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Abstract

Cannabinoid receptors CB1 and CB; are the primary endogenous receptors with which
cannabinoids interact, inducing physiological and psychological effects. Although interactions
with other receptors including TRPV1 and GPCRS55, have been recognized in earlier studies, these
interactions may play a significant role in cancer remediation through the unspecified upregulation
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or downregulation of specific pathways. The main active constituents within the cannabis plant
are cannabidiol (CBD) and tetrahydrocannabinol (THC), which have been categorized as either
non-intoxicating with benefit or intoxicating with no benefit. These categories are constantly
ignored, as cannabinoids have shown efficacy in the treatment of certain diseases and ailments as
single-agent compounds. Tetrahydrocannabivarin (THCV), a rare cannabinoid, is a homologue of
THC, with the C5 alkyl chain having three carbons rather than the standard five carbon length.
THCV has garnered attention in a clinical setting as an anti-obesity drug treating glucose issues.
Hexahydrocannabinol (HHC), a hydrogenated analogue of THC, is a rare cannabinoid like THCV.
These cyclic cannabinoids are considered rare, because they are typically found in minimal to trace
amounts within cannabis sativa and their given C. indica, and C. ruderalis sub species. Increased
popularity of these rare cannabinoids has led to proposed experimentation leading to assessing the
cytotoxicity of these cannabinoids toward, cancer cells of the pancreas (MIA-PaCa2, HPAF-II,
and PANC1). The data evaluated through such studies led to the proposed idea of these rare cyclic
cannabinoids towards the treatment of pancreatic cancer due to the modest efficacy as single agent
antineoplastics compared to common single agent antineoplastics on the market, with evidence
being strongly presented when compared to commercially available anticancer agents poly(ADP-
ribose) polymerase (PARP) inhibitors.

Keywords: cannabinoids, THCV, HHC, pancreatic, cancer, in-vitro, PDAC.

Background
Cannabinoid History

Cannabinoid receptors CB; and CB; are known to be expressed during the mediation of
certain cancer growth [1]. Including but not limited to the TRPV channel (Transient receptor
potential cation channel subfamily V member 1) [2] and GPCR55 (G-Protein Coupled receptor
55) [3], these other receptors are also expressed during the genesis of certain cancers and may play
a role in the remediation of cancer [4,5]. Several studies have shown anti-proliferative and pro-
apoptotic properties of cannabinoids towards certain cancers in-vitro. Limited clinical studies on
the treatment of pancreatic cancer with cannabinoids as antineoplastics have been conducted [6].
Synergistically, CBD and THC have shown to treat various ailments and diseases due to their non-
specific modulation of CBD/THC targets [7]. As rare cannabinoids are being reintroduced to the
spotlight, Tetrahydrocannabivarin (THCV) and Hexahydrocannabinol (HHC) are of interest due
to the rarity in nature, as these cannabinoids are found in minimal to trace amounts [8,9] within
the C. sativa plant.

THCV is a cyclic cannabinoid found in minimal amounts within the cannabis sativa plant.
THCYV is a homologue of A9-THC, with the primary difference located in the alkyl chain on the
C5 carbon with an alkyl chain of three carbon lengths rather than a five-carbon length alkyl chain
similar to THC. THCV has been explored as an anti-obesity drug in conjunction with metformin
for reducing blood sugar set in early stage clinical , as well in murine models, reduced appetite has
been shown [10,11]. HHC (Hexahydrocannabinol) is an analogue of A9-THC, the difference lying
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in the cyclohexene ring being hydrogenated to form the cyclohexyl ring, the lack of the double
bond would assume the binding affinity to the cannabinoid receptors to be lessened [12]. HHC is
determined to have novel status as a cannabinoid due to its prevalence being found in trace amounts
in nature with limited to no data being accounted for. Although the cannabinoid was elucidated
and synthesized in the 1940’s by Adams, no clinical research or pre-clinical research has been
done on the efficacy or effects on HHC. Several safety studies and articles have been written for
the safety on consumption [13] and possible SAR for cannabinoid research [14], aside from the
limited studies, nothing has been of status that contributes to the field of cannabinoid chemistry.
Cannabinoids for decades have been proposed for years with in-vivo and in-vitro modelling studies
providing evidence towards the treatment of certain cancers and ailments [15]. Cannabinoids such
as CBD and THC have been revealed to treat insomnia, anxiety, PTSD, cachexia, appetite
disorders, and other common ailments, derived from diseases [16]. The structures of the
cannabinoids are shown in figure 1 below, depicts the shared pharmacophore with differences in
the alkyl chain and the double bond.

‘ OH OH OH ‘ OH
o: o) o) o‘

D9-THCV HHCV-(Racemic) HHC-(Racemic) D9-THC

Figure 1. Pharmacophore of THCV, HHCV, and HHCV (Left), depicting the differences from the parent scaffold A9-THC (Right).

