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Abstract

Cervical cancer (CQC) is the fourth most diagnosed cancer in women worldwide. Conventional treatments include surgery,
chemo- and radiotherapy, however these are invasive and may cause severe side effects. Furthermore, approximately
70% of late-stage CC patients experience metastasis, due to treatment resistance and limitations. Thus, there is a dire
need to investigate alternative therapeutic combination therapies. Photodynamic therapy (PDT) is an alternative CC
treatment modality that has been clinically proven to treat primary CC, as well as to limit secondary metastasis. Since
PDT is a non-invasive localized treatment, with fewer side effects and lessened resistance to dose repeats, it is considered
far more advantageous. However, more clinical trials are required to refine its delivery and dosing, as well as improve
its ability to activate specific immune responses to eradicate secondary CC spread. Cannabidiol (CBD) isolates have
been shown to exert in vitro CC anticancer effects, causing apoptosis post treatment, as well as inducing specific immune
responses, which obstruct tumor invasion and angiogenesis, and so hinder CC metastatic spread. This review paper
discusses the current conventional and alternative PDT treatment modalities for CC, as well as their limitations over
the last |0years. It has a particular focus on the combinative administration of CBD with these treatments in order to
prevent CC secondary migration and so possibly encourage future research studies to focus on this synergistic effect to
eradicate CC.
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Introduction ongoing clinical trials have reported that PDT therapy with
S-aminolevulinic acid (ALA) has emerged as an effective
and tolerable treatment strategy for the control of CC.”"!
Nevertheless, these clinical trials require improvement
in relation to investigating enhanced PDT treatment to
activate specific immune responses to fully eradicate CC
secondary migration.'!

Cervical cancer (CC) is the fourth most commonly diag-
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Recently, studies by Nkune et al. (2021 and 2022) and
Mokoena et al. (2019)'%'* have published promising results
showing that utilizing PDT as a primary treatment for
colorectal and breast cancer in combination with CBD
ensures complete primary tumor ablation, as well as acti-
vates specific immune responses to limit migratory second-
ary spread. According to in vitro CC treatment studies
performed by Ramer et al. (2010 and 2008), Contassot
et al. (2004) and Eichele et al. (2009), Lukhele and Motadi
(2016),'>1? it was noted that CBD is able to activate specific
immune responses, which can aid in the treatment of the
primary, as well as secondary treatment of CC, since it may
mitigate its metastasis and secondary spread.

Thus, to promote the overall effectiveness of both con-
ventional and alternative PDT CC treatment strategies, as
well as overcome their own individual limitations, espe-
cially in relation to CC resistance mechanisms and its
aggressive metastatic nature, there is a strong need to inves-
tigate combinative therapeutic approaches. This review
paper focuses on current CC treatment modalities over the
last 10 years, as well as investigates the possible utilization
of synergistic CBD therapies in order to possibly encourage
future research studies to investigate the comprehensive
synergistic eradication of CC.

Cervical Cancer

Cervical cancer (CC) is a malignant form of tumor which
originates in the cervix It is divided into 2 histological
types, namely adenocarcinoma (AC) and squamous cell
carcinoma (SCC).2° SCC originates from the squamous cell
outer lining of the cervix, whereas AC originates from inner
glandular cervical cells.?’ SCC has a higher occurrence rate
of about 70% when compared to AC.?°

Worldwide, CC is commonly diagnosed in women espe-
cially within low- and middle-income countries such as
South Africa, India, China, and Brazil.! In 2020, a world-
wide total of 604 127 new cases of CC was reported with
341831 of these cases resulting in death.! The vast major-
ity of new cases (84%) and 90% of CC deaths occur in
low- and middle-income countries, due to the high inci-
dence rates of women being infected with the sexually
transmitted human papilloma virus (HPV).2° HPV persis-
tent infection in women over the age of 35years old is
responsible for approximately 70% of all diagnosed CC
cases in low- and middle-income countries worldwide.?
Other factors which may also contribute to the overall inci-
dence rate of CC include lack of health care access in rela-
tion to early diagnosis and efficient treatment regimes,
public awareness, smoking, the use of oral contraceptives
and HIV co-infections.?’ The common signs and symptoms
of CC include unusual vaginal discharge, vaginal bleeding
(especially after intercourse), pelvic discharge and pain
after intercourse.?

An estimated 11 million women globally will be diag-
nosed with CC in the next 10 to 20years, so research and
development into early detection and diagnosis, as well as
treatments requires further investigation.?’

Stages of Cervical Cancer Stages

There are 4 stages of CC: in stage I the cancer is isolated to
the cervix region only; in stage II the cancer has spread to the
upper two-thirds of the vagina or into the tissue surrounding
the uterus; in stage III the cancer has spread to the lower third
of the vagina and/or pelvic wall, and/or has caused kidney
problems, and/or has shown lymphatic spread; in stage [V the
cancer has spread beyond the pelvis, or has spread to the
bladder lining, or rectum or other parts of the body.?!

