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Abstract

Aim—We hypothesized that the anticancer activity of cannabinoids was linked to induction of

phosphatases.

Materials and Methods—The effects of cannabidiol (CBD) and the synthetic cannabinoid

WIN-55,212 (WIN) on LNCaP (prostate) and SW480 (colon) cancer cell proliferation were

determined by cell counting; apoptosis was determined by cleavage of poly(ADP)ribose

polymerase (PARP) and caspase-3 (Western blots); and phosphatase mRNAs were determined by

real-time PCR. The role of phosphatases and cannabinoid receptors in mediating CBD- and WIN-

induced apoptosis was determined by inhibition and receptor knockdown.

Results—CBD and WIN inhibited LNCaP and SW480 cell growth and induced mRNA

expression of several phosphatases, and the phosphatase inhibitor sodium orthovanadate

significantly inhibited cannabinoid-induced PARP cleavage in both cell lines, whereas only CBD-

induced apoptosis was CB1 and CB2 receptor-dependent.

Conclusion—Cannabinoid receptor agonists induce phosphatases and phosphatase-dependent

apoptosis in cancer cell lines; however, the role of the CB receptor in mediating this response is

ligand-dependent.
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The anticancer activities of phytochemicals and their synthetic derivatives is complex and

dependent on tumor type; however, several studies have shown that an important component

of their activity is associated with induction of specific phosphatases which in turn inhibit

kinase signaling pathways that are overexpressed in many tumor types. For example, several

phytochemical anticancer agents, including betulinic acid and other polycyclic terpenoids,

inhibit signal transducer and activator of transcription 3 (STAT3) activation and this has

been linked to induction of the protein tyrosine phosphatase, non-receptor type 6 (PTPN6)
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(1–7). Curcumin, resveratrol and calcitriol (vitamin D analog) also induce expression of the

dual specificity phosphatase 10 (DUSP10) mRNA in prostate cancer cell lines (8, 9) and this

response has been linked to inhibition of p38 stress kinase activity.

Cannabinoids have long been used for ameliorating the debilitating effects of cytotoxic

anticancer drugs; however, these compounds also exhibit antitumorigenic activity against

multiple tumor types (9–13) and are already in clinical trials for treatment of brain tumors

(e.g. gliomas). The mechanisms of action of cannabinoids are complex and dependent on

ligand structure and cell context, and the effects are both receptor (CB1 and/or CB2)

dependent and independent. Like many other phytochemical anticancer agents, cannabinoids

induce growth inhibitory, proapoptotic and antimetastatic responses which are accompanied

by modulation of several kinase activities (14–25). We hypothesized that cannabinoids may

also induce phosphatases and the first objective of this study was to investigate the effects of

the cannabinoids WIN 55,512-22 (WIN) and cannabidiol (CBD) on apoptosis in colon and

prostate cancer cells. The second objective was to investigate the induction of phosphatases

and the role of the cannabinoid (CB) receptors (CB1 and CB2) and the phosphatase inhibitor

sodium orthovanadate (SOV) on cannabinoid-induced apoptosis.

Materials and Methods

Chemicals, antibodies, and reagents

WIN was purchased from Tocris Bioscience (Ellisville, MO, USA). Cannabidiol was kindly

provided by Dr. Norbert. E. Kaminski (Michigan State University, East Lansing, MI, USA).

Tyrosine phosphatase inhibitor, SOV, was purchased from Calbiochem (La Jolla, CA,

USA). Cleaved poly (ADP-ribose) polymerase (PARP), phospho-c-jun N-terminal kinase

(pJNK) and JNK antibodies were obtained from Cell Signaling (Danvers, MA, USA). β-

Actin antibody was purchased from Sigma-Aldrich (St. Louis, MO, USA). Antibodies for

phospho-AKT, AKT, CB1 and CB2 receptors, phospho-extracellular signal-regulated kinase

(pERK), ERK, phospho-ERBB-2, ErbB-2, phospho-P38, P38, caspase-3 and phospho-signal

transducer and activator of transcription 3 (STAT3) were purchased from Santa Cruz

Biotechnology (Santa Cruz, CA, USA). Chemiluminescence reagents for Western blot

imaging were purchased from Millipore (Billerica, MA, USA). RPMI medium and

Dulbecco’s Modified Eagle Medium (DMEM) were purchased from Sigma Aldrich.

