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Abstract

Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by ac-
cumulation of immature cells in bone marrow and peripheral blood. Although suc-
cessful results were obtained with tyrosine kinase inhibitors, several patients showed
resistance. For this reason, the identification of new strategies and therapeutic bio-
markers represents an attractive goal. The role of transient receptor potential (TRP)
ion channels as possible drug targets has been elucidated in different types of cancer.
Among natural compounds known to activate TRPs, cannabidiol (CBD) displays anti-
cancer properties. By using FACS analysis, confocal microscopy, gene silencing, and
cell growth assay, we demonstrated that CBD, through TRPV2, inhibits cell prolifera-
tion and cell cycle in CML cells. It promoted mitochondria dysfunction and mitophagy
as shown by mitochondrial mass reduction and up-regulation of several mitophagy
markers. These effects were associated with changes in the expression of octamer-
binding transcription factor 4 and PU.1 markers regulated during cellular differen-
tiation. Interestingly, a synergistic effect by combining CBD with the standard drug
imatinib was found and imatinib-resistant cells remain susceptible to CBD effects.
Therefore, the targeting of TRPV2 by using CBD, through the activation of mitophagy
and the reduction in stemness, could be a promising strategy to enhance conventional

therapy and improve the prognosis of CML patients.
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1 | INTRODUCTION

Chronic myeloid leukemia (CML) is a hematologic malignancy which
progresses in stages termed chronic phase, accelerated phase,
and blast.! In addition to allogeneic stem cell transplantation or
interferon administration, TKls are the current approved therapy.
However, the resistance to TKls represents a limit that leads to ther-
apy discontinuity associated with reduced survival of patients.'?
Consequently, the development of new therapeutic strategies and
the identification of new therapeutical targets is getting attention.

In this regard, the role of ion channels belonging to the TRP family
as possible targets, being implicated in cancer growth, metastasis, and
chemoresistance,® has been established. The clear association with
cancers and the possibility to control their functions by several modu-
lators make them attractive targets for pharmacological intervention.*

Few data are present about the involvement of TRP channels
in hematological malignancies. The expression of several members
of the TRP family in different lymphoid and myeloid leukemia has
been demonstrated.”® In fact, it has been shown that TRPV5 and
6-induced [CaZJ’]i stimulates cell cycle arrest in myeloid leukemia
cell lines.” The inhibition of TRPM7 reduces cell proliferation and
promotes erythroid differentiation in K562 CML cells.® Moreover, in
this cell line, TRPV2 channel shows altered gene expression profile
that is in part involved in the growth of blast cells.?

Several natural compounds are known to modulate the TRP ac-
tivities'® and among them cannabidiol (CBD), a no-psychoactive
phytochemical extracted from Cannabis sp., has recently attracted con-
sideration for its ability to act as an agonist for TRPV1 and TRPV2, while
it has no affinity for the endocannabinoid CB1 and CB2 receptors.'*

CBD has been shown to reduce cell viability in immortalized human
T lymphocyte cells and acute leukemic T cells? however, findings
about the anticancer properties of CBD in CML cells are still missing.

Thus, this study investigated the effects induced by CBD treat-
ment via activating TRPV2 in CML cell lines. In particular, given
that in hematological malignancies the targeting of mitochondria
increases the therapy efficacy,'® we focused the attention on the
mitophagy and the modulation of markers involved in the differen-
tiation of CML cells. Finally, the combination of CBD with imatinib

was also studied.

2 | MATERIALS AND METHODS
2.1 | Celllines

Human K562, KU812 and MOLM-6 CML cell lines, from DSMZ-

German Collection of Microorganisms and Cell Cultures GmgH,
were maintained in RPMI1640 medium (Euroclone) supplemented

with 10% FBS (Euroclone), 2 mM t-glutamine, 100 IU/mL of peni-
cillin, and 100 pg/mL of streptomycin. K562 IR was developed by
exposing cells to a concentration of 1 uM imatinib for 10 days.14

Human acute leukemia THP-1 cell line, provided by IFOM (Rome,
Italy), was cultured in RPMI-1640 Medium supplemented as above
described and with 2-mercaptoethanol (0.05 mM).

Cell lines were cultured at 37°C, 5% CO, and 95% of humidity.

Blood of healthy donors, provided by Macerata Hospital (Italy)
after authorization, was used to isolate PBMCs/red blood cells by
Ficoll paque (Cederlane) and to obtain an enrichment of normal my-
eloid cells by a Rosette SepTM HLA Myeloid Cell Enrichment Kit
(StemCell Technologies).