Conventional Treatments for Cervical
Cancer

Currently, there are 5 standard conventional types of treatment
available for CC, which include surgery, radiation therapy,
chemotherapy, targeted therapy, and immunotherapy.

The type of treatment applied individually or in combi-
nation depends on the stage of CC at time of diagnosis.??
For stage I CC, surgery such as conization or total/modified
hysterectomy with internal radiation therapy is used.??
Within stage II CC, combinative radiation and chemother-
apy following radical hysterectomy and removal of pelvic
lymph nodes is often considered.?? For stage III CC combi-
native radiation and chemotherapy, followed by internal
radiation therapy to shrink the tumor before full surgical
hysterectomy and removal of pelvic lymph nodes, with fol-
low-up chemotherapy often applied.?> Within stage IV CC
chemotherapy and radiation therapy can be administered as
palliative care to relive cancer symptoms, as well as for
comfort.?? Other possible treatment options for stage IV CC
however can include drastic surgical pelvic exenteration or
clinical trials of targeted immunotherapies.?

Even though these conventional treatment modalities
have shown promise, the unwanted short and long terms
side effects are vast.?! Surgery at any stage of CC is highly
invasive and painful.>! Radiation therapy is known to
induce unwanted DNA damage in normal healthy cells,
leading to loss in cellular recovery, cell cycle arrest and
unrepairable damage, whereas chemotherapy is toxic to
healthy tissues and so brings about short-term side effects
such as hair loss, vomiting, diarrhea, coughing, swelling
of the legs and weight loss.?? The long term side effects
from either radiation or chemotherapy include permanent
abdomen, back or leg pain, trouble urinating, and feeling
tired.?* Moreover, additional treatment options such as tar-
geted immunotherapies are novel and so remain in clinical
stage trials, whereby their overall effectiveness remains
unknown.?
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Since the early detection of CC remains very poor due to
lack of education and health care (especially in developing
countries), as well as patients being asymptomatic and lack
of accuracy in diagnostic pap smears, CC in women often
goes by undiagnosed until its late stages, when patients start
experiencing symptoms such as abdominal pain or unex-
plained vaginal bleeding.?* Generally, 44% of CC cases are
diagnosed in stage II and 38% in either stage III or IV.**
Thus, advanced CC is one of the major leading cancer
related mortalities in low- and medium-income countries
mostly due to poor early screening, as well as lack of effec-
tive treatment regimens caused by therapy resistance and
recurence.”*

According to the Federation of Gynaecology and
Obstetrics (FIGO) stage I CC has a 46% chance and stage
IIT to IV has a 70% chance of recurrence, so patients’ full
recovery rates from CC remain very low.’ Furthermore,
recurring CC treatment remains a constant challenge and a
patient’s prognosis is often poor with an overall survival
rate of less than 5% despite following intensive chemo- and
radiotherapy treatment regimens.? This poor prognosis of
recurrent CC is usually attributed to numerous factors
including CC tumor stem cell biological behavior, limita-
tions of surgical complete excision, as well as resistance to
repeated radio- and chemotherapy.’ Thus, due to the com-
plex characteristics and high risk of CC recurrence, conven-
tional treatment selections often have to consider the staging
of prognosis, as well as the advantages/limitations of each
therapy.?*

Cervical Cancer Conventional Treatment
Resistance

Cervical cancer stem cells (CCSCs) have been identified as
the underlying cause of relapse and resistance to repeated
chemo- and radiotherapy after successful primary conven-
tional treatments have been applied.*

Various CCSC cellular and molecular mechanisms, as
well as genetic mutations allow for excessive anticancer
drug efflux to occur, and decreased drug accumulation con-
tributes to its treatment resistance.* CC anti-drug resistance
can be divided into inherent and acquired resistance.*
Within the inherent form, anti-drug resistance exists before
cancer exposure to treatment drugs.* This type of resistance
is apparent in CCSC genes which control tumor cell prolif-
eration and apoptosis.* Whereas acquired resistance devel-
ops after the first treatment with anticancer drugs, due to
altered target anticancer drug level expressions.* Recently,
CCSC microRNAs (miRNAs) such as long noncoding
RNAs and p53 mutated transcription factor, which are
involved in vital cell cycle biological processes have been
identified as the major role players in CC malignancy devel-
opment and anticancer drug resistance.**® Yang et al.

(2020)? state that the main reasons for the failure of conven-
tional CC anticancer drug treatments are metastasis, recur-
rence, heterogeneity, resistance to chemotherapy and
radiotherapy, and the avoidance of immunological surveil-
lance which CCSCs cause. This study went on to state that
since CCSCs are able to self-renew with differentiation
potential (due to P53 mutations), as well as arrest the GO
cell death phase cycle, they are able give rise to new drug
resistant tumors which confer aggressive secondary spread
and metastasis.” The arrest of the GO cell death phase cycle
is due to CCSCs abilities to hinder the cellular signaling of
the Phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt) pathway, as well as downregulate normal P53 expres-
sion.? This ability allows CCSCs tumor cells to undergo
uncontrolled cellular proliferation and develop highly meta-
static tumors, which are anti-apoptotic, and so extremely
resistant to various conventional treatments.’

