










Figure 3. Synthetic cannabinoids inhibit breast cancer growth, proliferation, and angiogenesis in vivo. MDA-MB231 cells (3 × 106) were injected s.c.
into the right flank of severe combined immunodeficient mice. After tumors were palpable, the mice were treated peritumorally either with 5 mg/kg body
wt of vehicle, JWH-133, WIN-55,212-2, or their respective antagonists for 4 wk (n = 6). A and B, tumors were measured every week with external
calipers and volume was calculated as volume = length × (width)2/2. C, representative of tumors dissected from different experimental groups. After
4 wk, the tumors were excised from mice and volume was calculated accordingly. D, representative photomicrographs of immunostaining with CD31
(vascularization marker) and Ki67 (proliferation marker) of tumors extracted from treated mice. The results are shown as the percent change in treated
animals versus controls. Scale bars, 50 μm. *, P < 0.05; **, P < 0.01, significantly different from vehicle-treated cells. #, P < 0.05; ##, P < 0.01,
significantly different from JWH/WIN-treated cells, respectively. Data are representative of two independent experiments.
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staining. Taken together, these data suggest that cannabi-
noids inhibit cell viability and cell migration in breast cancer
cell lines.
CB2 Specific siRNA Blocked Effect of Cannabinoid

Treatment

To confirm that these effects are cannabinoid receptor–
mediated, we used specific human CB2 targeting siRNA.
MDA-MB231 cells, transfected with CB2 siRNA (100 pmol),
were treated overnight with vehicle, JWH-133, or WIN-
55,212-2 (10 μmol/L). CB2 siRNA was able to block JWH-
133– and WIN-55,212-2–mediated migration towards 10%

serum (Fig. 2C, left). In addition, to evaluate the knockdown
efficiency, we did Western blot using anti-CB2 antibody and
found a significantly decreased level of CB2 expression in
siRNA-transfected cells (Fig. 2C, right). These data indicate
that the effects of JWH-133 and WIN-55,212,2 are mediated
through CB2 receptor.
Synthetic Cannabinoid Treatments Lead to Reduced

Tumor Burden, Proliferation, and Angiogenesis In vivo
We next investigated the effect of these synthetic cannabi-

noids on tumor growth in vivo. Tumors induced in immuno-
deficient mice by s.c. flank injection of MDA-MB231 cells

Figure 4. Synthetic cannabinoids
inhibit lung metastasis in vivo.
MDA-MB231-luc-D3H2LN cells (1 ×
106) were inoculated i.v. into immuno-
deficient mice. After 24 h of injection,
different combinations of 5 mg/kg
body wt of vehicle, JWH-133, WIN-
55,212-2, or their respective antago-
nists were given i.p. for 4 wk (n=6).
A and B, bioluminescence imaging
was done every week and plotted as
radiance flux (photons/s). C, repre-
sentative illustration of imaging of
mice. D, after necropsy, lung meta-
static lesions were quantified and
plotted. *, P < 0.05; **, P < 0.01,
significantly different from vehicle-
treated cells. #, P < 0.05; ##, P <
0.01, significantly different from
JWH/WIN-treated cells, respectively.
Data are representative of two inde-
pendent experiments.
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were reduced significantly on treatment with agonists
JWH-133 (46%; Fig. 3A) and WIN-55,212-2 (42%; Fig. 3B)
compared with vehicle-treated mice. Specific cannabinoid
receptor antagonists were used to observe if the effects were
receptor mediated. A significant reversal of ∼65% to 75%
inhibition of tumor growth was observed when mice were
treated either with CB2-specific antagonist (SR144528) along
with JWH-133, or with CB1/CB2 antagonist (AM 251 or
SR144528) along with WIN-55,212-2, compared with the
control-treated group. Furthermore, a significant 85% rever-
sal of effect on tumor burden was observed when a combi-
nation of CB1/CB2 antagonists (AM251 and SR144528) was
used along with WIN-55,212-2 (Fig. 3C). These data indicate

that synthetic cannabinoids mediate tumor suppressive ef-
fects through their receptors CB1 and CB2.
For a tumor to grow beyond a minimal size, it must gen-

erate a new vascular supply. Thus, blocking the angiogenic
process constitutes one of the most promising antitumor ap-
proaches now available. To quantify the angiogenesis and
proliferation in treated tumors, the xenograft tumors from
mice were subjected to immunohistochemical analysis for
vascularization and cell proliferation markers. We observed
a significant decrease of 43% and 40% in CD31 (an endothe-
lial cell–specific antigen marker) in JWH-133– and WIN-
55,212-2–treated tumors, respectively. Further, control
carcinomas showed long and branched blood vessels,

