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Introduction 

 

Hematological malignancies: chronic and acute myeloid leukemia 

 

Haematological malignancies represent a mixed group of neoplasms (Figure 1) 

divided generally in: acute myeloid and lymphocytic leukaemia (AML and ALL), 

chronic myeloid and lymphocytic leukaemia (CML and CLL), Hodgkin's and non-

Hodgkin's lymphoma (HL and NHL) and multiple myeloma (MM) 1.  

Leukaemia is based on the accumulation of immature cells, mainly affecting blood-

forming cells in the bone-marrow, it accounts for 30% of all childhood cancers, and 

counting 437.0 thousand new cases of and 309.0 thousand cancer deaths 

worldwide in 2018 2,3.  

AML is an aggressive cancer identified by a block in myeloid differentiation lineage, 

with an uncontrolled proliferation of abnormal myeloid progenitors, that pile up 

in the bone marrow and blood flow. Its outset can be different from an underlying 

haematological disorder or as a consequence of prior therapy; however mostly, it 

develops as a de novo disorder in healthy individuals. Indeed, AML can arise at any 

age, is more common in male than in female, and could be the result of the 

exposure to smoke, benzene and formaldehyde, pesticide, and other chemicals 4,5. 

Until today, several markers have been identified to improve patient’s 

characterization allowing precise treatment decisions and care 4. Despite this, the 

majority of patients experience relapses and the overall survival (OS) after 5 years 

is about 45% in young patients and less than 10% in elderly one 5. 
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Figure 1: The leukemic stem cell model. Comparison of normal hematopoiesis with malignant hematopoiesis6.  

 

CML is a myeloproliferative disorder first described in 1845, it represents about 

14-15% of all leukaemia cases 7, and is characterized by an incomplete 

differentiation of hematopoietic stem cells (HSC) into the adult form with 

consequent accumulation of immature cells in the bone marrow and peripheral 

blood. Until now, there are no data referring to hereditary, familial, geographic, 

ethnic, or economic associations, but the common risk factor are represented by 

age (>64 years), radiation exposure used in other therapies and gender (men are 

somewhat more predispose to develop CML than women). The main treatments 

for CML include allogeneic stem cell transplantation, chemotherapy, interferon 

and tyrosine kinase inhibitors (TKI) administration. CML patients show a good 

prognosis, but it is not uncommon to have episode of TKI resistance or intolerance 

due to BCR-ABL mutations 8.  

CML cells show uncontrolled proliferation, reduced sensitivity to apoptotic signals 

that promote the growth and selection of a progenitor population known as 

leukaemia stem cells (LSC). Numerous studies have shown that LSCs themselves 

are involved in initiation, drug resistance and recurrence of CML. Although good 

results have been achieved thanks to the introduction of the TKI, such as imatinib, 
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nilotinib, dasatinib, bosutinib and ponatinib, into clinical practice, bringing the 

survival rate to over 90%, for several subjects this treatment must be discontinued 

or modified due to the development of adverse drug reactions or resistance 9,10. 

Indeed, the BCR-ABL1 fusion products can remain still detectable in CML patients 

even after the remission 8. For this reason, recent data support the use of mixed 

therapeutic approaches aimed at considering not only kinase-dependent 

mechanisms, but also independent ones. In fact, a lot of research is aimed at 

studying in greater depth new targets expressed exclusively on LSCs 2,9,11,12.  

From the molecular profiling, the BCR-ABL1 fusion gene products are detected in 

95% of all CML cases 13, instead, only 1% of all AML cases are positive for this 

condition 14. The BCR-ABL1 gene generates as a product of the t(9;22)(q34;q11) 

giving rise to the Philadelphia (Ph) chromosome which is detectable in most of the 

cases. BCR-ABL is responsible for the dysregulation of important cellular pathways 

(Figure 2): RAS/MAPK pathway, which induces proliferation, the PI3K 

(phosphatidylinositol-3 kinase)/AKT, which leads to apoptosis, and JAK/STAT, with 

increased transcriptional activity, which are essential for leukemogenesis. 

Unfortunately, about the 5-10% of CML patients show uncommon 

t(9;22)(q34;q11) arrangements with the involvement of additional chromosome 

variant as microdeletions proximal to the ABL1 or distant to the BCR gene (30-

40%) or the presence of BCR-ABL mutant clones (T315I) which are insensible even 

to second generation TKIs 15,16.     
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Figure 2. Schematic representation of the molecular pathway activated by BCR-ABL 15. 
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Transient Receptor Potential (TRP) Channels in Cancer 

Extract from the article: Maggi F, Morelli MB, Nabissi M, Marinelli O, Zeppa L, Aguzzi C, Santoni G, Amantini 

C. Transient Receptor Potential (TRP) Channels in Haematological Malignancies: An Update. Biomolecules. 

2021;11(5):765. doi: 10.3390/biom11050765. 

 

Transient Receptor Potential (TRP) channels are a family of ion channels belonging 

to voltage-gated super families, mainly involved in Ca2+ trafficking. They are 

divided in seven major groups (Figure 3): TRPC1-6 (“C” for canonical), TRPV1-6 (“V” 

for vanilloid), TRPM1-8 (“M” for melastatin), TRPN (“N” for no mechanoreceptor 

potential C, not present in mammalian), TRPA (“A” for ankyrin), TRPP (“P” for 

polycystic) and TRPML1-3 (“ML” for mucolipin) 17,18. Most of TRPs are selective for 

cations and most of them are permeable to both monovalent, as sodium (Na+), 

and divalent cations, as magnesium (Mg2+) or calcium (Ca2+) 19. Moreover, they can 

be activated by a variety of environmental stimuli like temperature (as TRPV2), 

mechanical forces (as TRPA1), and plant-derived compound as menthol for TRPM8 

or capsaicin (CPS) for TRPV1 (Table 1) 20–22.  
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Figure 3. Structure and localization of TRP channels. (A) Structural domains and motifs in the N- and C- 

terminus of TRP channel subfamilies 23. (B) Intracellular localization of TRP channel subfamilies and SOCE 

machinery. 

 

Abbreviation: TRPA, transient receptor potential ankyrin; TRPC, transient receptor potential canonical; TRPM, 

transient receptor potential melastatin; TRPML, transient receptor potential mucolipidin; TRPP, transient 

receptor potential polycystic; TRPV, transient receptor potential vanilloid; ER, endoplasmatic reticulum; EV, 

vesicle of exocytosis; EE, early endosome; RE, recycling endosome; LE, late endosome; PM, plasma membrane; 

STIM1, stromal interaction molecule 1; Orai1, calcium release-activated calcium channel protein 1. 
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Table 1. Environmental activating stimuli and calcium permeability characteristics of TRP 

channels  

TRP Ca2+ Selectivity Activation 

Temperature 

Exogenous Activators References 

TRPA1 Medium/Low <17°C Caffeine, Cinnamaldehide, 

Nicotine 

24–26 

TRPC1 Medium  Lanthanide ions (La3+, 

Gd3+), carbachol 

27 

TRPC3 Medium  OAG  28 

TRPC6 Medium  OAG, Hyperforin, 2,4-

Diacylphloroglucinol 

28–30 

TRPM2 Medium/Low >38°C N-(p-

amylcinnamoyl)anthranilic 

acid, Clotrimazole, 

Flufenamic acid 

31–34 

TRPM4 

 

Non selective 15-35°C BTP2 31,35,36 

TRPM7 Medium/Low  Naltriben 37 

TRPM8 Medium 17-25°C Menthol, eucaliptol, 

geraniol 

22 

TRPML2 Non selective  SID24801657, 

SID24787221, ML2SA1 

38,39 

TRPV1 Medium/High > 42 °C CPS, Piperine, Gingerol 22,40 

TRPV2 Medium (≈52 °C) 2-aminoethoxydiphenyl 

borate, diphenylyboronic 

anhydride, and Cannabis 

sativa derivatives  

22 

TRPV4 Medium 24-27°C Bisandrographolide A, 

Apigenin, 4-alpha-phorbol 

22 
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12,13-didecanoate 

TRPV5 High  -  

TRPV6 High  CPS 41 

 

Abbreviations: TRPA, transient receptor potential ankyrin; TRPC, transient receptor potential canonical; 

TRPM, transient receptor potential melastatin; TRPML, transient receptor potential mucolipidin; TRPV, 

transient receptor potential vanilloid; CPS, Capsaicin; La3+, Lanthanum; Gd3+, Gadolinium; BTP2, N-[4-[3,5-

Bis(trifluoromethyl)pyrazol-1-yl]phenyl]-4-methylthiadiazole-5-carboxamide; OAG, Oleyl acetyl glycerol. – No 

data reported. Ca2+ selectivity of TRP channels in according to PCa/PNa ratios are considered: High selective 

10-100 score; Medium selective 1-10 score; Low selective < 1 score. Data found in literature 42,43. 

 

 

Initially, it was thought that TRP channels were solely expressed on plasma 

membrane (PM) mediating cation entry, but many studies have demonstrated 

that almost all mammalian TRP channels are located in the intracellular vesicular 

membranes (Figure 1B). It is unclear whether TRPs are expressed in these 

compartments as intermediate of biosynthetic pathways and then shuttled to 

their final location, or if they have a role as signal transducers and/or membrane 

trafficking regulators 44.  

Above all, they are considered important Ca2+ selective ion channels which have 

been linked to countless physiological and pathological functions 45. TRP channels 

are important biophysical cues for cellular microenvironment and Ca2+ controlled 

influx which are able to translate physical signals into biochemical ones. The 

homeostasis of intracellular calcium (Ca2+) shows an extremely precise and fine 

regulation, which constitutes the functional and vital centre of cell signalling. 

Oscillations of Ca2+ concentration play a crucial role in multiple cellular processes 

such as regulation of cellular enzyme activity, cytoskeleton modification and 

expression of surface proteins. It also plays a key role in cell proliferation, 

migration, invasion, cell death including also autophagy, who’s that dysregulation 

represents an excellent starting point for the development of the malignant 

phenotype 46. Numerous studies have demonstrated that the aberrant expression 

of TRP channels is associated with poor prognosis, recognizing them as promising 
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diagnostic and therapeutic tools 47. Emerging evidences suggest that TRPs, 

especially TRPML, TRPC and TRPV channels, play a key role in the regulation of 

autophagy by modulating the intracellular Ca2+ trafficking. In addition, it has been 

demonstrated that loss of TRPML1 promotes autophagy impairment 48. Few data 

are present about the involvement of TRP channels in hematological malignancies. 

The expression of several members of the TRP family such as melastatin 2 

(TRPM2), TRPM7, vanilloid 1 (TRPV1), TRPV2, TRPV5, TRPV6, and canonical 7 

(TRPC7) in different lymphoid and myeloid leukemia have been demonstrated in 

vitro and in vivo 49,50. 
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Transient Receptor Potential (TRP) Channels in Chronic Myeloid 

Leukemia  
 

Extract from the article: Maggi F, Morelli MB, Nabissi M, Marinelli O, Zeppa L, Aguzzi C, Santoni G, Amantini 

C. Transient Receptor Potential (TRP) Channels in Haematological Malignancies: An Update. Biomolecules. 

2021;11(5):765. doi: 10.3390/biom11050765. 

 

In CML the different TRP expression leads to different phenotype in CML, in 

particular the expression of TRPV channels is linked to cell death, TRPM channels 

are tied up with cell differentiation and proliferation, and TRPC expression is 

associated with cell proliferation and BCR-ABL gene function. The last findings 

regarding TRP and CML are listed in table 2. 

 

Table 2. Expression of TRP channels in CML. 

Cell 

line/model 

TRP Methods Functions References 

32d and 32d-

p210 

TRPC1 WB Cell proliferation 51 

K562 TRPM7 RT-PCR, IF Erythroid differentiation 52 

K562 TRPV2 RT-PCR, WB Cell death 53 

 

Abbreviations: CML chronic myeloid leukaemia; TRPC, transient receptor potential canonical; TRPM, transient 

receptor potential melastatin; TRPV, transient receptor potential vanilloid; IF, Immunofluorescence; RT-PCR, 

Real Time- Polimerase Chain Reaction; WB, western blot.  

 

Among TRPV channels, TRPV2 has been studied in K562 cell line. In this cell line 

the expression of TRPV2 is higher, up to six folds, than in normal PBMCs and in 

THP-1 and U937 cell lines. Moreover, K562 express high levels of the f-TRPV2 and 

s-TRPV2 forms, as for THP-1 and U937 cells, but the expression of the short form 

is still lower respect the s-TRPV2 showed in the PBMCs 52,53. TRPV2 silencing 

induces the loss of mitochondria membrane potential, triggering the accumulation 
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of cells in subG0/G1 phase, DNA fragmentation and apoptosis activation through 

the mitochondrial intrinsic pathway 53. Treatments with TRPV2 inhibitors (TL and 

SKF) increase consistently the s-TRPV2 form with a concomitant decrease of the 

full one, and turns out to cell growth reduction due to apoptotic pathway 

activation. Indeed, active caspase-3, inactive PARP, γ-H2AX and p38 are increased, 

whereas the Bcl-2 and ERK1/2 levels result lower than in the control 53. These data 

together with the fact that the expression of TRPV2 in leukemic and normal blood 

cells has been demonstrated to be significantly different, TRPV2 can be considered 

a promising target for myeloid leukaemia treatment 53. 

Regarding TRPM subfamily, TRPM7 is abundantly expressed in K562 cell line 52. 

TRPM7 shows a unique structure recognized as “chanzyme” thanks to the 

contemporary presence of both channel and kinase-like domains. TRPM7 is 

expressed wildly in all cells and numerous studies have demonstrated its 

implication in cell survival, growth, differentiation and death 54. In K562 cells, 

TRPM7 is expressed mainly in the PM and is essential for basal Ca2+ entry. The 

block or alteration of TRPM7 results in the reduction of cell proliferation, and 

counter increase of erythroid differentiation under hemin stimulation, through 

ERK activity 52. Taken together, these data suggest that TRPM7 could be a 

promising check-point not only for K562 differentiation, but also for the normal 

haematopoiesis. 

Also, the expression of TRPC channels has been evaluated in CML cells models. In 

K562, TRPC family is barely expressed 52. In 32d cells (32d-p210), an interleukine-3 

(IL-3)-dependent myeloid progenitor cell line which expresses the BCR-ABL gene, 

Cabanas and colleagues evaluated the expression of TRPC1 and its correlation with 

Ca2+ influx. The 32d-p210 cells showed reduced expression of TRPC1 and SOCE 

activity respect to the wild-type cells (32d-WT). Given that previous studies 

demonstrated that different members of TRPC family have been implicated in 

SOCE activity 55, this suggests a possible relationship between the SOCE activity 

and the TRPC1 expression. Two principal proteins are involved in SOCE activity: 
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stromal interaction molecule 1 (STIM1) and the calcium release-activated calcium 

channel protein 1 (Orai1) 56. These two proteins are essential for Ca2+ trafficking 

between the endoplasmic reticulum (ER) and the PM (Fig. 3B). Their activation is 

subordinated by Ca2+ concentration in the ER, indeed a decrease in Ca2+ 

concentration in ER prompts the translocation of STIM1 from ER to the ER\PM 

junction where it binds Orai1 channels increasing Ca2+ entry. In this regard, the 

TRPC1 translocation contributes to the STIM1\Orai1 co-localization participating 

to the SOCE activity amplification signal 57. Interestingly, it has been demonstrated 

that TRPC1 KO reduces SOCE activity, proliferation and migration in endothelial 

progenitor cells 58. An opposite effect has been reported in 32d-p210 cells, in fact 

even if the TRPC1 expression and SOCE activity are low, the rate of proliferation 

remains higher, compared to 32d-WT, suggesting a possible link between Ca2+-

independent pathway activation and enhanced proliferation in 32d-p210 cells. 