Alternative Photodynamic Therapy for
Cervical Cancer Treatment

In recent years research has begun to focus on alternative
methods that are able to effectively treat CC, as well as to
reduce conventional treatment invasiveness, unwanted side
effects, rate of recurrence and metastasis.’

Photodynamic therapy (PDT) is an alternative treatment
modality that has been proven to treat primary CC, as well
as eradicate CCSCs to prevent secondary metastasis.’ PDT
has numerous advantages over conventional therapies,
since it is a very specific non-invasive localized treatment,
with very few side effects, it has a short healing time with
no scarring, and it is highly tolerant to repeated doses with
little to no resistance.® Furthermore, PDT may be consid-
ered for patients as an alternative treatment, as it allows
them to preserve their fertility, whereas surgery, chemo- and
radiotherapy often induce sterility in patients.’

PDT Mechanism of Action for Cervical Cancer
Treatment

PDT treatments utilize a light-excitable dye known as a
photosensitizer (PS) which is administered to a patient
(Figure 1).2° The PS is given time to distribute throughout
the patient’s body. Due to the enhanced permeability and
retention effect (EPR) which cancer cells possess, a PS is
able to accumulate in tumor cells passively and selectively.’
Once PS selective accumulation has occurred an external
light source at particular wavelength of irradiation is
applied to the localized tumor in the patient’s cervical area
via hysteroscopy.’ The application of red laser light excites
the localized tumor PS from its single ground state to an
excited triplet state.?® In a type I reaction the PS in its
excited triplet state reacts with the tumor cells’ surrounding
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Figure 1. Photochemical and photobiological overview of CC PDT. (A) Clinical process of PDT and (B) Schematic representation of
the Jablonski diagram showing PDT mechanism of action for tumor destruction.

biomolecules, oxygen, and water to produce free radical
molecular species (RMS), such as reactive oxygen species
(ROS).?% In type II reactions the excited triplet state PS
combines with triplet state oxygen (*0,) to produce reactive
singlet oxygen ('0,).%

The generation of cytotoxic ROS and 'O, free radical
species induces oxidative stress in primary and secondary
CC tumor cells, which in turn causes cell death by either
apoptosis or necrosis.?® These forms of cell death induced
by oxidative stress in tumor cells cause destruction to vari-
ous internal biomolecules such as DNA, proteins, and
ligands from which a primary CC tumor cannot recover and
is destroyed.?®

Additionally, this form of PDT treatment is also able to
activate various other antitumor immune responses, which
in turn cause damage to a tumors vascular nature and so
further enhances CCSC eradication to prevent secondary
spread.’ When PDT targets the vascular nature of a tumor, it

causes hemostasis, vessel constriction, and breakdown,
which leads to depletion of oxygen and nutrients to a tumor
and so assists in primary, as well as secondary CCSC
destruction.’ Thus, PDT CC treatment is able to force local-
ized tumor tissue demolition, as well as provoke substantial
anti-tumor responses and acute inflammatory process, all of
which contribute to the eradication of primary CC and aid
in preventing its secondary spread.’

Recent PDT Clinical Studies for Cervical Cancer
Treatment

A systematic review study by Zhang et al. (2018)*7 was con-
ducted in 2018 in which168 randomized clinical trials of CC
PDT treatment were identified. It was reported that PDT sig-
nificantly increased the remission rate of patients by 82%,
however it went on to note that future clinical studies were
necessary to identify the most effective and least toxic PS



Razlog et al.

that doesn’t compromise safety. One of the most prominent
studies noted within this review was by Park et al. (2016),
who reported the successful treatment of 50 early-stage CC
patients with Photofrin® PS PDT with a 95% recovery,
although unwanted photosensitivity and inflammation were
experienced by patients. The researchers further suggested
that combined chemo-PDT was essential in clinical cases
whereby the CC had metastasized.?”?® However, studies by
Inada et al. (2019) investigated the effective FDA approved
pro-drug hexaminolevulinate (HAL) PS PDT treatment in
56 CC patients and 90% of the patients noted a full response
to the treatment with no recurrence, progression, and/or
lesions 2 years post treatment, with limited side effects.?’
More recently, a study conducted by Ivanova et al. (2020),
reported the successful Photoditazine® and Photolon™
PS PDT treatment of CC in 45 patients, whereby 86% of
the patients had no reccurrence 5 years post treatment.®
However, the most notable and recent preclinical and clin-
ical CC PDT phase treatment trials were conducted by
Gunaydin et al. (2021) and Li et al. (2020).7® These studies
investigated the use of FDA approved ALA PS-based PDT
treatment in 77 CC patients and noted low morbidity, with
limited side effects and a 94.81% remission rate 1year
post treatment.”® In addition, studies by Li et al. (2020),
Afanasiev et al. (2021), and van Straten et al. (2017)
reported that CC ALA PS PDT within clinical phase trials
has emerged as the most effective and harmless treatment
strategy for the current control of CC; however it requires
further investigation before this treatment can become
available to the public health system, due to limitations of
eradicating secondary spread.®!?