Figure 5. Synthetic cannabinoids delay the growth and progression of mammary tumors in transgenic PyMT mice. Female transgenic mice were treated
peritoneally either with 5 mg/kg wt of vehicle or with JWH-133 for 8 wk (n = 6). A, representative illustration of female transgenic PyMT mice with
tumors at the time of sacrifice. B, after 8 wk, mammary tumors were excised from mice and weighed. Representative photomicrographs of tumors show-
ing (C) Ki67 (proliferation marker) and (D) CD31 staining (vascularization marker). The results are shown as the percent change in treated animals versus
controls. *P < 0.05; **P < 0.01 compared with vehicle-treated.
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Figure 6. Synthetic cannabinoids modulate COX-2 signaling in breast cancer cells, arrest cell growth, and induce apoptosis in tumors. A, PGE2 levels in
supernatants of MDA-MB231 cells treated with vehicle, JWH-133, or WIN55,212-2 as measured by ELISA assay. B, left,Western blot analysis of COX-2
in MDA-MB231 cells treated with vehicle, JWH-133, or WIN55,212-2. Right, messenger RNA levels for COX-2 determined by real-time PCR in tumors
treated with vehicle, JWH-133, or WIN55,212-2. Results are expressed as relative expression compared with control by 2−ΔΔCT. Results are mean ± SD
with n = 3 in each group. Inset, Western blot analysis of COX-2 in tumors excised from mice. C, left, Cdc42 activation in MDA-MB231 cells. The
densitometric histograms represent relative band intensities normalized to GAPDH. Middle, expression of transcription factors c-Fos and c-Jun in nuclear
and cytoplasmic extracts of MDA-MB231 cells treated with either vehicle, JWH-133 (J), or WIN55,212-2 (W). Right, the densitometric histograms rep-
resent relative band intensities normalized to Lamin B1. D, top,MDA-MB231 cells were treated with vehicle, JWH-133, or WIN55,212-2 for 24 h, stained
with propidium iodide, and subjected to flow cytometry. Left, TUNEL staining of tumor tissues. Sections of tumors extracted from mice treated with
vehicle, JWH-133, WIN55,212-2, and their antagonists were subjected to TUNEL staining and the positive cells were quantified and plotted. Right,
MDA-MB231 cells were treated with 10 μmol/L NS-398 with or without JWH-133, WIN-55,212-2 (10 μmol/L), or vehicle for 24 h, and apoptosis was
measured as described in Materials and Methods. *, P< 0.05; **, P< 0.01, significantly different from vehicle-treated cells. #, P< 0.05; ##, P< 0.01,
significantly different from JWH/WIN-treated cells, respectively.
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whereas vessels in JWH-133– and WIN-55,212-2–treated tu-
mors were narrow. Similarly, Ki67 staining (marker for pro-
liferation) showed a significant 39% and 38% reduction in
tumors treated with JWH-133 and WIN-55,212-2, respec-
tively, relative to control tumors (Fig. 3D). These results sug-
gest that synthetic cannabinoids inhibit angiogenesis and
cell proliferation, and these effects were mediated by
CB1/CB2 receptors in tumors.
Synthetic Cannabinoid Receptor Agonists Inhibit

Metastasis of MDA-MB 231 Cells to Lungs In vivo
Because we showed that synthetic cannabinoids have a

significant inhibitory effect on the growth and migration of
MDA-MB231 breast cancer cells in vitro, we next studied the
effect of these cannabinoids on metastasis in vivo. For this,
MDA-MB231-luc-D3H2LN, which are luciferase-positive
cells, were injected i.v. in immunocompromised mice. Meta-
static activity was assayed by bioluminescent imaging of
luciferase-transduced cells every week. We observed a 76%
and 67% reduction in lung metastasis in JWH-133– and
WIN-55,212-2–treated mice, respectively, relative to the con-
trol group. Furthermore, to determine if the effects were me-
diated through CB1 and CB2 receptors, we treatedmice with
CB1- and CB2-specific antagonists. Inhibition in lung metas-
tasis upon synthetic cannabinoids treatment was reversed
significantly in antagonist-treated mice (Fig. 4A–C). We fur-
ther analyzed the surface nodules in lungs in these mice and
observed that it correlated well with the bioluminescence
data. We observed a 75% and 60% reduction in lung nodules
in JWH-133– and WIN-55,212-2–treated mice, respectively,
compared with the control mice, and these effects were abro-
gated in the presence of CB1- and CB2-specific antagonists.
Interestingly, the effect was almost completely reversed
(97%) when both antagonists, AM 251 and SR144528, were
used with WIN-55,212-2 (Fig. 4D). These data suggest that
both of the synthetic cannabinoids possess antimetastatic
properties that are mediated through their specific receptors.
Synthetic Cannabinoids Retard the Growth of

