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Abstract

Introduction: The cannabinoid receptor 2 (CB2) is mainly involved in the im-
mune system. However, although CB2 has been reported to play an anti-tumor
function in breast cancer (BC), its specific mechanism in BC remains unclear.
Methods: We examined the expression and prognostic significance of CB2 in
BC tissues by qPCR, second-generation sequencing, western blot, and immuno-
histochemistry. We assessed the impacts of overexpression and a specific agonist
of CB2 on the growth, proliferation, apoptosis, and drug resistance of BC cells in
vitro and in vivo using CCK-8, flow cytometry, TUNEL staining, immunofluores-
cence, tumor xenografts, western blot, and colony formation assays.

Results: CB2 expression was significantly lower in BC compared with paracan-
cerous tissues. It was also highly expressed in benign tumors and ductal carci-
noma in situ, and its expression was correlated with prognosis in BC patients. CB2
overexpression and treatment of BC cells with a CB2 agonist inhibited prolifera-
tion and promoted apoptosis, and these actions were achieved by suppressing the
PI3K/Akt/mTOR signaling pathway. Moreover, CB2 expression was increased in
MDA-MB-231 cell treated with cisplatin, doxorubicin, and docetaxel, and sensi-
tivity to these anti-tumor drugs was increased in BC cells overexpressing CB2.
Conclusions: These findings reveal that CB2 mediates BC via the PI3K/Akt/
mTOR signaling pathway. CB2 could be a novel target for the diagnosis and treat-
ment of BC.
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1 | INTRODUCTION
Breast cancer (BC) is one of the most common gynecologi-
cal tumors," with 2.26 million new cases in 2020, officially
replacing lung cancer as the world's most common can-
cer.? Although effective treatments for BC have improved,
it still the leading cause of deaths in women.>* The main
treatment methods are currently radiotherapy and che-
motherapy, but these are inadequate in some cases, espe-
cially in patients who develop resistance to chemotherapy
drugs.*® Therefore, breast cancer for new targets is urgent.
The endocannabinoid system (ECS) is a cellular com-
munication system that regulates a series of physiologi-
cal processes in animals, including learning, memory,
appetite, pain, and inflammation.”” The ECS consists of
two receptors, and corresponding ligands with different
related enzymes for ligand synthesis.'®!" Its function is
mainly achieved through the interactions of cannabinoids
with the two G protein-coupled receptors, cannabinoid re-
ceptor 1 (CB1), and cannabinoid receptor 2 (CB2), respec-
tively. CBI and CB2 are expressed at different sites, and are
expressed in the nervous system and immune system, re-
spectively. Increasing evidence has demonstrated an anti-
tumor function of CB2 in many types of cancers, such as
liver cancer,'? BC,'® colorectal cancer,'* and non-small cell
lung cancer."> CB2 and its specific agonists have shown
anti-proliferation, proapoptosis, anti-angiogenesis, anti-
invasion, and anti-migration effects in different tumor
cells and animal models.'*'” However, some studies have
reported a tumor-promoting function of CB2."* Although
studies found that CB2 had anti-tumor effects in BC, its
specific mechanism in BC has not been fully explored.**’
In this study, we report the RNA sequencing analysis to
investigate mRNA expression profiles and used immuno-
histochemistry analysis the CB2 protein expression in BC
tissues. Then we focused on the role of CB2 and its clinical
implications, biological effects and molecular mechanism
in the breast cancer. CB2 expression decreases in line with
BC progression, and it may thus be a useful marker gene
for BC. In addition, CB2 inhibited the proliferation and
promoted apoptosis of BC cells through the phosphoinos-
itide 3-kinase (PI3K)/Akt/mTOR signaling pathway in
vivo and in vitro. Overall, our study indicate that CB2 may
be a useful molecular marker gene and a potential new
therapeutic target for BC.

2 | MATERIALS AND METHODS

2.1 | Clinical samples

Clinical tissues were obtained from patients undergoing
breast surgery of Chongqing University Three Gorges

.. 13539
Cancer Medicine _ “WI LEYJ—

Hospital. Samples were collected from 2020 to 2022 for
Basic Research. Tissues were immediately stored in
—80°C. Pathological paraffin sections of BC were also ob-
tained from the Department of Pathology. Based on the in-
clusion and exclusion criteria on breast cancer, our study
included 139 BC patients, all clinical patient information
is present in Table S1. This study was approved by the
Ethics Committee of the Three Gorges Hospital Affiliated
with Chongqing University (Ethics Number: 2020-26),
and all the patients provided informed consent.