Limitations and Future of PDT for Cervical
Cancer Treatment

Clinical and preclinical CC PDT studies have shown that
low-dose PDT regimens can allow for CC tumor survival,
as well as induce anti-tumor priming immunity, whereas
medium dose PDT treatment can induce favorable apop-
totic tumor cell death and high dose PDT can cause necrotic
tumor ablation (Figure 1).”® Thus, medium to high dose
PDT is often required in CC treatment in order to achieve
local primary tumor control, as well as ensure CCSC
immune suppression of secondary spread.”® Overall, accu-
mulating evidence indicates that the efficacy of CC PDT
relies on its capacity to influence tumor-host interaction,
while tipping the balance toward the activation of specific
immune responses and vascular shutdown to stop cancer
metastasis.!! Therefore, in relation to CC PDT being able to
surpass clinical trial phases, strategies to ensure controlled
high dosing, with improved light source delivery strategies
to induce deep tissue phototoxicity and limited skin photo-
sensitivity, as well as enhanced abilities to activate specific

immune responses to be able to fully eradicate secondary
spread, require further investigation.!!

Even though the latest clinical trials have shown the
enormous potential of CC PDT, other preclinical trials indi-
cate that there is still room for improvement.*° Newer com-
binative PDT treatment strategies, which require further
investigation, have been suggested for complete CC tumor
elimination.’*® Among some of the current combination
studies, there has been suggestive evidence by Nkune et al.
(2021 and 2022) and Mokoena et al. (2019) that when pri-
mary PDT treatment of colorectal and breast cancer was
combined with cannabidiol (CBD), complete cancer pri-
mary cell cancer growth ablation and migratory suppression
for secondary spread was possible.!>!4

Cannabis and Cannabidiol

The ancient plant Cannabis sativa L. has been used as a
medicinal phytotherapeutic remedy for centuries,’’ owing
to its production of hundreds of different compounds,
including an abundance of phytocannabinoids.?? Analysis
of the plant’s secondary metabolites including phytocan-
nabinoids, terpenoids, sterols, and flavonoids, form a base-
line of reference values useful for research and clinical
studies to understand the “entourage effect” of cannabis as
a whole, and also to determine the therapeutic potential for
each individual compound contained, by applying modern
scientific methodologies.>* The most studied phytocannabi-
noids are the psychoactive A9-tetrahydrocannabinol (THC)
and the non-psychoactive cannabidiol (CBD).** CBD has
attracted the interest of the scientific community mainly
due to its antioxidant, anti-inflammatory, anticancer and
analgesic properties.** Based on these properties, CBD rep-
resents a chemical structure of high potential for the treat-
ment of cancer.’

Cannabidiol in Cancer Treatment

Numerous cell culture and animal studies have demon-
strated the antitumor effects of CBD in various cancer
types, noting that it can prevent proliferation, metastasis,
angiogenesis, as well as exert pro-apoptotic cell death
effects.*® In vitro and in vivo cancer research has shown that
CBD can effectively control tumor growth; however, the
antitumor effects appear to be largely dependent on cancer
type and drug dose/concentration.’® An extensive review by
Seltzer et al. (2020)*” discusses the most recent findings that
strongly support CBD as a promising cytotoxic cancer drug.
Additionally, other research studies suggest encouraging
results in the treatment of, but not limited to, glioma, breast,
lung, colorectal, prostate, and cervical cancer types.'*’
Furthermore, studies by Zhelyazkova et al. (2020) have
reported that CBD has the ability to stimulate various
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immune system responses which result in the signaling of
anti-tumor signaling pathways, which are capable of con-
trolling/limiting metastatic tumor growth.® Within a
recent review performed by Luschnig and Schicho (2019),
on the abilities of CBD to treat various gynecological dis-
eases, they noted that CBD drastically reduced CC in vitro
cells growth via apoptotic cell death mechanisms, while
successfully generating anti-tumor immune responses post
treatment, aiding in the control of CCSC metastatic tumor
proliferation and secondary spread.’* Moreover, within in
vitro CC treatment studies performed by Ramer et al.
(2010 and 2008) and Lukhele and Motadi (2016),'>1619 it
was noted that CBD is able to activate specific immune
responses, which can aid in the treatment the primary, as
well as secondary treatment of CC.

Studies by Velasco et al. (2016),** noted that the applica-
tion of combinational anticancer therapies is far more
advantageous than single-agent strategies, as they can act
synergistically to reduce tumor growth. Thus, for advanced
types of CC which present primary, as well as secondary
progression at various levels, combinative primary CC
PDT treatment could be enhanced when synergistically
combining it with CBD. This approach can possibly hinder
secondary CCSC growth and spread, for overall improved
treatment outcomes. A study done by Go et al. (2020)*' also
supports this statement, by noting that in order to ensure
complete tumor eradication, more synergistic cancer thera-
pies require investigation, since combinative treatments
allow for more cell death pathways to be targeted to ensure
primary, as well as secondary tumor destruction.