Cell Culture

Human LNCaP prostate carcinoma cells were obtained from the American Type Culture

Collection (Manassas, VA, USA). Human SW480 colon carcinoma cell lines were provided

by Dr. Stanley Hamilton (M.D. Anderson Cancer Center, Houston, TX, USA). LNCaP cells

were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS)

and 100× antibiotic-antimycotic solution (Sigma-Aldrich, St. Louis, MO, USA). SW480

cells were maintained in DMEM/F-12 supplemented with 5% fetal bovine serum and 100×

antibiotic-antimycotic solution. Cells were maintained at 37°C in the presence of 5% CO2.

Cell Proliferation Assay

Prostate and colon cancer cells (3×104 per well) were plated in 12-well plates and allowed to

attach for 24 h. The medium was then changed to DMEM/Ham’s F-12 medium without

phenol red containing 2.5% charcoal-stripped FBS, and either vehicle dimethylsulfoxide

(DMSO) or different concentrations of compounds were added. Cells were then trypsinized

and counted after 24, 48 and 72 h using a Coulter Z1 cell counter (Sykesville, MD, USA).

Each experiment was carried out in triplicate, and results are expressed as means ± SE for

each set of experiments.
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Western Blot Analyses

LNCaP prostate and SW480 colon cancer cells were seeded in DMEM/Ham’s F-12 medium.

After 24 h, cells were treated with either vehicle (DMSO) or WIN and CBD for 48 and 24 h,

respectively, or pretreated with SOV (0.25 mM and 0.5 mM) for 40 min and then treated

with WIN and CBD. Cells were lysed with high salt buffer and subjected to sodium

dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting for

cleaved PARP, CB1, CB2 and cleaved caspase-3 proteins as described previously (26).

Real-time PCR

LNCaP prostate and SW480 colon cancer cells were seeded and after 24 h, were treated with

either vehicle (DMSO) or WIN and CBD for 24 h. Total RNA was isolated using the

RNeasy Protect Mini kit according to the manufacturer’s protocol. cDNA was prepared and

subjected to real-time PCR analysis as described previously (26). Table I lists the symbols,

names and synonyms of genes discussed in this study. DUSP1 (forward-5′-
CTCCATGCTCCTTGAGAGGAGAAATGC-3′, reverse-5′-
GGTAGGTATGTCAAGCATGAAGAG-3′); DUSP4 (forward 5′-
TACAAGTGCATCCCAGTGGA-3′, reverse 5′-CCCGTTTCTTCATCATCAGG-3′);
cellular ACPP (forward 5′-TCTCAGTGGTGCCGCATCTA-3′, reverse 5′-
CAGGGTGTGAGGATGGCAA-3′); serum ACPP (forward 5′-
GGCAGATGATGCTTTGAGAACA-3′, reverse 5′-TCATCCAAAGCCCATTTTCC-3′);
PTEN (forward 5′-CGAACTGGTGTAATGATATGT-3′, reverse 5′-
CATGAACTTGTCTTCCCGT-3′); PTPRJ (forward 5′-
TCGTTCGTGACTACATGAAGCA-3′, reverse 5′-CCCCAGCACTGCAATGC-3′); PTPN6

(forward 5′-AATGCGTCCCATACTGGCCCGA-3′, reverse 5′-
CCCGCAGTTGGTCACAGAGT-3′); PTPN1 (forward 5′-
TCCTACCTGGCTGTGATCGAG-3′, reverse 5′-CCTTCCACTGATCCTGCACTG-3′);
PPP2R4 (forward 5′-GTTGGGAGGTGGCAGTGAG-3′, reverse 5′-
AAACACTGGCCTCTGGTGTC-3′) primers were acquired from Sigma Aldrich. DUSP10

(forward 5′-GCTCAGGACCTGGACACCAT-3′, reverse 5′-
GGAAGATGAGTGGTGACGTTGAT-3′) primer was acquired from IDT (Coralville, IA,

USA). Values for each gene were normalized to expression levels of TATA-binding protein.