A CD38 Micro Bead Kit (Miltenyi Biotech Inc.) was used to iso-
late CD38" common myeloid progenitors from human cord blood
CD34* progenitor cells (Sigma Aldrich).*

2.2 | Reagents

Capsazepine, PI, imatinib mesylate, ionomycin and DCFDA were
from Sigma Aldrich. BAF, Fluo-3 AM, JC-1, and DAPI were from
ThermoFisher Scientific. CBD was from ENECTA. Tranilast was from
Bio-Techne SRL. CBD, tranilast, capsazepine and BAF were dissolved
in DMSO used as vehicle (maximum 0.05%, considered no toxic).X Abs
used according to datasheet: anti-LC3, anti-COX |V, anti-OCT4, anti-
ATG16L1, anti-ATG5-ATG12, anti-pink1, anti-parkin, anti-caspase 3,
anti-GAPDH, anti-optineurin and anti-PU.1 were from Cell Signaling
Technology (1:1000); rabbit anti-human TRPV1 (1:1000) was from
Invitrogen and goat anti-human TRPV2 (1:50) was from Santa Cruz
Biotechnology).

Secondary Abs used: HRP-conjugated anti-rabbit 1gG (1:5000;
Jackson ImmunoResearch Europe Ltd), HRP-conjugated anti-mouse
IgG (1:2000; Cell Signaling Technology), PE-conjugated goat anti-
rabbit Ab (1:40; BD Biosciences), FITC-conjugated goat anti-mouse
Ab (1:40; BD Biosciences), Alexa Fluor-594-conjugated goat anti-
rabbit Ab (1:100; Cell Signaling Technology), and Alexa Fluor-488-
conjugated donkey anti-goat Ab (1:100; Invitrogen).

2.3 | Quantitative real-time PCR

Total RNA from CD34*CD38" progenitors was extracted by
SingleShot Cell Lysis Kit (BioRad) whereas the RNeasy Mini Kit
(Qiagen) was used for all the other cells. cDNA was synthesized using
the iScript Advanced cDNA Synthesis Kit (BioRad). gRT-PCR reac-
tions were performed with QuantiTect Primer Assays (Qiagen) for
human TRPV1 (QT00046109), TRPV2 (QT00035987) and GAPDH
(QT00079247), which was used as reference gene, using the iQ5

FIGURE 1 TRPV1 and TRPV2 expression. A, TRPV2 and TRPV1 expression evaluated by gqRT-PCR. Folds (mean + SD of three separate
experiments) = changes respect to THP-1 cells. *P < .05 vs THP-1. B, Representative western blot analysis by using anti-TRPV1 and

TRPV2 Abs. GAPDH was used as loading control. C, Cytofluorimetry in CML and THP-1 cells using anti-TRPV1 and TRPV2 Abs. MFI, mean
fluorescence intensity. D, Confocal microscopy in CML and THP-1 cells. Bar = 20 um. Images are representative of three experiments. E, Cell
viability in CML cells treated for 24 h with CBD. Data are the mean + SD of three experiments
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Multicolor Real-Time PCR Detection System (BioRad). The PCR pa-
rameters were according to the primer datasheet. All samples were

assayed in triplicate.

2.4 | FACS analysis

Cells, fixed in paraformaldehyde 4% and permeabilized with cold
methanol and permeabilization solution (1% FBS, 0.1% saponin, 0.1%
sodium azide in PBS) were incubated with anti-TRPV1, anti-TRPV2,
anti-COX IV or anti-OCT-4 Abs. Cells were then incubated with
fluorochrome-conjugated secondary Abs and analyzed by FACS and

CellQuest software (Beckton Dickinson).

2.5 | Confocal microscope analysis
Chronic myeloid leukemia cells were fixed with 4% paraformalde-
hyde for 10 minutes and cytospin was performed. Cells were per-
meabilized using cold methanol and incubated with 5% of BSA and
0.1% of Tween-20 in PBS for 1 hour at room temperature. After, cells
were co-labeled with anti-TRPV1 Ab and anti-TRPV2 Ab followed by
fluorochrome-conjugated secondary Abs. Nuclei were stained with
DAPI. Slides were analyzed with C2 Plus confocal microscope (Nikon
Instruments). Magnification = 100x.

Cells, treated or not with CBD at IC,, dose for 24 hours, were
labelled with PU.1 Ab.

26 | 2]

Intracellular calcium influx [Ca
1.5 x 10/mL CML cells were washed in calcium and magnesium free
PBS supplemented with 4.5 g/L of glucose and then incubated with
Fluo 3-AM according to datasheet. After washing, cells, resuspended
in PBS/glucose medium containing 2 mmol/L Ca?*, were stimulated
with CBD (IC,, dose) or vehicle up to 3 minutes. Cells were also pre-
treated with tranilast before CBD. lonomycin (5 ug/mL) treatment
was used as positive control. Fluo 3-AM fluorescence was measured
by FACS and CellQuest Software.