Thus, understanding how CBD is able to regulate essen-
tial cellular processes involved in tumorigenesis, such as
progression through the cell cycle, cell proliferation and
cell death, as well as the interactions within the immune
system, is crucial for improving existing and developing
new therapeutic approaches for cancer patients.*” Though
the cellular response to CBD is complex, certain themes
have emerged to explain its anti-tumor effects, which are
highly beneficial for cancer treatment.?’

Cannabidiol Induced Cervical Cancer Cell Death. The endo-
cannabinoid system (ECS) is an important neuromodula-
tory system that consists of receptors, endogenous ligands,
and metabolizing enzymes, which all contribute toward the
synthesis and degradation of the endocannabinoids.*
Through direct and indirect actions, intrinsic endocannabi-
noids and plant-based phytocannabinoids modulate and
influence a variety of physiological systems which are con-
trolled by the ECS, including the development and progres-
sion of cancer.*?

Since the ECS regulates almost all levels of female
reproduction, starting with oocyte production right through
to birthing, should it become disrupted this can lead to the
development of various gynecological disorders such as
fertility issues and various cancers.’* Cannabinoids, such as

CBD can act on the ECS as specific antagonists and so
potentially can influence any ECS dysregulation, thereby
representing a new therapeutic option for the treatment of
various gynecological cancers, including CC.!"*°

Within a review by Ayakannu et al. (2020) findings sug-
gested that the ECS may be targeted to restrain the develop-
ment and progression of gynecological cancers, since the
ECS is implicated in cancer cell proliferation, angiogenesis,
metastasis, and apoptosis.** The findings from this review
and direct studies on CC other studies by Rammer & Hinz
(2008), Contassot et al. (2004) and Eichele et al. (2009)
suggests that an imbalance in endocannabinoid homeostasis
may promote CC development, proliferation, and migra-
tion; therefore, the ECS is an attractive target for pharmaco-
logical intervention in the fight against CC.'®'® These
studies noted that since the ECS involves different signaling
pathways, which include activities mediated via cannabi-
noid receptors 1 and 2 (CBI, CB2), transient receptor
potential vanilloid (TRPV1) ion channels and G-protein-
coupled receptors 55 (GPRS5), these would be ideal thera-
peutic targets for the treatment of CC.!6-1844

Experimental CC studies by Contassot et al. (2004),
have shown that responses to ECS ligands are mediated by
CB endocannabinoids within in vitro cultured Caski,
HeLa, and CC29 CC cell lines.!” CB1 and CB2 recep-
tors consist of 2 endogenous bioactive lipids, namely
N-arachidonoylethanolamine (also known as anandamide,
AEA) and 2-arachidonoylglycerol (2-AG), which in com-
bination with enzymes degrade CBD, to assist in ECS
regulation and so aid in tumor reduction.®

There is growing evidence that CBD inhibits CC tumor
growth and metastasis following its binding to GPR namely
GPR55, GPR18, or GPR119, which cause either CB1 or
CB2 receptors to become activated and in turn initiate
tumor-specific apoptotic cell death.!”*** Elevated GPR55,
GPR18, or GPR119 gene overexpression in cancer is associ-
ated with reduced disease and metastasis-free survival,*647

Studies by Contassot et al. (2004) and Laezza et al.
(2020), have noted that CB1 and CB2 are both overex-
pressed by many cancer types, including CC.'”*¥ The over-
expression of CB1 receptor has been confirmed in female
reproductive systems.?*> While CB2 receptor overexpres-
sion is mainly located in immune system tissues (i.e. spleen,
tonsils, thymus, and bone marrow), and in immune cells
(i.e. B cells, natural killer cells, monocytes, neutrophils,
CD8+ and CD4+ T cells).?* These CB2 receptor immune
cells are involved in macrophage activation, which in turn
target mutated tumor cells in order to initiate their pro-
grammed cell death.*? Therefore, the activation of CB1 and
CB2 receptors by CBD in most cases is antitumorigenic,
that is, it inhibits tumor cell proliferation, induces apoptosis
in vitro, as well as blocks angiogenesis and tumor inva-
sion/metastasis in vivo (Figure 2).*”*® Studies by Contassot
et al. (2004) and Eichele et al. (2009) reported that within
in vitro cultured CC cell lines (Caski, HeLa, and CC29 CC)
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Figure 2. Schematic representation of cell signaling pathways associated with CBD induced CC cell death via ECS regulation.

treatment with the cannabinoid CBD had time- and concen-
tration-dependent killing effects that were mediated by
apoptosis, as well as decreased invasion.!7!8