Mammary Gland Tumors in PyMT Transgenic Mouse

Model

PyMT transgenic mice share many features of human
breast cancer, and multiple stages of tumor progression
are recapitulated. Hence, the effect of synthetic cannabi-
noids on the spontaneous mammary gland carcinogenesis
was studied using the PyMT transgenic model. Importantly,
we observed a delay of approximately 1 week in posterior
and anterior mammary gland tumor formation in the JWH-
133–treated mice compared with the control group. Further-
more, our results also revealed that PyMT mammary
tumors were greatly reduced in size in the JWH-133–treated
group, relative to the control group. The average tumor
mass in JWH-133–treated mice was 0.12 g compared with
0.28 g in vehicle-treated PyMT mice (Fig. 5A and B). In
addition, we showed that JWH-133–treated tumors showed
a significant decrease of 40% and 37% of Ki67 (Fig. 5C)
and CD31 (Fig. 5D) staining, respectively, compared with
vehicle-treated group. Taken together these data suggest
that cannabinoids increased tumor latency, and decreased
tumor growth and aggressiveness in PyMT mice.

Microarray Analysis

To investigate themechanisms involved in the cannabinoid-
mediated tumor-suppressive effects, we carried out micro-
array analysis by using a gene chip containing 40,000
human genes. Among the various genes that were down-
regulated in JWH-133 and WIN-55,212-2 cells compared
with control vehicle-treated cells, we selected the COX-2/
PGE2 signaling pathway for our further investigation
and then confirmed these results by using Western blot
analysis.
Synthetic Cannabinoids Modulate COX-2/PGE2

Signaling in Breast Cancer

To elucidate the molecular mechanism of synthetic canna-
binoid-mediated inhibition of tumor growth and metastasis,
we analyzed the effects of these synthetic cannabinoids on
the COX-2/PGE2 pathway. COX-2 is responsible for high le-
vels of prostaglandin production during inflammation and
cancer growth and metastasis (31).We measured PGE2 levels
in supernatants of MDA-MB231 cells treated with vehicle,
JWH-133, or WIN55,212-2 by ELISA. We observed a signif-
icant decrease in cannabinoid-treated cells compared with
vehicle-treated cells. The results are mean ± S.E. of three in-
dependent experiments (Fig. 6A). Next, we observed a sig-
nificant decrease in the expression of COX-2 in JWH-133–
and WIN-55,212-2–treated MDA-MB231 cells (Fig. 6B, left).
Further, we observed an 8-fold and a 6-fold decrease in the
expression of COX-2 in tumors excised from JWH-133– and
WIN-55,212-2–treated mice, respectively, relative to control
tumors (Fig. 6B, right). The decrease in COX-2 expression in
these tumors was further confirmed by Western blot analy-
sis (Fig. 6B, inset).
Synthetic Cannabinoids Modulate COX-2 Regulators

in Breast Cancer

Recently, regulation of COX-2 expression by small
GTPases has been reported in different cell lines. Hence,
we also investigated the effect of synthetic cannabinoids
on the activity of Cdc42, which is an important member
of the GTPase family. We observed a significantly low activ-
ity of Cdc42 in JWH-133– and WIN-55,212-2–treated MDA-
MB231 cells compared with vehicle-treated cells (Fig. 6C,
left). Because c-Fos and c-Jun have been shown to interact
with COX-2 promoter transcriptionally to activate COX-2
expression (32), we further investigated the effect of syn-
thetic cannabinoids on these transcription factors. Nuclear
extracts of MDA-MB231 cells obtained from cannabinoid-
treated cells showed reduced expression of c-Fos and
c-Jun compared with vehicle control cells (Fig. 6C, middle).
These data suggest that the inhibition of COX-2 expression
by synthetic cannabinoids may be regulated by reduced ex-
pression of transcription factors c-Fos and c-Jun in breast
cancer cells.
Synthetic Cannabinoids Arrest Cell Cycle and Induce