2.2 | Cell culture and drug treatment
MDA-MB-231 and MCF-7 cells were obtained from
the Cell Bank of the Chinese Academy of Sciences.
MDA-MB-231 was cultured in Leibovitz's L-15 medium
(11415064, Gibco), at 37°C in room air with 10% FBS
(10100147, Gibco), and MCF-7 was cultured in MEM
Medium (41090036, Gibco) at 37°C in 5% CO, with
10% FBS. The CB2-specific agonist JWH-015% was pur-
chased from Sigma (J4252-5MG; Sigma). The perifos-
ine inhibits Akt phosphorylation was purchased from
MedChemExpress (HY-50909). The detailed results can
be found in Supplementary Materials.

2.3 | Inducible CB2 transfection

The CB2-overexpression lentiviral vector (GVB-358) and
CB2-knockdown lentiviral vector (PM5.1) were pur-
chased from Genechem. Plasmids were packaged as lenti-
viral vector particles, the lentiviral titers were 1x10° TU/
mL. The CB2-overexpression lentiviral vector transfected
into MDA-MB-231 and MCF-7 cells at a 10 and 20 mul-
tiplicity of infection (MOI) value, respectively. BC cells
were grown to a density of 40%, the complete medium
was replaced with serum-free culture medium, and then
transfected with the CB2-overexpression and empty vec-
tors, respectively. Transfection enhancers concentrations
of 5ng/mL (Genechem) were added after transfection.
The original medium was replaced by the complete me-
dium after 12h. After 72h, 1 ng/mL puromycin was used
to screen continuously for three generations to obtain a
cell line stably expressing CB2. Similar methods was ap-
plied for a stable knockdown expression of CB2 in MDA-
MB-231 cell line.

2.4 | gRT-PCR

Total RNA was extracted by the phenol-chloroform
method. RNA concentration was calculated using a
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Nanodrop One spectrophotometer (ThermoFisher). A
total of 1pg of RNA was reverse transcribed cDNA.*
The qRT-PCR experiments was finished according to the
Minimum Information for Publication of Quantitative
Digital PCR Experiments (MIQE).* The forward and re-
verse CB2 primer sequences were CTGCGCTATCCACC
TTCCTA and ACAGCAAGTCCATCCCATGA, respec-
tively. The primer housekeeping gene sequences were
as follows: GAPDH primer (sense, 5-CAAATTCCATG
GCACCGTCA-3’; antisense, 5-GACTCCACGACGTA
CTCAGC-3’); p-actin (sense, 5-AGAGAGGCATCCTC

ACCCTG-3; antisense 5-GATAGCACAGCCTGGAT
AGCA-3).
2.5 | Sequencing

Gene expression analysis was conducted via Illumina
RNA sequencing (RNA-seq). Twelve samples including
six cancerous and six adjacent paracancerous tissues were
used for transcriptomic sequencing. Sequencing libraries
were sequenced using an Illumina HiSeq 2000 sequencer
(Novogene). CB2 expression was analyzed using the bioin-
formatics website (www.bioinformatics.com.cn).

2.6 | Immunohistochemistry (IHC)

Tissue specimens were fixed with 4% formaldehyde, put
in paraffin, and continuous 5-6 pm tissue slices were used
for IHC. Paraffin sections were dewaxed and rehydrated
and antigens were repaired under high temperature in
sodium citrate (pH 8.0, Solarbio). Endogenous peroxidase
activity was inhibited using 3% H,0, and non-specific
binding was blocked using normal goat serum (5%).
Anti-CB2 polyclonal antibody (ab3561, Abcam; 1:100 di-
lution) was used for IHC staining, followed by horserad-
ish peroxidase (HRP)-conjugated anti-IgM (SA5-10288,
Invitrogen; 1:1000 dilution) second antibody. The sections
were incubated with streptavidin-HRP (Neobioscience),
followed by 3,3’-diaminobenzidine staining, counter-
stained with hematoxylin, and mounted with neutral
gum. The THC results were analyzed by physicians in the
Pathology Department. IHC expression was graded as 0-
4:0-2 indicated low expression, and grades 3 and 4 were
defined as high expression (Figure S1A).