The BCR-ABL gene seems to tightly regulate SOCE activity by reducing the 

expression of TRPC1, protein kinase C (PKC) activity and SOCEs network too 51. So 

TRPC1 seems a good candidate in CML treatment. 
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TRPs as promising diagnostic, prognostic and therapeutic markers in 

the clinical management of hematological malignancies 

 

It is now well accepted that alterations of TRP expression and functions are 

responsible for the impairment of cellular signaling pathways involved in cancer 

growth, metastasis and chemoresistance 59. In particular, dysregulations of TRPC, 

TRPM and TRPV members have been mainly correlated with malignant growth and 

progression. For this reason, in the recent years many efforts have been spent to 

improve the knowledge about these channels and the ability to target them. Thus, 

they are considered promising tools not only to inhibit cancer progression but also 

to ameliorate the diagnosis and overcome chemoresistance in cancer 45,47,60–62.  

Interesting recent findings indicate and suggest that TRP channels could be also 

useful as diagnostic, prognostic and therapeutic markers in the clinical 

management of hematological malignancies (Table 3). 

Table 3. Expression and functions of TRP channels in leukaemia and lymphoma patients 

Cancer type TRP Effects References 

ALL TRPC3 ↓Glucocorticoid 

resistance 

63 

AML TRPM2 ↓OS 

↓Doxo-

sensitivity 

64 

 TRPV4 ↑Chemotherapy 

efficacy  

65 

CLL TRPC1 OS 66 

Lymphoma TRPM8 Prognostic 67 

 TRPM4 ↓OS 

↓PFS 

68 

Abbreviations: ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic leukaemia; TRPC, transient 

receptor potential canonical; TRPM, transient receptor potential melastatin; TRPV, transient receptor 

potential vanilloid; OS, overall survival; PFS, Progression Free Survival. ↑, increase; ↓, decrease. 



 
16 

 

 

At this regard, integrated methylome, transcriptome and epigenetic analysis 

showed that the expression level of many genes is dysregulated in pediatric 

leukemia and among them the presence of TRPC1, TRPC4, TRPC3, TRPM2, TRPM4 

and TRPM8 also stands out. These TRP channels are repressed and this indicates a 

reduced potential for cell-microenvironment interactions and apoptotic potential 

of the ALL cells 69,70.  In accordance with these data, the potential utility to add TRP 

as diagnostic tools is also confirmed by other studies. It has been found that 

TRPM4 is significantly overexpressed in diffuse large B-cell lymphoma (DLBCL) 

compared to normal germinal center (GC) B cells and, in addition, it is more 

expressed in activated B-cell-like than in GC DLBCL 68.  

 

Moreover, Hirai and coworkers demonstrated that TRPM8 positive neoplastic cells 

are mostly present in post-GC neoplasms but not in pre-GC or in the majority of 

GC neoplasms, suggesting TRPM8 as a marker to discriminate and diagnose 

reactive plasmablasts and mature B-neoplasms 67. Finally, TRPM2 was found to be 

strongly up-regulated in AML samples from patients with normal karyotypes or all 

AML mutational sub-groups respect to normal HSC or common myeloid 

progenitor, suggesting the possibility to differentiate normal from neoplastic cells 

by using TRPM2 expression levels 71.  

 

The potential prognostic impact of TRP channels in hematological malignancies 

has been recently highlighted. In DLBCL, negativity of TRPM4 expression 

significantly correlated with better overall survival (OS) and progressive-free 

survival (PFS) compared with TRPM4 strong intensity. TRPM4 positivity was also 

associated with higher lactate dehydrogenase levels, higher ECOG (Eastern 

Cooperative Oncology Group) score and stage III-IV. In addition, TRPM4-positive 

DLBCL patients treated with R-CHOP (cyclophosphamide, doxorubicin, vincristine, 

and prednisone) protocol displayed worse survival consistent with its expression 

68. Moreover, a close relationship between TRPM8 and International Prognostic 
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Index (IPI) scores was found in DLBCL patients indicating that lower TRPM8 

expression levels are associated with higher IPI scores 67. In vivo studies underline 

the importance of developing new pharmacological approaches based on 

targeting of TRP channels. In fact, mice injected with TRPM2-depleted leukemia 

cells showed significant reduced leukemia compared with controls suggesting that 

these channels play an important role in leukemogenesis 71.  

 

The targeting of TRP channels has been shown not only affect leukemia cells but 

also the tumor microenvironment. It has been recently demonstrated that TRPV4, 

by acting as a volume receptor, is involved in bone marrow adipocyte remodeling 

in AML mice and it is clear that the inhibition of this remodeling increases the 

survival in the AML mouse model 65. Moreover, many in vitro studies, performed 

in patient-derived cells, demonstrated the ability of TRP-targeting therapy to 

inhibit cell proliferation and improve the effects of traditional chemotherapy in 

hematological malignancies. For instance, the TRPC3 channel blocker, Pyr3, 

enhances apoptosis induced by dexamethasone in ALL cells isolated from patients 

by altering calcium signaling, mitochondrial membrane potential and ROS 

production 63. In addition, the activation of TRPV1, by using the specific agonist 

RTX, reduced cell proliferation, blocked cell cycle and increased apoptosis in T cells 

from ALL patients 72.  

 

Obviously, further studies are necessary in order to develop and use drugs capable 

of modulating the TRP functions. However, interesting assumptions are gradually 

growing. In fact, by molecular imaging methods, the in vivo potential of soricidin-

derived peptides in targeting TRPV6-rich tumors has been evaluated 73. In addition, 

an apoptosis-inducing TRPV1 nanoagonist contained semiconducting polymer 

nanoparticles (SPNs) as nanocarriers and CPS as the agonist, has been developed 

to target TRPV1-positive cancer cells 74. Finally, given that ongoing clinical trials 

specifically targeting TRPM4 have been approved in patients with stroke 75, it can 

be expected that soon other TRP-based therapeutic strategies may have an 
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adequate safety profile and be applied in the field of cancer including 

hematological malignancies. 
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Transient Receptor Potential Vanilloid (TRPV) Channels relevance in 

cancer 

 

Transient receptor potential vanilloid (TRPV) channels were named based on the 

activation by capsaicin, a vanilloid-like molecule, the active ingredient in spicy 

foods 76. TRPV channels are tetrameric complexes and can be both homo or 

hetero-tetrameric 77, are widely expressed and are located mostly on the plasma 

membrane, where they play an important role in calcium homeostasis. Some of 

them have been also shown to be located in the endoplasmic reticulum, a large 

cellular calcium store involved in calcium-triggered pathways77. TRPV channels in 

general, thanks to their mechanosensible features, are strictly connected to 

cancer progression and invasion 78,79.  

In actual facts, changes in TRPV expression may have cancer promoting effects by 

enhancing Ca2+-dependent proliferative response. Furthermore, altered 

expression, mutations and polymorphisms of TRPV channels may be 

advantageous for cancer cells offering a survival advantage increasing the 

resistance to apoptotic-induced cell death. TRPV gene mutations may play a role 

in cancer development and there may be a relationship between the expression 

of specific TRPV gene single nucleotide polymorphisms and increased cancer 60. 

 

TRPV1 

 

TRPV1 is a polymodal, no selective cation channel expressed by all major classes 

of nociceptive neurons and is important for the detection of noxious stimuli. Ion 

channels, including TRPV1, are typically found in the plasma membrane creating a 

passageway. Increasing evidences suggest that TRPV1 is also located intracellularly 

in various cell types such as neurons, myocytes, immune cells and cancer cells. 

TRPV1 can be activated by a number of endogenous and exogenous stimuli 

including capsaicin, heat (>42 °C), acidic conditions, N-acyl amides, arachidonic 
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acid (AA) derivatives, vanilloids, protons, cannabinoids and N-oleoyldopamine 

(OLDA) (Table 1) 77,80,81. 

In immune cells TRPV1 participates in the regulation of cell response due to their 

involvement in the calcium signaling cascade and perception of the external 

stimuli 82. TRPV1 colocalizes with immunological synapse and it is involved in the 

regulation of CD4+ cell activation and functioning, shaping its proinflammatory 

properties 83–85. 

 

TRPV2 

 

TRPV2 is ubiquitously expressed in various tissues types including both neuronal 

and non-neuronal tissues 76,77. This channel has been implicated in various 

physiological processes, such as neuronal development, cardiac function, 

immunity, and a variety of disease states, including cancer 76,86. TRPV2 modulates 

may cellular functions in these cells. Among the six members of the TRPV family 

channels, the expression of only TRPV2 channel was detected in macrophages 77. 

In many cases, depending on the cell type, TRPV2 translocates from intracellular 

membrane compartments to the plasma membrane after stimulation and/or 

regulation by general or specific signaling pathways involving phospholipase C, the 

PI3K pathway or other kinases 87. 
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TRPV agonists 

 

Cannabidiol 

 

Cannabinoids are a group of more than sixty structurally related terpenophenolic 

compounds. Initially, the phenylterpenoid tetrahydrocannabinol (THC) and some 

of its naturally occurring derivatives, by which cannabidiol (CBD) (Figure 4), were 

the only plant natural products known to directly interact with cannabinoid 

receptors. In the last years, several non-cannabinoid plant natural products have 

been reported to act as cannabinoid receptor (CNR) ligands.  

Figure 4. Cannabidiol (CBD) structure (PubChem). 

 

This encouraged scientists to define phytocannabinoids as any plant-derived 

natural product capable of either directly interacting with CNR or sharing chemical 

similarity with cannabinoids or both. Direct cannabinoid receptor ligands are 

compounds that show high binding affinities for cannabinoid receptors and exert 

discrete functional effects 88. Cannabinoids have been used for decades in the field 

of palliative care. Recently the two phytocannabinoids, THC and CBD, were found 

to possess anti-tumorigenic properties. Contrary to THC, a well-known strong 

CNR1 (or CB1) agonist with psychotropic effect, CBD has a low binding affinity for 

CB1 and CB2 receptors 89 and is considered as a non-intoxicating drug because it is 
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devoid of the psychoactive side effects exhibited by THC 90. Moreover, data 

suggests that CBD exhibits pro-apoptotic and anti-proliferative actions in different 

types of tumors and also deploys anti-migratory, anti-invasive, anti-metastatic and 

anti-angiogenic properties 91–93. Molecular targets for CBD are uncertain. Among 

putative candidates, some members of the TRP channels family, in particular 

TRPV1 and TRPV2, orphan cannabinoid receptor (G-protein-coupled receptor) 

GPR55, 5-hydroxytryptamine receptors (5HT) and peroxisome proliferator-

activated receptors γ (PPARγ) have been proposed 94.  
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OLDA 

 

OLDA is an endogenous fatty amide resulting from the formal condensation of the 

carboxy group of oleic acid with the amino group of dopamine (Figure 5).  

 

Figure 5. N-oleoyldopamine (OLDA) structure (PubChem). 

 

It is a fatty amide, a secondary carboxamide and a member of catechol. 

Synthesized in catecholaminergic neurons, it crosses the blood-brain barrier and 

might be considered as a carrier of dopamine into the brain. It acts as a potent 

TRPV1 receptor agonist increasing its activity which leads to calcium intake, 

reducing the latency of paw withdrawal from a radiant heat source and producing 

nocifensive behavior. Moreover, OLDA is a weak ligand for CB1 receptor in rat 81,95–

97. So far, there are any evidences regarding the use of this endogenous compound 

in cancer. 
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Capsaicin 
 

CPS is the major active ingredient of chilli pepper and is used wordwide as food 

additive (Figure 6). It has also an ancient story as medicinal due to its feature as 

anti-oxidant, anti-inflammatory, anti-obesity, analgesic, hypocholesterolemic and 

hypoglycemic 98. Conflicting data are present regarding its role as pro or anti 

carcinogenic substance. In fact, CPS is responsible for skin, prostate and colorectal 

cancer development, whereas findings suggest that it also avoid the progression 

of breast, lung, gastric, liver and more cancer. CPS also synergizes with common 

chemotherapeutic drugs, such as cisplatin, enhancing their anti-tumor activity. 

Due to its short half-life and hydrophobicity, recently CPS-loaded nanoparticles 

have been developed to optimize the effects and delivery of this drug to the 

specific target 99. CPS potently activates TRPV1 and evokes strong burning 

sensations. Upon activation, calcium preferentially moves through the pore, and 

stimulates a series of Ca2+-dependent processes that ultimately lead to 

desensitization of the channel. Upon desensitization, the channel enters a 

refractory period in which it can no longer respond to further stimulation, leading 

to the paradoxical analgesic effect 80. Through TRPV1 activation, CPS is able to 

induce apoptosis in many different types of cancer cell lines via intracellular ROS 

production 99. 

 

 

 

 

 

 

 

 

Figure 6. Capsaicin structure (PubChem). 
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Autophagy in cancer 

 

Autophagy is an important conserved self-degradation mechanism, crucial for the 

turnover of damaged organelles, excess of cellular constitutes and aggregates 

(Figure 7), and it can play a double-edge sword role promoting or suppressing cell 

survival 100–102. Due to the dualistic role, autophagy can represent the driving force 

for the formation of cancer stem cells (CSCs) and promote drug resistance, 

recurrences, cell migration, and escape from immune surveillance 103,104. Although 

it is not yet well understood by which regulatory molecules and how this 

mechanism can guide cell fate 104, the role of autophagy in the transformation and 

maintenance of CSC represents a possible new therapeutic goal. Moreover, 

autophagy has proven to be decisive in the immunogenicity of cell death in 

tumours and adequate response to induction of autophagy could predict 

resistance to blocking the therapeutic immune checkpoint in human cancer 105,106.  

 

Transcription factors are essential for the transcription of autophagy mediators 104. 

For instance, FOXOs family are implicated in the transcription of autophagy related 

genes as ATG5, ULK1, LC3 and BECLIN1, in particular in leukaemia FOXO3 protein 

is fundamental for CSC initiation 107–109. In this scenario, FOXO proteins may 

regulate vary cellular pathways and, most importantly, it is suggested that FOXO-

dependent stemness regulation and autophagy are interconnected in 

tumorigenesis 104. Moreover, autophagy inhibition, through STAT3/JAK2 pathway, 

has been shown to decrease IL-6 secretion 110, crucial for CSCs maintenance 111. 