CBD Tumor Induced Cell Death Effect Through CBI and
CB2 Receptor Activation. Upon CBD binding to CBI and
CB2 receptors, various cellular signaling pathways become
activated which inhibit tumor cell proliferation and inva-
sion via apoptotic cell death induction (Figure 2).474

CB receptor activation over stimulates PI3K/Akt signal-
ing pathways and cellular tumor antigen, p53 expression,
which in turn causes an imbalance of Bad/Bax and Bcl-c
cell cycle regulatory molecules.*®*° This imbalance induces
mitochondrial stress and caspase upregulation, resulting in
apoptotic tumor cell death.*’ In humans p53 is a transcrip-
tion factor for a number of target genes and is maintained
constantly in the body to promote apoptotic cell death of
abnormal cells.” However, in response to various external
promoting cancer inducing stimuli (i.e. radiation, DNA
damage, hypoxia, and UV light), p53 often mutates, lower-
ing the expression of its normal apoptotic controlling form .23
Overexpression of mutated p53 has been associated with
more than 50% of all human cancers since it promotes
tumorigenesis.?* Bax and Bcl-2 are proteins which regulate
apoptotic cell death via the mitochondria.?> Within a normal
cell death apoptotic process p53 proteins translocate to the
cellular cytosol and trigger the oligomerization of Bcl-c
protein with Bad, resulting in Bel-c inhibition.*° This in turn
causes Bax protein to translocate to the mitochondria and

release cytochrome-c, which results in apoptotic cell
death.?> However, when cancers show an overexpression
of mutated p53 and an under-expression of normal p53,
there is an imbalance between Bax and Bcl-2 protein
expression.’® This Bax and Bcl-2 protein imbalance has
been linked to the development and progression of tumors,
since they become resistant to undergoing normal apoptotic
cell death induction so that their metastatic potential spread
is inevitable.’® Thus, cancer treatments need to focus on
drugs which can effectively promote the expression of nor-
mal p53 gene pathways, in order to hinder cancer tumors
anti-apoptotic abilities.>

Studies by Lukhele and Motadi (2016)"° reported an in
vitro CBD treatment study on an aggressive HelLa, as well
as a metastatic ME-180 and a primary SiHa CC cell lines.
All 3 types of CC cell lines noted high levels of mutated p53
overexpression.'” Post CBD treatment all 3 cell lines noted
aremarkably significant upregulation of normal p53 expres-
sion, with high expression levels of caspase 3 and Bax, as
well as the down-modulated expression of Bel-2.!° These
findings suggested that CBD promoted normal p53 path-
ways and so induced significant levels of apoptotic cell
death in these types of CC cancer.!’

Furthermore, studies have noted that the activation of
CB receptors by the cannabinoid CBD increases the synthe-
sis of ceramide, which is a pro-apoptotic sphingolipid that
inhibits the in vitro and in vivo growth and survival of
CC."74 First, CB receptor activation initiates the intracel-
lular accumulation of ceramide, which in turn activates
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Rafl tumor growth suppressor genes and stimulates extra-
cellular signal-regulated kinases (ERK) cellular signaling
pathways.*® Sustained ERK signaling prompts cells to pro-
duce ROS, which in turn can cause direct tumor membrane
damage and death.*® The source of ROS production comes
from the influx of Ca?>" via TRPV1 CBD downregulation,
as well as the electron transport chain in the mitochondria
and NADPH oxidase (NOX) transmembrane enzymes.'”3’
Endoplasmic reticulum (ER) stress and ROS production are
directly related.>” Each respective pathway can activate the
other, with their actions culminating in the activation of
mitochondria-stress mediated apoptotic cell death due to
increased intracellular calcium Ca?*.3” According to Afrin
et al. (2020),* CBD initiates ROS production to deplete
the intracellular glutathione (GSH), via increased GSH-
associated enzymes and so activates pro-apoptotic caspase
proteins to induce tumor cell death. Furthermore, CBD
promotes NADPH oxidase (NOX) transmembrane enzyme
overexpression, which in turn is responsible for directing
the rapid release of ROS, inducing cellular oxidative
stress.*® ROS production directly oxidizes nucleic acids,
proteins, and lipids in tumor cells and so causes direct cell
membrane damage.’’

Secondly, the intracellular accumulation of ceramide
causes the upregulation of stress-regulated proteins p38 and
p8.% The upregulation of p38 causes an increase in cas-
pases, which initiates downstream apoptotic tumor cell
death.*® The upregulation of p8 causes an increase in its
downstream targets [cyclic AMP-dependent transcription
factor (ATF4), C/EBP homologous protein (CHOP), and
tribbles homolog 3 (TRB3)], which in turn induces ER
stress driving phosphorylation and final apoptotic tumor
cell death.*® Studies by Ramer and colleagues (2010 and
2008)'>1¢ reported that CBD treatment upregulated p38
expression within in vitro cultured CC HeLa and C33A
cells and so initiated significant apoptotic tumor cell death.
Additionally, studies by Lukhele and Motadi (2016),"
agree with these findings noting that CBD activated p38
overexpression in HelLa, SiHa, and ME-180 in vitro cul-
tured CC cells and so decreased tumor proliferation via
apoptotic cell death pathways. Studies by Burstein et al.
(2008),3! further supports this finding by stating that acyl-
amido analogs of endocannabinoids such as CBD selec-
tively inhibit CC cancer cell proliferation via apoptosis.