2.7 | Genesilencing

siTRPV2, siTRPV1 and siGLO nontargeting siRNA (used as con-
trol) FlexiTube siRNA were from Qiagen. CML cells were plated at
6 x 10°/mL for 24 hours; the day after, cells were plated at the den-
sity of 4 x 10°/mL and siTRPV2, siTRPV1 or siGLO (50 nM) were
added, following the HiPerfect transfection reagent (Qiagen). Cells
were harvested at 48 hours post-transfection. Silencing efficiency
was evaluated by gqRT-PCR and western blot. No differences were

observed comparing siGLO transfected with untransfected cells.

2.8 | Cellviability assay

2 x 10° CML cells/mL were plated in a 12-well plate. The day after,
CBD (10-75 uM) or vehicle was added for 24 hours. Then, cells were
stained with trypan blue and counted by using the TC20 automated
cell counter (BioRad). Three replicates were used for each treatment.
IC5, values were calculated using GraphPad Prism® 5.0 (GraphPad
Software).

Chronic myeloid leukemia cells were also pretreated with tra-
nilast (10 pM) or with capsazepine (10 uM) for 1 hour before the
addition of CBD for 24 hours. Cell counting was performed in si-
TRPV2, siTRPV1 or siGLO CML cells treated with CBD (IC,) or
vehicle. CBD was used in combination with imatinib mesylate for
24 hours. Synergistic activity of the CBD/imatinib combination was
determined by the isobologram analysis and combination index (Cl)
methods (CompuSyn Software, ComboSyn, Inc.). The Cl was used to
express synergism (Cl < 1), additivity (Cl = 1) or antagonism (Cl > 1).

Cell growth was measured in: cells pretreated with BAF (25 nM)
for 1 hour and then treated with CBD (IC,, dose) for 24 hours, in
K562 IR or K562 treated with imatinib (0.01-10 pM) and in K562 IR
cells treated for 24 hours with different doses of CBD.

2.9 | Western blot analysis

Lysate from CML cells, treated or not with CBD at IC,, dose, was ex-

tracted by using lysis-buffer (10 mM Tris, 100 mM sodium chloride,

FIGURE 2 CBD reduces cell viability in a TRPV2-dependent manner. A, Cell viability in CML cells pretreated with tranilast or capsazepine
for 1 h before the addition of CBD at IC,, dose. Vehicle-treated cells = control. Data are the mean + SD of three experiments. *P < .05

vs vehicle; °P < .05 vs CBD-treated cells. B, C, Cell viability in siTRPV2 (B), siTRPV1 (C) and siGLO cells treated for 24 h with CBD at IC5,
dose or vehicle. Data are the mean + SD of three experiments. *P < .05 vs vehicle, °P < .05 vs CBD-treated siGLO cells. D, [CazJ’]i evaluated
by Fluo-3 staining and FACS analysis in CML cells treated for 1 min with CBD (IC., dose) or pretreated with tranilast and then stimulated
with CBD. E, Pl staining in CML cells treated with CBD at IC,, dose or with vehicle for 24 h. Data are representative of three experiments.

F, Pl assay performed in CBD (IC,, dose)- or vehicle-treated for 24 h siGLO and siTRPV2 KU812 cells. Data are the mean + SD of three
experiments. *P < .05 vs vehicle; **P < .05 vs CBD-treated siGLO. G, Caspase 3 analyzed by western blot in KU812 cells treated as described
in panel E. Blot is representative of three experiments. For statistical analysis, cleaved caspase 3 densitometry values were normalized to
caspase 3 levels. Folds represent changes respect to vehicle. H, BrdU assay in CML cells treated with CBD at IC,, dose or with vehicle for

24 h. Histograms are representative of three experiments. I, Cell cycle analysis in CML cells treated with CBD at IC, dose or with vehicle
for 24 h. Numbers = %cells in each cell cycle step. Data are representative of three experiments. J, Statistical analysis of cell cycle phases

in CML cells treated with CBD at IC,, dose or vehicle for 24 h or pretreated with tranilast for 1 h before the addition of CBD. Data are the

mean + SD of three experiments. *P <.05 vs vehicle, °P <.05 vs CBD
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1 mM EDTA, 1 mM EGTA, 1 mM sodium fluoride, 20 mM sodium
pyrophosphate, 2 mM sodium orthovanadate, 1% Triton X-100, 10%
glycerol, 0.1% SDS, 0.5% deoxycholate, and 1 mM PMSF) contain-
ing protease-inhibitor cocktail (EuroClone). Proteins were separated
on 8%-14% SDS polyacrylamide gels and transferred. Blocking
was with 5% low-fat dry milk or 5% BSA in PBS 0.1% Tween 20.
Membranes were incubated with anti-TRPV1, anti-TRPV2, anti-LC3,
anti-ATG16L1, anti-ATG12, anti-PINK1, anti-optineurin, anti-PU.1,
anti-parkin or anti-GAPDH Abs followed by corresponding HRP-
conjugated secondary Abs. Analysis was performed by LiteAblot
PLUS kit, Chemidoc and the Quantity One software (BioRad).