CSCs are able to escape from immune surveillance by producing 

immunosuppressive factors, recruiting immunosuppressive cells and reducing 

tumor antigen expression through the activation of distinctive cellular pathway 

such as Notch and Wnt 112–114.   
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Figure 7. Autophagy pathway. 115 

 

Mitophagy in cancer 

The important organelle for the regulation of cellular energy homeostasis and cell 

death are the mitochondria. There is a need to eliminate impaired mitochondria 

to conserve cellular activities by autophagy and this process is referred as 

mitophagy 116. Mitophagy plays a major role in red blood cells differentiation, 

paternal mitochondrial degradation, neurodegenerative diseases, and ischemia or 

drug-induced tissue injury. The impaired mitochondria is eliminated in two steps: 

induction of general autophagy and priming of damaged mitochondria for 

selective autophagic recognition. The priming of impaired mitochondria is 

conciliated by the Pink1-Parkin signalling pathway or the mitophagic receptors Nix 

and Bnip3 117. Mitophagy plays a key part in hematological malignancies, in fact 

mitochondria bioenergetics is strictly associated with drug resistance and it has 

been demonstrated that the targeting of mitochondria increases the therapy 

efficacy (Figure 8) 118.  
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Figure 8. Schematic representation of chemoresistance responses modulated by mitophagy. 

 

On the other hand, in cancer cell treated with anti-cancer drugs, mitochondria 

depolarize producing ROS. If accumulated to lethal levels, they trigger apoptosis 

as major cell death pathway. High levels of mitophagy within the treated tumor 

cell help resist the damage caused by the treatment and counteract the onset of 

cell death programs, maintaining a healthier mitochondrial network (limiting the 

production of ROS and the accumulation of depolarized mitochondria, 

preventing the release of cytochrome C) 119. So far, mitophagy seems to be a 

critical point for both cancer progression and cell differentiation, playing, as 

already discussed, a double edge sword in cancer treatment. 
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Immuno-checkpoint in CML 

PD-1 and its ligand PD-L1 are the newest frontier in immune-oncology field. They 

have relevant role as immune checkpoint for immune tolerance, but the activation 

of the PD-1 axis by cancer prompts to a potent impairment of tumour immunity 

with immune exhaustion (Figure 9). High expression of PD-L1 is correlated to 

worse prognosis, whereas low or absent expression is associated with less 

effective therapy. Based on this concept, the PD-1/PD-L1 pathway has been used 

therapeutically with amazing results in various types of cancer 120–122. 

Figure 9. Mechanism of action of PD-1 and PD-L1 inhibitors. A. PD-L1 binds to PD-1 and inhibits T-cell killing 

of tumor cells. B. Blocking PD-L1 or PD-1 allows T-cell killing of tumor cells. 123 

 

Moreover, a correlation between immune check point expression and autophagy 

pathway is rising 124, but the molecular mechanisms are still unknown and may 

represent a further avenue of treatment.  

Among cancers, CML shows few clinical data. Expression of PD-1/PD-L1 has been 

already assessed in haematological malignancies, and the PD-1/PD-L1 pathway is 

now considered a promising molecular target for treatment of these spectrum of 
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diseases at every stage 125. PD-L1 expression has been assessed also in myeloid 

leukaemia 126 and it has been linked to immune exhaustion and disease 

progression 127. Several evidences suggest the implication of autophagy in PD-L1 

expression on cancer cells. Indeed, low expression of PD-L1 is correlated with an 

increase in the autophagy pathway activation with reduction in invasion, 

tumorigenesis, stemness and cellular damages leading to an increasing in time 

progression disease 124,128.  
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Aim of the project 

One of the most important TKI therapy side effect is the acquisition of a more 

aggressive phenotype which drives CML patients from the accelerated phase into 

the blast one thanks to cytogenetic clonal evolution and acquirement of crucial 

resistant mutation. For this reason, there is the urgent request of alternative 

strategies and/or supportive strategies in order to avoid or overcome this 

situation, ameliorating the typical side effects of general chemotherapy in patient. 

The main objective is to identify new targets to selectively develop innovative 

drugs useful for the elimination of leukaemia cells and leukaemia stem cells. In this 

scenario, the aim of this project was to investigate the contribution of TRP 

channels, focusing the attention in particular on TRPV channel family, in the 

regulation of autophagy in different myeloid leukaemia cell lines. Since the 

autophagic pathway can play a dualistic role in cancer inducing both survival and 

cell death, and also given that in hematological malignancies mitochondria 

bioenergetics is strictly associated with drug resistance and the targeting of 

mitochondria increases the therapy efficacy, we focused also the attention on the 

mitophagy and the modulation of markers involved in the differentiation of CML 

cells. Since growing preclinical evidence suggests that many therapies induce 

autophagy, targeting this process can improve the effectiveness of cancer 

therapies. 
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Materials and methods 

 

Chronic Myeloid Leukemia cell lines 

 

Human chronic myeloid leukemia K562 (erythroid progenitor 129), KU812 

(granulocyte progenitor 130,131) and MOLM-6 (megakaryoblast progenitor 132) cell 

lines were obtained from DSMZ – German Collection of Microorganisms and Cell 

Cultures GmgH (DSMZ, Braunschweig, Germany), were maintained in RPMI1640 

medium (Euroclone Ltd, Devon, UK) supplemented with 10% heat-inactivated fetal 

calf serum (Euroclone), 2 mM L-glutamine, 100 IU/ml of penicillin and 100 μg/ml 

of streptomycin. K562 imatinib-resistant (IR) were developed by exposures of 

K562 cells to a concentration of 1 µM imatinib for 10 days 133. 

Human acute leukemia THP-1 cell line was was kindly provided by IFOM (Rome, 

Italy) and was cultured in RPMI-1640 Medium supplemented with 2-

mercaptoethanol to a final concentration of 0.05 mM, 10% heat-inactivated fetal 

calf serum, 2 mM L-glutamine, 100 IU/ml of penicillin and 100 μg/ml of 

streptomycin. Cell lines were cultured at 37°C, 5% CO2 and 95% of humidity. 

Blood of healthy donors, kindly provided by transfusion center (Macerata Hospital, 

Italy) after authorization of the hospital management, was used to isolate 

PBMCs/red blood cells by using Ficoll paque (Cederlane, Burlington, Canada) and 

to obtain an enrichment of normal myeloid cells by means of Rosette SepTM HLA 

Myeloid Cell Enrichment Kit (StemCell Technologies, Vancouver, Canada). 

CD38 Micro Bead Kit (Miltenyi Biotech Inc, Auburn, USA) was used to isolate CD38+ 

common myeloid progenitors from human cord blood CD34+ progenitor cells 

(Sigma Aldrich, Milan, Italy) 134. 
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Chemical and Reagents 

 

Capsazepine, imatinib mesylate, ionomycin, 3-4,5-dimethylthiazol-

diphenyltetrazolium bromide (MTT) and 2ʹ,7ʹ-Dichlorofluorescin Diacetate 

(DCFDA) were purchased from Sigma Aldrich (Milan, Italy). Bafilomycin A (BAF, 25 

nM), Fluo-3 AM calcium indicator and 4ʹ,6-diamidino-2-phenylindole (DAPI) was 

from ThermoFisher Scientific (Waltham, USA). Pure CBD was supplied from 

ENECTA (Amsterdam, Netherlands). Tranilast, OLDA and A784168 were purchased 

from Bio-Techne SRL (Milan, Italy). CBD, tranilast, capsazepine and BAF were 

dissolved in DMSO that was used as control (vehicle). The maximum percentage 

of DMSO was 0.05, a much lower percentage than those considered toxic to blood 

cells 135. The following rabbit antibodies (Abs) were used according to company 

instructions: anti-microtubule-associated protein-1 light chain 3 (LC3), anti-

cytochrome c oxidase subunit 4 (COX IV), anti-octamer-binding transcription 

factor 4 (OCT4), anti-autophagy protein 16 like 1 (ATG16L1), anti-autophagy 

protein 12 (ATG12), anti-PTEN induced putative kinase 1 (pink1), anti-parkin, anti-

caspase 3, anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH), anti-

optineurin, anti-PU.1, anti-γH2AX (γH2AX), anti- degradation in endoplasmic 

reticulum protein 1 (Derlin1) and anti-Binding Immunoglobulin Protein (BIP) were 

from Cell Signaling Technology (Danvers, USA). The following Abs were used: 

rabbit anti-human Transient Receptor Potential Vanilloid 1 (TRPV1, 1:1000, 

Invitrogen), goat anti-human TRPV2 (TRPV2, 1:50, Santa Cruz Biotechnology, 

Dallas, USA). The following secondary antibodies were used: Horseradish 

peroxidase (HRP)-conjugated anti-rabbit IgG (1:5000, Jackson Immuno Research 

Europe Ltd); HRP-conjugated anti-mouse IgG (1:2000, Cell Signaling Technology); 

PE-conjugated goat anti-rabbit Ab (BD Biosciences, Milan, Italy), FITC-conjugated 

goat anti-mouse Ab (BD Biosciences, Milan, Italy), Alexa Fluor-594-conjugated 

goat anti-rabbit Ab (1:100; Cell Signaling Technology), Alexa Fluor-488-conjugated 

donkey anti-goat Ab (1:100; Invitrogen).  
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BloodSpot and Stemformatics analysis 

 

The BloodSpot and Stemformatics are an open-access downloaded bio-database, 

providing visualization and analyzing tool for large-scale hematology genomics 

data sets (https://www.bloodspot.eu; https://www.stemformatics.org/ access in 

October, 2021).  

In particular, BloodSpot provide gene expression profiles of healthy and malignant 

hematopoiesis in human or mice, encompassing more than 5000 samples in total 

analyzed with Oligonucleotide microarray chip and RNA-seq assay 136.  

Stemformatics is an established gene expression data portal containing over 420 

public gene expression datasets derived from microarray, RNA sequencing and 

single cell profiling technologies. It has a major focus on pluripotency, tissue stem 

cells, and staged differentiation 137.  

Raw data were normalized from Affymetrix Human Gene and Affymetrix Human 

Genome U133 Plus. Analysis of data from these databases was performed in silico. 

Dataset used for the analysis are listed in Table 4. 

 

Table 4. Dataset and Databases used for genomic analysis. 

Database  
Dataset 

ID 
Accession code Reference 

Stemformatics 6326 GSE47927 138 

BloodSpot  GSE17054 139 

  GSE19599 140 

  GSE11864 141 

  E-MEXP-1242 142 
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RNA isolation, reverse transcription and quantitative Real- Time PCR 

 

Total RNA from purified CD34+CD38+ common myeloid progenitors was extracted 

by using SingleShot Cell Lysis Kit (BioRad) whereas the RNeasy Mini Kit (Qiagen, 

Milan, Italy) was used for all the other cell types. cDNA was synthesized using the 

iScript Advanced cDNA Synthesis Kit for RT-qPCR (BioRad, Milan, Italy) according 

to manufacturer’s protocol. Quantitative real-time polymerase chain reactions 

(qRT-PCR) were performed with QuantiTect Primer Assays for human TRPV1 

(QT00046109), TRPV2 (QT00035987), CD274 (QT00082775), CD34 (QT00056497) 

and GAPDH (QT00079247) (Qiagen), using the iQ5 Multicolor Real-Time PCR 

Detection System (BioRad). The PCR parameters were according to the primer 

datasheet. All samples were assayed in triplicates in the same plate. Gene 

expression analysis was performed by using the BioRad IQ5 software that is based 

on the 2-∆∆Ct method. GAPDH was used as a housekeeping gene and for each 

experiment a selected calibrator (=1) was chosen. IQ5 software uses the average 

of all samples including control for statistical analysis. 

 

Immunofluorescence and FACS analysis 

Cells, were fixed in paraformaldehyde 4% in PBS and permeabilized with cold 

methanol and permeabilization solution (1% FBS, 0.1% saponin, 0.1% sodium azide 

in PBS) before the incubation with anti-TRPV1, anti-TRPV2, anti-COX IV or anti-

OCT-4 Abs. After 30 min at 4 °C, cells were then incubated with FITC-conjugated 

secondary Ab and analyzed using a FACScan cytofluorimeter with CellQuest 

software (Beckton Dickinson, San Jose, USA). Fluorescent intensity was expressed 

in arbitrary units on a logarithmic scale.  
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Confocal Microscope Analysis 

 

CML cells were fixed with 4% paraformaldehyde for 10 min at room temperature 

and cytospin at 1800 rpm for 5 min was performed. Then, cells were permeabilized 

using ice-cold methanol and incubated with 5% of bovine serum albumin (BSA) 

and 0.1% of Tween-20 in PBS for 1 h at room temperature. After that, CML cells 

were co-labeled with anti-TRPV1 Abs followed by Alexa Fluor 594-conjugated 

secondary Ab and with anti-TRPV2 Ab followed by Alexa Fluor 488-conjugated 

secondary Ab. Nuclei were stained with DAPI. Slides were then analyzed under 

100X magnification with C2 Plus confocal laser scanning microscope (Nikon 

Instruments, Firenze, Italy). Optimized emission detection bandwidths were 

configured by Zeiss Zen control software. Images were processed using NIS 

Element Imaging Software (Nikon Instruments, Firenze, Italy). In some 

experiments, CML cells were treated with CBD at IC50 dose or with vehicle (used 

as control) for 24 h and then fixed and permeabilized for the staining with PU.1 

Ab. 

 

Intracellular calcium influx [Ca2+]i  

 

Intracellular Ca2+ influx was measured by using Fluo 3-AM and FACS analysis. Briefly, 

1.5×106/mL CML cells were firstly washed in calcium and magnesium free PBS 

supplemented with 4.5 g/L of glucose and then incubated in calcium and magnesium 

free PBS/glucose medium supplemented with 7 μmol/L FLUO 3-AM for 30 min in the 

dark at 37 °C, 5% CO2. After washing, cells, resuspended in calcium and magnesium free 

PBS/glucose medium containing 2 mmol/L Ca2+, were stimulated with CBD (IC50 dose) or 

with vehicle up to 3 minutes. In some experiments, CML cells, loaded as above 

described, were treated with CBD in combination with tranilast. Ionomycin (5 µg/ml) 

treatment was used as positive control for calcium influx. Fluo 3-AM fluorescence was 

measured by FACS on the green channel and Cell Quest Software. 
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Gene silencing 

 

TRPV2 (siTRPV2), TRPV1 (siTRPV1) and siGLO non-targeting siRNA (used as 

negative control) FlexiTube siRNA were purchased from Qiagen. CML cell lines 

were plated at the density of 6 x 105/mL for 24 h; the day after cells were plated 

at the density of 4 x 105/mL and siTRPV2, siTRPV1 or siGLO (50 nM) were added to 

the wells, following the HiPerfect transfection reagent transfection protocol 

(Qiagen). Cells were then harvested at 48 h post-transfection for subsequent 

analyses. Silencing efficiency was evaluated by qRT-PCR analysis and western blot. 

