and dentate gyrus are likely to be GABAergic 

interneurons.

We examined whether CB2R mRNAs were also expressed in microglia by co-

immunostaining against Iba1. Immunoreactivity of Iba1 was observed in the stratum 

radiatum in the CA1 area and stratum moleculare and hilus in the dentate gyrus, but these 

Iba1-expressing cells lacked CB2R mRNAs when determined by the RNAscope (Fig. 6A–

B). The similar patterns of staining were observed in 8 slices. This result indicates that 

CB2R mRNAs might not be expressed in microglia in the hippocampus or, if expressed, 

their levels could be extremely low and thus below the detection threshold of our assay. In 

CB2R KO mice, CB2R mRNAs were not detected when hippocampal slices were co-

immunostained against Iba1 (Fig. 6C), indicating that the specificity of the RNAscope 

hybridization was still maintained when the sections were processed for both hybridization 

and immunohistochemistry. It should be emphasized here that we deliberately made 

hippocampal sections from the normal (i.e., healthy) brain because the expression of 

microglial CB2Rs can be induced under pathological conditions but is very low in resting 

tissues (Carlisle et al., 2002; Walter et al., 2003; Zhang et al., 2003; Maresz et al., 2005).

 Antibody-based detection of CB2Rs is currently unreliable

An important issue to be determined is the expression pattern of CB2R proteins in the 

hippocampus. This characterization requires a specific anti-CB2R antibody. Although anti-

CB2R antibodies have been successfully (i.e., with KO controls) used to detect CB2Rs in 

some studies (Van Sickle et al., 2005; Zhang et al., 2014a), other reports have demonstrated 

that the specificity of many anti-CB2R antibodies is not reliable at least in some types of 

tissues (Ashton, 2012; Baek et al., 2013; Cecyre et al., 2014; Marchalant et al., 2014). Thus, 

we first tested the specificity of anti-CB2R antibodies obtained from major commercial 

vendors using hippocampal samples. In Western blots of proteins extracted from the mouse 

hippocampus, 5 out of 9 antibodies showed a band or bands near 38 kD, which was 

estimated from the amino acid sequence of the mouse CB2R, but these bands also appeared 

in the protein samples from CB2R KO mice (Fig. 7A). The blots with 4 other antibodies also 

showed close similarities between C57BL/6J and CB2R KO mice (Fig. 7A). This result 

implies that the antibodies we used might not be very specific for CB2Rs. Because G 

protein-coupled receptors (GPCRs) may form homodimers with each other (Wager-Miller et 

al., 2002) and CB2Rs can dimerize with GPR55 (38 kD) (Balenga et al., 2014), it is possible 

that dimerized CB2Rs in immunoblots might be detected near 76 kD. However, the bands of 

this size were also similarly visible in both C57BL/6J and CB2R KO samples (Fig. 7A), 

suggesting again the poor specificity of these antibodies for CB2Rs. We verified whether we 

could effectively isolate membrane-bound GPCRs using CB1Rs as a control for GPCR 

isolation. An immunoblot with an anti-CB1R antibody displayed strong bands at ~60 and 

120 kD (Fig. 7A), which corresponded to monomers and homodimers of CB1Rs, 

respectively (Wager-Miller et al., 2002), implying that GPCRs might be successfully isolated 

under our conditions. Our data are in agreement with the previous reports of the low 

specificity of anti-CB2R antibodies currently available from major vendors (Ashton, 2012; 

Baek et al., 2013; Cecyre et al., 2014; Marchalant et al., 2014).
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Because of the differences in protein denaturation, non-specific epitopes in Western blots 

might be masked in tissue sections used for immunohistochemistry (Ashton et al., 2014), as 

observed in the retina (Cecyre et al., 2014). We performed immunohistochemistry to test 

whether anti-CB2R antibodies could specifically detect CB2Rs in tissue sections. Four anti-

CB2R antibodies were selected based on the reported success in immunohistochemistry 

(Cayman 101550 and Alpha Diagnostic International CB22A) (Van Sickle et al., 2005; 

Gong et al., 2006; Cecyre et al., 2014), the species of epitope (mouse; Santa Cruz sc10076), 

and the small number of bands in Western blots (Abcam ab3651). However, none of these 

antibodies showed distinct differences in staining patterns between WT and CB2R KO 

tissues (Fig. 7B). This result suggests that our immunohistochemical method has a limitation 

in specific detection of CB2Rs, in accord with other immunohistochemical studies that also 

used KO controls (Ashton, 2012; Baek et al., 2013).