Lysates from CML cells treated with CBD at IC,, dose in combina-
tion with BAF for 12 hours or from siTRPV2 and siGLO (control) CML
cells treated or not with CBD were incubated with anti-LC3. Lysates
from KU812 cells treated or not with CBD 15 uM for 24 hours were
used for caspase-3 analysis.

2.10 | Cell cycle analysis

Chronic myeloid leukemia cells treated or not with CBD at IC,, dose
for 24 hours were fixed in cold 70% ethanol, treated for 30 minutes
at 37°C with 100 pg/mL ribonuclease A solution, stained for 30 min-
utes at room temperature with Pl 20 pg/mL, and analyzed by FACS.
CML cells were also pre-treated with tranilast (10 pM) for 1 hour be-
fore the addition of CBD at dose IC,, for 24 hours.

2.11 | BrdU assay

Cell proliferation was evaluated using BrdU

(ThermoFisher Scientific) according to the company protocol. Cells

staining kit

were then analyzed by FACS and CellQuest software.

2.12 | Cell death analysis

Cells, treated or not with CBD at IC,, dose for 24 hours, were incu-
bated with 2 pg/mL PI for 30 minutes at 37°C. After washing, fluo-
rescence was analyzed by FACS and CellQuest software. PBMCs
or red blood cells were treated with CBD 25 uM or not for 24 hours
and then Annexin V and/or Pl staining was performed according to
the datasheet (Enzo Life Science). As positive control, PBMCs and

red blood cells were treated with hydrogen peroxide (HZOZ).”’18

2.13 | Reactive oxygen species production

Oxidative stress levels in CML cells after treatment with CBD (IC)
was assessed by staining with 20 uM DCFDA for 20 minutes. After
washing, the fluorescence was assayed using FACS and CellQuest
software. Moreover, oxidative stress was evaluated in CBD (25 uM)-
treated red blood cells. As positive control, red blood cells were
treated with H202.18

2.14 | Mitochondrial transmembrane potential
(AWm) and mitochondrial integrity

A¥m was evaluated by JC-| staining according to the company pro-
tocolin CML cells, treated with CBD at IC,, dose or not for 8, 12 and
24 hours. Samples were then analyzed by FACS and CellQuest soft-
ware. The drop of A¥m was also evaluated in siGLO and siTRPV2
cells treated with vehicle or with CBD (IC,) for 12 hours.

Moreover, JC-1 was used to evaluate A¥m in healthy PBMCs
treated or not with CBD (25 pM). The mitochondrial integrity was
also investigated by labeling cells with Mitobright (Dojindo Molecular
Technologies) according to instructions.

2.15 | Mitophagy assay

Mitophagy in CML cells, treated with CBD at IC,, dose or with ve-
hicle for 24 hours, was detected using the Mtphagy detection kit®
(Dojindo Molecular Technologies). CML cells (10° cells/well) were
labeled with 100 nM Mtphagy Dye for 15 minutes before the ad-
dition of CBD for 24 hours. Then cells were analyzed by FACS and
CellQuest software. Confocal microscopy was also used. CML cells,
stained with Mtphagy dye and treated with CBD as above described,
were finally labelled with 1 uM Lyso Dye. After washes, cytospin was
performed. Nuclei were counteracted with DAPI before the analy-
sis with C2 Plus confocal laser scanning microscope by using 100x

magnification.

2.16 | Colony formation assay

The clonogenic activity of CML cells was measured with the Human
Colony-Forming Unit (CFU) Assay using MethoCult kit (StemCell
Technologies). CML cells were treated for 24 hours with CBD (IC,,

