Int. J. Cancer: 123, 1025–1033 (2008)
' 2008 Wiley-Liss, Inc.

Expression of cannabinoid receptors type 1 and type 2 in non-Hodgkin
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Endogenous and synthetic cannabinoids exert antiproliferative
and proapoptotic effects in various types of cancer and in mantle
cell lymphoma (MCL). In this study, we evaluated the expression
of cannabinoid receptors type 1 and type 2 (CB1 and CB2) in nonHodgkin lymphomas of B cell type (n 5 62). A majority of the
lymphomas expressed higher mRNA levels of CB1 and/or CB2 as
compared to reactive lymphoid tissue. With the exception of
MCL, which uniformly overexpresses both CB1 and CB2, the levels of cannabinoid receptors within other lymphoma entities were
highly variable, ranging from 0.1 to 224 times the expression in reactive lymph nodes. Low levels of the splice variant CB1a, previously shown to have a different afﬁnity for cannabinoids than
CB1, were detected in 44% of the lymphomas, while CB1b expression was not detected. In functional studies using MCL, Burkitt
lymphoma (BL), chronic lymphatic leukemia (CLL) and plasma
cell leukemia cell lines, the stable anandamide analog R(þ)-methanandamide (R(þ)-MA) induced cell death only in MCL and CLL
cells, which overexpressed both cannabinoid receptors, but not in
BL. In vivo treatment with R(þ)-MA caused a signiﬁcant reduction of tumor size and mitotic index in mice xenografted with
human MCL. Together, our results suggest that therapies using
cannabinoid receptor ligands will have efﬁciency in reducing tumor burden in malignant lymphoma overexpressing CB1 and
CB2.
' 2008 Wiley-Liss, Inc.
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Non-Hodgkin lymphomas represent clonal expansions of malignant B cells at various stages of maturation. Our understanding of
the molecular biology and pathogenesis of malignant lymphoma
has improved substantially during the last few years. As a result,
targeted therapies and interference with critical signaling pathways are evolving as new treatment modalities.1 The malignant B
cells might also be dependent on interactions with the tumor
microenvironment for their survival.2,3 This is supported by the
fact that it is very difﬁcult to grow lymphoma cells in vitro in the
absence of stroma or CD40 stimulation. In follicular lymphoma
(FL), interactions with T cells, macrophages and dendritic cells
have been suggested to inﬂuence the clinical behavior of the
malignancy.2,4,5 The expression pattern of cytokines, chemokines,
prostaglandins, leukotrienes and their receptors may also promote
or inhibit the survival of malignant B cells.
We have previously studied the role of the endocannabinoid
system in MCL.6–8 The endocannabinoid system encompasses the
G-protein coupled receptors, cannabinoid receptor type 1 (CB1)
and type 2 (CB2), the endocannabinoids and the enzymes responsible for endocannabinoid synthesis and degradation.9 The endocannabinoids are synthesized from arachidonic acid by many cell
types including macrophages and dendritic cells. They have properties similar to compounds of Cannabis sativa and have recently
been shown to have effects on various types of cancer.9 Many of
the effects of natural and synthetic cannabinoids are mediated
through the cannabinoid receptors. CB1 is expressed at high levels in the central nervous system and at lower levels in immune
cells. In addition to the full-length CB1 transcript, 2 splice variants denoted CB1a and CB1b have been reported in human
brain.10 Both splice variants have different ligand binding
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capacity compared with that of the full length receptor.10 The
CB2 receptor is expressed in lymphocytes and at lower levels in
the brain. Accordingly, resting B lymphocytes express the CB2
receptor and low levels of the CB1 receptor.11,12 Polyclonal activation has been reported to modulate expression of cannabinoid
receptors on lymphocytes.13–16 The function of the cannabinoid
receptors in the immune system is not fully known, but a role in
regulation of cytokine production and cell migration has been
suggested.16
In MCL, CB1 and CB2 were found to be consistently overexpressed compared with reactive lymphoid tissue or normal puriﬁed
B lymphocytes.8,17 Ligation of the receptors with the endocannabinoid arachidonoyl-ethanolamide (anandamide) as well as with
the synthetic cannabinoids WIN 55,212-2 and R(þ)-methanandamide (R(þ)-MA) inhibited cell proliferation and induced cell
death in MCL cell lines and patient samples.6,7 Normal B cells,
which express lower levels of cannabinoid receptors than MCL,
were not affected by cannabinoids, suggesting that ligation of cannabinoid receptors could selectively target the malignant cells.7 In
addition to MCL, high expression of cannabinoid receptors compared to normal epithelium has been reported in a number of different epithelial malignancies (recently reviewed in Ref. 18).
Pharmacological doses of cannabinoids are emerging as suppressors of signaling pathways involved in cancer cell growth, suggesting that the endocannabinoid system might be targeted to control cancer (reviewed in Refs. 18–21).
Little is known about the role of the cannabinoid system in
malignant non-Hodgkin B cell lymphomas other than MCL.
Ligation of CB2 induced programmed cell death in acute T cell
lymphoblastic leukemia (T-ALL).22,23 Immunoreactivity for CB2
has been reported in both B and T non-Hodgkin lymphomas.
However, the 2 different antibodies used gave divergent results,
possibly due to different phosphorylation of the receptor, and no
functional studies were reported.24
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In the present study, we analysed CB1 and CB2 expression by
quantitative real time PCR in a panel of non-Hodgkin lymphomas
of B cell type, including small lymphocytic lymphoma/B cell
chronic lymphocytic leukemia (SLL/CLL), marginal zone lymphoma (MZL), diffuse large B cell lymphoma (DLBCL), FL, precursor-B acute lymphoblastic lymphoma (pre-B ALL), MCL,
immunocytoma (IC) and BL. Our results demonstrate that the majority of malignant B cell lymphomas express CB1 and/or CB2
but at a highly variable level. Treatment with the anandamide analog R(þ)-MA induced apoptosis in MCL and in B CLL cell lines,
expressing higher levels of CB1 and CB2 than reactive lymphocytes. However, BL cell lines and a plasma cell line were resistant.
In vivo, treatment with R(þ)-MA caused a 40% reduction of tumor weight in mice xenografted with MCL. Reduced proliferation,
measured as mitotic index, was observed in the tumor cells from
the treated animals. The antiproliferative and proapoptotic effects
of cannabinoids make the endocannabinoid system a potential
new therapeutic target for individualized therapy in lymphomas
which overexpress cannabinoid receptors such as MCL and B
CLL.