Cannabinoid Receptors

CB: and CBg receptors are coupled to the GPCR (G-Protein Coupled Receptor) family of
proteins [17]. CBz is the prominent subtype located within the CNS (Central Nervous System) and
are as well expressed within the PNS (Peripheral Nervous System) [18] below in figure 2 is the
receptors. The discovery of the CB1 and its prominence within the CNS and PNS has garnered
attention for possible treatment of neurodegenerative and neuropsychological disorders that can
be treated through this avenue [19]. Although acitvation of CB1 receptors are also indicated with
the psychotropic effects negatively assocated with use of psychoactive cannabinoids [20]. The CB:
receptor plays an integrative role within the brain, G.I (Gastro-Intestinal), PNS (Peripheral
Nervous System), and the immune system [21]. Unlike the CB; receptors, the activation of the
CB:2 Receptors with cannabinoids, do not provide the psychotropic “high” that is associated with
agonists of the CB1 receptor, which would be the more likely place to design compounds for better
treatment [22]. CB2 plays a significant role in anti-inflammation and remediation in cancer growth
[22]. CB: receptors are implicated in a variety of modulatory functions, including immune
suppression, induction of apoptosis, and induction of cell migration [23a]. The CB; receptors like
the CB. receptors can be allosterically modulated by synthetic ligands, in a positive and negative
fashion [24]. THCV is shown to act as an antagonist of the CB1 receptor in small concentrations
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but can act as a partial agonist at larger concentrations [25]. HHC in animal models are known to
bind to the CB1 receptor producing similar effects to THC [14].

Figure 2. Represented on the left is the CB1 receptor, represented on the right is Cryo-EM structure of human cannabinoid receptor
2-G;j protein [23b].

The GPCR receptor

GPCR (G protein-coupled receptors) are cell surface receptors that can detect molecules
on the cellular membranes and activate cellular responses [26]. The GPCR activation is mediated
through bound agonists. Estimated 34% of approved drugs target the GPCR complex [27] in
various target organs. The GPCR complex, is implicated in a variety of physiological processes,
not limited to but including, regulation of immune system activity and inflammation, autonomic
nervous system transmission, homeostasis modulation, and implicated in growth and metastasis of
certain types of tumors [28]. The CB1 and CB: receptor are class A serpentine G protein-coupled
receptor (GPCR) that signals primarily through the adenylyl cyclase-inhibiting heterotrimeric G
protein Gj and the ERK1/2 (extracellular signal-regulated kinases 1/2) pathways [26]. Although
they are not limited to these specific pathways, they are the most common pathways. Over 100
GPCR’s have been expressed at the mRNA level within pancreatic adenocarcinoma tumors
[28,29]. Several GPCRs GPRC5A, F2R and F2RL1 are expressed in multiple PDAC cell types
while other GPCRs are expressed in a specific setting within microenvironments of the cell
[29,30]. Although the research of targeting GPCRs in pancreatic cancers are relatively new [31],
increased the relevance of targeting this complex using agonists and antagonists of GPCR becomes
pertinent.

PDAC and Pancreatic Cancer

PDAC (Pancreatic ductal adenocarcinoma) due to the lack of early detection and the limited
response to designed treatments, is considered to have a terrible prognosis. PDC is highly
aggressive with lethal malignancy. PDAC is the most common type of pancreatic neoplasm, and
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accounts for more than 90% of pancreatic cancer cases [32]. PDAC has an average 5-year survival
rate of less than 10% [33]. The need for new treatments for pancreatic cancer is pertinent, as many
of the on-market compounds are limited for the direct treatment of pancreatic cancer. The poor
genomic and proteomic analysis of various tumors fails to distinguish the proper target and
treatment plan. Aside from poor prognosis, TME (tumor microenvironment) is characterized by
dense desmoplasia and extensive immunosuppression. Extensive desmoplasia results in various
cell infiltration, vascularization, and hypoxia, preventing drugs to target such areas specifically
[32,34]. PDAC target through this experiment, is through GPCR ligand targeting, as the membrane
protein is present it also accounts for 20% of all cancers that contain a mutated GPCR or g-alpha
subunits [35]. Targeting this receptor using cannabinoids might prove to be a possible target of
choice as GPCRs mediate a broad range of autocrine and paracrine responses in cancer cells. They
bind to a diverse group of ligands, including small peptides, lipids, and proteins (e.g., chemokines)
[36]. The density of GPCRs on the cell surface is typically 10°-10* receptors/cell, which should
be adequate to ensure ample uptake of the targeted drug cargo [37].

Methods

CBD was used as the building block for the synthesis of HHC. CBD was purchased in bulk
from GVB Biopharma and converted to delta-8 THC. Although THC synthesis is accessible
according to known synthesis [38]. For Industry purposes, THC bulk creates a facile process.
Treating THC with hydrogen gas will afford the racemic mix of HHC, a light to dark yellow oil.
Purification of the completed reaction crude afforded the desired product. Cannabidivarin (CBDV)
was used as the building block for D9-THCV. CBDV was purchased in bulk from BayMedica.
Although the CBDV synthesis is accessible [39], for industry purpose the CBDV bulk creates a
facile process. Starting from clean CBDV isolate, treating CBDV with triisobutylaluminum
(TiBa), creates the desired product, after purification.

1C-1E
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/T\o “Tho

CBDV D9 THCV:D8 THCV (10:1) HHCV-Racemic

2A-2C
—»

~Tho
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Figure 3. Cannabinoids THCV, HHC and HHCV; Reagents and conditions:(1A) CBDV, DCM, Argon purge lhr, rt, (1B)
Triisobutylaluminum, rt, overnight. (1C) THCV D8/D9, EtOH, Argon Purge lhrrt., (1D) Pd/C, 1-5 bar, (1E) H2, 25°C-50°C, 3-
72 hr., (2A) THC, EtOH, Argon purge 1hr, rt., (2B) Pd/C, 1-5 bar, (2C) Hz, 25°C-50°C, 3-72 hr.