FIGURE 3 CBD impairs mitochondria. A, A¥m changes on CBD-treated CML cells by JC-1 staining and FACS. Drop of A¥m decreases
the J-aggregate (red fluorescence). Numbers = %cells showing drop of A¥m. Data are representative of three experiments. B, Drop of A¥m
evaluated by JC-1 in siGLO and siTRPV2 cells treated with vehicle or CBD for 12 h. Data are the mean + SD of three experiments *P < .05 vs
vehicle; #p < .05 vs CBD-treated siGLO cells. C, Cytofluorimetric analysis of CML cells treated with CBD at IC,, dose or with vehicle for 24 h
and labeled with Mitobright. Histograms are representative of three experiments. D, COX |V expression in CML cells, treated for 24 h as
above described, investigated by cytofluorimetry. Data are representative of three experiments. E, Mtphagy dye analysis in CML cells after
24 h of CBD treatment. Data are representative of three experiments. F, Confocal microscopy of CML cells treated as above described and
stained with Mtphagy/Lyso dyes. Images are representative of three experiments. Bar: 20 um
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dose) or vehicle and then 2000 cells/well were plated according to
the datasheet. After 10 days, colonies were visualized and counted
by inverted bright field microscope. Each sample was assayed in

triplicate.

2.17 | Statistical analysis

The statistical significance was determined by Student's t test and by
ANOVA with Bonferroni's post-test. No statistically significant dif-
ferences were found between untransfected and siGLO-transfected
CML cells, untreated with vehicle-treated cells or vehicle-treated
cells at different times (data not shown). Given that no differences
were found between vehicle-treated cells at different times, for sim-
plicity, as control, in time course analysis, vehicle-treated cells for

24 h were shown.

3 | RESULTS

31 |
viability

CBD, by activating TRPV2, affects CML cell

We evaluated the expression of TRPV1 and TRPV2 in K562,
KU812, MOLM-6 CML cell lines, CD347CD38* common myeloid
progenitors, normal myeloid cells, PBMCs and THP-1 cells used
as control.”'? TRPV1 and TRPV2 are expressed at mRNA level in
all analyzed cells with TRPV2 that is expressed at higher levels
in K562 and KU812 cells respect to THP-1 (Figure 1A). The ex-
pression was also confirmed at protein levels by immunoblotting
and cytofluorimetric analysis (Figure 1B,C). Moreover, confocal
microscopy showed that TRPV1 and TRPV2 partially colocal-
ize (Figure 1D). Given that CBD is able to activate both TRPV1
and TRPV2,2021 CML cells were treated with CBD (10-75 pM) for
24 hours and analyzed by cell viability assay. CBD induced a sig-
nificant decrease of cell viability with an IC., of 20 pM (K562),
15 pM (KU812), and 25 uM (MOLM-6) (Figure 1E). The IC,, doses
of CBD were used for the subsequent experiments.

Cell viability assay was also performed in CML cells pretreated
with 10 uM capsazepine (TRPV1-antagonist)22 and 10 pM tranil-
ast (TRPV2-antagonist)?! before the addition of CBD for 24 hours.
Only tranilast was able to revert the CBD effects (Figure 2A),
suggesting the TRPV2 involvement. This was confirmed by using
TRPV1 and TRPV2 gene silencing (Figure S1A-D) and cell viability

assay (Figure 2B,C). The CBD-induced effects were reduced in si-
TRPV2, but not in siTRPV1, with respect to siGLO cells. Previous
findings showed that CBD does not target normal hematopoietic
progenitor cells.?® However, we performed Annexin V/PI staining in
PBMCs treated or not with CBD at 25 uM. Data showed that CBD
does not induce cell death (Figure S2A,B). Moreover, given that the
conventional treatments provoke erythrocyte toxicity,24 apoptosis
and oxidative stress were also evaluated in healthy erythrocytes.
No enhancement in the Annexin V fluorescence or ROS produc-
tion was found in CBD-respect to vehicle-treated erythrocytes
(Figure S2C-F).

Since TRPV2 is a calcium permeable channel,” we performed
[CaZJ’]i assay up to 3 minutes (data not shown). Our results showed
that CBD induced a rapid increase in [Caz"]i 1 minute after the stim-
ulation. This effect was inhibited by tranilast supporting the TRPV2
involvement (Figures 2D and S2G). Moreover, the calcium overload
was associated with a marked enhancement in ROS production after
1 hour of CBD treatment (Figure S2H,I).

3.2 | CBD inhibits cell proliferation

Cytofluorimetric analysis, performed in CML cells treated for
24 hours with CBD and stained with PIl, demonstrated that CBD
mildly stimulates cell death only in KU812 cells. CDB-induced cell
death was reverted in siTRPV2 KU812 cells, underlying the involve-
ment of this channel (Figures 2E,F and S3A). The presence of cleaved
caspase 3 fragment in CBD-treated KU812 cells was found indicat-
ing apoptosis (Figure 2G). Moreover, CBD markedly inhibited BrdU
incorporation (Figures 2H, and S3B) in all CML lines indicating that
the reduction in cell viability is associated with a strong decrease in
cell proliferation. CBD treatment also induced a TRPV2-dependent
cell cycle arrest by increasing the percentage of cells in the GO/G1

phase (Figure 21,J).