at the animal facility of the Karolinska Institutet, Southern Campus, according to rules and regulations of European standard.
RNA isolation and quality control
Total RNA was prepared using Gentra RNA puriﬁcation system
as directed by the supplier (Ambion, Austin, TX). The samples
were treated with Deoxyribonuclease I Ampliﬁcation Grade to
eliminate DNA (Invitrogen Life Technologies, Carlsbad, CA).
RNA quality was assessed using an Agilent Bioanalyzer 2100
(Agilent Technologies, Palo Alto, CA).

Cell lines
The MCL cell line Rec-126 was a kind gift from Dr. Christian
Bastard, Ronan, France. The CLL cell lines MEC1 and MEC2, the
BL cell lines Raji and Namalwa, the plasma cell line SK-MM-2
and the MCL cell line JEKO-1 were obtained from Deutsche
Sammlung von Microorganismen und Zellkulturen (DSMZ;
Braunschweig, Germany). Cell lines were maintained in RPMI
1640 medium (Invitrogen) supplemented with 2 mM l-glutamine
and 10% fetal calf serum (FCS) and 50 lg of gentamicin (Invitrogen) under standard conditions (humidiﬁed atmosphere, 95%
air, 5% CO2, 37°C).

cDNA synthesis and real-time quantitative RT-PCR
First strand cDNA synthesis was carried out according to the
protocol for Omniscript Reverse Transcription (Qiagen, GmbH,
Hilden, Germany). One or two micrograms of RNA were used in
the reactions for RT-PCR or PCR, respectively. The Beacon Designer 3 program (Biosoft International, Palo Alto, CA) was
employed for design of CB1, CB1a and CB2 primers. The following primers were used: CB1 forward-TCATTAAGACGGTG
TTTGCATTCT, CB1 reverse-CGTGTCGCAGGTCCTTAC TC,
CB2 forward-TGACTATGACCTTCACAGCCTCT, CB2 reverseAGGACCCACATGATGCCCAG, CB1a forward-GACATCA
AAGGAGAATGAGGAGAAC and CB1a reverse-GAGGGACA
GGACTGCAATGG. The primers for b-actin were described previously in Ref. 27. Primers were synthesized by Eurogentec
(Southampton, Hampshire, UK). The quantiﬁcation of CB1, CB1a
and CB2 compared to b-actin was carried out with an iCycler iQ
(Bio-Rad Laboratories, Sundbyberg, Sweden). The iCycler iQ
reaction detection system software from the same company was
used for data analysis. cDNA was ampliﬁed using the qPCR Kit
Platinum SYBR Green qPCR SuperMix-UGD with FITC (Invitrogen) according to the manufacturer’s instructions. The samples
were divided into triplicates in a 96-well PCR plate (Abgene,
Hamburg, Germany) and run at 95°C for 10 min followed by 40
cycles, each cycle consisting of 15 sec at 95°C and 1 min at 55°C.
Threshold (Ct) cycle numbers were obtained from ampliﬁcation of
b-actin, CB1, CB1a and CB2. The PCR products were veriﬁed by
sequencing. DCt values were calculated by subtracting the Ct
value of b-actin from the Ct value of CB1, CB1a or CB2. The relative fold increase (RFI) of CB1, CB1a and CB2 was calculated as
follows. The DCt for controls (reactive lymph nodes) and patient
samples was ﬁrst determined. The DDCt value was calculated by
subtracting the DCt value for pooled controls from the DCt value
for the sample. The RFI of CB1, CB1a or CB2 was calculated by
the equation: RFI 5 2-DDCt. To use this calculation, the PCR efﬁciencies of the target and control assays must be similar. This was
achieved by adjusting primer concentrations. The criterion for
using the DCt method was fulﬁlled because by graphing serial
dilutions of input cDNA of a random sample against DCt values
(CB1–b-actin, CB1a–b-actin or CB2–b-actin) the slope of the
line was 0.1 (data not shown).