Small Inhibitory RNAs (siRNA) Interference Assay

LNCaP and SW480 cells were seeded (1×105 per well) in six-well plates in DMEM/Ham’s

F-12 medium supplemented with 2.5% charcoal-stripped FBS without antibiotic and left to

attach for 24 h. The CB1 and CB2 knockdown (iCB1 and iCB2) along with iLamin as

control was performed using Lipofectamine 2000 reagent according to the manufacturer’s

instructions (Invitrogen, Carlsbad, CA, USA). siRNAs were purchased from Sigma-Aldrich.

Results

WIN and CBD induce apoptosis and inhibit proliferation of LNCaP and SW480 cells

Results summarized in Figures 1A and 1B show that WIN and CBD inhibited LNCaP cell

growth, and half-maximal concentrations for growth inhibition (IC50)after 2 days were 5.1

and 10.0 μM and, after 3 days, were 4.59 and 9.43 μM, respectively. Similar results were

observed for SW480 cells (Figures 1C and 1D); IC50 values (for days 2 and 3) were 3.3 and

3.5 μM for WIN and 5.95 and 5.06 μM for CBD. The concentration-dependent effects of

CBD on cell proliferation were observed within 24 h after treatment, whereas the growth-

inhibitory effects of WIN were somewhat delayed in both cell lines. WIN and CBD also

induced a time-dependent increase in PARP cleavage, a marker of apoptosis, in LNCaP and
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SW480 (Figure 2) cells. Maximal induction by CBD was observed within 12 h after

treatment in both cell lines, whereas WIN-induced PARP cleavage was maximal after 24 h.

WIN and CBD induce phosphatase mRNA expression in LNCaP and SW480 cells

Figure 3 summarizes the effects of WIN and CBD on induction of phosphatase mRNA

levels in LNCaP cells. WIN induced DUSP1 and DUSP10 and CBD induced DUSP1,

DUSP4 and DUSP10 mRNA expression after 24 hr. Similar results were observed at earlier

time points, and WIN also induced mRNA expression of DUSP4 after 48 h (data not

shown). In contrast, none of the selected protein tyrosine phosphatases were induced by

WIN or CBD in LNCaP cells. In SW480 cells, WIN did not induce the dual specificity

phosphatases but induced serum ACPP and PTPN6 after treatment for 24 h (Figure 4);

however, after 48 h, induction of cellular ACPP, DUSP1 and DUSP10 by WIN were also

observed (data not shown). CBD induced expression of DUSP1, DUSP10, serum ACPP,

cellular ACPP and PTPN6 in SW480 cells after treatment for 24 h. These results

demonstrate that like other anticancer agents, cannabinoids induce mRNA expression of

several dual specificity phosphatases and protein tyrosine phosphatases, and current studies

are focused on the induction of gene expression and activation of individual phosphatase

proteins and their functions in cancer cells.

The effects of WIN- and CBD-induced phosphatases on dephosphorylation of p42/44

MAPK, pAKT, pSTAT3, pJNK, pERBB2, and pP38 MAPK were investigated in LNCaP

and SW480 cells and, with few exceptions, the data were difficult to interpret since both

phospho-and total kinase protein levels were reduced simultaneously (data not shown). This

suggested that cannabinoid-induced phosphatases reduced multiple kinase activities but also

activated other pathways that affect expression of their corresponding proteins (total). The

mechanisms associated with this reduction are currently being investigated.

WIN- and CBD-induced apoptosis is phosphatase dependent: the role of CB receptors is
ligand dependent

Preliminary studies on the effects of phosphatase inhibitor cocktails and their components

on CBD- and WIN-induced growth inhibition and apoptosis showed that SOV was the most

effective inhibitor and this was consistent with CBD- and WIN-dependent induction of dual-

specificity and protein tyrosine phosphatases which are inhibited by SOV. WIN and CBD

induced PARP cleavage as early as 12 h after treatment, and PARP cleavage induced by

WIN and CBD persisted for 48 and 24 h, respectively (Figure 2). Since near maximal

induction of PARP cleavage by WIN and CBD was observed after treatment of SW480 and

LNCaP cells for 24 or 12 h, respectively, these time points were used for investigating the

effects of SOV on WIN- and CBD-induced PARP cleavage. Cells were treated with the

cannabinoids alone and in combination with SOV. The phosphatase inhibitor SOV

significantly reduced WIN- and CBD-induced PARP cleavage in LNCaP (Figure 5A) and

SW480 (Figure 5B) cells, demonstrating that the CBD- and WIN-induced phosphatase

activities play an important role in the pro-apoptotic activity of these compounds.