3.3 | The CBD-induced effects are associated with
mitochondria impairment

Calcium overload and ROS production play a pivotal role in the mito-
chondria dysfunction.?> Thus, by using JC-1 staining, we found that
the treatment of CML cells with the IC,, dose of CBD induces a time-
dependent A¥Ym that was evident at 8 hours, increased at 12 hours,
and slightly decreased at 24 hours (Figures 3A and S4A). In PBMCs

FIGURE 4 CBD increases the expression of mitophagy markers. A, Western blot analysis of LC-3 Il in CML cells treated for different
times with CBD at IC,, dose or with vehicle. *P < .01 vs vehicle. B, Western blot analysis of LC-3 Il in siGLO and siTRPV2 CML cells treated
with CBD at IC,, dose or with vehicle for 12 h. *P < .01 vs vehicle; °P < .05 vs CBD-treated siGLO cells. C, Western blot analysis of ATG16L-1
and ATG12-ATG5 complex in CML cells treated with CBD at IC,, dose for different times. *P < .01 vs vehicle. D, Western blot analysis of
pink1, parkin, and optineurin in CML cells treated with CBD at IC, dose for different times. *P < .01 vs vehicle. Blots are representative

of three experiments. GAPDH was used as loading control. Folds (mean + SD of three experiments) = changes respect to vehicle. E, Cell
viability assay performed in CML cells pretreated for 1 h with BAF and then treated for 24 h with CBD (IC,, dose). *P < .05 vs vehicle-treated

cells; **P < .05 vs CBD-treated cells
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treated with the highest dose of CBD, data showed the absence of
cells with depolarized mitochondria (decrease in red fluorescence)
(Figure S4B). To further support the role of TRPV2, we evaluated
the drop of A¥m in siGLO and siTRPV2 cells treated with vehicle or
with CBD (IC, dose) for 12 hours. Our results showed that the CBD-
induced mitochondrial impairment is markedly reduced in siTRPV2
respect to siGLO cells (Figure 3B). Moreover, a marked reduction
in Mitobright fluorescence and an increased cell percentage with
diminished green fluorescence in CBD- respect to vehicle-treated
cells were found, indicating mitochondrial impairment (Figures 3C
and S4C).

3.4 | CBD induces mitophagy in CML cells

We then labeled cells with the specific anti-COX IV Ab, used as mi-
tochondrial mass marker.2® A marked down-regulation in COX IV
expression in CBD- respect to vehicle-treated CML cells was found
demonstrating the mitochondria removal (Figures 3D and S4D).
Thus, mitophagy assay was performed. An increase of the Mtphagy
dye fluorescence in CBD- respect to vehicle-treated CML cells was
found as shown by the MFI values (Figures 3E and S4E). To cor-
roborate the fusion of Mtphagy dye-labeled mitochondria with lys-
osomes, cells were also stained with Lyso dye and then analyzed by
confocal microscopy. The analysis confirmed the strongly enhance-
ment in Mtphagy dye fluorescence and the colocalization between
Mtphagy and Lyso dyes in CBD- respect to vehicle-treated cells
indicating that damaged mitochondria are driven inside lysosomes
(Figure 3F).

3.5 | The CBD-induced mitophagy is TRPV2-
dependent in CML cells

Mitophagy is a cargo-specific autophagy27 so we examined the
conversion of the soluble form of LC3-lI to the lipidated and
autophagosome-associated form (LC3-11).

CBD treatment increased the expression of LC3-1l in all CML cell
lines (Figure 4A). The autophagy inhibitor BAF, by blocking the auto-
phagic degradation activity, increased the LC3-Il form (Figure S4F)
demonstrating that LC3-Il levels were dependent from the auto-
phagic flux and not the result of protein synthesis. In addition, in si-
TRPV2 cells, CBD was unable to markedly increase the expression of

LC3-llrespectto vehicle-treated cells with comparable level detected

in siGLO cells, supporting the involvement of TRPV2 (Figure 4B).
CBD induced up-regulation of ATG16L1 and ATG5/ATG12 expres-
sion indicating the execution of autophagy (Figure 4C).?8 Given that
mitophagy of optineurin-labeled mitochondria is regulated by par-
kin and PINK1,%’ we evaluated the expression of these proteins in
CML cells treated or not with CBD. Our findings showed that CBD
stimulates an increased expression of parkin, PINK1, and optineurin
(Figure 4D).

Moreover, the inhibition of autophagy strongly reverted the
CBD-induced cell growth inhibition (Figure 4E) supporting the role
of autophagy in the CBD-mediated effects.