2.7 | Western blot

The proteins of tissue and cells were extracted using
Protein Extraction Reagent (78510; ThermoFisher), and
quantified using BCA Protein Assay Reagent (Beyotime).

The primary antibodies as follows: p-actin (GTX109639;
GenTex), CB2 (ab3561; Abcam), Cyclin A2 (ab181591;
Abcam), Bcl2 (D17C4; Cell Signaling Technology [CST]),
Bax (D2E11; CST), phosphorylated (p)-Akt (D9E; CST),
Akt (11E7; CST), p-mTOR (D9C2; CST), and mTOR (7C10;
CST) overnight at 4°C, then, goat anti-rabbit secondary
antibodies (A00834; Multi Sciences) was incubated for 1 h.
Finally, images were exposed using an enhanced chemilu-
minescence kit (Chemstudio SA2, Analytik Jena).

2.8 | Cell growth and proliferation assays
BC cells were inoculated in 96-well plates at 30% conflu-
ence per well. After culturing for 0, 24, 48, and 72h, 10pL
CCK-8 solution (CK04; Dojindo) was added to each per
well at incubation 1h at 37°C, and the optical density
was read at 450nm in a microplate reader (SpectraMax,
MolecularDevices).

2.9 | Colony-forming assay

BC Cells were plated in 6-well plates of 2000 cells per well
and cultured for 10days, and then fixed with cell fixing so-
lution, stained with 0.1% crystal violet for 5min, and pho-
tographed under a microscope. The results were analyzed
using Image] software. Experiments were repeated three
times for each group.

2.10 | Flow cytometry

Cells were plated into 6-well plates (5x10° cells/well)
and treated with CB2-overexpression lentiviral vector or
agonist for 72h. After 72h, the cells and culture superna-
tants were collected. Apoptosis was then detected by flow
cytometry using an APC/7-AAD Apoptosis Detection Kit
(Multi Science) and FITC/propidium iodide Apoptosis
Detection Kit (Solarbio). Cell cycle profiles were gener-
ated by flow cytometry using PI staining in 488 nm and
analyzed by flowJo software (Agilent Technologies).

211 | TUNEL assay

Cells in logarithmic growth phase were spread on a slide
and grown to 50% confluence, and then treated with CB2-
overexpression lentiviral vector or agonists. The cells
were subjected to TUNEL staining using a TUNEL Cell
Apoptosis Detection Kit (G1502; Servicebio), according to
the manufacturer's instructions, and photographed under
a fluorescence microscope.
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212 | Animal experiments

BALB/c nude mice, female, 6-week-old, were injected
with 5x10° MDA-MB-231 cells subcutaneously which
were CB2-overexpression lentiviruses. Tumor width and
length were measured once a week for 4 weeks, and tumor
volume was calculated as follows: lengthxwidth?/2.
Then the tumors were collected for western blot and im-
munofluorescence. All animal procedures were carried
out according to the USA National Institutes of Health
Guidelines and were approved by the Animal Ethics
Committee of Three Gorges Hospital Affiliated with
Chongging University.

2.13 | Immunofluorescence
Paraffin-embedded tumor tissues from nude mice were
sectioned for immunofluorescence analysis. The tumor
tissues were deparaffinized, dehydrated through graded
alcohols, and treated for antigen repair. Then incu-
bated with primary antibodies against Ki67 (D3B5; CST)
overnight at 4°C, followed by FITC-labeled anti-rabbit
secondary antibodies (GB22404; Servicebio) for 1h.
The images were captured with a microscope (BX63,
Olympus).

2.14 | Drug resistance experiments
MDA-MB-231 cells were treated with cisplatin (Qilu
Pharmaceutical; 20 pM), the anthracycline doxorubicin
(Pude Pharmaceutical; 1pg/mL), or the taxane doc-
etaxel (TaiJi Group; 5pg/mL) for 48 h, respectively, and
the CB2 expression was determined by western blot.
MDA-MB-231 cells were also transfected with CB2-
knockdown lentivirus and treated with cisplatin (0, 10,
20, 50 pM), doxorubicin (0, 0.2, 0.5, 1 pg/m), or docetaxel
(0, 0.5, 1, 10pg/m), and cell viability was evaluated by
CCK-8 assay.