Receptor-dependent and -independent induction of apoptosis by WIN and CBD was

investigated in LNCaP and SW480 cells treated with the cannabinoids alone or after

transfection with siRNAs targeting CB1 and CB2 receptors. CBD-induced PARP and

caspase-3 cleavage in LNCaP cells was inhibited after knockdown of the CB2 receptor

(Figure 5C), whereas after CB1 receptor knockdown, CBD-induced caspase activation was

partially inhibited but PARP cleavage was not affected. In SW480 cells, both CB1 and CB2

receptor knockdown inhibited CBD-induced PARP cleavage and caspase-3 activation

(cleavage) (Figure 5D). In contrast, WIN-induced apoptosis and caspase-3 cleavage was

unaffected by knockdown of CB1 or CB2 receptors in LNCaP or SW480 cells (data not
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shown). Thus, the proapoptotic activities of WIN and CBD were phosphatase dependent in

both cell lines but cannibinoid receptor independent and dependent, respectively, in LNCaP

and SW480 cells.

Discussion

Cannabinoids have emerged as an important new class of anticancer drugs that bind

cannabinoid receptors and activate several downstream pathways leading to inhibition of

cancer cell proliferation, and induction of apoptosis (10–13). Their mechanisms of action are

complex and dependent on cell context and ligand structure and there are examples of

cannabinoid-mediated activities that are receptor dependent and independent (14–24).

Several studies show that cannabinoids such as WIN, Δ9-tetrahydrocannabinol (ΔTHC) and

CBD modulate kinase activities in cancer cell lines and this includes inhibition of

membrane-bound and intracellular kinases, resulting in their dephosphorylation. The

mechanisms associated with cannabinoid-induced inactivation of kinases is unknown;

however, several different classes of anticancer drugs induce dual specificity and protein

tyrosine phosphatases which selectively inactivate phosphokinases that play a role in cancer

cell growth and survival (1–8, 27–33).

Previous findings on the effects of cannabinoids on activated phosphokinases are highly

variable in different cancer cell lines and dependent on the structure of the cannabinoid and

cell context. WIN inhibited growth and induced apoptosis in LNCaP cells and this was due

in part to sustained phosphorylation of p42/44 MAPK and lower p-AKT expression (22).

The phytochemical ΔTHC inhibited growth and induced apoptosis in SW480 cells and this

was accompanied by reduced expression of phospho-p42/p44 MAPK and phospho-AKT

(19).

Although the reported effects of cannabinoids on phosphokinases were highly variable

among different cell lines, we observed that WIN and CBD induced mRNA expression of

several dual specificity and protein tyrosine phosphatases in LNCaP and SW480 cells

(Figures 3 and 4). Selection of the phosphatases was based on their putative anticarcinogenic

activities and on previous reports showing that dual specificity and protein tyrosine

phosphatases were induced by several phytochemical anticancer agents including curcumin,

resveratrol, ursolic acid, betulinic acid, guaiane sesquiterpenoids, guggulsterone,

epigallocatechin-3-gallate and retinoic acid (1–8, 27–33). Previous studies with these

compounds primarily focused on induction of a single phosphatase gene, whereas the results

of this study showed that WIN and CBD induced mRNA expression of multiple and

overlapping phosphatases (Figures 3 and 4). WIN and CBD induced DUSP1 and DUSP10

after treatment for 24 h in LNCaP cells, whereas DUSP4 induction by CBD and WIN was

time dependent (24 and 48 h, respectively) (Figure 3). In SW480 cells, the pattern of

phosphatase induction by WIN and CBD differed after treatment for 24 h primarily due to

induction of DUSP1 by CBD and not WIN (Figure 4); however, after 48 h, WIN also

induced DUSP1 (data not shown). Since both CB receptor antagonists alone induced

expression of phosphatase mRNAs (data not shown), the role of the CB receptor in

mediating induction of individual phosphatase mRNAs was not further investigated. In

addition, the effects of CBD-and WIN-dependent induction of gene expression of dual

specificity and protein tyrosine phosphatases on dephosphorylation of phosphokinase

proteins was confounded by the parallel decrease of most phosphokinase and total kinase

proteins (data not shown). It was apparent in SW480 cells that WIN dramatically reduced

AKT phosphorylation without reducing total AKT protein, and this was comparable to the

effects reported for ΔTHC in SW480 cells (19). The only other consistent observation was

that WIN and CBD enhanced phosphorylation of the p38 stress protein kinase in both cell

lines (data not shown). These results demonstrate that WIN-/CBD-induced phosphatases
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may play a role in kinase inactivation in SW480 cells; however, these results were

confounded by the parallel decrease in kinase proteins, and the mechanisms of the latter

response are currently being investigated.