Mouse xenograft model of human MCL
Ten-week-old female SCID/NOD mice (bred at Karolinska
Institutet, Southern Campus, Stockholm, Sweden) were injected
subcutaneously on the back with a suspension of 10 3 106 JEKO1 cells in 0.4 ml PBS. A stock solution of R(þ)-MA in EtOH was
diluted to 500 lg/ml in PBS. Three days after injecting the JEKO1 cells, the mice within the group of treated animals (n 5 11)
were injected subcutaneously with R(þ)-MA, 5 mg/kg, at the previous injection site. The mice included in the group of mocktreated animals (n 5 12) were injected subcutaneously with PBS
containing the same amount of EtOH as the diluted R(þ)-MA. Tumor diameters were measured daily. Animals were sacriﬁced at
day 33 when the diameter of the largest tumor in the mock-treated
group reached 1 cm. The tumors were excised and tumor weight
was measured. No visible signs of toxicity were observed in the
animals during the treatment period. The animals were maintained

PCR for CB1a and CB1b
Expression of CB1a and CB1b was investigated using 2 rounds
of PCR as described by Ryberg et al.10 The following forward
CB1-splice (50 -CCTAATCAAAGACTGAGGTTATGAAGTC-30 )
and reverse CB1-splice (50 -AGTTCTCCCCACACTGGATGTT30 ) primers were used in a PCR mixture of 50 ll, containing 50 ng
cDNA from MCL patient samples. Platinum Taq polymerase
(Invitrogen) was used according to the manufacturer’s instructions. Ampliﬁcation was carried out in a PTC-200 (MJ Research
Walthem, MA) for 40 cycles: 95°C for 30 sec, 57°C for 45 sec,
and 68°C for 1 min. The resulting products were resolved on 2%
agarose gels and a major band at 324 bp corresponding to the
human unspliced CB1 receptor was detected. The 0.12–0.25-kb
gel area was excised and melted (at 95°C for 5 min) and used as
template for further PCR ampliﬁcation. This second round of PCR
was performed using the same conditions as described above with

Material and methods
Reagents
SR141716A (SR1) and SR144528 (SR2) were kind gifts from
Sanoﬁ-Reserche (Montpellier, France). R(þ)-methanandamide
(R(þ)-MA) was purchased from Tocris Cookson (Bristol, UK).
AIM-V medium was purchased from Invitrogen (Carlsbad, CA).
Tumor and control tissue
Non-Hodgkin lymphomas of B cell type and reactive lymphoid
tissues were retrieved from the ﬁles of the Department of Pathology. Tissue removed for diagnostic purposes was obtained unﬁxed
at the Department of Pathology and immediately processed. Representative parts of the tissue was ﬁxed in formalin and parafﬁn
embedded. Other parts were snap-frozen and subsequently stored
at 270°C. All cases (Table I) were diagnosed and classiﬁed using
World Health Organization Classiﬁcation tumors of Haematopoietic and Lymphoid Tissues.25
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TABLE I – EXPRESSION OF CB1 AND CB2 mRNA MEASURED AS RFI OF LYMPHOMA ENTITIES RELATIVE
TO POOLED CONTROLS
CB1

Number

KG35
KG36
KG37
KG38
KG39
KG40
KG41
KG42
KG43
KG44
KG16
KG17
KG18
KG19
KG20
KG21
KG22
KG23
KG24
KG25
KG26
KG27
KG28
KG29
KG30
KG31
KG32
KG33
KG34
KG1
KG2
KG3
KG4
KG5
KG6
KG7
KG8
KG9
KG10
KG11
KG12
KG13
KG14
KG15
KG45
KG46
KG47
KG48
KG49
KG50
KG51
KG52
KG53
KG54
KG55
KG56
KG57
KG58
KG59
KG60
KG61
KG62
Reactive 1
Reactive 2
Reactive 3
Reactive 4
Reactive 5
Pooled Ctrl.

CB2

Mean value

Range

Mean value

2,0
4,1
0,5
9,4
7,3
117,2
158,3
9,2
0,8
145,7
33,9
2,9
17,0
16,8
47,6
3,5
1,4
51,6
1,2
1,4
0,5
1,5
0,1
0,5
28,3
3,5
72,2
0,3
5,3
2,9
69,7
6,0
57,9
6,4
1,3
2,5
8,5
0,2
15,7
8,0
0,5
11,4
2,7
59,3
9,9
42,1
11,6
10,9
0,4
0,3
1,4
30,1
2,4
16,6
8,5
8,5
13,9
0,9
3,2
224,2
1,8
17,4
1,6
0,6
1,3
1,2
0,5
1,0