Autophagy can modulate the levels of pluripotency-associated
proteins.3° Thus, we investigated the expression of transcription
factors involved in the maturation of CML cells. CBD reduced the
expression of the stemness-related protein OCT-4, comparing
CBD- respect to vehicle-treated cells (Figure 5A,B). By western
blot analysis and confocal microscopy, we also demonstrated that
CBD increases the expression of PU.1, essential for myeloid cell
development®? indicating an enhancement in CML cell maturation
(Figure 5C,D). The ability of CBD to stimulate a more differentiated
state was also evaluated by colony forming assay, useful to test the
clonogenic activity of undifferentiated cells.’> We demonstrated
that CBD strongly reduces the ability to form colonies in all CML cell
lines (Figure 5E,F).

3.6 | CBD synergizes with imatinib in reducing cell
viability in CML cell lines

Currently, the standard therapy of CML consists of TKls such as
imatinib. We evaluated the possible synergism between CBD and
imatinib in all CML cell lines. Cells were exposed to various concen-
trations of CBD and imatinib for 24 hours. The isobologram analysis
showed that several combinations of the two drugs induce increased
levels of cytotoxicity, as compared with single treatments (Figure 6A).

The Cl values obtained by combining the CBD at IC,, dose with
imatinib are <1, indicating from slight to moderate synergistic ef-
fects (Figure 6B). In fact, the percentage of cell growth was markedly
reduced when imatinib, even at the lowest dose, is combined with
CBD at IC,, dose (Figure 6C). To strengthen these data, we also per-
formed cell viability assay in K562 IR treated with different doses
of CBD for 24 hours. After confirmation of the resistant phenotype
in K562 IR (Figure 6D), as shown in Figure 6E, we found that CBD

treatment also inhibits cell growth in this resistant cell model.

FIGURE 5 CBD changes the expression of differentiation markers. A, OCT-4 expression by FACS in CML cells treated for 24 h with CBD
at IC;, dose or vehicle. Data are representative of three separate experiments. MFI, mean fluorescence intensity. B, Statistical analysis of
the MFI values of panel A. Data are the mean + SD of three experiments. *P < .05 vs vehicle. C, Western blot analysis of PU.1 in CML cells
treated with CBD at IC,, dose or vehicle for different times. Blots are representative of three experiments. GAPDH was used as loading
control. Folds represent changes respect to vehicle. Data are the mean + SD of three experiments. *P < .05 vs vehicle. D, PU.1 expression by
confocal microscopy. Images are representative of three experiments. Bar = 20 um. E, Colony formation assay in CML cells treated with CBD
(IC5, dose) for 24 h and then plated in Methocult for 10 d. Data are the mean + SD of three experiments. *P < .05 vs vehicle-treated cells. F,
Representative images of the colony formation in CML cells treated as above described. Magnification = 10x
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4 | DISCUSSION

Chronic myeloid leukemia is a myeloproliferative disorder originat-
ing from an incomplete differentiation process of hematopoietic
progenitor to adult cells with consequent accumulation of immature
ones. Although successful results were obtained with TKIs in ther-
apy, several patients show or develop resistance.>? Thus, the discov-
ery of new anticancer compounds and the identification of new drug
targets represent an interesting challenge.

CBD is considered a promising anticancer drug alone or in combi-
nations with conventional chemotherapies. In fact, findings demon-
strated that CBD induces cell death and inhibits cell migration and
vascularization in glioma models, and similar results have been ob-
tained in other cancer types.3%°
Few data on CBD-mediated effects in leukemia and lymphoma
have been provided1'2'3""38 and no findings are present about the
role of TRPV2 in CBD-induced effects on CML cells.

Although CBD belongs to the family of phytocannabinoids able
to bind the CB1 and CB2 receptors, the idea that CBD has no af-
finity for these receptors is gaining strength.!! Instead, it has been
accepted that it is an agonist for TRPV1 and TRPV2.2%2! TRPV1 and
TRPV2, ion channels involved in the regulation of calcium signaling,

3940 and in some leukemia

are expressed on normal immune cells
cells.?1%4142 Our data support the expression of both receptors in
the three CML cell lines in common myeloid progenitors and normal
myeloid cells, suggesting the importance of TRPV channels in the
modulation of immune activities. In particular, TRPV2 is implicated
phagocytosis, degranulation, chemotaxis, cytokine secretion, and
proliferation. Little is known about the TRPV2 role in the leukemo-
genesis. An oncogenic function related to its involvement in cell pro-
liferation has been suggested.’?