CBD Effect on Non-CBI and CB2 Receptors. Outside of
CB1 and CB2 receptors, other non-CB receptors are also
involved in the antitumor action of CBD and so represent
another form of targeted cancer treatment (Figure 2).

Other families of ECS-related receptors include transient
receptor potential (TRP) ion channels, which appear to be
upregulated in many types of gynecological cancers.*
Studies by Taylor et al. (2020) have reported that CBD
doesn’t only just bind to CB receptors, but also

intracellularly binds to TRP ion channels, which are widely
overexpressed in female reproductive tissues, and
represses their expression.*> TRP channels which pro-
mote cellular proliferation belong to 3 subgroups chan-
nels, namely TRPC (canonical), the TRPV (vanilloid),
and TRPM (melastatin).* Studies by Lukhele and Motadi
(2016) and Luschnig and Schicho (2019) have reported
that TRPV1, TRPV6 and TRPC6 channel overexpression is
related to the pro- carcinogenic effect of CC and that when
CBD binds to these channels tumor metastatic growth can
be hindered.'”* Studies by Laezza et al. (2020) suggest
that the TRPV-dependent pro-apoptotic effect of CBD
involves the influx of intracellular calcium (Ca?"), which
increases upon binding.*® Increased Ca?" levels in tumor
cells triggers apoptosis via mitochondrial stress, as well as
promotes ROS production and so inhibits cancer cell
growth.*” Additionally, studies by Contassot et al. (2004),
Eichele et al. (2009) and Taylor et al. (2020), noted
strong expressions of CB1 and CB2 receptors, as well as
of TRPV1, in HeLa, CC29, Caski CC cell lines, and after
CBD treatment significant pro-apoptotic effects were
found.!”'84 Furthermore, studies by Ramer and colleagues
(2010 and 2008) reported that CBD decreased the invasive-
ness of in vitro cultured CC HeLa and C33A cells in a dose-
dependent manner, via TRPV1 downregulation.!>!
Moreover, studies by Contassot et al. (2004) and Eichele
et al. (2009) reported that in in vitro cultured CC cell lines
(Caski, HeLa and CC29 CC) treated with the cannabinoid
CBD had time- and concentration-dependent killing effects
that were mediated by apoptosis, as well as decreased inva-
sion, due to TRPV1 downregulation.!”!8

CBD Inhibitory Effect on Tumor Migration, Invasion, and
Angiogenesis. Various reports have highlighted that CBD
can inhibit the spread of cancer by inhibiting various inva-
sion, angiogenesis, metastasis, and migration mechanisms
that tumors possess (Figure 2).404

First, when CBD binds to CB1 and CB2 receptors, the
RHOA (ras homolog gene family, member A)- focal adhe-
sion kinase—Proto-oncogene tyrosine-protein kinase Src
(RhoA-FAK-Src) axis is inhibited.” This RhoA-FAK-Src
inhibition initiates the downregulation of vascular endothe-
lial growth factor (VEGF), which in turn halts tumor
angiogenesis.'®?

Second, CBD CB receptor activation induces the release
of tissue inhibitor matrix metalloproteinases-1 (TIMP-1),
which serves as an endogenous inhibitor of matrix metal-
loproteinase 2 (MMP2) and so downstream blocks tumor
angiogenesis and invasion.*®>? Ramer and colleagues (2010
and 2008)'>1¢ reported that CBD decreased the invasive-
ness of in vitro cultured CC HeLa and C33A cells in a dose-
dependent manner, via the upregulation of TIMP-1 and
downregulation of MMP. Since MMP2 serve as a group of
enzymes which exert an imperative function during tumor
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metastasis, when it is expression is downregulated by
TIMP-1 CBD induced upregulation, a tumors invasion, and
angiogenesis decrease.!>!6 Additionally, studies by Lukhele
and Motadi (2016)"? agree with these findings, noting that
CBD downregulated TIMP-1 expression in HeLa, SiHa and
ME-180 in vitro cultured CC cells and so decreased the
invasiveness of CC.

Conclusion

Considering the key points drawn from this review, con-
ventional CC therapies such as surgical excision, chemo-
and radio- therapy are invasive and cause adverse side
effects.? Furthermore, despite the ongoing advances which
have been made in conventional CC therapies, roughly
70% of late-stage patients experience recurrence or metas-
tasis due to the limitations of surgical excision and CCSC
resistance to repeated radio- and chemotherapy.>* Thus,
there is a strong need to investigate alternative therapeutic
combinations.