 DISCUSSION

We demonstrate that, in the mouse hippocampus, CB2R mRNAs are expressed in 

glutamatergic and GABAergic neurons, and the levels of CB2R mRNAs remain stable from 

the age of 1 week to adulthood. CB2R mRNAs were not detected in microglia, which can 

express CB2Rs after injury, perhaps because healthy animals were used in our experiments. 

Although CB2Rs have been found in the brain, controversies surrounding what types of cells 

express CB2Rs have not been settled in part because 1) negative control data from CB2R 

KO tissues were not included in most CB2R detection studies except for limited cases (e.g., 

Van Sickle et al., 2005; Zhang et al., 2014a), and 2) the levels of CB2R expression in the 

healthy brain are low. We determined the location of CB2R mRNAs by using a very 

sensitive in situ hybridization method called the RNAscope with a probe that targeted the 

deleted region of Cnr2 in CB2R KO mice. Validation with KO controls ensured the 

specificity of our assay.

The RNAscope method has been used to probe CB2R mRNAs in the ventral tegmental area, 

but did not show any difference between WT and KO samples in contrast to a successful 

result from the traditional in situ hybridization method in the same study (Zhang et al., 

2014a). This discrepancy might be because the RNAscope assay was not optimized and/or 

fragmented CB2R mRNAs were still expressed in the CB2R KO mouse strain used in the 

previous study. In our experience, the RNAscope method is a very delicate procedure and 

requires rigorous optimization. For instance, background fluorescence and false positive 

signals could be successfully reduced by adjusting various conditions such as the type of 

fixative, reagents of embedding and de-embedding, thickness of slices, and duration of each 

pre-treatment. To use CB2R KO mice as a negative control, we derived the sequence of our 

RNAscope probe from the deleted sequence in CB2R KO mice. Our design of the probe 

enabled us to ensure the detection specificity, and might have caused the difference between 

the previously reported RNAscope result (Zhang et al., 2014a) and ours. The puncta of 

RNAscope signal in our data were in close proximity to or colocalized with DAPI staining. 

This staining pattern is consistent with the idea that mRNAs are present at the site of 

transcription (i.e., nucleus) or exported to the cytoplasm for translation, and also in accord 

with other in situ hybridization results (Wang et al., 2012; McIsaac et al., 2013). Although 

there is a concern that the RNAscope probe might have detected genomic DNA instead of 
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mRNA, such a possibility appears to be low because our hybridization protocol was not 

likely to denature double-stranded chromosomal DNA. Indeed, modifications of the 

hybridization protocol are required for detection of chromosomal DNA using an RNAscope 

probe (Wang et al., 2012), but we did not employ the DNA denaturation protocol. In 

addition, if our RNAscope probe had bound to DNA, most cells would have been positive 

for the RNAscope signal and the fluorescent puncta would have appeared in pairs in each 

nucleus (Wang et al., 2012). Because our results showed that only ~20% of the cells were 

positive for the RNAscope signal and most RNAscope-positive cells had a single fluorescent 

dot per cell, the RNAscope signal is unlikely to be from DNA.

Whether the low levels of CB2R mRNAs are translated into functional CB2R proteins in the 

brain remains unanswered, but genetic and pharmacological studies implicate CB2Rs in 

neurophysiological effects. The deletion of CB2Rs in mice induces schizophrenia-like 

symptoms, such as impairment in sensory-motor gating, an increase in depressive behavior, 

and a deficit in long-term, passive avoidance memory (Ortega-Alvaro et al., 2011; Garcia-

Gutierrez et al., 2013). In humans, the polymorphism of CNR2 is related to schizophrenia 

(Ishiguro et al., 2010; Tong et al., 2013), depression (Onaivi et al., 2008) and bipolar 

disorder (Minocci et al., 2011). Activation of CB2Rs reduces pain (for review, Anand et al., 

2009) (but also see Brownjohn and Ashton, 2012), impulsive behaviors (Navarrete et al., 