No differences were observed comparing siGLO transfected with untransfected 

cells.  

 

Cell Viability Assay 

 

105 cells/well were cultured in 12 well plate, the day after cells were exposed to 

different concentrations 1, 10, 25, 50, 100 μM of CBD or vehicle were added for 

24 h. To study cell growth, live cells were counted using Trypan blue staining. 24 h 

post treatment the cells were resuspended and added to trypan blue at ratio on 

1:1. The number of cells was counted using the TC-20 Automatic Cell Counter Bio-

Rad and the percentage of cell growth was calculated by considering vehicle-

treated cells as 100%. The half-maximal inhibitory concentration, IC50, was 

calculated using GraphPad Prism® 8 software (GraphPad Software, San Diego, CA, 

USA). Biological and technical repeats were used to reach the statistical 

significance results. 

In addition, to assess the involvement of TRPV2 and TRPV1 in CBD-mediated 

effects, CML cells were pretreated with tranilast (10 μM) or with capsazepine (10 

μM) for 1 h before the addition of CBD for 24 h. Tripan blue exclusion assay was 

also performed in siTRPV2, siTRPV1 or siGLO CML cells as described above.  
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Moreover, CBD and imatinib were used in combined and sequential treatment. 

For the sequential administration, cells were treated with the proper IC50 doses 

for 24h, the day after the medium were removed and cells were treated with 

different concentration of imatinib (5 nM - 2.5 µM) for additional 24h. Tripan blue 

exclusion assay was performed as described. 

CBD (10, 15, 20, 25 μM) was used in combination with imatinib mesylate (0.01, 

0.1, 0.5 and 1 μM) for 24 h. Synergistic activity of the CBD/imatinib combination 

was determined by the isobologram analysis and combination index (CI) methods 

(CompuSyn Software, ComboSyn, Inc. Paramus, NJ 2007). The CI was used to 

express synergism (CI < 1), additivity (CI = 1) or antagonism (CI > 1) and was 

calculated according to the standard isobologram equation. The same protocol 

was used to assessed the effects of CBD in K562 IR (10, 15, 20, 25 μM).  

Cell growth was also measured in CML cells pretreated with BAF (25 nM) for 1 h 

and then treated with CBD (IC50 dose) for 24h. Moreover, this test was performed 

in K562 IR and K562 treated with different doses of imatinib. IC50 values were 

calculated as above described. In addition, K562 IR cells were treated for 24 h with 

different doses of CBD 

In addition, 105 cells/well were cultured in 12 well plate, the day after cells were 

exposed to different concentrations OLDA (0,5, 1, 5, 10, 25, 50, 75 and 100 μM), 

CPS (10, 50, 100, 150, 200, 250 and 300 μM) or the respective Vehicle for 24 hours. 

The half-maximal inhibitory concentration, IC50, was calculated using GraphPad 

Prism® 8 software (GraphPad Software, San Diego, CA, USA). Biological and 

technical repeats were used to reach the statistical significance results. 
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Western blot analysis 

 

Total lysate from CML cells, treated with CBD at IC50 dose or with vehicles for 

several times (8, 12 and 24 h) was extracted by using lysis-buffer (10 mM Tris, pH 

7.4; 100 mM NaCl; 1 mM ethylenediaminetetraacetic acid; 1 mM ethyleneglycol-

bis(aminoethylether)-tetraacetic acid; 1 mM NaF; 20 mM Na4P2O7; 2 mM Na3VO4; 

1% Triton X-100; 10% glycerol; 0.1% sodium dodecyl sulfate; 0.5% deoxycholate 

and 1 mM phenylmethylsulfonyl fluoride) containing protease inhibitor cocktail 

(EuroClone). Proteins were separated on 8–14% SDS polyacrylamide gels in a Mini-

PROTEAN Tetra Cell system (BioRad). Protein transfer was carried out using Mini 

Trans-Blot Turbo RTA system (BioRad). Non-specific binding sites were blocked 

with 5% low-fat dry milk or 5% BSA in phosphate-buffered saline 0.1% Tween 20 

for 1 h at room temperature. Membranes were incubated overnight at 4°C with 

the following primary Abs: anti-TRPV1, anti-TRPV2, anti-LC3, anti-caspase 3, anti-

ATG16L1, anti-ATG12, anti-PINK1, anti-optineurin, anti-parkin, anti-PU.1, anti-

γH2AX, anti-BiP, anti-Derlin1 or for 1 h at room temperature with anti-TRPV2, and 

anti-GAPDH followed by the incubation for 1 h at room temperature with HRP-

conjugated anti-rabbit or anti-mouse secondary Abs. The detection was 

performed using the LiteAblot PLUS or Turbo kits and densitometric analysis was 

carried out by a Chemidoc using the Quantity One software (BioRad). For 

quantification, GAPDH was used as loading control. One representative out of 

three independent experiments is shown in each immunoblot Figure. 

In some experiment, to assess the autophagic flux by using anti-LC3 Ab, CML cells 

were treated with CBD at IC50 dose in combination with BAF for 12 h. Moreover, 

autophagy was analyzed in lysates from siTRPV2 or siGLO (control) CML cells 

treated or not with CBD. To validate the downregulation of TRPV2 in silencing 

experiments, western blot was performed in lysates from siGLO and siTRPV2 CML 

cells by using anti-TRPV2 Ab. Moreover, to better clarify cell death in KU812, 
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lysates from KU812 cells treated with vehicle or with CBD 15 µM for 24 h were 

used for immunoblotting with anti-caspase-3. 

Statistical analysis of the immunoblot densitometry was performed by averaging 

the values, including the control, obtained in the different experiments. 

 

Cell cycle analysis 

 

For cell cycle analysis, CML cells treated with CBD at IC50 dose or with vehicle for 

24 h were fixed in ice-cold 70% ethanol, treated for 30 min at 37 °C with 100 μg/mL 

ribonuclease A solution, stained for 30 min at room temperature with PI 20 μg/mL, 

and analyzed by flow cytometry using linear amplification. In some experiments, 

CML cells were pre-treated with tranilast (10 μM) for 1 h before the addition of 

CBD at dose IC50 for 24 h. 

 

BrdU Cell Proliferation assay 

 

For cell cycle analysis, CML cells treated with CBD at IC50 dose or with vehicle for 

24 h were fixed in ice-cold 70% ethanol, treated for 30 min at 37 °C with 100 μg/mL 

ribonuclease A solution, stained for 30 min at room temperature with PI 20 μg/mL, 

and analyzed by flow cytometry using linear amplification. In some experiments, 

CML cells were pre-treated with tranilast (10 μM) for 1 h before the addition of 

CBD at dose IC50 for 24 h. 
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Cell death analysis 

 

Cell death was evaluated using propidium iodide (PI, Sigma Aldrich) staining. 

Briefly, cells, treated with CBD at IC50 dose, with OLDA at 1, 10 and 20 𝜇M or with 

vehicle for 24 h, were incubated with 2 μg/mL for 30 min at 37°C. The cells were 

then washed, and the fluorescence intensity was analyzed by using flow cytometry 

and CellQuest software. To assess the potential toxic effects of CBD in healthy 

cells, PBMCs or red blood cells were treated with CBD 25 µM or vehicle for 24 h 

and then Annexin V and/or PI staining was performed by using Annexin V-FITC 

according to the company datasheet (Enzo Life Science, Farmingdale, USA). As 

positive control, PBMCs and red blood cells were treated with H2O2 
143,144.  

 

Reactive Oxygen Species (ROS) Production 

 

The fluorescent probe DCFDA was used to assess oxidative stress levels in CML 

cells after treatment with CBD (IC50) and OLDA at 20µM dose. Cells were incubated 

with 20 μM DCFDA 20 min prior to the harvest time point. After washing, the 

fluorescence was assayed using FACS and CellQuest software. Moreover, oxidative 

stress was evaluated in red blood cells after CBD (25µM) treatment. As positive 

control, red blood cells were treated with H2O2 
144. 
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Mitochondrial transmembrane potential (∆Ψm) and Mitochondrial 

Integrity 

 

Mitochondrial transmembrane potential was evaluated by JC-I staining in CML 

cells, treated with CBD at IC50 dose or with vehicle for 8, 12 and 24 h. JC-1 is a 

membrane potential sensible probe that accumulates in energized mitochondria 

and subsequently forms J-aggregate from monomers. Drop of ∆Ψm decreases the 

J-aggregate emission at 590 nm (red fluorescence) and increases the monomer 

emission at 530 nm (green fluorescence). Briefly, cells were incubated for 10 min 

at room temperature with JC-1. JC-1 was excited by an argon laser (488 nm) and 

green (530 nm)/red (>570 nm) emission fluorescence was collected 

simultaneously. Samples were analyzed by a FACScan cytofluorimeter using the 

CellQuest software); the fluorescence intensity was expressed in arbitrary units on 

logarithmic scale. In some experiments, JC-1 was also used to evaluate ∆Ψm in 

PBMCs from healthy donors treated with CBD (25 µM) or vehicle (used as control). 

The mitochondrial integrity was also investigated by labeling CML cells with 

Mitobright, a fluorescent probe for selectively staining of mitochondria in living 

cells, according to company instructions. 

 

Mitophagy assay 

 

Mitophagy in CML cells, treated with CBD at IC50 dose or with vehicle for 24 h, was 

detected using the Mtphagy detection kit® (Dojindo Molecular Technologies, 

Kumamoto, Japan) containing Mtphagy Dye® and Lyso Dye®. Briefly, CML cells (105 

cells/well) were labeled with 100 nM Mtphagy Dye for 15 min in medium without 

FBS before the addition of CBD for 24 h. After treatment cells were analyzed by a 

FACScan cytofluorimeter using the CellQuest software. To better investigate 

mitophagy, confocal microscopy was also used. Briefly, CML cells, stained with 
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Mtphagy dye and treated with CBD as above described, were finally labelled with 

1 µM Lyso Dye. After washes, cytospin was performed at 1800 rpm for 8 minutes. 

Nuclei were counteracted with DAPI before the analysis with C2 Plus confocal laser 

scanning microscope by using 100X magnification. 

 

Colony Formation Assay 

 

The clonogenic activity of CML cells was measured with the Human Colony-

Forming Unit (CFU) Assay using MethoCult kit (StemCell technologies). Briefly, 

CML cells were treated for 24 h with CBD (IC50 dose) or vehicle as above described 

and then 2000 cells/well were plated for colony formation assay according to the 

datasheet. After 10 days, the development of colonies was visualized by inverted 

bright field microscope and the number of colonies in the well was counted. Each 

sample was assayed in triplicate. 

 

Statistical analysis 

 

The statistical significance was determined by Student’s t-test and by One-way and 

Two-way ANOVA test with Dunnett’s post-hoc test (p<0.05). No statistically 

significant difference was found between untransfected and siGLO transfected 

CML cells or between vehicle-treated with untreated cells or vehicle-treated cells 

at different times. In all experiments, untreated cells were used to verify that there 

were no differences with those treated with the vehicle. In addition, for statistical 

analysis purpose, the same acquisition parameters were used in all replicates for 

each experiment of flow cytometry analysis.  
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Results 

 

TRPV channels regulation during hematopoiesis  

 

 It is already known that TRPV1 and 2 channels have a relevant role in normal 

immune cells 85,145 and that they are expressed in normal CD34+ HSC 146. Starting 

from these knowledges, we investigated how the expression of these channels is 

modulated during the normal hematopoiesis. To date, we analyzed data from 

HemaExplorer dataset in BloodSpot as shown in Figure 10 A and B. As shown, TRPV 

channels expression changes during hematopoiesis. In particular, TRPV1 is weakly 

expressed in hematopoietic stem cells from bone marrow and in myelocyte 

lineage, but its expression is higher in polymorphonuclear and dendritic cells. 

TRPV2 is highly expressed in hematopoietic stem cells, highly expressed in 

hematopoietic stem cells, dendritic cells and especially in promyelocyte, 

myelocyte and polymorphonucleated cells from bone marrow and natural killer 

cells.   



 
44 

 

 

 

 

Figure 10. Hierarchical differentiation tree and TRPV channels modulation. A) TRPV1 hierarchical 

differentiation tree, highest expressions are showed in red and blue the lowest. Data are showed 

as log2. B) TRPV2 hierarchical differentiation tree, highest expressions are showed in red and blue 

the lowest. Data are showed as log2. Data collected from BloodSpot using HemaExplorer database 

consulted on October 2021. 

 

Abbreviations: HSC_BM (Hematopoietic stem cells from bone marrow); early HPC_BM 

(Hematopoietic progenitor cells from bone marrow); CMP (Common myeloid progenitor cell); GMP 

(Granulocyte monocyte progenitors); MEP (Megakaryocyte-erythroid progenitor cell); PM_BM

 (Promyelocyte from bone marrow); MY_BM (Myelocyte from bone marrow); PMN_BM

 (Polymorphonuclear cells from bone marrow); PMN_PB (Polymorphonuclear cells from 

peripheral blood); mDC (CD11c+ myeloid dendritic cells); pDC  (CD123+ plasmacytoid dendritic 

cells). 
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To gain importance, we analyzed the expression of TRPV1 and TRPV2 specifically 

in progenitor’s healthy cells from myeloid lineage using Stemformatics database, 

selecting dataset that contains data regarding hematopoietic cells and TRPV 

expression. Samples were analyzed and divided according to the cell type and 

health state. In particular, we focused the attention on myeloid precursors as 

Common Myeloid Progenitors (CMP), Granulocyte Monocyte Progenitor (GMP), 

and Megakaryocyte-Erythroid Progenitor (MEP) (Figure 11). 

 

 

 

 

Figure 11. TRPV expression in normal hematopoietic progenitors from myeloid lineage. mRNA 

(log2) expression of TRPV expression among hematological progenitors. Data are collected from 

Stemformatics dataset ID 6326. *p<0.05; **p<0.005; ***p<0.001 respect to CMP. 
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TRPV1 expression is reduced during differentiation and results to be lower in GMP 

compartment (p<0.05), whereas TRPV2 is markedly reduced in GMP (p<0.001) as 

well, and MEP (p<0.05) compartment. Moreover, TRPV2 is more expressed than 

TRPV1 (p<0.0001) as shown in Figure 12. 

 

 

 

 

 

Figure 12. TRPVs comparison in normal hematopoietic progenitors. mRNA (log2) expression of 

TRPV expression among hematological progenitors. Data are collected from Stemformatics dataset 

ID 6326. ****p<0.0001 TRPV1 vs TRPV2. 
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TRPV channels expression in CML sample from databases 

 

Since both TRPV channels are genetically regulated during normal hematopoiesis, 

we evaluated their expression among the three phases of CML. Data were 

collected from Stemformatics database, selecting dataset that contain data 

regarding hematopoietic cells and TRPV expression data. The 62 samples were 

divided according to the disease state in Normal (13 samples), CML in Chronic 

Phase (CP-CML) (23 samples), CML in Accelerated Phase (AP-CML) (17 samples) 

and CML in Blast Crisis Phase (BCP-CML) (9 samples), and the mRNA levels were 

expressed in log2. All data groups were compared respect to the Normal category. 