In-vitro screening of THCV, HHC, and HHCV

Cell viability using MTT assay. A total of 3000-8000 PDAC cells were seeded per well in 96-well
plates. Following attachment, cells were treated with different compounds at varying doses as
indicated for 72 h. Growth inhibition was determined by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (Sigma-Aldrich, St. Louis, MO, USA; catalog No. M2128) assay.
The MTT solution was added to the media at a final concentration of 0.8 mg/mL and cells were
incubated at 37 °C for 2 h. After aspiration of media, formazan crystals were dissolved in DMSO.
Optical densities were measured at 570 nm using SynergyHT plate reader (BioTek, Winooski, WI,
USA). To calculate ICso values for all drugs, GraphPad Prism Software were used (GraphPad
Software, San Diego, CA, USA).

Compounds synthesized that have suitable physicochemical properties will be screened for
target cell toxicity at the Karmanos Cancer Institute, Wayne State University, against pancreatic
cancer cell lines and normal, healthy pancreatic cells. Further analyses will be performed to
elucidate the effects of the compounds on the cells, using the standard techniques of the Institute
[40] and to investigate the proposed mechanisms of action. The testing regimen will be flexible to
accommodate findings as the project progresses. Different activity profiles of compounds against
the cell lines may suggest testing combinations.

Results

The use of THCV and HHC as rare cannabinoids in the treatment of pancreatic cancer has
been revealed through in-vitro studies. Use of certain pancreatic cell lines from PDAC has been
tested. PANC-1, HPAF-II, AsPc-1, and MIA-PaCaz2 cell line were tested against THCV and HHC
to generate ICso values to determine efficacy as possible antineoplastics using the PANC-1, HPAF-
I1, and AsPC-1 cell lines as shown in figure 4. Against the PANC-1 and HPAF-II cell lines THCV
and HHC have generally low ICsg values. The S-isomer of HHC compared to the R-isomer of
HHC on the PANC-1 cell line have a difference of almost 2 times the micromolar 1Cso values,
which could be based off the conformation of S-Isomer and how the compound binds and interacts
with the cells compared to the R-Isomer following the properties of cell binding and receptor
conformation.

Panc-1 cells HPAF-II
THCV
1004 9R 100

g —os g
> 751 Compound IC50 (uM) < s Compound IC50 (M)
2 5o THCV 14712 g w0 THCV 8.892
B s
8 251 9R 10312 T 9R 10.835

0 v v r . . X

23 28 33 38 43 48 % 18.933 s 20 a3 a8 43 48 - 11.68

Log compound conc. (nM) Log compound conc. (nM)
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Figure 4. Effect of cannabinoid compounds on the proliferation of Panc-1 and HPAF-II pancreatic cancer cells

Shown below in figure 5 is THCV and HHC tested against the AsPC-1 cell line, and the
HHC compound has slight variations within the 1Cso values between the R/S-1somers, but THCV
shows a lower ICso values across all three cell lines. Although the values are in micromolar

concentration, the values are still low enough for viable data.

AsPC-1
THCV
100+ 9R

L —9S
= 751 Compound IC50 (uM)
£ 50 THCV 8.975
>
3 25 9R 19.613

0 . . . —_— 9S 13.902
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Log compound conc. (nM)

Figure 5. Effect of cannabinoid compounds on the proliferation of AsPC-1 pancreatic cancer cells

MIA-PaCaz2 cell line data shown below in figure 6a, depicts the comparison of the various
cannabinoids with the planar THCV providing a lower ICso value compared to the flexible
hydrogenated derivatives. In figure 6b-c the isolated graphs depict HHCV compared to PANC-1
and MIA-PaCa2 cells. HHCV is the hydrogenated derivative to THCV with the modification
occurring in the cyclohexene to cyclohexyl ring. A pseudo-SAR was conducted on these
compounds to determine the ICso value and whether the hydrogenation played a role in the increase
or decrease in ICso value. In comparison of the compounds THCV had a lower 1Csg than the other
compounds that were tested.

Figure 6a
MIA PaCa-2
THCV

R 100 —————5— : ¥ o
S 4 Y v —9%
2 ¥ Compound 1C50 (uM)
2 50
S THCV 9.675
8 251 9R 12.698

0 - 95 27.243

05 15 25 35 45 )

Log compound conc. (nM)




220

221
222

223

224
225
226
227

228
229
230

231
232
233
234
235

Figure 6b.
MIA-PaCa2
100+ I
- HHCV
< 80- E
z L]
= 604
o]
)
2 40-
°©
o
20+ - Cell line IC50 (uM)
0 == T T Panc-1 5.567
2.5 3.5 4.5
Log Compound Concentration (nM) MIA PaCa-2 21.228
Figure 6c.
Panc-1
1001 I
- HHCV
& 801
2
= 604
]
8
2 404
©
- )
20 Cell line I1C50 (M)
u |
0 T T T T — Panc-1 5.567
25 3.0 3.5 4.0 4.5 5.0
Log Compound Conc. (nM) MIA PaCa-2 21.228

Figure 6a-c. Effect of cannabinoid compounds on the proliferation of MIA PaCa-2 pancreatic cancer cells. In Figure 6a above
Mia-PaCaz2 cells were tested against varying concentrations of THCV and HHC. In Figure 6b above Mia-PaCaz2 cells were tested
against varying concentrations of HHCV. Above in Figure 6c is the PANC-1 cells tested against varying concentrations of
HHCV.