2.15 | Statistical analysis

Statistical analyses were conducted using GraphPad
Prism 8.0 and SPSS 17.0. Data were expressed as the
mean +standard deviation. Results were compared
between groups using two-tailed Student's t-tests or
ANOVA tests. Kaplan-Meier survival curve analysis of
BC patients was analyzed using the website: https://km-
plot.com/analysis/. Differences were statistically signifi-
cant at p <0.05.
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3 | RESULTS

3.1 | Decreased CB2 expression
correlated with BC prognosis

We investigated the association of CB2 in the develop-
ment of BC by RNA sequencing of six pairs of BC adjacent
breast tissue samples. As shown by the cluster map, CB2
expression was lower in cancerous than in tumor-adjacent
tissues (Figure 1A). Similar results to sequencing were
obtained for CB2 expression levels in 30 pairs of BC and
matched paracancerous tissues by qRT-PCR. The results
confirmed that CB2 expression was significantly reduced
in BC tissues than paracancerous tissues (Figure 1B,C).
Meanwhile, CB2 protein expression was lower in BC tis-
sues (Figure 1D; Figure S1B). We then evaluated the
correlations between CB2 and clinicopathological char-
acteristics in 95 BC samples by IHC. CB2 staining was
evident in 93.68% of the BC tissues (Figure S1C), and the
relative intensities showed that the expression of CB2 was
lower in cancer tissues compared with adjacent cancer tis-
sues (Figure 1E; Figure S1D). In addition, benign tumors
(100%, n=3) and ductal carcinoma in situ (57.89%, n=19)
had significantly higher proportions of high-CB2 expres-
sion compared with invasive ductal carcinoma (38.89%,
n=72) (Figure 1F,G; Figure S2). The correlations between
clinical characteristics and CB2 expression in the 95 BC
patients were listed in Table 1. According to Kaplan-
Meier survival analysis, patients with high expression
of CB2 have longer overall survival than low expression
(Figure 1H). Overall, these results indicated that CB2 is in-
volved in breast cancer progression, and a good prognostic
factor in breast cancer.

3.2 | Overexpression of CB2 inhibited
proliferation and promoted apoptosis in
BC cells

We explored the biological functions of CB2 in BC cell
lines by transfecting the MCF-7 and MDA-MB-231 cells
with CB2-overexpression lentivirus plasmid (GV358-
CB2) for 72h and detecting green fluorescence using a
fluorescence microscope (Figure 2A). mRNA and pro-
tein expression of CB2 are higher in cells transfected
with the overexpression plasmid compared with blank
control (mock) and negative control (GV358-NC) cells,
according to western blot and qRT-PCR, respectively
(Figure 2B,C). Overexpression of CB2 markedly de-
creased the proliferation of BC cells by CCK-8 assay
(Figure 2D), and induced apoptosis, detected by flow cy-
tometry using AnnexinV/7-AAD and TUNEL staining
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FIGURE 1 Cannabinoid receptor 2 (CB2) was downregulated in breast cancer (BC) and correlated with the prognosis of BC patients.
(A) CB2 expression was measured using RNA sequencing technologies in six paired BC samples. Group B is cancer tissue and A is adjacent
tissue. (B and C) CB2 mRNA expression level was determined in 30 paired BC and paracancerous tissues by qRT-PCR. (D) Representative
images of CB2 protein expression in eight paired BC (T) and paracancerous tissues (N). (E) Representative immunohistochemistry (IHC)
images showing CB2 expression in BC and paracancerous tissues. Black arrows represent the para-cancer tissue, red arrows represent cancer
tissue. Scale bars: 500 pm, 40x; 50 pm, 400X. (F and G) Quantification and representative IHC images showing CB2 expression in 95BC
tissues. BF, breast fibroadenoma; DCIS, ductal carcinoma in situ, IDC, invasive ductal carcinoma. (H) Kaplan-Meier survival curve analysis
showed that BC patients with high expression of CB2 had longer overall survival than patients with low expression. GAPDH and f-actin
were used as normalizing genes for qRT-PCR. Data presented as mean + standard deviation (SD), *p <0.05.