CBD and WIN also inhibited LNCaP and SW480 cell growth (Figure 1) and induced

apoptosis (Figure 2) in both cell lines, and induction of apoptosis by cannabinoids is an

important element of their anticancer activity (6–9). Induction of caspase-dependent PARP

cleavage was used as an indicator of apoptosis and it was clear that both WIN and CBD

induced PARP cleavage in LNCaP and SW480 cells (Figure 2) and this is consistent with

cannabinoid-induced apoptosis in many other cancer cell lines (10–24). Moreover, we also

observed that WIN-/CBD-induced PARP cleavage dramatically decreased in cells co-treated

with the phosphatase inhibitor SOV (Figure 5A and B), indicating that cannabinoid-induced

phosphatases played a role in the induction of SW480 and LNCaP cell death. It should be

noted that although induction of PARP cleavage by WIN was maximal after 24 h, there was

significant induction within 12 h in LNCaP and SW480 cells (Figure 2). In contrast,

induction of phosphatase mRNA levels after treatment with WIN for 12 h was relatively low

in SW480 cells, whereas modest but significant induction was observed in LNCaP cells

(data not shown). These results suggest that other ‘proapoptotic’ phosphatases may also be

induced or activated by WIN and CBD and these are currently being investigated. CB1 and

CB2 receptor knockdown by siRNA was used to determine the role of the CB receptors in

mediating CB- and WIN-induced proapoptotic activity (cleavage of PARP and caspase-3)

and the results demonstrate that the effects of WIN were CB receptor independent, whereas

CBD-induced apoptosis was CB receptor dependent (Figure 5).

In summary, this study shows for the first time that cannabinoids induced mRNA expression

of several phosphatases in LNCaP and SW480 cells and this was consistent with induction

of phosphatases by other phytochemical anticancer drugs (1–8, 27–33). The direct effects of

phosphatase induction on reduced phosphokinase protein expression was confounded by a

parallel decrease in most (total) kinase proteins. This response may also be important for the

anticancer activities of WIN and CBD and is currently being investigated. Previous studies

have reported induction of DUSP1 and DUSP6 by cannabinoids in microglial cells and this

resulted in inactivation of MAPK; however, effects on apoptosis were not determined (34,

35). The results obtained using the phosphatase inhibitor SOV demonstrate that induction of

apoptosis by WIN and CBD was significantly blocked by the phosphatase inhibitor SOV,

and this represents a novel proapoptotic pathway induced by cannabinoids. Current studies

are focused on identification of specific proapoptotic phosphatases and their mechanisms of

induction or activation by cannabinoids.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Concentration-dependent effects of WIN and CBD on LNCaP (A, B) and SW480 (C, D) cell

proliferation. Cells were treated with DMSO and 2.5–7.5 μM of the synthetic cannabinoid

WIN-55,212 (WIN) and 5–15 μM of cannabidiol (CBD) for 72 hr. Cells were counted as

described in the Materials and Methods. Results are expressed as mean ± S.E. for three

replicate determinations for each treatment group, and significantly (p<0.05) reduced

proliferation is indicated (*). Proliferation of cells treated with DMSO (solvent control) was

set at 100%. β-Actin served as a loading control for all Western blots.
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Figure 2.

Induction of apoptosis by the synthetic cannabinoid WIN-55,212 (WIN) and cannabidiol

(CBD). Time-dependent effects of WIN and CBD on cleaved poly(ADP)ribose polymerase

(PARP) expression in LNCaP (A, B) and SW480 (C, D) cells. LNCaP and SW480 cells

were treated with dimethylsulfoxide (DMSO), 7.5 μM WIN (12, 24 and 48 h) and 15 μM

CBD (12, 18, and 24 h), and cPARP expression was determined by Western blot analysis of

whole-cell lysates as described in the Materials and Methods.
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Figure 3.