The compiled data of the compounds tested on various cell lines was compared to PARP
inhibitors currently on the market or in clinical trials shown in figure 7, to provide more objective

evidence towards the usage of HHC and THCYV as possible pancreatic antineoplastic compounds.

Poly(ADP)-ribose polymerase (PARP) is a type of nuclear enzyme that helps repair DNA
damage in cells [41]. PARP inhibitors work by preventing cancer cells from repairing, allowing
apoptosis to occur [42]. These drugs are a type of targeted therapy used to help treat cancers. The
use of these inhibitors as a control to compare THCV and HHC against the inhibitors show efficacy
towards the ability for the rare cannabinoids, to be considered semi-efficient antineoplastics.
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Figure 7. Effect of PARP inhibitors on pancreatic cancer cell lines

The various PARP inhibitors that were tested on the same cell lines that THCV, HHC, and
HHCV were tested on, had generally a weaker response than the cannabinoids, which show a less
efficacy towards the treatment of pancreatic cancer unless a higher dose is used which would entail
other side effects that would be counterintuitive towards a treatment. PARP inhibitors are
relatively new to the market but have been used in the treatment of ovarian, fallopian tube, and
peritoneal cancer [43]. Indications that PARP Inhibitors can be used in the treatment of but not
limited to lung, pancreatic, prostate, and kidney and bladder cancer are still being researched.

Conclusion

The introduction of THCV, HHC and HHCV as potential candidates [44] towards the
treatment of pancreatic cancer through possible interaction of GPCR pathways that are found
within PDAC cells could modulate and contribute to the pro-apoptotic and anti-proliferation
properties that these cannabinoids produced in-vitro. The ICso values of these compounds
compared to PARP inhibitors which are known for treating various cancers, are much lower
resulting in a more efficient compound for the specific treatment of pancreatic cancer. A semi-
SAR study by hydrogenating THCV and producing HHCV, did provide slightly lower 1Cso value
on specific PDAC cell line. Although the ICso values are lower compared to other active
antineoplastic compounds on the market the treatment of Pancreatic cancer is still evolving and
the need to produce antineoplastics is pertinent. Continued SAR and analogs studies are currently
being conducted to increase bioavailability and increase 1Cso values from micromolar to
nanomolar concentrations.

Experimental Section

General Hydrogenation Conditions: A 20L flask equipped with a reflux condenser and an
addition funnel was purged with argon for 10 minutes at 1 bar. Pd/C (0.1 molar %) was added to
the reaction slowly using a powder funnel under argon. The flask was then purged with argon for
10 minutes at 1 bar. Ethanol (1L) was added slowly to avoid sparking the solvent. Cannabinoid
(100 g) was dissolved in minimal amounts of ethanol. The solution was added to the flask under
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argon and purged for 10 minutes at 1 bar. Afterwards, the atmosphere of argon was stopped, and
an atmosphere of hydrogen (1 bar) was introduced. The reaction was then stirred at 25 °C for 3
hours or until complete by HPLC with a diode array detector. Upon completion, the reaction was
purged with argon for 10 minutes at 1 bar. The reaction mixture was poured over 1-3-micron filter
paper on a Buchner funnel and then concentrated in-vacuo. The crude oil was then dissolved in
hexane and purified over silica (0 to 5% Ethyl Acetate). The fractions of interest were concentrated
in-vacuo and then distilled to afford a yellow oil.

HHC H NMR (500 MHz, CD3CN) § 6.72 (s, 1H), 6.13 (d, J = 1.7 Hz, 1H), 6.08 (d, J = 1.7 Hz,
1H), 3.88 (pd, J = 6.1, 4.3 Hz, OH), 3.11-3.03 (m, 1H), 2.45 — 2.34 (m, 3H), 2.18 (s, 1H), 1.87-
1.79 (m, 2H), 1.63-1.48 (m, 2H), 1.42-1.23 (m, 5H), 1.31 (s, 3H), 1.19-1.03 (m, 3H), 1.00 (s,
3H), 0.95-0.85 (m, 5H),0.64 (dt, J = 12.8, 11.4 Hz, 1H).

HHC 3C NMR (101 MHz, CD3CN) & 157.07, 155.91, 143.39, 118.36, 111.32, 109.96, 108.38,
77.53, 64.22,50.26, 39.81, 36.40, 36.06, 33.69, 32.37, 31.70, 28.83, 28.14, 25.68, 23.31, 23.04,
19.37, 14.43, 2.01, 1.80,1.60, 1.39, 1.19, 0.98, 0.77.

HHCV *H NMR (500 MHz, C6D6) 5 6.36 (LH), 5.87 (1H), 4.95 (1H), 3.09 (1H), 2.53 (1H), 2.33
(2H), 1.69 (1H), 1.48 (4H), 1.29 (4H), 1.09 (1H), 0.98 (3H), 0.95 (1H), 0.90 (2H), 0.84 (3H), 0.74
(1H).