As shown in Figure 13, the expression of TRPV channels changes with the 

progression of the disease. In particular TRPV1 expression has a decreasing trend 

with the progression. On the contrary, TRPV2 expression increases during the 

disease progression (p<0.002), and it is particular significant in AP-CML phase 

(p<0.005). 

Figure 13. TRPV comparison in normal progenitors and CML. mRNA (log2) expression of TRPV 

expression between normal progenitors and tumoral progenitors in CML. Data are collected from 

Stemformatics dataset ID 6326. ***p<0.005 respect to Normal. 
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Moreover, both TRPV channel expression varies among both the three 

progenitor’s population and the three phases, as reported in Figure 14. TRPV1 

channel expression decrease in CMP (p<0.0001 in BCP-CML) and GMP in CP 

(p<0.05) and AP (p<0.005) phases, then rises in BCP. Its level in MEP remain quite 

stable.  

TRPV2 instead has an opposite trend, indeed it expressions is high in GMP, 

especcialy during the CP (p<0.0001) and AP (p<0.0001), and MEP, in AP (p<0.005) 

and BCP (p<0.005).  

Figure 14. TRPV comparison among normal progenitors and CML progenitors in the three 

disease’s phases. A) TRPV1 and TRPV2 mRNA (log2) expression of TRPV expression between normal 

progenitors and tumoral ones among the three phases. Data are collected from Stemformatics 

dataset ID 6326. *p<0.05; **p<0.005; ****p<0.0001 respect to Normal.  
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TRPV channels expression in CML cell lines 

 

After the assessment in silico, we evaluated the expression levels of TRPV1 and 2 

receptors in three different CML cell lines (K562, KU812, MOLM-6), CD34+CD38+ 

common myeloid progenitors, normal myeloid cell enrichment, in PBMCs as 

healthy cells and THP-1 cells used as positive control 147. By qRT-PCR we 

demonstrated that TRPV1 and TRPV2 are expressed at mRNA levels in all three cell 

lines (Figure 15 A). The expression was also confirmed at protein levels by using 

western blot and cytofluorimetric analysis (Figure 15 B, C). These results 

corroborated the expression of TRPV2 in K562 cells, as previously demonstrated 

53. In addition, confocal microscopy showed that TRPV1 and TRPV2 partially 

colocalize (Fig.15 D). 
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Figure 15. Expression of TRPV1 and TRPV2 in CML cells. A) TRPV2 and TRPV1 mRNA expression was 

evaluated by qRT-PCR in CML cell lines, CD34+CD38+ common myeloid progenitors, normal myeloid cell 

enrichment, PBMCs as healthy cells and THP-1 used as positive control (calibrator=1). mRNA levels were 

normalized for GAPDH expression and Fold represents changes of gene expression respect to the 

calibrator. Data are expressed as fold mean ± SD of three separate experiments. *p < 0.05 vs THP-1 cells. 

B) Western blot analysis was performed in CML and THP-1 cells by using specific anti-TRPV1 and anti-

TRPV2 Abs to assess the expression of TRPV2 and TRPV1 at protein level. GAPDH was used as loading 

control. Blot is representative of three separate experiments. C) Cytofluorimetric analysis of TRPV1 and 

TRPV2 protein level in CML and THP-1 cells by using specific anti-TRPV1 and anti-TRPV2 Abs followed by 

PE-conjugated secondary Abs. Data are representative of three separate experiments. MFI=Mean 

Fluorescence Intensity. D) TRPV1 and TRPV2 protein levels were also investigated in CML and THP-1 cells 

by confocal microscopy after incubation with specific anti-TRPV1 and anti-TRPV2 Abs. Magnification= 

100X, Bar= 20 µm. Images are representative of three separate experiments. 
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PART I: TRPV2  

CBD, by activating TRPV2, affects CML cells viability 

Given that the natural compound CBD is able to activate TRPV1 and TRPV2 148,149, 

CML cells were treated with different doses of CBD (10-75 μM) for 24 h and cell 

viability was analyzed by cell viability assay. CBD induced a significant decrease of 

cell viability with an IC50 of 20 μM (K562), 15 μM (KU812) and 25 μM (MOLM-6) 

(Figure 16A). The IC50 doses of CBD were used for the subsequent experiments.  

Thereafter, the involvement of TRPV receptors in CBD-mediated effects, was 

evaluated using cell viability assay, by pretreating for 1 h the CML lines with 10 μM 

capsazepine (TRPV1 antagonist) 150 and 10 μM tranilast (TRPV2 antagonist) 149 

before the addition of CBD for 24 h. Only tranilast was able to revert the CBD 

effects (Figure 16B), suggesting that in CML lines, CBD inhibits viability by 

activating TRPV2.  

 

 

 

 

Figure 16. CBD treatment reduces cell viability in CML cells. A) Tripan blue exclusion assay was 

performed in CML cells treated for 24 h with different doses of CBD. IC50 values were analyzed by 
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GraphPad software. Data are the mean ± SD of three different experiments. B) CML cells were 

pretreated with tranilast or capsazepine for 1 h before the addition of CBD at IC50 dose. Vehicle-

treated cells were used as control (100% cell growth). The percentage of cell growth was analyzed 

by Tripan blue exlusion assay. Data are the mean ± SD of three different experiments. *p < 0.05 vs 

vehicle-treated cells; °p<0.05 vs CBD-treated cells. 

 

 

 

 

 

The involvement of TRPV2 was further investigated by TRPV2 and TRPV1 gene 

silencing (siTRPV1 and siTRPV2) (Figure 17A-D). Trypan blue exclusion assay 

demonstrated that the downregulation of TRPV2 levels, but not of TRPV1, reduces 

the effects of CBD treatment respect to siGLO (control) cells (Figure 17E, F).  
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Figure 17. CBD treatment reduces cell viability in TRPV2 silenced CML cells. A) The efficiency of 

TRPV2 silencing was evaluated by qRT-PCR. mRNA levels were normalized for GAPDH expression. 

Data are expressed as fold that represent changes in gene expression respect to siGLO (control) 

used as calibrator (=1). Data are the mean ± SD of three separate experiments. *p < 0.01 vs siGLO 

cells. B) The TRPV2 downregulation was also assessed by western blot analysis. Immunoblots are 

representative of separate experiments. GAPDH was used as loading control. Data of the 

densitometric analysis are the mean ± SD of three different experiments and are expressed as fold 

by using siGLO as control (=1). *p < 0.01 vs siGLO cells. C) The efficiency of TRPV1 silencing was 

evaluated by qRT-PCR. mRNA levels were normalized for GAPDH expression. Data are expressed as 

fold that represent changes in gene expression respect to siGLO (control) used as calibrator (=1). 

Data are the mean ± SD of three separate experiments. *p < 0.01 vs siGLO cells.  D) The TRPV1 

downregulation was also assessed by western blot analysis. Immunoblots are representative of 

separate experiments. GAPDH was used as loading control. Data of the densitometric analysis are 

the mean ± SD of three different experiments and are expressed as fold by using siGLO as control 

(=1). *p < 0.01 vs siGLO cells. E,F) Cell viability assay in siTRPV2 (E), siTRPV1 (F)  and siGLO cells 

treated for 24h with CBD at IC50 dose or vehicle. Data are the mean ± SD of three different 

experiments. *p<0.05 vs vehicle, °p<0.05 vs CBD-treated siGLO cells. 

 

 

 

 

 

In general, the use of a specific therapy is often limited by toxic side-effects caused 

to healthy cells. In this regard, previous findings already showed that CBD does not 

target normal hematopoietic progenitor CD34+ cells 151. However, to further 

investigate CBD effects on healthy cells, we also performed biparametric analysis 

of the Annexin V versus PI staining in PBMCs treated with CBD at 25 µM, the 

highest IC50 dose used in our models. Our results indicated that CBD treatment 

does not induce increase in Annexin V or PI fluorescence (Figure 18 A and B). Given 

that the conventional treatments can induce also erythrocyte toxicity 152, 

apoptosis and oxidative stress induction were evaluated in healthy erythrocytes. 

No enhancement in the Annexin V fluorescence or ROS production was found in 

CBD- respect to vehicle-treated normal red blood cells (Figure 18 C and D). 
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Figure 18. Effect of CBD treatment in PBMCs or red blood cells from blood of healthy donors. A) Biparametric analysis of 

Annexin V vs PI staining in PBMCs treated with CBD 25 µM or vehicle for 24h. Treatment with H2O2 was used as positive 

control. Numbers in quadrants represent the percentage of: lower right single PI positive, upper right double positive; lower 

left double negative, upper left single Annexin positive cells. B) Statistical analysis of the percentage of PI positive cells found 

in CBD- or vehicle-treated cells. Data are the mean ± SD of three different experiments. C) Cytofluorimetric analysis by using 

Annexin V staining of red blood cells treated for 24h with CBD 25 µM or vehicle. Treatment with H2O2 was used as positive 

control. Bars represent the statistical analysis of the MFI values shown as mean ± SD of three different experiments. D) ROS 

production was analyzed by using DCFDA staining and cytofluorimetric analysis in red blood cells treated with CBD 25 µM or 

vehicle. Treatment with H2O2 was used as positive control. Bars represent the statistical analysis of the MFI values shown as 

mean ± SD of three different experiments.  

 

TRPV2 is a calcium permeable channel 53 and to better understand the signaling pathway 

induced by CBD, we performed calcium mobilization assay up to three minutes. Our results 

showed that CBD induced a rapid increase in [Ca2+]i  with the maximum 1 minute after the 

stimulation. This effect was inhibited by tranilast supporting the TRPV2 involvement in CBD-

induced effects. (Fig. 19A, B). Moreover, the calcium overload was associated with a marked 
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enhancement in ROS production after 1 h of CBD treatment as shown by the increase in DCFDA 

fluorescence (Fig. 19 C, D). 

 

Figure 19. CBD treatment induces calcium overload and ROS production in CML cells. A) [Ca2+]i influx was 

evaluated by Fluo-3 staining and FACS analysis in CML cells treated for 1 min with CBD (IC50 dose) or pretreated 

with tranilast and then stimulated with CBD. B) [Ca2+]i  mobilization assay was performed by Fluo-3 staining  

in CML cells treated with CBD or  pretreated with tranilast and then stimulated with CBD for 1 min. Bars 

represent the statistical analysis of the MFI values shown as mean ± SD of three different experiments. *p<0.05 

vs vehicle-treated cells; **p<0.05 vs CBD-treated cells. C) ROS production was assessed by DCFDA staining and 

FACS analysis in CML cells treated with vehicle or with CBD (IC50) for 1 and 4h. D) Bars represent the statistical 

analysis of the MFI values shown as mean ± SD of three different experiments. *p<0.05 vs vehicle-treated cells. 

MFI= Mean Fluorescence Intensity. 
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CBD inhibits cell proliferation in CML cell lines 

We assessed cell death and proliferation by using PI and BrdU incorporation assay, 

respectively. Cytofluorimetric analysis, performed in CML cells treated for 24 h 

with CBD and stained with PI (Figure 20 A and B), demonstrated that CBD is able 

to mildly stimulate cell death only in KU812 cells but not in K562 and MOLM-6, as 

shown by the MFI values comparing CBD- with vehicle-treated cells. In addition, 

we also found that apoptosis is the mechanism of cell death induced by CBD in 

KU812 as shown the presence of cleaved caspase 3 fragment in CBD-treated cells 

(Figure 20 C). CDB-induced cell death in KU812 is reverted in siTRPV2 cells, 

underlying the involvement of this channel in the CBD-mediated effects (Figure 20 

D).  
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Figure 20. CBD treatment inhibits cell proliferation in CML cells. A) Cell death was assessed by PI 

staining and cytofluorimetric analysis in CML cells treated with CBD at IC50 dose or with vehicle used 

as control for 24 h. Data are representative of three separate experiments. MFI= Mean Fluorescence 

Intensity. B) Statistical analysis of the MFI values found in CBD- or vehicle-treated CML cells for 24 

h after staining with PI. Data are the mean ± SD of three different experiments. *p<0.05 vs vehicle-

treated cells. C) Caspase 3 cleavage was analyzed by western blot analysis in KU812 cells treated 

with CBD for 24h. Blot is representative of three separate experiments. Statistical analysis of the 

cleaved caspase 3 densitometry values normalized to uncleaved caspase 3 levels. Folds represent 

changes respect to vehicle-treated cells (=1). D) PI assay was performed in CBD (IC50 dose)- or 

vehicle-treated for 24 h siGLO and siTRPV2 KU812 by cytofluorimetric analysis. Data are the mean 

± SD of three different experiments. *p<0.05 vs vehicle; **p<0.05 vs CBD-treated siGLO. 

 

This result prompted us to investigate cell proliferation. We found that CBD 

markedly inhibits BrdU incorporation (Figure 21 A, B) in all three CML cell lines 

indicating that the reduction in cell viability is mainly associated with a strong 

decrease in cell proliferation. 

 

 

Figure 21. CBD treatment block cell proliferation in CML cells. A) Cell proliferation was evaluated 

by BrdU incorporation assay and FACS analysis in CML cells treated with CBD at IC50 dose or with 

vehicle used as control for 24 h. Histograms are representative of three separate experiments. B) 

Statistical analysis of the MFI values found in CBD- or vehicle-treated CML cells for 24 h after BrdU 

assay. Data are the mean ± SD of three different experiments. *p<0.05 vs vehicle-treated cells.  
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We also analyzed cell cycle phases in leukemia cells treated with CBD or with 

vehicle used as control. CBD treatment induced a strong cell cycle arrest by 

reducing the percentage of cells in S and G2/M phases and increasing the 

percentage of cells stopped in the G0/G1 phase (Figure 22A). This effect involved 

the activation of TRPV2 as demonstrated by the ability of tranilast to revert the 

accumulation of cells in G0/G1 phase (Figure 22B). 

 

 

Figure 22. CBD treatment block the cell cycle. A) Cell cycle analysis was performed in CML cells 

treated with CBD at IC50 dose or with vehicle used as control for 24 h. Numbers indicate the 

percentage of cells in each cell cycle step. Data are representative of three separate experiments. 