1,8–2,3
3,9–4,4
0,2–0,7
9,2–9,7
7,1–7,6
116,9–117,5
158,1–158,6
8,9–9,4
0,6–1,1
145,3–146,0
33,7–34,2
2,6–3,1
16,8–17,3
16,6–17,1
47,4–47,9
3,2–3,7
1,2–1,6
51,4–51,9
1,0–1,4
1,2–1,7
0,3–0,8
1,2–1,7
0,1–0,1
0,3–0,8
28,1–28,6
3,3–3,7
71,9–72,4
0,2–0,3
5,0–5,5
2,6–3,1
69,5–70,0
5,8–6,3
57,7–58,2
6,1–6,6
1,1–1,6
2,2–2,7
8,3–8,8
0,1–0,3
15,5–16,0
7,8–8,3
0,2–0,7
11,1–11,6
2,5–3,0
59,1–59,5
9,6–10,1
41,9–42,4
11,4–11,8
10,6–11,1
0,2–0,7
0,0–0,5
1,2–1,7
29,9–30,4
2,3–2,4
16,5–16,7
8,3–8,6
8,2–8,7
13,7–14,1
0,6–1,1
2,9–3,4
224,0–224,4
1,5–2,0
17,2–17,7
1,5–1,7
0,5–0,8
1,2–1,3
0,9–1,5
0,4–0,6
0,7–1,3

0,9
0,5
0,1
2,7
0,5
1,9
13,9
21,5
2,3
0,4
10,0
1,8
10,6
20,3
1,1
0,5
0,2
197,6
0,4
0,5
0,1
0,2
0,3
3,2
5,1
0,1
37,9
0,1
0,2
5,3
32,4
2,9
1,4
1,0
1,5
0,8
1,9
1,1
9,6
9,3
0,1
0,3
1.1
117.5
4,4
24,5
0,1
0,1
0,2
1,5
0,0
2,3
1,8
3,2
1,9
2,4
2,6
0,1
33,7
0,4
1,5
4,2
0,9
0,9
1,5
0,9
0,9
1,0

Entity2
Range

0,6–4,1
0,2–0,7
0,1–0,4
2,4–2,9
0,3–0,8
1,4–2,5
13,6–14,1
21,3–21,7
2,0–2,5
0,3–0,5
9,8–10,3
1,5–2,0
10,4–10,9
20,0–20,5
0,8–1,3
0,2–0,7
0,1–0,3
197,4–197,9
0,1–0,6
0,2–0,7
0,2–0,3
0,0–0,5
0,1–0,6
2,9–3,4
4,9–5,4
0,1–0,4
37,6–38,1
0,1–0,2
0,1–0,4
5,2–5,3
32,2–32,6
2,6–3,1
1,2–1,7
0,8–1,3
1,2–1,7
0,6–1,1
1,6–2,1
0,9–1,4
9,3–9,8
9,0–9,5
0,1–0,1
0,0–0,5
0,8–1,3
117,3–117,8
4,1–4,6
24,3–24,8
0,1–0,1
0,1–0,3
0,2–0,3
1,3–1,7
0,0–0,3
2,1–2,6
1,8–1,9
3,1–3,3
1,6–2,2
2,3–2,5
2,4–2,7
0,0–0,5
33,4–33,9
0,1–0,6
1,3–1,8
4,0–4,5
0,8–0,9
0,9–1,0
1,2–1,7
0,8–1,0
0,8–1,0
0,8–1,2

SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
MZL
MZL
MZL
MZL
MZL
MZL
MZL
MZL
MCL
MCL
MCL
MCL
MCL
IC
IC
BL
pre B-ALL
PC
Ctrl1
Ctrl2
Ctrl3
Ctrl4
Ctrl5