2012) and locomotor activity (Valenzano et al., 2005; Onaivi et al., 2008; Xi et al., 2011) of 

rodents, and also vomiting of ferrets (Van Sickle et al., 2005). Chronic activation or 

blockade of CB2Rs in rodents increases or decreases, respectively, anxiety (Garcia-Gutierrez 

et al., 2012). Activation of CB2Rs decreases the excitability of cortical pyramidal neurons 

(den Boon et al., 2012) and dopaminergic neurons in the ventral tegmental area (Zhang et 

al., 2014a). CB2Rs also modulate excitatory and inhibitory synaptic transmission (Morgan et 

al., 2009; Ando et al., 2012; Kim and Li, 2015). Although global knockout of CB2Rs in 

mice could not determine the role of CB2Rs located specifically in the brain, 

pharmacological studies indicate that activation of CB2Rs in certain brain areas in vivo (Xi 

et al., 2011) or in vitro (Morgan et al., 2009; Ando et al., 2012; den Boon et al., 2012; Zhang 

et al., 2014a; Kim and Li, 2015) modulates neuronal activity, raising the possibility that 

functional CB2Rs might be present in the brain. This possibility can be further tested in 

future studies by the development of conditional KO mice, in which CB2Rs are deleted only 

in a specific types of cells, e.g., excitatory or inhibitory neurons, in a certain area of the 

brain.

Long-term activation of CB2Rs in the hippocampus increases spine density and excitatory 

synaptic transmission in CA1 pyramidal cells (Kim and Li, 2015), but the mechanisms of 

these effects are unclear. If stimulation of CB2Rs increases spine density in a cell-

autonomous manner, only the cells that express CB2Rs should display an increase in 

synaptic density. However, it remains puzzling that only 20% of CB2R-positive neurons (as 

estimated from Fig. 4) contributed to such significant increases in spine density and 

glutamatergic transmission. Another possibility is that the activation of CB2Rs in a subset of 

neurons might induce broader changes in neuronal activity, and then this change in network 

activity might result in the enhancement of spine density in a large population of neurons. In 

this network activity scenario, delayed induction of homeostatic plasticity could play a role 

in altering synaptic transmission. If so, the time course of CB2R effects needs to be 
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characterized in more detail for both excitatory and inhibitory synaptic transmission. 

Regarding the cell types and hippocampal sub-regions, there are many important questions 

unanswered. For example, it needs to be studied whether CB2Rs in both glutamatergic and 

GABAergic neurons are all involved in increases in excitatory transmission; whether CB2R-

expressing interneurons represent a certain type of interneurons; and whether CB2Rs in the 

dentate gyrus play similar roles to those in the CA1 region.

The limitation of our study is that the distribution of CB2R proteins could not be 

determined. Therefore, the present data show which types of cells express CB2R mRNAs, 

but do not provide information about the relative levels of CB2R expression among cell 

types or subcellular compartments. Immunological electronmicrographs indicate that CB2Rs 

are expressed in both cell bodies and dendrites of hippocampal neurons (Brusco et al., 

2008), but the relative levels of expression in these compartments are still vague; the 

expression appears to be the highest in the stratum radiatum (i.e., dendrites) in one report 

(Brusco et al., 2008), but in the stratum pyramidale (i.e., pyramidal cell bodies or basket cell 

terminals) in another (Gong et al., 2006). Given that these results have not been validated 

with KO controls, one of the reasons for this discrepancy might be attributed to the low 

specificity of anti-CB2R antibodies. Unequivocal determination of the subcellular location 

of CB2R proteins would be possible with a new, specific detection method. Most of the 

CB2R mRNA signals in our data were colocalized with or near DAPI staining, but a small 

proportion (<10%) of CB2R mRNA signals were observed without adjacent DAPI signals 

(i.e., >5 μm from DAPI) in the strata radiatum and moleculare. Examples of such CB2R 

mRNAs are found in Figs. 5A (left image) and 6A (left image). This result raises the 

possibility that a small population of CB2R mRNAs could be located outside the somata. It 

needs to be further determined whether CB2R mRNAs are translocated to the dendrites for 

local translation into CB2R proteins.