B) Statistical analysis of cell cycle phases investigated in CML cells treated with CBD at IC50 dose or 

vehicle used as control for 24 h or pretreated with tranilast for 1 h before the addition of CBD. Data 

are the mean ± SD of three separate experiments. *p<0.05 vs vehicle: °p<0.05 vs CBD. 
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The cell cycle arrest induced by CBD treatment is associated with 

mitochondria impairment 

 

CBD is able to target mitochondria promoting mitochondrial depolarization (ΔΨm) 

88, and, together with calcium overload and the consequent ROS production, play 

a pivotal role in the mitochondria dysfunction 153. Thus, by using JC-1 staining, we 

found that the treatment of CML cell lines with the IC50 dose of CBD induces a time-

dependent ΔΨm with decreased red fluorescence (depolarization). The CBD-

induced ΔΨm dissipation was evident at 8 h, increased at 12 h and slightly 

decreased at 24 h (Figure 23 A, B). CCCP was used as positive control. 
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Figure 23. CBD treatment impairs mitochondrial integrity. A) Time course analysis of ΔΨm 

changes on CBD-treated CML cells at different times (8, 12 or 24 h) after treatment was evaluated 

by JC-1 staining and biparametric FL-2(red)/FL-1(green) flow cytometric analysis. Drop of ∆Ψm 

decreases the J-aggregate emission at 590 nm (red fluorescence). Numbers indicating the 

percentage of gated cells showing a decline in the ΔΨm-related red fluorescence intensity denotes 

depolarization. Data are representative of three separate experiments. CCP was used as positive 

control. B) Statistical analysis of the % of depolarized cells found in CBD- or vehicle-treated CML 

cells for 24 h after JC-1 staining. Data are the mean ± SD of three different experiments. *p<0.05 vs 

vehicle-treated cells. 
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The CBD-induced effect on mitochondria was also assessed by JC-1 in healthy 

PBMCs treated with the highest dose of CBD used. Our results showed a barely 

noticeable decrease in red fluorescence in the CBD-treated cells and the total 

absence of cells in the lower right quadrant thus indicating the absence of cells 

with fully depolarized mitochondria (Figure 24).  

 

Figure 24. CBD treatment does not impair mitochondrial integrity in PBMCs. The mitochondrial 

integrity was evaluated by JC-1 staining and cytofluorimetric analysis in healthy PBMCs treated with CBD at 

25 µM or with vehicle used as control for 24 h. Data are representative of three separate experiments.  

 

 

 

To further support the role of TRPV2, we evaluated the drop of ΔΨm in siGLO and 

siTRPV2 cells treated with vehicle or with CBD (IC50 dose) for 12h. Our results 

showed that the CBD-induced mitochondrial impairment is markedly reduced in 

siTRPV2 respect to siGLO cells (Figure 25). 
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Figure 25. TRPV2 silencing reduced the mitochondrial impairment CBD-mediated. The decrease of 

FL-2 fluorescence indicating the drop of ∆Ψm was evaluated by JC-1 in siGLO and siTRPV2 cells treated with 

vehicle or CBD for 12h. Data are the mean ± SD of three different experiments *p<0.05 vs vehicle; #p<0.05 vs 

CBD-treated siGLO cells. 

 

 

The mitochondrial dysfunction was also investigated by labeling CML cell lines with 

Mitobright. A marked reduction in MFI values and an increased percentage of cells 

with diminished green fluorescence in CBD-treated respect to vehicle-treated cells 

were found indicating mitochondrial impairment (Figure 26 A and B). These 

changes were TRPV2-dependent. In fact, no statistically significant differences in 

MFI values are present in CBD- respect to vehicle-treated siTRPV2 cells. Whereas 

in siGLO cells, the treatment with CBD was able to promote reduction in the green 

fluorescence after staining with Mitobright (Figure 26 C). 
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Figure 26. CBD treatment induces mitochondrial dysfunction in CML cells. A) The mitochondrial 

integrity was evaluated by cytofluorimetric analysis in CML cells treated with CBD at IC50 dose or 

with vehicle for 24 h and labeled with Mitobright. B) Statistical analysis of the percentage of cells 

with reduced Mitobright fluorescence found in CBD- or vehicle-treated CML cells for 24 h after 

Mitobright staining. Data are the mean ± SD of three different experiments. *p<0.05 vs vehicle-

treated cells. C) MFI values of the Mitobright fluorescence were evaluated in siGLO and siTRPV2 

CML cells treated with CBD or vehicle for 24 h and stained with Mitobright. Data are the mean ± SD 

of three different experiments. *p<0.05 vs vehicle-treated cells.  
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The CBD induces mitophagy in CML cells 

 

To assess if the mitochondrial impairment was associated with mitochondrial mass 

reduction, we labeled cells with the specific anti-COX IV Ab. COX IV is a 

mitochondrial protein widely used as mitochondrial mass marker 154. A marked 

down-regulation in COX IV expression in CBD respect to vehicle-treated CML cells 

was found demonstrating the stimulation of mitochondria removal (Figure 27 A 

and B). 

 

Figure 27. CBD treatment induces mitochondrial mass reduction in CML cells. A) The 

mitochondrial mass in CML cells, treated as above described, was investigated by FACS analysis 

using specific anti-COX IV Ab. Data are representative of three separate experiments. C) Statistical 

analysis of the MFI values found in CBD- or vehicle-treated CML cells for 24 h after COX IV staining. 

Data are the mean ± SD of three different experiments. *p<0.05 vs vehicle-treated cells. 

 

 Thus, we decided to investigate whether CBD treatment promotes mitophagy in 

CML cells. To this purpose, cytofluorimetric analysis was performed by labelling 

cells before CBD treatment with the specific Mtphagy Dye. Mtphagy Dye 

accumulates in intact mitochondria and emits weak fluorescence in normal pH 

condition; however, when mitophagy is induced, the damaged mitochondria fuse 
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to lysosome and, in acidic microenvironment, Mtphagy Dye increases the 

fluorescence. Our results demonstrated that the fluorescence enhancement 

occurs in CBD-treated respect to vehicle-treated CML cells as shown by the MFI 

values (Figure 28 A and B).  

 

Figure 28. CBD treatment induces mitophagy in CML cells A) Mtphagy dye and cytofluorimetric 

analysis were used to assess mitophagy induced by CBD treatment for 24 h in CML cells. Data are 

representative of three separate experiments. B) Statistical analysis of the MFI values found in CBD- 

or vehicle-treated CML cells for 24 h after Mtphagy dye staining. Data are the mean ± SD of three 

different experiments. *p<0.05 vs vehicle-treated cells.   

 

To confirm the fusion of Mtphagy Dye–labeled mitochondria and lysosomes, cells 

were also stained with Lyso Dye and then analyzed by confocal microscopy. Data 

confirmed that Mtphagy dye fluorescence is strongly increased in CBD-treated 

compared to vehicle-treated CML cells. Moreover, Mtphagy and Lyso dyes 

colocalized in CBD-treated cells indicating that damaged mitochondria are driven 

inside lysosomes by mitophagy (Figure 29). 
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Figure 29. Mitophagy induction by CBD treatment in CML. CML cells treated with CBD at IC50 dose 

or with vehicle for 24 h were stained with Mtphagy dye and Lyso dye and then analyzed by confocal 

microscopy. Images are representative of three separate experiments. Magnification: 100X. Bar: 

20 µm. 
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The CBD-induced mitophagy is TRPV2-dependent in CML cells 

 

Mitophagy is a type of cargo-specific autophagy 155. To better characterize the 

autophagic process induced by CBD treatment, we examined the conversion of the 

soluble form of LC3-I to the lipidated and autophagosome-associated form (LC3-

II) (Figure 30 A). CBD treatment increased the expression of LC3-II in all three CML 

cell lines. The autophagy inhibitor bafilomycin A (BAF), by blocking the autophagic 

degradation activity, was able to increase the LC3-II form in all the three lines 

(Figure 30 B), demonstrating that LC3-II levels were strictly dependent from the 

autophagic flux and not the result of an increased protein synthesis. 
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Figure 30. CBD treatment increases the expression of LC-3 II protein. A) Western blot analysis of 

LC-3 II protein levels in CML cells treated with CBD at IC50 dose or with vehicle (used as control) for 

different times. Blots are representative of one of three separate experiments. GAPDH was used as 

loading control. Statistical analysis represents the LC-3 II densitometry values normalized to GAPDH 

levels, expressed as folds changes respect to vehicle-treated cells (=1). Data are the mean ± SD of 

three different experiments. *p < 0.01 vs vehicle-treated cells. B) Western blot analysis of LC-3 II 

protein levels in CML cells pretreated with BAF for 1 h before the addition of CBD at IC50 dose for 12 

h. Blots are representative of one of three separate experiments. LC-3 II densitometry values were 

normalized to GAPDH used as loading control. Folds represent changes respect to vehicle-treated 

cells (=1). 

 

In addition, in siTRPV2 cells, the treatment with CBD was unable to increase 

markedly the expression of LC3-II respect to vehicle-treated cells at comparable 

level as in siGLO cells indicating the involvement of TRPV2 activation (Figure 31).  
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Figure 31. Block of the autophagic flux in siTRPV2 CML cells treated with CBD. Western blot 

analysis of LC-3 II protein levels in siGLO and siTRPV2 CML cells treated with CBD at IC50 dose or 

with vehicle (used as control) for 12 h. Blots are representative of one of three separate 

experiments. In statistical analysis LC-3 II densitometry values were normalized to GAPDH used as 

loading control. Folds represent changes respect to vehicle-treated cells (=1). Data are the mean ± 

SD of three different experiments. *p < 0.01 vs vehicle-treated cells; °p < 0.05 vs CBD-treated siGLO 

cells.  

 

The autophagic process was also investigated by analyzing ATG16L1 and 

ATG5/ATG12 essential for the formation of the autophagosomes 156. CBD 

treatment also induced up-regulation of ATG16L1 and ATG5/ATG12 expression 

indicating the execution of canonical autophagy (Figure 32).  
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Figure 32. Increase expression of ATG proteins in CBD treated cells. Western blot analysis of 

ATG16L-1 and ATG12/ATG5 complex protein levels in CML cells treated with CBD at IC50 dose for 

different times. Blots are representative of one of three separate experiments. In statistical analysis 

ATG16L-1 and ATG12/ATG5 complex protein densitometric values were normalized to GAPDH levels 

used as loading control. Folds represent changes respect to vehicle-treated cells (=1). Data are the 

mean ± SD of three different experiments. *p < 0.01 vs vehicle-treated cells. 

 

Moreover, given that mitophagy is regulated by parkin and pink1 that mediate 

ubiquitination of proteins on the membrane of damaged mitochondria and 

promote autophagosome formation around optineurin-labeled damaged 

mitochondria 157, we evaluated the expression of these proteins in CML cells 

treated or not with CBD. Our findings showed that CBD treatment stimulates an 

increased expression of parkin, PINK1 and optineurin (Figure 33) indicating the 

activation of mitophagy. 
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Figure 33. Expression of mitophagy markers in CBD treated cells. Western blot analysis of pink1, 

parkin and optineurin protein levels in CML cells treated with CBD at IC50 dose for different times. 

Blots are representative of one of three separate experiments. In statistical analysis pink1, parkin 

and optineurin densitometric values were normalized to GAPDH levels used as loading control. 

Folds represent changes respect to vehicle-treated cells (=1). Data are the mean ± SD of three 

different experiments. *p < 0.01 vs vehicle-treated cells. 

 

 

 

 

Moreover, the inhibition of autophagy strongly reverted the cell growth inhibition 

stimulated by CBD treatment (Fig. 34) markedly supporting the role of autophagy 

in the CBD-mediated effects. 

 

 

 

 

 

 

Figure 34. Reduction in cell viability is influenced by autophagy. Cell viability assay was performed 

in CML cells pretreated for 1h with BAF and then treated for 24h with CBD (IC50 dose). *p<0.05 vs 

vehicle-treated cells; **p<0.05 vs CBD-treated cells. 
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The CBD-induced mitophagy modulates differentiation and 

pluripotency marker expression 

 

The levels of pluripotency-associated proteins are modulated during autophagy 

158. Thus, we also investigated whether CBD treatment was able to induce 

modulation of the expression of transcription factors involved in the maturation 

of CML cells. We found by cytofluorimetric analysis that CBD markedly reduces the 

expression of the stemness-related protein OCT-4 in CML cells as shown by the 

reduction in MFI values in CBD treated respect to vehicle-treated cells (Figure 35).  

 

 

Figure 35. CBD treatment in CML cells reduces the expression of the stem cell marker OCT-4. A) 

Cytofluorimetric analysis was performed to evaluate the OCT-4 expression levels in CML cells 

treated for 24 h with CBD at IC50 dose or vehicle. Data are representative of one of three separate 

experiments. MFI= Mean Fluorescence Intensity. B) Statistical analysis of the MFI values found in 

CBD- or vehicle-treated CML cells for 24 h after OCT-4 staining. Data are the mean ± SD of three 

different experiments. *p<0.05 vs vehicle-treated cells.  

 

Since our CML cell line are all in blast crisis phase, we investigated if even the LSC 

population is affected by the action of CBD treatment. To date this, we analyzed 
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the CD34 stemness marker expression via qRT-PCR. Results show that KU812 

expressed the highest amount of CD34 gene (p<0.0001) among the three cell lines, 

MOLM6 is barely detectable and K562 is CD34 negative, as previously reported 159. 

Since KU812 has the highest expression of CD34, we investigated the expression 

of this marker after CBD treatment. Indeed, the treatment with CBD for 8 and 12 

hours reduce the expression of CD34 in KU812 at genetic level, as demonstrated 

in Figure 36 A and B.  

 

 

 

 

 

 

 

 

Figure 36. CD34 expression in CML. A) CD34 mRNA expression was evaluated by qRT-PCR in CML 

cell lines. mRNA levels were normalized for GAPDH expression. Data are expressed as fold mean ± 

SD of three separate experiments. ****p < 0.0001 using one-way ANOVA.  B) CD34 mRNA 

expression in KU812 after CBD treatment for 8 and 12 hours, was evaluated by qRT-PCR. mRNA 

levels were normalized for GAPDH expression. Data are expressed as fold mean ± SD of three 

separate experiments. **p < 0.005 vs vehicle-treated cells. 
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Another protein essential for myeloid cell development is PU.1 160. By western blot 

analysis and confocal microscopy, we demonstrated that CBD treatment markedly 

increases the expression of PU.1 in CML cells showing that the cell proliferation 

inhibition and cell cycle blockage are associated with enhancement in CML cell 

maturation (Figures 37 and 38). 

 

 

Figure 37. CBD treatment in CML increases the levels of PU.1 involved in cell differentiation. 

Western blot analysis of PU.1 in CML cells treated with CBD at IC50 dose or vehicle for different 

times. Blots are representative of one of three separate experiments. Statistical analysis of the 

PU.1 densitometric values normalized to GAPDH levels used as loading control. Folds represent 

changes respect to vehicle-treated cells (=1). Data are the mean ± SD of three different 

experiments. *p < 0.05 vs vehicle-treated cells. 
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Figure 38. Confocal analysis of PU.1 expression after CBD treatment. PU.1 protein expression level 

was also evaluated by confocal microscopy by using specific anti-PU.1 Ab. Images are 

representative of three separate experiments. Magnification= 100X. Bar= 20 µm. 
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The ability of CBD to stimulate a more differentiated cellular state in CML cells was also 

evaluated by using colony forming assay useful to test the clonogenic activity of 

undifferentiated cells 161. Our results demonstrated that CBD strongly reduces the ability 

to form colonies in all CML cell lines (Figure 39 A and B). 