HHCV ¥*C NMR (101 MHz, CD3CN) § 155.84, 155.57, 142.63, 111.42, 110.71, 108.73, 77.67,
50.74, 49.92, 39.71, 38.30, 36.25, 33.18, 30.27, 28.69, 28.14, 24.75, 19.49, 14.49.

Synthesis of THCV: In a 20L reactor, under argon, was added CBDV (3 kg, 10.5 mol) and DCM
(10L) set to stir for 1 hour. To the solution was added dropwise Triisobutylaluminum 1M solution
in hexanes (2 L, 2 mol) over a period of 1 hour. The reaction was stirred at room temperature
overnight. HPLC with a diode array detector showed no starting material, only desired product
10:1 D9-THCV: D8-THCV. The reaction was quenched with water and extracted with DCM. The
combined organic was washed with brine, dried (Na2SOa4) and concentrated in vacuo to give a dark
red oil. The oil was purified via wiped film distillation. The NMR of the final product matches
literature data [45].

THCV H NMR (500 MHz, CD3CN) 6.19 (1H), 6.14 (1H) 5.44 (1H), 3.26 (1H), 2.66 (1H), 2.43
(2H), 2.16 (1H), 1.85 (1H), 1.73 (1H), 1.68 (3H), 1.61 (2H), 1.34 (3H), 1.05 (3H), 0.93 (3H)

THCV BC NMR (101 MHz, CD3CN) & 155.2, 153.9, 141.4, 133.5, 118.7, 109.7, 108.3, 106.6,
75.4,44.3, 36.5, 35.0, 30.8, 26.9, 26.2, 23.3, 22.0, 17.0, 12.5
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DCM: Dichloromethane

ATM: Atmosphere

Pd/C: Palladium on carbon

HRMS: High Resolution-Mass Spectrometry
GCMS: Gas Chromatography-Mass Spectrometry

Corresponding Author
Correspondence and requests for materials should be addressed to Westley Cruces,
wes@coloradochromatography.com, 10505 S. Progress Way Unit 105, Parker CO 80134.

Supplementary Materials
The datasets used and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Authors' contributions

Conceptualization: ASA, PGJ, KPR, WC. Methodology: ASA, PGJ, KPR, WC. Investigation:
YM, HYK, OA, GAR, ACC, TTT. Data Curation: YM, HYK, OA, GAR. Formal Analysis: GAR,
PGJ, WC. Writing — Original Draft: GAR, TTT, PGJ, WC. Writing — Review and Editing: GAR,
ASA, HYK, PGJ, WC. Supervision: ASA, PGJ, KPR, WC. Project Administration: ASA, PGJ,
KPR, WC. All authors read and approved the final manuscript.

Funding
This research received no external funding

Acknowledgements
The Authors would like to acknowledge Jin Hong of Custom NMR Service for providing
professional spectrum analysis.

Competing interests
The authors declare no competing interests

References

1. Zou, S.; Kumar, U. Cannabinoid Receptors and the Endocannabinoid System: Signaling
and Function in the Central Nervous System. Int. J. Mol. Sci. 2018, 19 (3), 833.
https://doi.org/10.3390/ijms19030833.

11


mailto:wes@coloradochromatography.com
https://doi.org/10.3390/ijms19030833

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

10.

11.

12.

Li, L.; Chen, C.; Chiang, C.; Xiao, T.; Chen, Y.; Zhao, Y.; Zheng, D. The Impact of TRPV1
on Cancer Pathogenesis and Therapy: A Systematic Review. Int. J. Biol. Sci. 2021, 17 (8),
2034-2049. https://doi.org/10.7150/ijbs.59918.

Pifieiro, R.; Maffucci, T.; Falasca, M. The Putative Cannabinoid Receptor GPR55 Defines
a Novel Autocrine Loop in Cancer Cell Proliferation. Oncogene 2011, 30 (2), 142-152.
https://doi.org/10.1038/onc.2010.417.

Chakravarti, B.; Ravi, J.; Ganju, R. K. Cannabinoids as Therapeutic Agents in Cancer:
Current Status and Future Implications. Oncotarget 2014, 5 (15), 5852-5872.
https://doi.org/10.18632/oncotarget.2233.

Whiting, P. F.; Wolff, R. F.; Deshpande, S.; Di Nisio, M.; Duffy, S.; Hernandez, A. V.;
Keurentjes, J. C.; Lang, S.; Misso, K.; Ryder, S.; Schmidlkofer, S.; Westwood, M.;
Kleijnen, J. Cannabinoids for Medical Use: A Systematic Review and Meta-Analysis: A
Systematic  Review  and  Meta-Analysis. JAMA 2015, 313 (24),  2456-2473.
https://doi.org/10.1001/jama.2015.6358.

Sakarin, S.; Meesiripan, N.; Sangrajrang, S.; Suwanpidokkul, N.; Prayakprom, P.;
Bodhibukkana, C.; Khaowroongrueng, V.; Suriyachan, K.; Thanasittichai, S.; Srisubat, A.;
Surawongsin, P.; Rattanapinyopituk, K. Antitumor Effects of Cannabinoids in Human
Pancreatic Ductal Adenocarcinoma Cell Line (Capan-2)-Derived Xenograft Mouse Model.
Front. Vet. Sci. 2022, 9, 867575. https://doi.org/10.3389/fvets.2022.867575.