We estimated that about 20% of hippocampal cells—excitatory and inhibitory neurons— 

express CB2R mRNAs (Fig. 4). In the dorsal motor nucleus of the rat vagus, a majority of 

neurons are positive for CB2R immunostaining (Van Sickle et al., 2005). In situ 

hybridization studies indicate that most cells express CB2R mRNAs in the ventral tegmental 

area, prefrontal cortex, nucleus accumbens, and dorsal striatum in rodents (Zhang et al., 

2014a; Zhang et al., 2015) and the cerebral cortex and globus pallidus in macaque (Lanciego 

et al., 2011). Such widespread expression of CB2Rs in these regions clearly contrasts our 

observation of the sparse expression in the hippocampus. Expression of CB2R mRNAs in a 

limited number of cells throughout the macaque hippocampus has also been reported 

(Lanciego et al., 2011), but because cell types were not determined, it has been uncertain 

whether most interneurons express CB2Rs or only part of excitatory and inhibitory neurons 

do. Our study reveals that the latter is the case. The RNAscope method is sensitive enough to 

detect a single mRNA molecule (Wang et al., 2012). However, it cannot be ruled out that the 

sparse expression of CB2R mRNAs in our study might have resulted, in part, from 

underestimation of the proportion of CB2R-positive cells, some of which might express 

CB2R mRNAs at extremely low levels, below the detection threshold of our method.

The components of the endocannabinoid system—cannabinoid receptors, endocannabinoids, 

endocannabinoid degradation enzymes and endocannabinoid synthases—may undergo 
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developmental changes in their expression and/or function (Fernandez-Ruiz et al., 2000). 

Postnatal expression of CB1Rs, for example, increases in the cerebellum and decreases in 

the cerebral cortex and hippocampus with age (Fernandez-Ruiz et al., 2000). In contrast, the 

expression of Cnr2 in the mouse hippocampus does not significantly vary with age until 

adulthood in our study (Fig. 1B). This result from mice is in accord with the stable 

developmental pattern of CNR2 expression in the postmortem prefrontal cortex of humans 

(Choi et al., 2012). However, it still needs to be determined whether the expression of 

CB2Rs in individual cell types is also constant during postnatal development. Because the 

mRNAs in our qPCR experiment were pooled from the entire hippocampus, it cannot be 

ruled out that CB2R expression in certain populations of cells might change during postnatal 

development while changes in CB2Rs in other types of cells counterbalance it. RNA 

sequencing data from 7-day old mice indicate that, in the cerebral cortex, CB2R mRNAs are 

expressed mostly in microglia but very little in neurons and astrocytes (Zhang et al., 2014b). 

In contrast, in situ hybridization experiments with the cerebral cortex from older animals 

demonstrate widespread expression of CB2R mRNAs including strong expression in 

neurons (Lanciego et al., 2011; Zhang et al., 2015). Whether the age of animals contributed 

to this difference remains to be resolved.

Our data also show that the expression of CB2R mRNAs is increased in cultured slices (Fig. 

1C). Given that the expression of CB2Rs in microglia can be induced by injury (Carlisle et 

al., 2002; Walter et al., 2003; Zhang et al., 2003; Maresz et al., 2005), it is possible that 

culture procedures may insult cells and thus stimulate CB2R expression in slice cultures. A 

culture-induced increase in CB2R expression might have contributed, in part, to the more 

pronounced effects of a CB2R agonist on the excitability of cultured dopaminergic neurons 

than those in vivo (Zhang et al., 2014a). In spite of such a quantitative difference, cultured 

and non-cultured neurons respond to CB2R activation in a qualitatively similar way (Zhang 

et al., 2014a; Kim and Li, 2015). These similarities might be because 1) the culture-induced 

increases in CB2R expression is only mild (e.g., about a 3.5 fold; Fig. 1C) and/or 2) the 

CB2R-mediated neuromodulation might not involve microglial CB2Rs. Our data suggest 

that CB2R-related data from cultures or insulted preparation such as synaptosomes (Ando et 

al., 2012) should be interpreted with caution to avoid potential exaggeration of CB2R 

functions. It will be an important task to determine whether the increase in CB2R mRNA 

expression in cultured slices occurred in microglia or neurons.