Although TRPV2 expression is higher in K562 respect to KU812
and MOLM-6 cells, the ability of CBD to inhibit cell growth is very
similar among the three CML lines. mRNA and protein expression
levels are not enough to suppose differences in the TRPV function-
ality. In fact, the status of TRPV2 activation is influenced by post-
translational modifications such as glycosylation, phosphorylation,
and binding with lipids.*®

Interestingly, we demonstrated that CBD, by activating TRPV2,
induces inhibition of cell proliferation and blockage of the cell cycle.
Also, our previous conclusions in glioma cells indicating that the
CBD-induced effects are TRPV2-dependent?! suggest its relevant
role in the CBD-stimulated signaling pathways.

We showed for the first time that the CBD-induced TRPV2 de-

pendent inhibition of cell proliferation is associated with mitophagy

in CML cells. The ability of CBD to cause mitochondrial damage and
to interact directly with isolated mitochondria was recently investi-
gated in Jurkat cells.'? Here we demonstrated that CBD stimulates,
via TRPV2, calcium overload, and oxidative stress strongly leading to
the mitochondrial dysfunction.?> Mitochondria dynamics is essential
to regulate cellular metabolism, ATP production, and redox homeo-
stasis.'® It has been found that the number of mitochondria and the
total mitochondrial mass are increased in chronic lymphatic leuke-
mia with respect to normal naive B Iymphocytes.44 Moreover, the
targeting of mitochondrial enzymes represents an effective thera-
peutic strategy for leukemia cells since they have more mitochondria
compared with normal hematopoietic stem cells.*> The upregulation
of mitochondrial mass associated with chemoresistance has been
found in lymphoma.*® Thus, our data showing that CBD treatment
induces mitochondria dysfunction and promotes mitophagy meet
the overall need to use therapies inhibiting exaggerated mitochon-
drial activity in leukemia.*®

Mitophagy is responsible for the removal of damaged mito-
chondria.?”%8 ATG family proteins such as LC3, ATG5, ATG12, and
ATG16-L1 regulate the autophagy by participating in autophago-
some formation.*”*® In our study, the CBD treatment, via TRPV2,
increased the expression of LC3-Il. It also enhanced ATG16-L1
and ATG5-ATG12 complex levels, indicating the stimulation of the
autophagy. These results are in agreement with previous findings
demonstrating the upregulation of these proteins after inducing
photodamages in mitochondria. The pink1 and parkin upregulation
and accumulation on mitochondria are essential to promote mitoph-
agy.49 Mitophagy is also regulated by optineurin that binds damaged

t.3 Similarly,

mitochondria and increases their autophagic engulfmen
we demonstrated that CBD enhances the expression of pink1, par-
kin, and optineurin.

Although findings suggest that mitophagy plays a role in the
maintenance of cancer stem ceIIs,50 it is also well accepted that
mitophagy participates in cellular differentiation.’® In agreement,
we showed that cell cycle arrest and mitophagy induced by CBD in
CML cells are associated with changes in the differentiation markers
OCT-4 and PU.1 involved in leukemogenesis and myeloid differen-
tiation.’>>® We found a reduction of the stem-associated marker
OCT-4 level and the enhancement of PU.1, suggesting that CBD
drives CML cells to a more differentiated state. This was also con-
firmed by colony formation assay that demonstrates the ability of
CBD treatment to reduce the clonogenic activity of CML cells.

The presence of poorly differentiated cells is associated with
chemoresistance. TKI resistance develops due to secondary BCR-

ABL mutations and/or an independent mechanism.>* Several studies

FIGURE 6 CBD and imatinib synergize in reducing cell viability. A, Isobologram plots for combination treatments of CBD and imatinib.
Lower left of the hypotenuse, synergism; hypotenuse, additive effect; upper right of the hypotenuse, antagonism. Data are representative
of three experiments. B, Cl values by CompuSyn software. Data are representative of three experiments. C, Cell viability assay in CML cells
treated with CBD at IC,, dose and imatinib at different doses for 24 h. Data are the mean + SD of three experiments. *P < .01 vs vehicle;
**P < .01 vs CBD or imatinib. D, Cell viability assay performed in K562 IR or K562 cells treated with imatinib or vehicle. *P < .01 vs K562
cells. E, Cell viability assay in K562 IR treated with CBD at IC,, doses for 24 h. Data are the mean + SD of three experiments. *P <.01 vs

vehicle
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have suggested that TKI treatment, surprisingly, induces stemness in
CML cells,”® thus the need to develop new targeted therapies that
could overcome these stemness-promoting effects is attractive. In
this regard, we highlighted the ability of CBD to act synergistically
with imatinib and reduce the cell viability of IR cells. Overall, given
that CBD is characterized by a favorable safety and tolerability pro-
file,” the use of CBD as adjuvant to enhance conventional therapy
and improve the prognosis of patients by modulating TRPV2 activity

is very promising in CML clinical therapy.
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