Seltzer, E. S.; Watters, A. K.; MacKenzie, D., Jr; Granat, L. M.; Zhang, D. Cannabidiol
(CBD) as a Promising Anti-Cancer Drug. Cancers (Basel) 2020, 12 (11), 3203.
https://doi.org/10.3390/cancers12113203.

Hillig, K. W.; Mahlberg, P. G. A Chemotaxonomic Analysis of Cannabinoid Variation in
Cannabis (Cannabaceae). Am. J. Bot. 2004, 91 (6), 966-975.
https://doi.org/10.3732/ajb.91.6.966.

Basas-Jaumandreu, J.; de Las Heras, F. X. C. GC-MS Metabolite Profile and Identification
of Unusual Homologous Cannabinoids in High Potency Cannabis Sativa. Planta
Med. 2020, 86 (5), 338-347. https://doi.org/10.1055/a-1110-1045.

Wargent, E. T.; Zaibi, M. S.; Silvestri, C.; Hislop, D. C.; Stocker, C. J.; Stott, C. G.; Guy,
G. W.; Duncan, M.; Di Marzo, V.; Cawthorne, M. A. The Cannabinoid A(9)-
Tetrahydrocannabivarin (THCV) Ameliorates Insulin Sensitivity in Two Mouse Models of
Obesity. Nutr. Diabetes 2013, 3 (5), e68. https://doi.org/10.1038/nutd.2013.9.

Plc, G. W. P. GW pharmaceuticals provides update on cannabinoid pipeline. GW
Pharmaceuticals plc. https://www.globenewswire.com/news-
release/2014/03/17/618576/26153/en/GW-Pharmaceuticals-Provides-Update-on-
Cannabinoid-Pipeline.html (accessed 2022-11-29).

Lee, Y. R.; Xia, L. Efficient One-Pot Synthetic Approaches for Cannabinoid Analogues
and Their Application to Biologically Interesting (—)-Hexahydrocannabinol and (+)-
Hexahydrocannabinol. Tetrahedron Lett. 2008, 49 (20), 3283-3287.
https://doi.org/10.1016/j.tetlet.2008.03.075.

12


https://doi.org/10.7150/ijbs.59918
https://doi.org/10.1038/onc.2010.417
https://doi.org/10.18632/oncotarget.2233
https://doi.org/10.1001/jama.2015.6358
https://doi.org/10.3389/fvets.2022.867575
https://doi.org/10.3390/cancers12113203
https://doi.org/10.3732/ajb.91.6.966
https://doi.org/10.1055/a-1110-1045
https://doi.org/10.1038/nutd.2013.9
https://doi.org/10.1016/j.tetlet.2008.03.075

386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Collins, A. C.; Tesfatsion, T. T.; Ramirez, G. A.; Ray, K. P.; Cruces, W. Nonclinical In
Vitro Safety Assesment Summary of Hemp Derived (R/S)-Hexahydrocannabinol ((R/S)-
HHC), 2022. https://doi.org/10.21203/rs.3.rs-2299264/v1.

Reggio, P. H.; Greer, K. V.; Cox, S. M. The Importance of the Orientation of the C9
Substituent to Cannabinoid Activity. J. Med. Chem. 1989, 32 (7), 1630-1635.
https://doi.org/10.1021/jm00127a038.

Alexander, A.; Smith, P. F.; Rosengren, R. J. Cannabinoids in the Treatment of
Cancer. Cancer Lett. 2009, 285 (1), 6-12. https://doi.org/10.1016/j.canlet.2009.04.005.
National Academies of Sciences, Engineering, and Medicine; Health and Medicine
Division; Board on Population Health and Public Health Practice. Therapeutic Effects of
Cannabis and Cannabinoids; National Academies Press: Washington, D.C., DC, 2017.
Howlett, A. C.; Blume, L. C.; Dalton, G. D. CB(1) Cannabinoid Receptors and Their
Associated Proteins. Curr. Med. Chem. 2010, 17 (14), 1382-1393.
https://doi.org/10.2174/092986710790980023.

Busquets-Garcia, A.; Bains, J.; Marsicano, G. CB1 Receptor Signaling in the Brain:
Extracting Specificity from Ubiquity. Neuropsychopharmacology 2018, 43 (1), 4-20.
https://doi.org/10.1038/npp.2017.206.

Maccarrone, M.; Bernardi, G.; Agro, A. F.; Centonze, D. Cannabinoid Receptor Signalling
in Neurodegenerative Diseases: A Potential Role for Membrane Fluidity Disturbance:
Membrane Cholesterol and CB1-Dependent Signalling. Br. J. Pharmacol. 2011, 163 (7),
1379-1390. https://doi.org/10.1111/j.1476-5381.2011.01277 .x.

Mackie, K. Mechanisms of CB1 Receptor Signaling: Endocannabinoid Modulation of
Synaptic ~ Strength. Int. J.  Obes. (Lond) 2006, 30 Suppl 1(S1), S19-23.
https://doi.org/10.1038/s].ij0.0803273.