As reported (Baek et al., 2013; Cecyre et al., 2014; Marchalant et al., 2014), our validation 

of anti-CB2R antibodies also failed. Most antibodies we used displayed multiple bands in 

Western blots and all the bands at any molecular weight similarly appeared in both 

C57BL/6J and CB2R KO mouse samples. Eight out of nine antibodies were produced using 

rat or human epitopes that displayed 64–95% sequence homology with the mouse sequences 

and one was produced using a mouse epitope (Fig. 7A). However, the antibody specificity, 

judged from the KO control, was not dependent on the degree of sequence homology. In the 

CB2R KO mice that we used, 112 N-terminal amino acids (from 26th to 137th) were 

deleted, but the location of epitope does not appear to affect the antibody specificity because 

the epitopes of our antibodies were from various locations, e.g., N- and C-termini, as well as 

the whole sequence.

Li and Kim Page 13

Neuroscience. Author manuscript; available in PMC 2016 December 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Major endocannabinoids, e.g., 2-arachidonoylglycerol and anandamide, can activate both 

CB1Rs and CB2Rs with a 3–4 fold higher affinity for CB1R than for CB2R (Han et al., 

2013). Δ9-tetrahydrocannabinol can also bind to CB1R and CB2R with the same affinity 

(Han et al., 2013). Therefore, it is conceivable that changes in endocannabinoid levels or 

consumption of marijuana might induce CB2R-mediated responses. Although the 

investigation on cannabinoid effects has been focused on CB1Rs, the roles of cannabinoids 

can be more completely understood with further characterization of the function, cellular 

and subcellular location, and developmental profiles of CB2Rs. Our present study may 

provide insights into these future studies.

 CONCLUSIONS

The effects of cannabinoids in the brain are mostly mediated by CB1Rs, but the recent 

discoveries of CB2Rs in the nervous system also implicate CB2Rs in neuropsychological 

effects of cannabinoids. To understand the cellular mechanisms of CB2R functions in the 

brain, it is essential to determine the types of cells expressing CB2Rs. Our data indicate that, 

in the mouse hippocampus, CB2R mRNAs are primarily expressed in a subset of excitatory 

and inhibitory neurons. The amount of CB2R mRNAs in the mouse hippocampus is stable 

during postnatal development, from age 1 week to adulthood. The expression of CB2R 

mRNAs is elevated in cultured hippocampal slices compared with the freshly isolated 

hippocampus, raising a possibility of potential overestimation of CB2R expression and/or 

function in a cultured system. Localization of CB2R expression might help determine the 

mechanisms of CB2R action, such as intra- and/or interneuronal signaling cascades.
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 ABBREVIATIONS

CB1R CB1 cannabinoid receptor

CB2R CB2 cannabinoid receptor

DAPI 4',6-diamidino-2-phenylindole

EDTA ethylenediaminetetraacetic acid

GABA γ-aminobutyric acid

GPCR G protein-coupled receptor

KO knock-out

PBS phosphate-buffered saline

PBST PBS with triton X-100

PCR polymerase chain reaction
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qPCR quantitative PCR

RT-PCR reverse transcription PCR

SDS sodium dodecyl sulfate

TBST tris-buffered saline with tween 20

WT wild type
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HIGHLIGHTS

• Hippocampal excitatory and inhibitory neurons in mice express CB2 

receptor mRNAs.

• Only a subset of hippocampal neurons express CB2 cannabinoid receptor 

mRNAs.

• Levels of hippocampal CB2 receptor mRNAs are stable during postnatal 

development.

• The expression of CB2 cannabinoid receptor mRNAs is augmented in 

cultured tissue.
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Figure 1. 
Quantification of CB2R mRNAs in the mouse hippocampus. A. RT-PCR with mRNAs 

extracted from the hippocampi of C57BL/6J and CB2R KO mice. A schematic diagram of 

the structure of mouse CB2R genome is illustrated on top. Approximate locations of the 

primers used for RT-PCR are indicated by arrows. Ages of C57BL/6J mice (2–22 weeks) 

were indicated above the images. KO, the hippocampus of CB2R KO mice. Sp, the spleen of 