Effects of the synthetic cannabinoid WIN-55,212 (WIN) and cannabidiol (CBD) on

phosphatase mRNA levels in LNCaP cells. Induction by WIN (A, B) and CBD (C, D).

LNCaP cells were treated with dimethylsulfoxide (DMSO), 7.5 μM WIN and 15 μM CBD

for 24 h, and dual specificity phosphatase 1 (DUSP1), dual specificity phosphatase 4

(DUSP4), dual specificity phosphatase 10 (DUSP10), serum prostatic acid phosphate

(sACPP), cellular prostatic acid phosphate (cACPP), protein tyrosine phosphatase, non-

receptor type 1 (PTPN1), protein phosphatase 2A activator, regulatory subunit 4 (PPP2R4),

protein tyrosine phosphatase, receptor type, J (PTPRJ) and protein tyrosine phosphatase,

non-receptor type 6 (PTPN6) mRNA levels were determined by real-time PCR as described

in the Materials and Methods. Results are expressed as mean ± S.E. for 3 replicate

experiments and significant (p<0.05) increases are indicated (*).
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Figure 4.

Effects of the synthetic cannabinoid WIN-55,212 (WIN) and cannabidiol (CBD) on

phosphatase mRNA levels in SW480 cells. Induction by WIN (A, B) and CBD (C, D).

SW480 cells were treated with dimethylsulfoxide (DMSO), 7.5 μM WIN and 15 μM CBD

for 24 h, and dual specificity phosphatase 1 (DUSP1), dual specificity phosphatase 4

(DUSP4), dual specificity phosphatase 10 (DUSP10), serum prostatic acid phosphate

(sACPP), cellular prostatic acid phosphate (cACPP), protein tyrosine phosphatase, non-

receptor type 1 (PTPN1), protein phosphatase 2A activator, regulatory subunit 4 (PPP2R4),

protein tyrosine phosphatase, receptor type, J (PTPRJ) and protein tyrosine phosphatase,

non-receptor type 6 (PTPN6) mRNA levels were determined by real-time PCR as described

in the Materials and Methods. Results are expressed as mean ± S.E. for 3 replicate

experiments and significant (p<0.05) increases are indicated (*).
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Figure 5.

Effects of phosphatase inhibitor sodium orthovanadate (SOV) on cannabinoid-induced

PARP cleavage in LNCaP (A) and SW480 (B) cells. Cells were pre-treated with SOV

followed by treatment with the synthetic cannabinoid WIN-55,212 (WIN) and cannabidiol

(CBD) for 24 and 12 h, respectively, and whole-cell lysates were analyzed by Western blot

analysis as described in the Materials and Methods. β-Actin served as a loading control for

all Western blots. Effects of cannabinoids and CB1 and CB2 receptor knockdown by RNA

interference in LNCaP (C) and SW480 (D) cells. Cells were transfected with siRNAs

against CB1 and CB2 receptors followed by treatment with CBD for 12 h and whole-cell

lysates were examined for expression of cleaved poly(ADP)ribose polymerase (cPARP),

cleaved caspase-3, and CB1 and CB2 receptor proteins determined by Western blot analysis

as indicated in the Materials and Methods. β-Actin served as a loading control for all

Western blot analyses.
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Table I

List of the symbols, names and synonyms of genes discussed in this study.

Symbol Name Synonyms

DUSP1 dual specificity phosphatase 1 MKP1

DUSP4 dual specificity phosphatase 4 MKP2

DUSP6 dual specificity phosphatase 6 MKP3

DUSP10 dual specificity phosphatase 10 MKP5

ACPP prostatic acid phosphatase, cellular and serum cPAcP, sPAcP

ERBB2 human epidermal growth factor receptor-2 HER2

PTEN phosphatase and tensin homolog PTEN

PTPRJ protein tyrosine phosphatase, receptor type, J DEP1

PTPN6 protein tyrosine phosphatase, non-receptor type 6 SHP1

PTPN1 protein tyrosine phosphatase, non-receptor type 1 PTP1B

PPP2R4 protein phosphatase 2A activator, regulatory subunit 4 PP2A

STAT3 signal transducer and activator of transcription 3 STAT3
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