(Figure 2E-H). Moreover, overexpression of CB2 could
decreased the S stage of MDA-MB-231 cells and in-
creased the GO-G1 stage (Figure S3A). At the same time,
the expression of Cyclin A2 was significantly reduced in
MDA-MB-231 cells (Figure S3B). We further confirmed
the effect of CB2 overexpression on BC cell growth by
colony formation assay. CB2 inhibited colony forma-
tion by MCF-7 and MDA-MB-231 cells compared with
blank and negative controls (Figure 2LJ). These results

confirmed that CB2 inhibited the proliferation and pro-
moted apoptosis of BC cells.

3.3 | CB2agonists affected the
proliferation and apoptosis of BC cells

We examined the effect of CB2 on breast cancer cells using
the specific agonist JWH-015. BC cells were treated with
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TABLE 1 Correlation between
CB2 expression and clinicopathological

features in 95 BC patients. Characteristic

All cases

Age
<53
>53

T stage
T1
T2-4

N stage
NO
N1-4

M stage
MO
M1

TNM stage
I
II-1v
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CB2

All cases High Low Chi-squared p value
95 42 53
63 22 41 6.54 0.011*
32 20 12
28 11 17 0.39 0.532
67 31 36
63 23 19 4.50 0.034*
32 40 13
92 41 51 0.15 0.700

3 1 2
22 9 13 0.13 0.722
73 33 40

Note: Correlations between CB2 expression and BC clinical features were analyzed by chi-squared tests.

*p <0.05 indicates statistical significance.

various concentrations of JWH-015 to determine the most
appropriate concentration (Figure S4A,B). JWH-015 in-
hibited BC cell proliferation, as shown by CCK-8 assay
(Figure 3A; Figure S4C), and promoted apoptosis of BC
cell lines (Figure 3B-E). CB2 activation also reduced the
proliferation of BC cells, as shown by colony formation as-
says (Figure 3F,G). Collectively, these results demonstrate
that a selective CB2 agonist inhibited the proliferation and
promoted apoptosis.

3.4 | Activation of CB2 was associated
with PI3K/Akt pathway inhibition

CB2 was previously shown to either activate or inhibit
the PI3K/Akt pathway by affecting the phosphorylation
of Akt and mTOR.” We therefore conjectured that CB2
might affect the proliferation and apoptosis of BC cells
through the PI3K/Akt signaling pathway. The expression
level of anti-apoptotic protein Bcl2 decreased and the ex-
pression level of pro-apoptotic protein Bax increased fol-
lowing CB2 overexpression in BC cells by western blot
(Figure 4A-C). We evaluated the effect of CB2 on the
PI3K/Akt/mTOR by detecting the expression levels of p-
Akt, total Akt, p-mTOR, and total mTOR. These results
suggest that the expression of p-Akt and p-mTOR were ob-
viously lower after CB2 overexpression compared with the
blank and negative controls, while the expression levels of
Akt and mTOR were unchanged (Figure 4A-C). Similar

results were obtained after treatment with the CB2 ago-
nist JWH-015 in MCF-7 and MDA-MB-231 cells. Bax pro-
tein expression was significantly upregulated while Bcl2,
p-Akt, and p-mTOR levels were decreased (Figure 4D-F).
We confirmed the interaction between CB2 and the PI3K/
Akt pathway using the perifosine inhibits Akt phospho-
rylation (1puM) and JWH-015 (15.27 pM) to stimulate the
PI3K/Akt pathway in MDA-MB-231 cells. As expected,
drug treatment alone had no effect on MDA-MB-231 cells
due to the small amount of each drug. However, the com-
bination of both drugs significantly inhibited the prolif-
eration of BC cells (Figure 4G). Bcl2 and p-Akt expression
were significantly reduced by the combined use of the two
drugs, as shown by western blot (Figure 4H,I). These re-
sults indicated that stimulation of CB2 resulted in inhibi-
tion of the PI3K/Akt pathway.