1
RFI, relative fold increase.–2Lymphoma entities: SLL, small lymphocytic lymphoma; DLBCL, diffuse
large B cell lymphoma; FL, follicular lymphoma; MZL, marginal zone lymphoma; MCL, mantle cell
lymphoma; IC, immunocytoma; BL, Burkitt lymphoma; pre B-ALL, precursor B cell acute lymphoblastic
lymphoma/leukemia; PC, plasmocytoma.
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4 ll of the melted material as template. The resulting PCR product
was again resolved on a 2% agarose gel. The PCR products were
excised and puriﬁed using the GFXTM PCR DNA and Gel Band
Puriﬁcation Kit (GE Healthcare, United Kingdom) prior to veriﬁcation by sequencing.
Western blotting
Cell extracts were prepared using ice-cold lysis buffer (50 mM
Hepes, 500 mM NaCl, 0.05% Tween 20 and 1% NP40) to which
protease inhibitor cocktail p8340 (Sigma, St. Louis, MO) had been
added. Tumor pieces were disrupted for protein extraction using a
Sample Grinding Kit (GE Healthcare, Piscataway, NJ). Protein
concentration was determined by means of the bicichoninic acid
(BCA) assay (Pierce, Rockford, IL). Proteins were resolved by
10% SDS/PAGE and transferred onto PVDF membrane, which
was incubated with a rabbit polyclonal antibody to CB1 (Cayman
Chemicals Ab 101500, Ann Arbor, MI). Antibodies to actin (Santa
Cruz) were used as loading controls. Antibody binding was
detected by enhanced chemiluminescence using Supersignal West
Pico (Pierce) chemiluminescent substrate.
Immunohistochemistry for CB1
All stainings were semiautomated and performed on a Bond
Max robot by using the Vision BiosystemsTM bond Polymer
Reﬁne, and Bond DAB Enhance, as recommended by the manufacturer (Leica Microsystems, Wetzlar, Germany). Primary polyclonal antibody to CB1 (Cayman, Catalog no. 10006590) was
diluted to 1:100 with Bond primary Ab Diluent (AR 9352, Vision
Biosystems, Newcastle, UK). Pretreatment protocol for antigen retrieval was citrate buffer pH 7.2 at 60°C overnight.
Caspase-3 assay
DEVD-dependent caspase activity was measured using a Caspase-3/CPP32 Fluorimetric Assay (MCL International, Woburn,
MA) according to the manufacturer’s instructions. The assay is
based on ﬂuorimetric detection of cleavage of the substrate
DEVD-AFC. Uncleaved substrate emits blue light (kmax 400 nm),
whereas free AFC emits yellow-green light ﬂuorescence (kmax
505 nm). In brief, cells from cell lines were washed and resuspended in AIM-V medium (Invitrogen). Further, cells were pretreated with the CB1 and CB2 inhibitors SR1 or SR2, respectively,
for 30 min prior to incubation with 10 lM of R(þ)-MA for 24 hr.
Cells were then harvested, lysed and incubated with buffer containing DEVD-AFC for 2 hr at 37°C. Emission was measured
using a ﬂuorimeter at 400 nm excitation and 505 nm emission.
Cell death ELISA
Cell death ELISA (Roche, Mannhein, Germany) is a quantitative sandwich ELISA that detects histone and intranucleosomal
DNA fragmentation by binding to 2 different monoclonal antibodies. It allows speciﬁc determination of mononucleosomes and oligonucleosomes in the cytoplasmatic fraction in cell lysates. The
antihistone-biotin antibody binds to histones H1, H2A, H2B, H3
and H4. The anti-DNA-POD antibody reacts with double or single
stranded DNA in the cytoplasm. In brief, cells were washed and
resuspended in AIM-V medium. Following pretreatment with the
inhibitors SR141716 or SR144528 for 30 min, the cells were incubated with 10 lM R(þ)-MA for 24 hr. Cells were harvested and
lysed with lysis buffer. The cell lysate was allowed to bind to the
enzyme immunoassay plate for 2 hr together with immunoreagent
containing anti-DNA-POD and antihistone-biotin and incubation
buffer. Thereafter, ABTS substrate was added for 20 min. Adding
stop solution terminated the reaction, and the emission was determined at 405 nm.
Mitotic index
For each tumor, a total of 5 3 6,000 cells were evaluated in different areas of the tissue sections at 4003 magniﬁcation using a
microscope grid and the number of mitoses was counted. The mi-

totic index is expressed as the percentage of cells in mitosis of the
total number of cells.
Statistical analysis
Caspase-3 assay and cell death ELISA were evaluated using the
Kruskal-Wallis test comparing control and treated cells. p-Values
are presented in ﬁgure legends. The software Statistica (Statsoft
AB, Tulsa, OK) was used. Correlation analysis was performed
using SAS software (version 9.1; SAS Institute, Cary, NC).
Ethical permission
This study was approved by the ethics committees at Karolinska
Institutet (Forskningsetikkommitte syd and Stockholms S€
odra
Djurf€
ors€
oksetiska n€amnd).

Results
Expression of CB1 and CB2 mRNA in non-Hodgkin
lymphomas of B cell type
In the present study, we have analyzed CB1 and CB2 mRNA
expression in non-Hodgkin lymphomas of the B-cell type (n 5
62) (Table I). For some lymphoma entities, such as BL and pre BALL, only few frozen samples were available. We still choose to
include those entities to have a representation, as broad as possible, of the spectrum of B cell lymphomas.
Using quantitative real-time PCR, we found that the majority of
the lymphoma samples expressed higher levels of CB1 (51/62,
80%) and CB2 (38/62, 60%) compared with pooled control tissue
from 5 reactive lymph nodes (Table I). With the exception of
MCL, all the other lymphoma entities showed a highly variable
expression of cannabinoid receptors. Cannabinoid receptor expression did not correlate with morphological variants of DLBCL or
with FL tumor grade (data not shown). Importantly, while some
tumors expressed lower levels of cannabinoid receptors than reactive lymphoid tissue, no single lymphoma entity uniformly lacked
expression of cannabinoid receptors.
Since studies in the T cell line Jurkat have suggested that signaling through CB2 might upregulate functional CB1 receptors,28 we
analyzed a possible correlation between expression levels of CB1
and CB2 in the B cell lymphomas. However, statistical analysis in
our series of lymphomas showed only a moderate correlation
between expression of CB1 and CB2 (correlation coefﬁcient: 0.52
and p < 0.001).
mRNA expression of the splice variant CB1a in MCL and
other B cell lymphomas
To detect differences in the expression of CB1 transcript variants in MCL, primers that would give rise to products of 324, 157
and 225 bp corresponding to CB1, CB1a and CB1b were used
(Fig. 1a). An expanded set of MCL samples (MCL 6-17, n 5 12)
expressed full length CB1 (Fig. 1b, top). However, no products
corresponding to CB1a or CB1b were detected after a ﬁrst round
of PCR (Fig. 1b, top) similar to previous reports demonstrating
low levels of these transcripts in brain tissue.10 The region
between 125 and 250 bp was therefore excised, the gel was
melted, and an aliquot was used as a template in a second round of
PCR. CB1a was now clearly detected in 8 out of 12 patient samples, while no expression of CB1b was observed (Fig. 1b, bottom).
We further investigated the expression CB1a by quantitative realtime PCR in MCL and the whole panel of lymphoma samples representing different entities. CB1a could be detected in 27 of the 62
samples (44 %) at expression levels ranging from 1 to 227 times
the expression in control lymph node (Table II). No correlation
between expression of CB1 and CB1a was observed (Fig. 1b and
Table II).
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TABLE II – EXPRESSION OF CB1A mRNA MEASURED AS RFI OF
LYMPHOMA ENTITIES2 RELATIVE TO POOLED CONTROLS