 

 

 

Figure 39. Colony formation assay analysis after CBD treatment. A) Colony formation assay was 

performed in CML cells treated with CBD (IC50 dose) for 24h and then plated in Methocult for 10 

days. Data are the mean ± SD of three different experiments. *p<0.05 vs vehicle-treated cells. B) 

Representative images of the colony formation in CML cells treated as above described by inverted 

microscope. Magnification=10X. 
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CBD treatment modulates expression of CD274 gene in CML lines 

 

Given that autophagy can modulate the expression of immune-check point 162, in 

particular we focused the attention on CD274 (PD-L1) gene expression. As 

reported in Figure 40 A, CD274 is barely expressed in CML cells respect to THP-1 

(p<0.0001), and, among them, only in KU812 cell line is consistent (p<0.0001). 

After the treatment with CBD, we evaluated the modulation of CD274 gene in CML 

cells after 8 and 12h treatment via qRT-PCR. Our preliminary results show that CBD 

treatment in KU812 increase the expression of CD274 after 8h, which then 

decrease after 12h, whereas in K562 and MOLM6 the CD274 mRNA expression is 

barely the same respect to the vehicle (Figure 40 B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40. Expression of CD274 in CML. A) CD274 mRNA expression was evaluated by qRT-PCR in 

CML cell lines. mRNA levels were normalized for GAPDH expression. Data are expressed as fold 

mean ± SD of three separate experiments. *p < 0.0001 vs THP-1.  B) CD274 mRNA expression in 

CML after CBD treatment for 8 and 12 hours, was evaluated by qRT-PCR. mRNA levels were 

normalized for GAPDH expression. Data are expressed as fold mean ± SD of three separate 

experiments. ***p<0.001; **p < 0.005 vs vehicle-treated cells. 

 

 

 

 



 
78 

 

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

 

Currently, the standard therapy of CML consist of TKI inhibitors such as imatinib. 

We evaluated the possible synergism between CBD and imatinib in the three CML 

cell lines. Cells were exposed to various concentrations of CBD and imatinib for 24 

h. The administrations were performed in sequential and in combined protocol. 

For the sequential administration, cells were treated for 24h with the proper IC50 

dose of CBD or vehicle, followed by 24h of treatment with different doses of 

imatinib (5 nM - 2.5 µM). Cell viability were analyzed with Tripan blue exclusion 

assay. As reported in Figure 41, the sequential administration is not effective 

respect to the imatinib alone. 

 

 

 

 

 

 

 

 

 

 

Figure 41. CBD and imatinib sequential administration do not affected cell viability respect to 

Imatinib alone. Tripan blue Exclusion assay was used to evaluate cell growth in CML cells treated 

with CBD at IC50 dose for 24h and imatinib at different doses for other 24 h. Data are the mean ± 

SD of three different experiments.  

Since the sequential administration did not ameliorate the effect of imatinib, we 

proceed with a combined administration. To date, cells were treated for 24h with 

different doses of CBD at IC50 and Imatinib (10 nM – 1 µM). 
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The isobologram analysis was performed, and results showed that several 

combinations of the two drugs induce increased levels of cytotoxicity, as 

compared with single treatments with either CBD or imatinib alone (Figure 42 A). 

The CI values obtained by combining the CBD at IC50 dose with all the doses of 

imatinib are <1 indicating from slight to moderate synergistic effects (Figure 42 B).  

 

 

Figure 42. The combination between CBD and imatinib synergism. A) Isobologram plots for 

combination treatments of CBD and imatinib in CML cell lines. On the lower left of the hypotenuse 

synergism, on the hypotenuse additive effect, and on the upper right of the hypotenuse 

antagonism. Data are representative of three separate experiments. B) CI values for the CBD-

imatinib combination assessed by CompuSyn software. CI = 1, <1 and >1 indicates additive effect, 

synergism and antagonism, respectively. Data are representative of three separate experiments. 

 

The fraction affected for these selected combinations is between 0.45 and 0.65. In 

fact, the percentage of cell growth was markedly reduced when imatinib, even at 
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the lowest dose, is combined with CBD at IC50 dose (Figure 43 A). To strengthen 

these data, we also performed cell viability assay in K562 cells resistant to imatinib 

(K562 IR) treated with different doses of CBD for 24h. Firstly, we confirmed the 

acquisition of the resistant phenotype by comparing cell viability between K562 IR 

and the normal K562 cells treated with different doses of imatinib (Fig. 43 B). Then, 

as shown in Figure 43 C, we found that CBD treatment also inhibits cell growth in 

this resistant cell model. 

 

Figure 43. CBD and imatinib combination induce cell growth reduction even in K562 IR. A) Cell 

viability assay in CML cells treated with CBD at IC50 dose and imatinib at different doses for 24h. 

Data are the mean ± SD of three different experiments. *p<0.01 vs vehicle; **p < 0.01 vs CBD or 

imatinib. B) Cell viability assay performed in K562 resistant to imatininb (K562 IR) or K562 cells 

treated with different dose of imatinib or vehicle. *p<0.01 vs K562 cells. C) Cell viability assay in 

K562 IR treated with CBD at IC50 doses for 24h. Data are the mean ± SD of three different 

experiments. *p<0.01 vs vehicle. 

 

These results support the hypothesis that CBD could represent a new potential 

adjuvant in the treatment of CML and TRPV2 a potential new molecular target. 
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PART II: TRPV1 

 

TRPV1 agonist induces cell growth inhibition in CML cell lines 

 

CPS and OLDA are TRPV1 agonists 81,163. In order to evaluate their effects on CML, 

a cell viability assay was performed. CML cells were treated with different doses 

of OLDA (0.5 - 100 μM) and CPS (10 - 300 μM) for 24 h and cell viability was 

analyzed by Tripan blue exclusion assay. High resistance was shown for CPS with 

IC50 of 140.1 μM (K562), 129.8 μM (KU812) and 173.8 μM (MOLM-6) (Figure 44 A); 

whereas OLDA induced a significant decrease of cell viability with an IC50 of 14.1 

μM (K562), 1.4 μM (KU812) and 8.4 μM (MOLM-6) (Figure 44 B). 10 and 20 µM 

doses of OLDA were used for the subsequent experiments.  

 

 

 

 

Figure 44. CPS and OLDA treatments reduce cell viability in CML cells. A) Tripan blue exclusion 

assay was performed in CML cells treated for 24 h with different doses of CPS. IC50 values were 

analyzed by GraphPad software. Data are the mean ± SD of three different experiments. B) Tripan 

blue exclusion assay was performed in CML cells treated for 24 h with different doses of OLDA. IC50 

values were analyzed by GraphPad software. Data are the mean ± SD of three different 

experiments. 
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OLDA induces cell death  

 

To better investigate the reduction in cell viability induced by OLDA, we decided 

to evaluate cell death by using PI. Cytofluorimetric analysis, performed in CML cells 

treated for 24h with OLDA and stained with PI (Figure 45 A), demonstrated that 

OLDA is able to markedly stimulate cell death especially when used at 20 µM 

(p<0.0001) in all CML cell lines. In fact, the treatment with OLDA induced a 

progressive increase in the red fluorescence measured with the MFI and in the 

percentage of PI positive cells (Figure 45 B). 

 

 

 

Figure 45. OLDA induce cell death in CML cells. A) Cell death was assessed by PI staining and 

cytofluorimetric analysis in CML cells treated with OLDA at 1, 10, 20 µM dose or with vehicle used 

as control for 24 h. Data are representative of three separate experiments. MFI= Mean Fluorescence 

Intensity. B) Statistical analysis of the MFI values found in OLDA- or vehicle-treated CML cells for 24 

h after PI staining. Data are the mean ± SD of three different experiments. ****p<0.0001 vs vehicle-

treated cells.  
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OLDA treatment stimulates ROS production. 

 

Given that TRPV1 receptor is a cation channel able to enhance free intracellular 

calcium concentration strictly connected with ROS increase and cell death 164, we 

then investigated the ability of OLDA treatment to promote ROS production in 

CML cell lines. To this aim, cells were treated for 6 h with OLDA 10 µM and then 

ROS level was assessed by cytofluorimetric analysis. Our data showed that OLDA 

is able to markedly increase the production of ROS (Figure 46 A) as shown by the 

enhancement of the MFI values in OLDA- respect to vehicle-treated cells (Figure 

46 B). 

 

Figure 46. ROS level assessment through cytofluorimetric analysis. A) Cytofluorimetric analysis 

was performed to evaluate the ROS production in CML cells treated for 6h with OLDA at 10 µM dose 

or vehicle. Data are representative of one of three separate experiments. MFI= Mean Fluorescence 

Intensity. B) Statistical analysis of the MFI values found in OLDA- or vehicle-treated CML cells for 6h 

after DCFDA staining. Data are the mean ± SD of three different experiments. ****p<0.0001; 

***p<0.005 vs vehicle-treated cells. 
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ROS production induced by OLDA treatment is associated with DNA 

damage and cell death. 

 

ROS overload is responsible for the induction of the DNA damage response. To 

assess if the oxidative stress induced by OLDA leads to DNA damage, we 

performed western blot analysis in CML treated cells to detect the 

phosphorylation of γH2AX associated with DNA double strand breaks.  

Our data clearly showed that OLDA is able to induce a strong enhancement in the 

phosphorylated form of γH2AX respect to vehicle (p<0.0001) indicating that the 

oxidative stress promoted by OLDA is responsible for DNA damage (Figure 47). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 47. γH2AX and GAPDH expression in the three cell lines treated with OLDA for 24h. 

Western blot analysis of γH2AX in CML cells treated with OLDA at 10 and 20µM dose or vehicle for 

24h. Blots are representative of one of three separate experiments. Statistical analysis of the γH2AX 

densitometric values normalized to GAPDH levels used as loading control. Folds represent changes 

respect to vehicle-treated cells (=1). Data are the mean ± SD of three different experiments. ****p 

< 0.0001 vs vehicle-treated cells. 

 

 

 

Given that apoptosis is a secondary response to DNA damage 165, we investigated 

if apoptosis is the mechanism of cell death induced by OLDA in CML. CML cells 

were treated for 24h with OLDA at doses 10 and 20µM. Results has shown that 
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there is the presence of cleaved caspase 3 fragment in OLDA respected vehicle-

treated cells (Figure 48) corroborating the apoptosis cell death.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48. Caspase 3 cleavage in CML cell lines treated with OLDA for 24h. Western blot analysis 

of Caspase 3 in CML cells treated with OLDA at 10 and 20µM dose or vehicle for 24h. Blots are 

representative of one of three separate experiments. Statistical analysis of the cleaved caspase 3 

densitometry values normalized to uncleaved caspase 3 levels. Folds represent changes respect to 

vehicle-treated cells (=1). Data are the mean ± SD of three different experiments. *p<0.02; 

***p<0.001; ****p < 0.0001 vs vehicle-treated cells.  
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OLDA induces ER stress in CML cells 

 

Alteration in the genome integrity has been associated with disruption of the endoplasmic 

reticulum (ER) proteostasis 166. Indeed, production of ROS has been linked to ER stress and the 

Unfolding Protein Response (UPR) 167. As described above, CML cells were treated with OLDA 

for 24h and then an immunoblot was performed, and the expression of two ER stress marker 

were investigated. BiP, also known as GRP78 or HSPA5, is a major ER chaperone protein 

important for ER protein quality control, and it is considered the master regulator of the UPR 

168. The degradation in endoplasmatic reticulum protein 1 (Derlin 1) is a component of the 

endoplasmatic reticulum-associated degradation (ERAD) system for misfolded luminal 

proteins, and it is involved in the retrotraslocation of specific misfolded proteins into the 

cytosol leading them to the proteasome degradation system 169.  BiP expression increase in all 

CML lines respect to the vehicle (p<0.0001) after 24h and with both OLDA treatments, 

whereas Derlin 1 is overexpressed in K562 (p<0.001) and KU812 (p<0.001) with 20µM dose 

and in MOLM-6 (p<0.001) with the 10µM dose with respect to the vehicle (Figure 49). 

Altogether, these results confirm the induction of the ER stress response by OLDA treatment. 
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Figure 49. ER stress proteins expression in CML cell lines treated with OLDA for 24h. Western blot 

analysis of BiP and Derlin 1 proteins in CML cells treated with OLDA at 10 and 20µM dose or vehicle 

for 24h. Blots are representative of one of three separate experiments. Statistical analysis of the 

BIP and Derlin1 protein densitometry values normalized to GAPDH levels. Folds represent changes 

respect to vehicle-treated cells (=1). Data are the mean ± SD of three different experiments. 

***p<0.001; ****p < 0.0001 vs vehicle-treated cells. 
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Discussion 

 

CML is a myeloproliferative disorder originating from an incomplete 

differentiation process of hematopoietic progenitors to adult cells with 

consequent accumulation of immature ones in the bone marrow and in the 

peripheral blood.  

Although successful results were obtained with the introduction of TKI inhibitors 

in therapy, several patients show or develop during time TKI resistance causing a 

reduction in survival expectancy 170,171. Thus, the discovery of new anti-cancer 

compounds to be included in the clinical use and the identification of potential 

new drug targets represent an interesting challenge and a motivated goal.  

It is known that TRPV1 and TRPV2 channels are expressed in normal immune cells 

172,173 and in some leukemia cell lines 53,72,147,174. 

Bioinformatic analysis provides other essential information’s regarding their 

regulation during the normal differentiation, and during the evolution of the CML 

disease. From our analysis, during normal hematopoiesis and differentiation, 

both TRPV1 and TRPV2 channels are modulated. In particular, TRPV1 is 

expressed in less amount respect to TRPV2, and both decrease in expression with 

progenitor’s differentiation. Since the block in differentiation, which occurs 

during the CML onset, interests the myeloid progenitors, we investigated if 

TRPV1 and TRPV2 expression could vary during the disease progression. 

Interestingly, the expression of these two Ca2+ channels show an opposite trend, 

indeed TRPV1 expression declines during the progression of CML, especially in 

the accelerated phase, in all the three progenitors; whereas TRPV2 expression 

rise during CML evolution, specifically during the accelerated phase. It is already 

assessed that TRPV2 can be implicated in many functions of immune cells such as 

phagocytosis, degranulation, chemotaxis, cytokine secretion and proliferation, 

and in cancer it can drive the tumorogenesis in various type of tumors, sustaining 

their fast growth 175,176. Little is known about the TRPV2 role in the 
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leukemogenesis, even though an oncogenic function related to its involvement in 

cell proliferation has been suggested 53.  In opposite direction, in cancer the 

TRPV1 expression has been demonstrated to be linked to apoptosis cell death 

and suppression of cell proliferation 177.  