Apoptosis in MDA-MB231 Cells In vitro and in Tumor
Samples

Overexpression of COX-2 has been reported in a number
of carcinomas. Its overexpression has been associated with
uncontrolled cell proliferation and inhibition of apoptosis.
Hence, to see whether the growth inhibitory effects of

Breast Tumor Suppressive Effects of Cannabinoids

Mol Cancer Ther 2009;8(11). November 2009

3126

Research. 
on October 14, 2019. © 2009 American Association for Cancermct.aacrjournals.org Downloaded from 

Published OnlineFirst November 3, 2009; DOI: 10.1158/1535-7163.MCT-09-0448 

http://mct.aacrjournals.org/


cannabinoids were due to cell cycle arrest and apoptosis,
MDA-MB231 cells were treated with JWH-133 and WIN-
55,212-2 (10 μmol/L) or vehicle for 24 hours, and the effect
was determined using fluorescein-tagged deoxyuridine tri-
phosphate nucleotide and propidium iodide. We observed
significant cell cycle arrest and apoptosis in cells treated
with cannabinoids for 24 hours compared with control.
More specifically, the cells were arrested in the G0-G1 phase
when treated with JWH-133 (69.89 ± 1.25) and WIN-55,212-
2 (62.33 ± 1.88), as compared with the control (54.17 ± 3.6).
The induction of apoptosis was negligible in vehicle control
cells (3.47 ± 4.8) relative to JWH-133–treated cells (30.61 ±
0.94) and WIN-55,212-2–treated cells (22.53 ± 1.14%;
Fig. 6, top). To validate the in vitro results, we also analyzed
tumors derived from mice for apoptosis. We observed a sig-
nificant induction of apoptosis of 40% and 20% in JWH-133–
and WIN-55,212-2–treated tumors relative to vehicle-treated
control tumors (Fig. 6, left). Further, to confirm that the in-
duction of apoptosis is a direct consequence of downregula-
tion of COX-2 by synthetic cannabinoids, we used COX-2
selective inhibitor NS-398 in MDA-MB231 cells. NS-398
has been shown to inhibit proliferation and induce apopto-
sis in various carcinomas (23). We observed a significant in-
duction of apoptosis when these cells were treated with the
inhibitor along with JWH-133 or WIN-55,212-2 compared
with the treated vehicle control (Fig. 6, right). Taken togeth-
er, these results suggest that the synthetic cannabinoids may
block tumor growth by inducing cell cycle arrest and apo-
ptosis in human breast cancer tumors.

Discussion
Breast cancer is the most common cancer and the second
leading cause of cancer death in American women. Despite
recent advances in early detection, mortality still remains
very high due to the emergence of refractory tumors associ-
ated with multidrug resistance. Therefore, additional altera-
tive therapies with increased efficacy and low toxicity
should be explored. Although studies have recently sug-
gested that cannabinoids exert potential antitumor effects
on a wide spectrum of human tumor cell lines in culture
and in xenograft studies (8, 10, 14, 18, 32–41), not much is
known about the effects of nonpsychoactive synthetic can-
nabinoids on breast cancer progression and metastasis. In
the present study, we investigated the antitumoral and me-
tastatic properties of two synthetic cannabinoids (JWH-133
and WIN-55,212-2) against breast cancer cell lines. Here we
report for the first time that synthetic cannabinoids signifi-
cantly inhibit tumor growth and metastasis in vitro and
in vivo in different mouse model systems, including PyMT
breast cancer transgenic mouse model systems. Further-
more, we have shown that these effects are modulated
through the COX-2/PGE2 signaling pathway.
Synthetic cannabinoids exert a wide variety of biological

effects by mimicking endogenous compounds (endocanna-
binoids), which exert their effects through two cannabinoid-
specific G-protein coupled receptors, CB1 and CB2. In this
study we have shown for the first time overexpression of

cannabinoid receptors CB1 and CB2 in primary human
breast tumor samples by tissue microarray analysis. The
expression of these receptors was higher in poorly and
well-differentiated breast cancer compared with ductal car-
cinoma in situ tumors and normal breast tissue. We also ob-
served expression of these receptors in breast cancer cell
lines MDA-MB231 and MDA-MB468. Previously, both
CB1 and CB2 receptors were reported to be overexpressed
in various cancers, such as prostate, skin, and hepatocellular
carcinoma (8–10).
We observed that both synthetic cannabinoid JWH-133,