FIGURE 1 – Detection of full-length CB1 and CB1a in cDNA
derived from MCL. (a) Schematic picture of the length of the PCR
products representing the different transcripts. Primers are indicated
with arrows. (b) A 324-bp product corresponding to full-length CB1
was detected from a ﬁrst round of PCR (upper lane). A region between
120- and 250-bp was excised and melted, and used as template for further PCR ampliﬁcation. A 157-bp product corresponding to CB1a was
detected from a second round of PCR (lower lane). CB1b, predicted
product 225 bp, was not expressed.

Protein expression and distribution of CB1 in non-Hodgkin
lymphomas of B cell type
The data from the quantitative real-time PCR was validated by
Western blot (Fig. 2a) and immunohistochemistry (Fig. 2b) in
patient samples from different entities, expressing varying CB1
mRNA levels. Immunostainings demonstrated CB1 expression not
only in the lymphoma cells and but also in a few nonmalignant
cells such as endothelium (Fig. 2b). In some lymphomas, CB1
expression was highly variable within the tumor cell population
(Fig. 2b).
R(þ)-MA induces cell death via CB1 and CB2 in CLL
Pharmacological doses of cannabinoids have been reported to
reduce cancer growth in cell lines, in xenografted cancers and in a
pilot study on human glioblastoma multiforme.29–43 We previously reported that treatment with micromolar doses of cannabinoid receptor ligands such as the endocannabinoid anandamide
induces apoptosis in MCL.6,7 There is very limited knowledge on
the effects of cannabinoids in other lymphoma entities. We, therefore, investigated levels of CB receptors on well-characterized
cell lines, derived from plasma cell leukemia (SK-MM-2), BL
(Raji and Namalwa), CLL (MEC1 and MEC2), and MCL (Rec-1)
(Fig. 3a), and the cells were exposed to the metabolically stable
analog of anandamide R(þ)-MA. To assess the relative contribution of CB1 and CB2, cells were pretreated with receptor antagonists SR141716 (SR1) and SR144528 (SR2), acting on CB1 and
CB2 respectively. R(þ)-MA induced caspase-3 activity (Fig. 3b)
and cell death (Fig. 3c) in cell lines from MCL and CLL but not in
BL cell lines (expressing low levels of CB2) or in the plasma cell
line SK-MM-2 (expressing low levels of CB1). In the MCL and
CLL cell lines, the R(þ)-MA-induced cell death was abrogated by
pretreatment with either of the receptor antagonists SR1 or SR2,
suggesting that both CB receptors are needed for the induction of
cell death.
Effect of R(þ)-MA on tumors in xenotransplanted mice
To determine whether cannabinoids can be used to treat malignant lymphoma in vivo, xenograft tumors were established by subcutaneous inoculation of SCID/NOD mice with human MCL cellline JEKO-1, expressing CB1 and CB2. Treatment with 5 mg/kg
of the stable CB1 agonist R(þ)-MA by subcutaneous inoculation
every 12 hr at the previous injection site was initiated 3 days after
tumor cell injection. The tumors in R(þ)-MA-treated animals

Number

CB1a

Range

Entity

KG 35
KG 36
KG 43
KG 18
KG 21
KG 22
KG 31
KG 33
KG 45
KG 46
KG 47
KG 48
KG 58
KG 62
KG 2
KG 3
KG 4
KG 5
KG 6
KG 7
KG 8
KG 12
KG 13
KG 14
KG 53
KG 56
Ctrl1
Ctrl2
Ctrl3
Ctrl4
Ctrl5
Pooled Ctrl

6,9
7,8
14,6
19,2
2,4
5,7
28,2
1
28,5
228,1
22,9
10,6
11,1
83,5
36,8
45,3
10,2
41,3
19
5,7
40,3
1,7
21,1
10,4
52,6
128
0,9
0,6
1,1
1,5
0,9
1

6,8–7,0
7,5–8,1
14,4–14,8
19,0–19,5
2,1–2,6
5,4–5,9
27,9–28,4
0,7–1,2
28,4–28,6
227,9–228,3
22,7–23,1
10,3–10,8
10,8–11,3
83,3–83,7
36,5–37,0
45,0–45,5
9,9–10,5
41,0–41,5
18,8–19,3
5,4–5,9
40,1–40,5
1,6–1,8
20,9–21,4
10,3–10,5
52,3–52,8
127,8–128,2
0,8–1,0
0,4–0,8
1,0–1,2
1,2–1,7
0,7–1.1
0,8–1,2