 

Our analyses demonstrate that TRPV2 seem to be overexpressed in order to 

support the huge cancer cell proliferation which occurred during the accelerated 

phase of CML, whereas TRPV1 seems to be down regulated in order to avoid cell 

death. Moreover, our data confirm the expression of both receptors in the three 

CML cell lines used, in common myeloid progenitors and normal myeloid cells 

suggesting the importance of TRPV channels in the modulation of blood cells 

activities. 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. It is well known that mRNA and protein expression levels are not 

enough to suppose differences in the TRPV functionality. In fact, the status of 

activation of TRPV2 can be influenced by several post-translational modifications 

such as glycosylation, phosphorylation and binding with lipids 178. 

 

CBD is one of the phytochemicals extracted from Cannabis sativa whose use as 

herbal medicine dates back to 500 BC 94. It displays several effects such as anti-

inflammatory, antioxidant, analgesic, anxiolytic, anticonvulsive and 

neuroprotective. Moreover, it is now well accepted that CBD can be also 

considered a promising anti-cancer drug alone or in combinations with 

conventional chemotherapies. In fact, several findings demonstrated that CBD is 

able to induce cell death, inhibit cell migration in vitro, decrease tumor size and 

vascularization in glioma models 91,94,179. Moreover, similar interesting results have 

been obtained in other cancer types 94. 

Few data on CBD-mediated effects in leukemia and lymphoma have been provided 

170,171,180–182 and no findings are present about the role of TRPV2 in CBD-induced 

effects on CML cells. Our data showed that CBD, by activating TRPV2, induces 
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calcium influx, ROS production, cell cycle arrest, cell proliferation blockage, 

mitophagy and changes in the expression of differentiation markers in different 

CML cell lines. 

Although CBD belongs to the family of phytocannabinoids able to bind the CB1 and 

CB2 receptors, controversial data are present about its ability to bind them. The 

idea that CBD has no affinity for these receptors and at most, based on in vitro 

studies, can have a weak antagonistic effect, is gaining strength 89. Instead, it has 

been well accepted that it functions as an agonist for TRPV1 and TRPV2 receptor 

148,149.  

Interestingly, we demonstrated that CBD, used at the IC50 dose, induces inhibition 

of cell proliferation and blockage of cell cycle by activating only the TRPV2 

receptor. These results are also supported by previous conclusions in glioma cells 

indicating that the CBD-induced effects are TRPV2-dependent 149 enforcing the 

role of this receptor in the signaling pathways activated by CBD. 

We showed for the first time that the inhibition of cell proliferation in cells treated 

with CBD is TRPV2 dependent, and is associated with activation of mitophagy and 

mitochondrial mass reduction in CML cell lines. The ability of CBD to cause 

mitochondrial damage was also recently investigated in Jurkat cells 88  and, in 

addition, CBD has been found to interact directly with freshly isolated 

mitochondria to promote organelle dysfunction 88. Here we demonstrated that 

CBD stimulates, via TRPV2, calcium overload and oxidative stress strongly leading 

to the mitochondrial dysfunction 153. Mitochondria dynamics is essential to 

regulate cellular metabolism, ATP production and redox homeostasis 118. It has 

been found that the number of mitochondria, the total mitochondrial mass, 

bioenergetics, biogenesis, membrane potential and ROS are increased in chronic 

lymphatic leukemia respect to normal naïve B lymphocytes suggesting the 

importance of mitochondria to fulfill the energy requirements 183. Moreover, the 

targeting of mitochondrial metabolic enzymes could represent an effective 

therapeutic strategy to target acute myeloid leukemia cells, given that they have 

higher copy number of mitochondrial DNA, more mitochondria and increased 
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oxygen consumption compared with normal HSC 184. Finally, the upregulation of 

mitochondrial key proteins and the influence of the mitochondrial mass are 

responsible for the promotion of drug resistance in Hodking lymphoma 185. Thus, 

our data show that the CBD treatment, via TRPV2, induces mitochondria 

dysfunction, and promotes the elimination of unfunctional mitochondria by 

mitophagy. These two aspects meet the overall need to use therapies leniting 

exaggerated mitochondrial activity in leukemia 118.  

Depolarization of potential mitochondrial membrane, as we detected in CBD-

treated CML cells, is the essential requirement for mitophagy. Mitophagy, a 

specialized form of macro autophagy characterized by the engulfment of 

dysfunctional mitochondria, is a quality control mechanism for the recognition and 

selective removal of damaged mitochondria 155,182. Proteins of the ATG family such 

as LC3, ATG5 and ATG12 are involved in the regulation of autophagy by 

participating in the formation of autophagosomes. LC3, localized in the cytosol, 

during autophagy is conjugated with phosphatidylethanolamine and this lipidated 

form, known as LC3-II, is placed within the autophagosomal membrane 186. In 

addition, ATG5 forms a complex with ATG12 and ATG16-L1 at the membrane of 

the developing autophagosome 187. In our study, the CBD treatment, via TRPV2, 

markedly increased the expression of the LC3-II, indicating the activation of 

autophagy. Moreover, our data showed enhancement in the expression of ATG16-

L1 and the complex ATG5-ATG12 strongly supporting the stimulation of the 

autophagic machinery. These results are in agreement with previous findings 

demonstrating the upregulation of LC3-II, ATG5 and ATG12 after inducing 

photodamages in mitochondria 188. In addition, during mitophagy pink1 

expression is increased and it accumulates on the depolarized mitochondria 

facilitating the recruitment of parkin. The pink1 and parkin upregulation and 

accumulation are essential to promote mitophagy so much that their mutations 

are associated with the pathological accumulation of damaged mitochondria 189. 

Mitophagy is also regulated by the autophagic receptor optineurin that, with its 

ubiquitin-binding domain, binds polyubiquitinated damaged mitochondria to 
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selectively promote their elimination. Optineurin expression enhances LC3 

recruitment and stimulates the degradation of damaged mitochondria by 

increasing autophagic engulfment 160. In a similar way, we demonstrated that CBD 

treatment is able to enhance the expression of pink1, parkin and optineurin 

indicating the selectively removal of depolarized mitochondria. 

Given that mitophagy is responsible for the mitochondrial turn over and 

homeostasis, it is also found to be involved in the regulation of stem cell survival 

and cell differentiation 190. Although findings suggest that mitophagy plays an 

important role in the maintenance of stem cell populations in cancer including 

leukemia 191, it is also well accepted that mitophagy also participates in the cellular 

differentiation. At this regard, it is implicated in maturation of erythrocytes and 

primitive myoblasts 190. In line with these results, we showed that the inhibition of 

cell proliferation, and the stimulation of mitophagy induced by CBD in CML cells, 

are associated with changes in differentiation markers. We found a reduction of 

the stem associated marker OCT-4 and CD34 levels, and a counteract 

enhancement of PU.1 differentiation marker. OCT-4 is a transcription factor, 

involved leukemogenesis and in the induction of cell differentiation arrest, found 

to be overexpressed in acute myeloid leukemia 192. CD34 is a transmembrane 

phosphoglycoprotein which identify hematopoietic stem and progenitor cells, and 

it is considered an independent prognostic factor in AML 193. PU.1 is considered a 

master myeloid regulator because it stimulates myeloid differentiation and 

inhibits cell growth 194. We found a reduction of the stem-associated marker OCT-

4 and CD34 levels and the enhancement of PU.1 suggesting that CBD drives, 

through mitochondrial damages, CML cells to a more differentiated state. This was 

also confirmed by colony formation assay that demonstrated the ability of CBD 

treatment to markedly reduce the clonogenic activity of CML cells. 

 

In addition to them, autophagy can regulate the expression of immune-check 

point 124,128,162, and our preliminary data show that the expression of CD274 (PD-

L1) can be modulated at genetic levels increasing its expression in KU812 after 
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treatment with CBD, whereas in K562 and MOLM6 the genetic changes are barely 

perceptible. This could come in help as novel approaches with combined immune-

target therapies, increasing their clinical effects 195–199.  

The presence of poorly differentiated cells is strongly associated with the 

acquisition of chemoresistance, and even worse prognosis. TKI resistance 

develops due to secondary BCR-ABL mutations and/or BCR-ABL independent 

mechanism including the activation of signaling pathway able to sustain the 

growth of progenitors 200. Given that several studies suggest that TKI treatment, 

surprisingly, induces stemness gene expression in CML cells, and that it might be 

involved in residual disease 201. This highlights the need to develop new-targeted 

therapies that could overcome these stemness-promoting effects. Among possible 

strategies to overcome chemotherapy and TKI resistance, CD274 expression could 

help clinicians to overcome therapy resistance 202,203. It is already aware that 

expression of CD274 in cancer correlates with worse prognosis, relapses and 

immune system escape 197. However, recent studies have demonstrated that 

CD274 is involved in multiple cellular pathways which lead to TKI resistance 202, 

thus where CD274 is highly expressed, TKIs have better therapeutic effects 204. Our 

cells express low amount of CD274 respect to spontaneously immortalized 

monocyte-like cell line THP-1 205, used as calibrator, and are in agreement with the 

fact that CD274 expression is low in HSC and increase during cell maturation 206. 

Thus, our preliminary data demonstrate that there is a correlation between higher 

expression of CD274 and higher efficacy of imatinib. In fact, KU812 cells are more 

sensible to imatinib respect to K562 and MOLM6, and in combination with CBD, 

imatinib treatment exert a powerful cytotoxicity effect respect to the other cell 

lines. Our results, showing a synergistic effect by combining CBD with imatinib, 

represent a promising resource to ameliorate the effectiveness of TKIs.  

 

CPS is well known as the active compound of chili peppers, and is responsible for 

the usual burn and pungent sensation given by TRPV1 channel activation. It is 

widely used as analgesic since is able to donate temporary relief modulating the 
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pains transmission 207. Furthermore, its role as anti-cancer compound in many 

types of tumors has grown over decades 208. OLDA has first discovered in bovine 

striatal extract and is an endogenous compound in the mammalian brain which 

activate selectively TRPV1 97. It has been used mainly in the modulation of synaptic 

transmission in the spinal cord and in nocifensive behavior studies 95,97,209, 

however its role as anticancer compound is not still prove. Our preliminary results 

show that K562, KU812 and MOLM6 are more sensible to OLDA respect to CPS. 

TRPV1 channel is able to boost free intracellular Ca2+ concentration, which has 

been strictly connected with ROS increase and cell death 164. ROS generation is 

supposed to cause DNA damage and phosphorylation of γH2AX. Growing 

evidences suggest that γH2AX phosphorylation is not only a DNA damage marker, 

but also plays an important role in the regulation of cell death 210. Our data showed 

that treatment with OLDA enhance markedly ROS overload causing a significant 

increase in phosphorylated γH2AX form triggering the apoptosis cell death.  

The excessive production of ROS can cause the disruption of protein homeostasis 

in the ER, leading to the accumulation of misfolded proteins. This accumulation, 

perturbating the ER homeostasis, activate the UPR machinery which alters the 

expression of many genes involved in ER quality control 211. The UPR consists in a 

complex network of interconnected signaling pathways. In physiological condition, 

the three ER stress sensors (IRE1α, PERK and ATF6α) are bound to the the ER 

chaperone BiP and are inhibited. When ER stress occurs, BiP dissociate from the 

ER stress sensors, then is sequester by the misfolded peptides, and the three 

sensors are released starting the UPR signal transduction with the aim to restore 

protein homeostasis 211. When ER stress is prolonged and misfolded proteins start 

to aggregate and accumulate, the endoplasmatic reticulum-associated 

degradation (ERAD) is activated. Among ERAD pathway, there is a particular family 

of proteins implicated in the retrotraslocation of specific misfolded proteins. This 

family is the Derlin family that is composed by Derlin 1, 2 and 3 and they mediate 

the degradation of misfolded luminal proteins within ER. The misfolded protein is 

retrotraslocated in the cytosol where complexes transiently with BiP and enters in 
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the ubiquitin-proteasome pathway 212–215. Our data, in agreement with previous 

findings, demonstrate that with the OLDA treatment there is an increase 

expression of BiP and Derlin1 proteins confirming the ER stress activation. More 

investigations are required to better clarify the involvement of TRPV1 channel and 

OLDA effects on CML cell lines, but our preliminary data suggests that CML cells 

are more sensible to OLDA respect to CPS, moreover OLDA, through the activation 

of TRPV1, induce cell death via ROS production, ER stress and DNA damages. 
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Conclusion 

Overall, our study demonstrated that TRPV1 and TRPV2 are modulated during 

normal hematopoiesis and during the progression of CML cancer. In particular, the 

activation of the TRPV2 channel, by treatment with the natural compound CBD, 

induces cell proliferation arrest, mitochondrial impairment, removal by mitophagy 

of damaged mitochondria and reduction in the stemness-related markers OCT-4 

and CD34 in CML cells. Even more interesting, our results also highlighted the 

ability of CBD to act synergistically with imatinib. This supports the interesting 

chance to modulate TRPV2 activity to enhance conventional therapy and improve 

the prognosis of patients. Therefore, a better awareness of the TRP-dependent 

autophagy process and a subsequent interest in the network between 

immunosuppressive molecules expression and autophagy, will allow the 

acquisition of information useful to improve therapeutic efficacy and to discover 

new possible therapeutic targets for further pharmacological treatments both as 

adjuvants and as new healings.  

 

Even if preliminary data, for the first time we demonstrated the anticancer effects 

of OLDA on TRPV1 through the DNA damage and oxidative stress induction. More 

investigations are required to better clarify the involvement of TRPV1 using 

specific TRPV1 antagonists and gene silencing. 

In conclusion, these findings represent a strong support and stimulate the interest 

in further efforts to go on in this research field by using patient samples. 
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Settore ERC: LS3_7 – Cell death (including senescence) and autophagy 

Abstract: Autophagy represents a well conserved self-degradation system critical 

for cellular homeostasis and survival during stress conditions. In cancer, 

autophagy plays as “double-edge sword”, in fact it can promote or suppress tumor 

development, by regulating drug resistance and aggressiveness. So far, many 

studies have shown that cytosolic calcium (Ca2+) oscillations are involved in the 

regulation of autophagic signals. Several data have demonstrated that cancer cells 

are able to remodel their Ca2+ signalling network and that its disruption contribute 

to malignant phenotype development. An important role is played by transient 

receptor potential (TRP) channels which are responsible for ion homeostasis, and 

their expression has been also associated with tumour progression, metastasis, 

proliferation and chemoresistance. To date, little is known about their 

involvement in blood malignancies, especially in chronic myeloid leukaemia (CML), 

and in autophagy pathway as well. Programmed death ligand 1 (PD-L1) plays a 

crucial role in cancer, by inhibiting immune response against cancer cell, increasing 

chemoresistance and relapses. It has been demonstrated that autophagy 

inhibition prompts PD-L1 expression; moreover, PD-L1 is found to be up regulated 

in CML. Therefore, the aim of this study is to investigate in myeloid leukaemia the 

TRP involvement in autophagy pathway, cancer stem cell and PD-L1 expression 

through molecular and biochemical approaches by using specific TRP ligands, or 

modulating TRPs specific expression, in leukaemia cell lines treated with 

conventional drugs. 


