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PURPOSE: To study the Chemosensitization effects of cannabidiol (CBD) and tetrahydrocan-

nabivarin (THCV) in combination with doxorubicin (DOX) against triple negative breast can- : E)_s- (a) Heat map illustrations of
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METHODS: The chemo sensitization effect of CBD and THCV in combination with DOX CBD alone 2.8+0.13 N - N sis of differentially expressed
was studied using xenotransplanted DOX resistant MDA-MB-231 cells. After subcutaneous in- THCYV alone 5.66 + 0.29 Doxorubicin (DOX), Cannabidiol (CBD), Tet- 6 mRNA in tissues of control
jection of 2.5 million DOX resistant MDA-MB-231 cells in 100 uLL matrigel, nude mice were rahydrocannabivarin (THCV), and these can- T ___
randomized to one of six groups (Control, DOX alone, CBD alone, CBD+DOX, THCV alone 15uM DOX+CBD 1.01+0.18 nabinoids combined with DOX in 2D and 3D o, ) T 1520 and treated MDA-MB-231
and THCV+DOX). In the combination study,.CBD (10 mg/kg, 1.p.) and THCV (.15 mg/kg, 1.p.) 15uM 179+ 0.12 DOX resistant MDA-MB TNBC cultures are log2 fold change [ A opessonino0x Xenograft mice. Representa-
were given one day before DOX (5 mg/kg, 1.p.) to assess the chemo sensitization effect. The DOX+THCYV shown in Table 1 (IC50 values and combina- o . .
treatment was repeated twice a week for 3 weeks until the control group reached 6000 mm3. Combination index (CI) o b - : tive volcano plots of differen-
Usi.ng a vernier caliper, the tumor volumes were measured. The animals were euthanized and DOX+CBD <0.93 tion index (C1)). The Mean + SEM (n=3) was Oe tially expressed genes (DEGs)
their blood and tumors collected for further study. DOXATHCV <0.79 used to express the results.
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RESULTS: CBD and THCV pre-treatment effectively increased DOX'S apticanqer potentials, 3D DOX res MDA MB- 231 cells cul- A Control between CBD d) Con-
reducing tumor growth and development in mice bearing DOX resistant MDA-MB-231 tu- ture | A npee) 2 |TW e
mors. Data from RNA sequencing and proteomics revealed that CBD and THCYV regulate apop- CBD 37.40 pM b e 6) Aegeor s oD trol between THCV. Repre-
tosis, oxidative stress, and inflammation by targeting the PDL-1 pathway, AMPK pathway, his- THCV 46.23 pM 2 sentative scatter plots of dif-

tone proteins, sertonergic pathway, CB1 receptors, and P38-MAPKIinase pathway, thereby en-
hancing the chemosensitization effects of DOX against MDA-MB-231 breast cancers. RT-PCR

and westernblot analysis were used to validate the same expression genes and proteins found in
RNA sequencing and proteomics. In addition, we discovered significant changes in histone C@®/ (-ZWC(V'F@OX recfucec[ tﬁe tumor 'VO[umeS
acetylations when CBD/THCV was combined with DOX.
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. Among systemic chemotherapeutic agents for TNBC, doxorubicin 1s one of the most com-
monly used drugs and resistance to doxorubicin in TNBC 1s frequently seen and subsequently,
the cancer cells develop multi-drug resistant phenotypes
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. In recent years, the medicinal use of cannabis and cannabinoids has gained more acceptance e

in the public domain. Several phytocannabinoids are produced by the plant Cannabis along S e
with terpenes and they target both the endocannabinoid system and other biological pathways -
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. Presently, cannabinoids, such as dronabinol, nabilone, Epidiolex and others, are approved for 5
the treatment of cancer-related side effects such as nausea and vomiting and also for epileptic
se1zures
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. Studies conducted in our laboratory with CBD in combination with DOX demonstrated that
CBD at low doses acted as a chemosensitizer against wild type A-MB 231 cells
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. Further tumor xenograft studies with MDA-MB 231 cells showed that the combination
(CBD+DOX) was able to reduce the tumor burden through decreased expression of proteins
involved 1n inflammation, metastasis and increased expression of proteins involved 1n apopto-
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1.Our in-vitro and in-vivo studies showed that CBD and THCYV were effective in overcoming
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. Another minor cannabinoid A9-tetrahydrocannabivarin (THCV) has recently shown interest T T T T 2.In the presence of either CBD or THCV and doxorubicin, MDA-MB 231 cells are rendered
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from various investigators for its role in diabetes, pain, weight loss and as an anticancer agent inert and eventually die.
3.H3-K4 methylation and H2B-K35 acetylation have been identified as potential resistance
. In this study for the first time, we have investigated in MDA-MB 231 tumor xenografts, the A) Representative Volcano plots of DEPs in between (a) Control and Dox groups, (b) Control markers against doxorubicin in MDA-MB 231 tumors by RNA sequencing, proteomics, west-
role and mechanism of action of CBD and'THCV In overcoming DOX resistance in TNBC at and CBD (c) Control and THCV and (d) CBD and THCY (B) Representing illustrations of hier- ern blot, and PCR assays. |
the molecular level, using RNA seq analysis, proteomics, RT-PCR and western blotting | | | | | o 4 AMPK, CD133, PDLI, 5HTI1A receptors, CB1 receptors, p-38 MAPKinase, and JNK2 were
| | | | o | | archical clustering analysis of differentially expressed proteins in control and treatment groups all found to be involved in the progression of resistant triple negative breast cancers.
gated 1n this study. role of these molecular targets in the resistance of MDA MB-231 breast cancer cell lines to

and (D) the proteins with the greatest reduction in expression upon treatment are represented. doxorubicin

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