SLL
SLL
SLL
DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
MZL
MZL
MZL
MZL
IC
PC
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
MCL
MCL
Reactive
Reactive
Reactive
Reactive
Reactive

1
RFI, relative fold increase.–2Lymphoma entities: SLL, small lymphocytic lymphoma; DLBCL, diffuse large B cell lymphoma; MZL,
marginal zone lymphoma; IC, immunocytoma; PC, plasmacytoma;
FL, follicular lymphoma; MCL, mantle cell lymphoma.

grew slower and were signiﬁcantly smaller compared with mocktreated control tumors at termination of the experiment (Fig. 4).
We have previously shown that treatment of MCL in vitro with
nanomolar doses of cannabinoids during several days leads to
decreased growth, while applying micromolar doses of cannabinoids during a short time causes apoptosis.6,7 In the xenografted
tumors, we found a 25% reduction in the mitotic index (p < 0.02)
in the tumors from R(þ)-MA treated mice (treated mice, average
1.35, control mice average 1.80) but no signiﬁcant difference in
apoptosis as assayed by TUNEL staining (data not shown).
Discussion
Recently, the endocannabinoid system has been recognized as
deregulated in various types of epithelial malignancies, and there
is an increasing interest in the antineoplastic potential of cannabinoids.9,18,19 Most, but not all,18 of the effects of endogenous and
synthetic cannabinoids are mediated via the cannabinoid receptors, CB1 and CB2. To investigate whether cannabinoids may be
of potential use in lymphoma therapy, we analyzed the expression
of these receptors in a panel of malignant B cell lymphomas. Both
cannabinoid receptors were expressed in the vast majority of malignant lymphomas investigated, albeit with a large span of
expression levels within most entities. The highly variable expression levels in most of the B cell lymphoma entities might explain
why these receptors have not previously been recognized as
deregulated using array-based gene expression analysis of B cell
malignancies. A variation in the mRNA expression of CB1 and
CB2 in FL and of CB2 in DLBCL can indeed be found in experiments available in public databases (data from the National Center
for Biotechnology Information (NCBI) Gene Expression Omnibus
(GEO) database (FL: GDS1839, DLBCL: GDS75 CB1: Id 34333,
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FIGURE 2 – Expression of CB1
protein in non-Hodgkin lymphomas of B cell type. (a) Western
blot analysis of CB1 protein
expression in tumor extracts.
Ninety micrograms of total proteins were loaded per lane. The
anti-CB1 antibody 101500 from
Cayman Chemicals was used. The
membranes were reprobed with
antiactin antibody to control for
loading. (b) Immunohistochemical
staining of CB1 using a rabbit polyclonal antibody directed against
the C-terminal of human CB1,
10006590 from Cayman Chemicals, visualizes CB1 in brown
while nuclei are stained blue. Lymphomas of the entities SLL/CLL
(upper left), DLBCL (upper right),
BL (middle left), FL (middle
right), and MCL (lower left) are
shown. Note the variable staining
of tumor cells in this sample of
DLBCL and the strong and uniform staining of tumor cells in BL.
In FL, strong staining is detected
in the neoplastic follicles while the
surrounding, nonneoplastic cells
are negative (inset). Negative control, with omission of primary antibody, is shown in the low right
panel.

CB2: Id 14714). Also in other malignancies, e.g., breast cancer,44
brain cancer41,45,46 and primary pancreatic cancer,47 a high variability in the expression of the cannabinoid receptors within a tumor subtype has been reported. However, there is only limited
knowledge on the regulation of cannabinoid receptor expression in
tumor tissue. It is, however, known that cannabinoid receptor
expression can be increased by signals provided by cells in the tissue
microenvironment such as inﬂammatory stimuli and cytokines.28,48
Also a splice variant of CB1, CB1a, initially detected in brain
by Shire et al. in 199549 and recently conﬁrmed in a separate study
of brain and peripheral tissue10 was expressed in MCL and other

lymphomas. Importantly, the afﬁnity to ligands and the GTPgS
binding activity of the splice variants have been shown to differ
from that of full-length CB1. It could, therefore, be speculated that
the differential expression of CB1 splice variants add yet another
degree of variation in sensitivity to endogenous and synthetic
cannabinoids.
In our series of lymphomas, the highest expression of CB1 was
seen in 1 case of BL. In this tumor sample and in the BL cell lines,
CB2 receptors were expressed at similar or lower levels than in reactive lymphoid tissue. Interestingly, the BL cell lines were resistant to the proapoptotic effects of the cannabinoid receptor agonist