3.5 | CB2suppressed tumorigenesis of
tumor xenografts in vivo

We evaluated the role of CB2 in BC cells by establishing
a stably transfected, CB2-overexpression MDA-MB-231
cell line (triple-negative breast cancer cell line). Tumor
models were then established in female nude mice by
subcutaneous injection of BC cells. Tumor volume and
weight were both smaller in the CB2-overexpression
group compared with the control group (Figure 5A-C;
Figure S4D). We also examined the morphological
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FIGURE 2 Overexpression of CB2 inhibited proliferation and promoted apoptosis of BC cells in vitro. (A) Green fluorescence was
observed in BC cells transfected with CB2-overexpression plasmid. Scale bar: 200 um, 100x. (B) CB2 protein expression detected by western
blot in BC cells transfected with CB2-overexpression plasmid or control. (C) CB2 expression was successfully upregulated by transfection
with CB2-overexpression plasmid, as verified by qRT-PCR. (D) Viability of MCF-7 and MDA-MB-231 cells was evaluated by CCK-8 assay. (E
and G) Apoptosis was analyzed by flow cytometry after upregulation of CB2. (F and H) Apoptosis ability of BC cells was detected by TUNEL
assay (scale bar: 100 pm, 200x). (I and J) Survival of BC cells transfected with CB2-overexpression plasmid was assessed by colony formation

assay. Data presented as mean +SD, *p <0.05, **p <0.01.

changes in tumor tissues isolated from nude mice with
orthotopically transplanted tumors. HE staining re-
vealed that tumors were sparser and tumor cells were
reduced in the CB2-overexpression group (Figure 5D).
Ki-67 IHC staining of tumor sections was used to evalu-
ate their proliferative capacity, and Ki67 expression
was significantly lower in CB2-overexpressing cells
(Figure 5D,E). Overall, these results demonstrated that
CB2 had tumor-suppressive functions in BC, suggesting
that CB2 inhibited the proliferation of BC cells.

3.6 | CB2enhanced the sensitivity of BC
cells to anti-tumor drugs

Cisplatin, doxorubicin, and docetaxel are commonly used
as adjuvant drugs for the treatment of BC. To establish
stable CB2-knockdown cell line, MDA-MB-231 cells were
transduced with lentiviral ShRNA vector (Figure S4E,F).
We determined the optimal concentrations of each of
these drugs by CCK-8 assays in MDA-MB-231 cells
(Figure S4G-I). CB2 expression increased in MDA-MB-231
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cells following treatment with cisplatin, paclitaxel, and
doxorubicin, respectively (Figure 6A). Meanwhile, stable
knockdown expression of CB2 reduced the resistance of
MDA-MB-231 cells to cisplatin, paclitaxel, and doxoru-
bicin (Figure 6B-D). These results indicated that knock-
down of CB2 expression promoted the inhibitory effects of
cisplatin, paclitaxel, and doxorubicin on the proliferation
of MDA-MB-231 cells.

4 | DISCUSSION

BC presentsaserious danger towomen's health worldwide,
with the highest incidence and mortality among all female

malignant tumors. The traditional treatment for breast
cancer is chemotherapy, which can promote the immune
system's anti-tumor response but can also destroy the
body's normal cells, resulting in undesirable side effects.
The development of novel effective drugs or targets with
fewer side effects is thus an urgent task in the treatment
of breast cancer.***> Many studies shown that the ECS is
related to the development of cancer.*'® In the current
study, CB2 was expressed in most BC samples, with lower
expression in adjacent cancerous compared with paracan-
cerous tissues. Moreover, CB2 was more highly expressed
in benign tumors and ductal carcinoma in situ compared
with invasive ductal carcinoma. This result is in disagree-
ment with those of previous studies which highlighted the
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FIGURE 4 CB2inhibited the PI3K/Akt pathway. (A-C) western blot analysis of Bcl2, Bax, phosphorylated (p)-Akt (p-Akt), total Akt,
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I) Western blotting analysis of Bcl2, p-Akt, and total Akt proteins in MDA-MB-231 cells. Data presented as mean + SD, *p <0.05, **p <0.01.

association between elevated CB2 expression in HER2+
breast tumors and poor patient prognosis.?’ In the present
study we comprehensively investigated the involvement
of the CB2 gene in breast cancer. These results imply that
CB2 is highly expressed in poorly differentiated BC or in
early-stage BC, and may be a critical factor in its occur-
rence and development. Notably, high CB2 expression
was associated with better survival of patients with breast
tumors. These results suggest that CB2 is a novel onco-
gene in with an important role in the breast cancer.