which specifically binds to CB2 receptors, and WIN-
55,212-2, which binds to CB1 and CB2 receptors, significant-
ly inhibit cell proliferation and migration of breast cancer
cell lines in vitro. The inhibition of migration of MDA-
MB231 cells by JWH-133 and WIN55-212-2 was blocked
by knockdown of CB2, indicating that these effects are me-
diated through CB2 receptor. Although endocannabinoid
(R)-methanandamide has been shown to inhibit growth
and metastasis of breast cancer cells in vivo, here we show
that synthetic cannabinoids that do not possess psychoac-
tivity also significantly inhibit tumor burden and lung me-
tastasis in multiple in vivo mouse models. We have for the
first time shown that JWH-133 treatment delays and signif-
icantly reduces mammary tumors in the PyMT transgenic
mouse model system. This mouse model has been used to
study the effects of antitumor drugs as it recapitulates the
processes found in human breast cancer progression and
spontaneous metastasis (40, 41). Contrary to these findings,
however, one report by McKallip et al. has shown that D (9)-
tetrahydrocannabinol enhanced breast cancer growth and
metastasis specifically in cells expressing low levels of can-
nabinoid receptors by suppressing the antitumor immune
response (42), suggesting that cannabinoid exposure may
increase the incidence of breast cancer, as well as other can-
cers that do not express cannabinoid receptors. Previous
in vitro and in vivo studies have shown that endocannabi-
noids and synthetic cannabinoids have antitumor effects in
gliomas, prostate, lung, and colon cancer (8, 9, 11, 29, 43,
44). The in vivo inhibitory effects of JWH-133 and WIN-
55,212-2 in tumor growth and metastasis were reversed by
CB2 and CB1 antagonists, indicating that both of these recep-
tors regulate tumor growth and metastasis in vivo.
The molecular mechanism of cannabinoid-mediated inhi-

bition of tumor growth and metastasis is not well-known.
Recently, it has been shown that Δ9-tetrahydrocannabinol
can induce apoptosis in colorectal cancer cells by inhibiting
the RAS-MAPK/ERK and P13K-AKT cell survival path-
ways and the increased expression of the proapoptotic
protein BAD (45). In addition, it has also been reported that
(R)-methanandamide-treated cells show decreased phos-
phorylation of focal adhesion-associated protein kinase
and Src (46). In our study, we have shown that synthetic
cannabinoids significantly suppress expression of proangio-
genetic gene COX-2. These effects were observed in MDA-
MB231 cells and cannabinoid-treated tumor samples.
Furthermore, we observed a significant decrease in PGE2 se-
cretion in cannabinoid-treated MDA-MB231 cells. This
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study is in contrast to previous studies where endocannabi-
noids have been shown to increase COX-2 expression, and
tumor growth in lung cancer and cerebral microvascular en-
dothelium (31, 47). This discrepancy could be explained as
anandamide has also been shown to mediate its effects
through a receptor-independent pathway that may lead to
upregulation of COX-2 pathway. Recent data have shown
that COX-2–derived prostaglandins modulated the produc-
tion of proangiogenetic factors in colon cancer cells, and that
COX-2 overexpression could result in resistance to apopto-
sis, increased invasiveness, and tumor angiogenesis (31, 47,
48). We show that synthetic cannabinoid treatment leads to
apoptosis in tumors and arrest of MDA-MB231 cells in G0-
G1 phase. Furthermore, to confirm a direct relationship of
down modulation of COX-2 and induction of apoptosis
by synthetic cannabinoids, we used NS-398, which is one
of the COX-2 inhibitors and has been shown to induce ap-
optosis (23). We found a significant induction of apoptosis
in cells treated with NS-398 and JWH-133 or WIN55,212-2
compared with the vehicle-treated control. We also ob-
served significant reduction in angiogenesis (CD31 staining)
and proliferation (Ki67 staining) in tumors derived from
mice treated with cannabinoids. COX-2 has been shown to
regulate activity of GTPases and transcription factors (25,
27). In our present study, we observed reduced Cdc42 activ-
ity and nuclear expression of transcription factors c-Jun and
c-Fos in MDA-MB231 cells. These studies, therefore, suggest
that cannabinoid regulation of COX-2 pathways may lead
to reduced angiogenesis and subsequent apoptosis in breast
cancer. It may be one of the mechanisms by which cannabi-
noids modulate tumor growth and metastasis. Thus, canna-
binoids along with COX-2 inhibitors may represent novel
chemopreventive tools for the treatment of breast cancer.
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