C57BL/6J mice. B. qPCR with mRNAs from the hippocampus of C57BL/6J mice. The 

primers for qPCR targeted the exon 3 of Cnr2. The amount of CB2R mRNA was normalized 

to that of GAPDH mRNA. C. qPCR with mRNAs extracted from cultured hippocampal 

slices of C57BL/6J mice or freshly fixed hippocampus of C57BL/6J mice. The data of fresh 

tissue were from Figure 1B (age 4–7 weeks). *, P = 0.00003, t-test. Error bars indicate SEM.
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Figure 2. 
Validation of the RNAscope method using a positive and a negative control probes. A–B. In 

situ hybridization was performed with an RNAscope probe targeting the eukaryotic 

housekeeping gene Ppib (i.e., positive control). The hippocampal section was made from a 

CB2R WT mouse and the images were taken from the CA1 region (A) and dentate gyrus 

(B). C– D. The RNAscope hybridization was conducted with a negative control probe 

targeting the bacterial gene DapB. The CA1 region (C) and dentate gyrus (D) were imaged 

from a hippocampal slice cut from a WT mouse. pyr, stratum pyramidale; rad, stratum 

radiatum; mol, stratum moleculare; gra, stratum granulosum; hil, hilus.
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Figure 3. 
RNAscope hybridization demonstrates the expression of CB2R mRNAs in a subset of 

hippocampal cells. A–C. RNAscope hybridization was performed with a probe that targets 

the deleted sequence in CB2R KO mice. Hippocampal slices were made from CB2R WT 

mice. Images were taken from the CA1 (A), CA3 (B) and dentate gyrus (C) regions. Right 

column, magnified views of the arrow heads shown in the merged images. D–E. RNAscope 

hybridization in hippocampal sections made from CB2R KO mice. Images from the CA1 

region (D) and dentate gyrus (E) show no signal of CB2R mRNAs. The areas indicated by 

arrow heads are magnified in the right column. pyr, stratum pyramidale; rad, stratum 

radiatum; mol, stratum moleculare; gra, stratum granulosum; hil, hilus.
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Figure 4. 
Expression of CB2R mRNAs in a subset of neurogranin-positive, excitatory neurons. A. A 

hippocampal section made from a CB2R WT mouse was hybridized with the CB2R 

RNAscope probe and co-immunostained against neurogranin, a marker for excitatory 

neurons. Bottom row, magnified views of the areas indicated by arrow heads in the merged 

image. B. Images of the dentate gyrus in a section made from a CB2R WT mouse. The 

experiments were similar to those in A.
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Figure 5. 
Co-localization of CB2R mRNAs with GAD67. A. A hippocampal slice made from a CB2R 

WT mouse was hybridized with the CB2R RNAscope probe and co-immunostained against 

GAD67, a marker for inhibitory neurons. The cells indicated by arrow heads in stratum 

radiatum were magnified in the right four columns. B. Experiments were performed with a 

CB2R WT section as done in A, but the images were taken from the dentate gyrus.
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Figure 6. 
Lack of CB2R mRNAs in Iba1-expressing microglia. A–B. Hippocampal slices made from 

CB2R WT mice were hybridized with the CB2R RNAscope probe and co-immunostained 

against Iba1, a marker for microglia. The cells indicated by arrow heads in stratum radiatum 

(A) or stratum moleculare (B) were magnified in the right four columns. C. Hippocampal 

slices made from CB2R KO mice were hybridized with the CB2R RNAscope probe and co-

immunostained against Iba1. Strata pyramidale (CA1) and granulosum (dentate gyrus) are 

shown.
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Figure 7. 
Tests for the specificity of anti-CB2R antibodies. A. Western blotting tests for anti-CB2R 

antibodies. Nine antibodies against CB2R were tested with proteins extracted from the 

hippocampi of C57BL/6J (B6 lanes) and CB2R KO (KO lanes) mice. The vendors’ product 

numbers of antibodies are indicated above the blots. An anti-CB1R antibody (Cayman 

101500) was used for the hippocampus of C57BL/6J mice as a control for GPCR extraction. 

Indicated below each blot are the species and amino acid sequence of the epitope for each 

antibody, as well as percent homology of the epitope with the corresponding mouse 

sequences (h, human; r, rat; m, mouse). The same membranes were used after stripping for 

β-tubulin detection. B. Fluorescent immunohistochemistry with anti-CB2R antibodies and 

hippocampal slices cut from CB2R WT and KO mice. The product numbers of antibodies 

are indicated above each pair of images of strata pyramidale and radiatum of the CA1 area.
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