FIGURE 3 – Expression of cannabinoid receptors and response to cannabinoids in B cell lymphoma cell lines. (a) Expression of CB1 and CB2
mRNA in cell lines representing different subtypes of non-Hodgkin lymphomas of B cell type as assayed by quantitative RT-PCR. Values represent
relative fold increase in lymphoma cell lines compared to pooled controls. (b) Cannabinoid-induced caspase-3 activity. The caspase-3 ﬂuorimetric
assay was performed, and ﬂuorescence units are shown on the y-axis. One of two individually performed experiments is shown. *p < 0.05 when agonist treated cells with and without inhibitors were compared, Kruskal-Wallis analysis. B CLL cell lines MEC1 and MEC2, MCL cell line Rec-1, BL
cell lines Raji and Namalwa and the plasma cell leukemia cell line SK-MM-2 were resuspended in AIM-V medium without serum and pretreated
with the CB1 antagonist SR141716A (SR1) (10 nM) or the CB2 antagonist SR144528 (SR2) (10 nM) for 30 min prior to incubation with vehicle or
10 lM of Rþ(-)MA for 24 hr. (c) Cannabinoid-induced cell death. The cell death ELISA was performed, and ﬂuorescence units are shown on the yaxis. One of two individually performed experiments is shown. *p < 0.05 when agonist treated cells with and without inhibitors were compared
Kruskal-Wallis analysis. The cells were incubated in AIM-V medium without serum and pretreated with the CB1 antagonist SR141716A (SR1; 10
nM) or the CB2 antagonist SR144528 (SR2; 10 nM) for 30 min prior to incubation with vehicle or 10 lM of R(þ)-MA for 24 hr.
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FIGURE 4 – Effect of R(þ)-MA on the xenotransplanted mantle cell
lymphoma. SCID-NOD mice were injected subcutaneously with 10 3
106 JEKO-1 cells in 0.4 ml PBS. The mice were assigned randomly to
2 groups, each containing 11 and 12 animals, respectively. Mice were
treated with R(þ)-MA, 5 mg/kg, or vehicle by subcutaneous injection in
the tumor area twice a day. Group size: treated, n 5 11, mock-treated, n
5 12. Animals were sacriﬁced at day 33, and a 40% reduction of tumor
weight in the R(þ)-MA treated animals compared to mock-treated animals was detected. Mean (–), mean 6 SE (box), mean 6 SD (error
bars), outliers (dots). Mann–Whitney U Test p < 0.02 when treated and
mock-treated groups were compared. [Color ﬁgure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]

R(þ)-MA. In contrast, cannabinoid receptor ligation in the B CLL
cell-lines MEC1 and MEC2, expressing higher levels of both CB1
and CB2 compared to reactive lymph nodes, induced caspase-3
activation and apoptosis. This differential response to cannabinoids is in accordance with our earlier study, where cannabinoid
agonists induced cell death in MCL by targeting both CB1 and
CB2, while cells expressing only CB1 or only CB2 were resistant.7 A similar requirement of ligation of both CB1 and CB2 has
been observed after treatment of dendritic cells with D9-tetrahydrocannabinol.50

In the present study, we investigated the efﬁcacy of the anandamide analogue R(þ)-MA in a mouse model of tumors derived
from a human MCL cell line and observed a signiﬁcant inhibition
of in vivo tumor growth. This is the ﬁrst report on cannabinoidinduced decreased growth of tumors of the human lymphoid system in vivo. Another stable analog of anandamide, 2-methyl-2-Fanandamide (Met-F-AEA), has earlier been shown to reduce the in
vivo growth of tumors originating from thyroid epithelial cells.29
When possible mechanisms contributing to the decreased lymphoma growth in response to R(þ)-MA were investigated, a 25%
(p < 0.02) reduction in mitotic index was observed in tumor tissue
from treated mice. Thus, inhibition of tumor growth in lymphoma
could, at least in part, be mediated through effects on cell cycle
regulation. Cell cycle arrest has earlier been reported to inhibit the
growth of breast, prostate and melanoma cancer cells.31,35,38,39,51
In our study, in vitro treatment with R(þ)-MA caused induction of
apoptosis, while no differences in apoptosis as measured by
TUNEL staining was observed after treatment with R-MA in vivo
(data not shown). Cannabinoids have been reported to exhibit antiangiogenic effects in malignant glioma and in thyroid cancer.32,33
This led us to analyze vascular endothelial growth factor (VEGF)
ex vivo in the xenografted MCL. However, no difference in VEGF
mRNA or protein expression was observed between R(þ)-MA
and mock-treated tumors (data not shown).
Our results show that CB1 and CB2 are expressed in several
entities of non-Hodgkin lymphomas of B cell type. The highly
variable expression within well-deﬁned lymphoma entities suggests that cannabinoid receptors may be potential targets for individualized therapeutic interventions. Treatment with the stable
endocannabinoid analog R(þ)-MA induces apoptosis in tumor
cell lines from MCL and CLL, expressing higher levels of both
CB1 and CB2 compared with reactive lymphoid tissue. Furthermore, decreased growth of MCL in vivo was observed following
intratumoral injections of R(þ)-MA. Similarly, in studies using
animal models or xenografts of breast, lung cancer, skin, prostate
and brain cancer, antitumor effects by cannabinoids have been
reported (reviewed in Refs. 19 and 20). In a pilot study on patients
with glioblastoma multiforme, D9-tetrahydrocannabinol reduced
tumor cell proliferation in vivo.34 These cumulative data suggest
that targeting of the endocannabinoid system could possibly be
part of a future therapy for certain malignant lymphomas as has
been suggested for other forms of cancer.
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