Bie, B.; Wu, J.; Foss, J. F.; Naguib, M. An Overview of the Cannabinoid Type 2 Receptor
System and Its Therapeutic Potential. Curr. Opin. Anaesthesiol. 2018, 31 (4), 407-414.
https://doi.org/10.1097/ac0.0000000000000616.

Dhopeshwarkar, A.; Mackie, K. CB2 Cannabinoid Receptors as a Therapeutic Target-
What Does the Future Hold? Mol. Pharmacol. 2014, 86 (4), 430-437.
https://doi.org/10.1124/mol.114.094649.

A) Hua, T.; Li, X.; Wu, L.; lliopoulos-Tsoutsouvas, C.; Wang, Y.; Wu, M.; Shen, L.; Brust,
C. A.; Nikas, S. P.; Song, F.; Song, X.; Yuan, S.; Sun, Q.; Wu, Y.; Jiang, S.; Grim, T. W.;
Benchama, O.; Stahl, E. L.; Zvonok, N.; Zhao, S.; Bohn, L. M.; Makriyannis, A.; Liu, Z.-
J. Activation and Signaling Mechanism Revealed by Cannabinoid Receptor-Gl Complex
Structures. Cell 2020, 180 (4), 655-665.e18. https://doi.org/10.1016/j.cell.2020.01.008. B)
Xing, C.; Zhuang, Y.; Xu, T.; Feng, Z.; Zhou, X. E.; Chen, M.; Wang, L.; Meng, X.; Xue,
Y.; Wang, J.; Liu, H.; McGuire, T. F.; Zhao, G. Melcher, K.; Zhang, C.; Xu, H. E.; Xie X.
Cryo-EM Structure of the Human Cannabinoid Receptor CB2-G; Signaling Complex. Cell
2020, 180, 645-654. https://doi.org/10.1016/j.cell.2020.01.007.

13


https://doi.org/10.21203/rs.3.rs-2299264/v1
https://doi.org/10.1021/jm00127a038
https://doi.org/10.1016/j.canlet.2009.04.005
https://doi.org/10.2174/092986710790980023
https://doi.org/10.1038/npp.2017.206
https://doi.org/10.1111/j.1476-5381.2011.01277.x
https://doi.org/10.1038/sj.ijo.0803273
https://doi.org/10.1097/aco.0000000000000616
https://doi.org/10.1124/mol.114.094649
https://doi.org/10.1016/j.cell.2020.01.008
https://doi.org/10.1016/j.cell.2020.01.007

425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Raitio, K. H.; Salo, O. M. H.; Nevalainen, T.; Poso, A.; Jarvinen, T. Targeting the
Cannabinoid CB2 Receptor: Mutations, Modeling and Development of CB2 Selective
Ligands. Curr. Med. Chem. 2005, 12 (10), 1217-1237.
https://doi.org/10.2174/0929867053764617.

Pertwee, R. G. The Diverse CBiand CB:Receptor Pharmacology of Three Plant
Cannabinoids: A®-Tetrahydrocannabinol, Cannabidiol and A%-Tetrahydrocannabivarin: A%-
THC, CBD and A°THCV.Br. J. Pharmacol. 2008, 153 (2), 199-215.
https://doi.org/10.1038/sj.bjp.0707442.

Zhou, Q.; Yang, D.; Wu, M.; Guo, Y.; Guo, W.; Zhong, L.; Cai, X.; Dai, A.; Jang, W.;
Shakhnovich, E. I.; Liu, Z.-J.; Stevens, R. C.; Lambert, N. A.; Babu, M. M.; Wang, M.-
W.; Zhao, S. Common Activation Mechanism of Class A GPCRs. Elife 2019, 8.
https://doi.org/10.7554/eLife.50279.

Sriram, K.; Insel, P. A. G Protein-Coupled Receptors as Targets for Approved Drugs: How
Many Targets and How Many Drugs? Mol. Pharmacol. 2018, 93 (4), 251-258.
https://doi.org/10.1124/mol.117.111062.

Cook, J. L. G Protein-Coupled Receptors as Disease Targets: Emerging
Paradigms. Ochsner J. 2010, 10 (1), 2-7.

Sriram, K.; Salmerén, C.; Wiley, S. Z.; Insel, P. A. GPCRs in Pancreatic Adenocarcinoma:
Contributors to Tumour Biology and Novel Therapeutic Targets. Br. J. Pharmacol. 2020,
177 (11), 2434-2455. https://doi.org/10.1111/bph.15028.

Insel, P. A.; Sriram, K.; Wiley, S. Z.; Wilderman, A.; Katakia, T.; McCann, T.; Yokouchi,
H.; Zhang, L.; Corriden, R.; Liu, D.; Feigin, M. E.; French, R. P.; Lowy, A. M.; Murray,
F. GPCRomics: GPCR Expression in Cancer Cells and Tumors Identifies New, Potential
Biomarkers and Therapeutic Targets. Front. Pharmacol. 2018, 9.
https://doi.org/10.3389/fphar.2018.00431.

Insel, P. A.; Sriram, K.; Wiley, S. Z.; McCann, T.; French, R. P.; Lowy, A. M. Abstract
1139: G Protein-Coupled Receptors (GPCRs): Unrecognized Potential Therapeutic Targets
in Cancer. In Experimental and Molecular Therapeutics; American Association for Cancer
Research, 2017.