PDT is an alternative CC treatment modality that has
been proven to treat primary CC, as well as eradicate
CCSCs to prevent secondary metastasis.® Since PDT is a
very specific non-invasive localized treatment, with very
few side effects and it has a short healing time with no scar-
ring, as well as being suitable for repeated dosing, with little
to no resistance being found, it seems to be a far more
advantageous treatment for CC.® Current clinical phase
studies by Gunaydin et al. (2021), Li et al. (2020), Afanasiev
et al. (2021) and van Straten et al. (2017) have reported that
CC ALA PS PDT has emerged as the most effective and
harmless treatment strategy for the current control of CC,
however it requires further investigation before this treat-
ment can be marketed.”'’ Additionally, even though the lat-
est CC PDT clinical trials have shown the enormous
potential, other preclinical trials indicate that there is still
room for improvement.’> These CC PDT clinical trials
improvements include investigating controlled high dosing,
refining light source delivery to induce deep tissue photo-
toxicity with limited skin photosensitivity, as well as
enhanced abilities to activate specific immune responses to
be able to fully eradicate secondary spread.!

This realization has pushed CC PDT and conventional
treatment research into the forefront of investigating combi-
nation synergistic therapies, which allow for more than one
cell death pathway to targeted, in order to strive for both the
elimination of primary tumor growth, and the activation of
host immune system responses to aid in combating second-
ary metastasis.*! Recently, studies by Nkune et al (2021 and
2022) and Mokoena et al. (2019) have suggested the com-
binative PDT primary treatment of colorectal and breast
cancer tumors with CBD in order to ensure complete pri-
mary tumor ablation, as well as activate specific immune
responses to limit migratory secondary spread.'>!4

According to in vitro CC treatment studies performed by
Ramer (2010 and 2008), Contassot et al. (2004), Eichele
et al. (2009) and Lukhele and Motadi (2016), it was noted
that CBD is able to activate specific immune responses,
which can aid in the treatment the primary, as well as sec-
ondary treatment of CC.!>! This CC metastasis decrease
was attributed to CBD’s ability to upregulate TIMP-1 and
p38 via CB1/CB2 receptor activation and downregulate
TRPV1 signaling pathways with Ca*" influx, as well as
increase the accumulation of GRP receptors with an upreg-
ulation of p53, caspase 3 and Bax, and downregulation of
Bcl-2 expression and so induce apoptotic tumor cell death
along with angiogenesis, hindering CC primary growth and
migratory invasion.'>!” Thus, CBD may be an effective
therapeutic for the primary as well as secondary treatment
of CC since it is able to induce apoptotic forms of cell death,
as well as decrease tumor cell proliferation, invasion,
angiogenesis, and overall metastatic spread. However,
studies by Luschnig and Schicho (2019)*° have noted that
further in vivo and clinical trial studies need to be per-
formed in order to justify the use of CBD as treatment
option for CC. Moreover, studies by Velasco et al. (2016)*
suggest research studies should be more focused on the
combination of CBD with other approved anticancer thera-
pies, in order to assist in overcoming resistance mecha-
nisms, since CBD may promote these single-agent
strategies, as well as act synergistically to reduce tumor
growth and metastatic spread.

Lastly, even though studies by Luschnig and Schicho
(2019) found that CBD could be considered an anticarcino-
genic treatment for in vitro CC,* studies by Liu et al.
(2020) reported that tetrahydrocannabinol (THC) pro-
moted the progression of HPV-positive head and neck
squamous cell carcinomas via p38 MAPK immune modu-
lation activation and so enhanced cancer growth and
metastasis by suppressing antitumor immune response in
in vitro and in vivo models.”® Since HPV persistent infec-
tions in women over the age of 35 years old is responsible
for approximately 70% of all diagnosed CC worldwide,?
the possible treatment of CC with CBD needs to be care-
fully researched. Even though studies by D’Souza et al.
(2010)* have stated that cannabis use is not associated with
cervical HPV natural history or cervical neoplasia in HIV-
seropositive or HIV-seronegative women and so the utiliza-
tion of CBD or Cannabis sativa crude extracts (which
contain THC), would have a negligible effect on CC con-
tracted by HPV, researchers need to carefully ensure that
this form of CBD treatment could not possibly promote
other forms of cancers in patients (such as head and neck
cancers), while being utilized to kill cervical cancer cells.

Thus, to promote the effectiveness of both conventional
and alternative PDT CC treatment strategies, as well as
being able to overcome each of their own limitations and
disadvantages, especially in relation to CC resistance
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mechanisms and aggressive metastatic spread, more in vivo
and clinical trial research studies need to be conducted that
investigate the synergistic combination of CBD with PDT
treatment forms to effectively eradicate CC. However, fur-
ther studies should also take into consideration and examine
how HPV expression is altered by Cannabis sativa or its
individual components (CBD and THC) in different tissues
to produce stronger data to determine if CBD or Cannabis
sativa crude extracts (which contain THC) are helpful or
harmful in terms of aggravating other cancer types.>
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