The ECS is considered to have an anti-tumor effect and
has demonstrated efficacy in treating cancer.”® However,
using the cannabinoid system to treat cancer is associ-
ated with mental side effects, such as dizziness, fatigue,
and palpitations,””® indicating the need to adopt differ-
ent strategies to reduce the side effects of cannabinoids.
The side effects of cannabinoids are mainly caused by the

activation of CB1, suggesting that treatments should aim
to selectively avoid CB1 activation and target CB2 recep-
tors.”” In the present study, we verified the anti-tumor
effect of CB2 overexpression in the development of BC,
and also verified the anti-tumor effect of the CB2-specific
agonist JWH-015 in BC. CCK-8 and colony-forming ex-
periments verified that CB2 overexpression and treat-
ment with a CB2-specific agonist inhibited the growth
of BC cells, while flow cytometry and TUNEL staining
showed that CB2 promoted BC cell apoptosis. The size and
weight of xenograft tumors in nude mice created using
CB2-overexpressing cells were significantly reduced.
Expression of the proliferation-related Ki67 was signifi-
cantly reduced compared with the control group. These
results suggest that CB2 activation alone may be a poten-
tial method for avoiding neurological side effects in the
treatment of BC.
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The PI3K/Akt/mTOR signaling pathway is related with
cell growth, translation, proliferation, translation, and me-
tabolism.**"** PI3K/Akt pathway abnormalities are common
in many human cancers compared with other signaling
pathways, and many components of this pathway have been
implicated in the causes and effects of cancers.* Interference
in this pathway leads to ovarian cancer formation, can-
cer cell migration, and invasion, and increased resistance
to chemotherapy and radiotherapy in ovarian cancer.***
Alexander et al. also confirmed that cannabinoids mediated
PI3K/Akt to promote apoptosis in prostate cancer.***’ The
current results showed that CB2 inhibited tumor growth and
promoted apoptosis in BC cells, mediated via the PI3K/Akt/
mTOR pathway. Overexpression or specific activation of CB2
in BC cells reduced the expression of p-Akt and p-mTOR,
leading to a decrease in expression of the downstream
apoptosis-related gene Bcl2 and an increase in Bax. The Akt
inhibitor perifosine promoted apoptosis caused by JWH-015
(Figure 6E). These results confirmed that CB2 may inhibit
the activation of the PI3K/Akt/mTOR pathway through a
series of reactions, thereby inhibiting tumorigenesis.

Cancer drug resistance is an ongoing challenge in the
treatment of many cancers.*® It is therefore imperative to re-
validate the existing strategies used for cancer treatment and
find new treatment methods based on killing of cancer cells
targeted at the genetic level.***! Cisplatin, the anthracycline
doxorubicin, and the taxane docetaxel are commonly used
drugs for BC treatment, and are often used in combination
with multiple drugs to obtain better curative effects.**™**
However, BC cells develop drug resistance with extended
chemotherapy time, which in turn greatly reduces the effect
of chemotherapy. There are currently few biomarker genes
predicting drug resistance in BC.*>* In this study, we found
that CB2 expression increased when treated with cisplatin,
doxorubicin, or docetaxel, in MDA-MB-231 cells, suggesting
that CB2 was involved in the chemo-sensitivity of MDA-
MB-231 cells to these agents. In addition, CB2 overexpres-
sion not only had an inhibitory effect on BC cells, but also
significantly improved their sensitivity to chemotherapy
with cisplatin, doxorubicin, and docetaxel. This suggests
that CB2 might serve as a marker gene for drug resistance
during BC treatment. However, further studies are needed
to elucidate the specific mechanism of action.

5 | CONCLUSIONS

In summary, the results of this study demonstrated
that CB2 plays an important role in BC progression,
and provided insights into the underlying mechanisms.
Establishing the precise role played by CB2 in BC progres-
sion will not only advance our understanding of the biol-
ogy of BC, but may also offer a novel therapeutic strategy
via the suppression of CB2. Our results also suggest that

CB2 may have a potential role as a clinical predictor of
disease progression. In addition, CB2 may be related to
tumor drug resistance. These results thus indicate that
CB2 may be a prognostic biomarker and a promising tar-
get for the treatment of BC.
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