Sarantis, P.; Koustas, E.; Papadimitropoulou, A.; Papavassiliou, A. G.; Karamouzis, M. V.
Pancreatic Ductal Adenocarcinoma: Treatment Hurdles, Tumor Microenvironment and
Immunotherapy. World J. Gastrointest. Oncol. 2020, 12 (2), 173-181.
https://doi.org/10.4251/wjgo.v12.i2.173.

Miller, K. D.; Siegel, R. L.; Lin, C. C.; Mariotto, A. B.; Kramer, J. L.; Rowland, J. H.;
Stein, K. D.; Alteri, R.; Jemal, A. Cancer Treatment and Survivorship Statistics, 2016. CA
Cancer J. Clin. 2016, 66 (4), 271-289. https://doi.org/10.3322/caac.21349.

Matters, G. L.; Harms, J. F. Utilizing Peptide Ligand GPCRs to Image and Treat Pancreatic
Cancer. Biomedicines 2018, 6 (2). https://doi.org/10.3390/biomedicines6020065.
O’Hayre, M.; Vazquez-Prado, J.; Kufareva, I.; Stawiski, E. W.; Handel, T. M.; Seshagiri,
S.; Gutkind, J. S. The Emerging Mutational Landscape of G Proteins and G-Protein-

14


https://doi.org/10.2174/0929867053764617
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.7554/eLife.50279
https://doi.org/10.1124/mol.117.111062
https://doi.org/10.1111/bph.15028
https://doi.org/10.3389/fphar.2018.00431
https://doi.org/10.4251/wjgo.v12.i2.173
https://doi.org/10.3322/caac.21349
https://doi.org/10.3390/biomedicines6020065

465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Coupled Receptors in  Cancer. Nat. Rev. Cancer 2013, 13 (6), 412-424.
https://doi.org/10.1038/nrc3521.

Lappano, R.; Maggiolini, M. GPCRs and Cancer. Acta Pharmacol. Sin. 2012, 33 (3), 351
362. https://doi.org/10.1038/aps.2011.183.

Achour, L.; Labbé-Jullié, C.; Scott, M. G. H.; Marullo, S. An Escort for GPCRs:
Implications for Regulation of Receptor Density at the Cell Surface. Trends Pharmacol.
Sci. 2008, 29 (10), 528-535. https://doi.org/10.1016/].tips.2008.07.009.

Bloemendal, V. R. L. J.; van Hest, J. C. M.; Rutjes, F. P. J. T. Synthetic Pathways to
Tetrahydrocannabinol (THC): An Overview. Org. Biomol. Chem. 2020, 18 (17), 3203—
3215. https://doi.org/10.1039/d00b00464b.

Jung, B.; Lee, J. K.; Kim, J.; Kang, E. K.; Han, S. Y.; Lee, H.-Y.; Choi, I. S. Synthetic
Strategies for (-)-Cannabidiol and Its Structural Analogs. Chem. Asian J. 2019, 14 (21),
3749-3762. https://doi.org/10.1002/asia.201901179.

Azmi AS, Khan HY, Mugbi I et al, Preclinical Assessment with Clinical Validation of
Selinexor with Gemcitabine and Nab-Paclitaxel for the Treatment of Pancreatic Ductal
Adenocarcinoma. Clin Cancer Res 2020, 26(6), 1338-1348. https://doi.org/10.1158/1078-
0432.ccr-19-1728.

Chen, A. PARP Inhibitors: Its Role in Treatment of Cancer. Chin. J. Cancer 2011, 30 (7),
463-471. https://doi.org/10.5732/cjc.011.10111.

Lord, C. J.; Ashworth, A. Targeted Therapy for Cancer Using PARP Inhibitors. Curr.
Opin. Pharmacol. 2008, 8 (4), 363—369. https://doi.org/10.1016/j.coph.2008.06.016.
Mateo, J.; Lord, C. J.; Serra, V.; Tutt, A.; Balmafa, J.; Castroviejo-Bermejo, M.; Cruz, C.;
Oaknin, A.; Kaye, S. B.; de Bono, J. S. A Decade of Clinical Development of PARP
Inhibitors in Perspective. Ann. Oncol. 2019, 30 (9), 1437-1447.
https://doi.org/10.1093/annonc/mdz192.

Cruces, W., Ray, K. P., Jagtap, P. G., Cannabinoid Analogs and methods of use for
Treatment and Prevention of Cancer, Patent Pending, 63/411,506, September 29, 2022
Barthlott, I.; Scharinger, A.; Golombek, P.; Kuballa, T.; Lachenmeier, D. W. A
Quantitative 1H NMR  Method for Screening Cannabinoids in CBD
Oils. Toxics 2021, 9 (6), 136. https://doi.org/10.3390/toxics9060136.

15


https://doi.org/10.1038/nrc3521
https://doi.org/10.1038/aps.2011.183
https://doi.org/10.1016/j.tips.2008.07.009
https://doi.org/10.1039/d0ob00464b
https://doi.org/10.1002/asia.201901179
https://doi.org/10.1158/1078-0432.ccr-19-1728
https://doi.org/10.1158/1078-0432.ccr-19-1728
https://doi.org/10.5732/cjc.011.10111
https://doi.org/10.1016/j.coph.2008.06.016
https://doi.org/10.1093/annonc/mdz192
https://doi.org/10.3390/toxics9060136

