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Abstract: Background: Propolis and its major phenolic compound, caffeic acid
phenethyl ester (CAPE), have garnered considerable scientific interest due to their an-
ti-inflammatory properties and potential therapeutic applications.

Objectives: This narrative review explores the potential utility of CAPE in cancer treat-
ment.

Methods: We comprehensively reviewed relevant studies from scientific databases
(PubMed and Web of Science) from 2000 to 2022. Our search focused on keywords
such as cancer, natural drugs, caffeic acid phenethyl ester, CAPE, cancer cell lines, anti-
tumor effects, and propolis.
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Results: CAPE exhibits diverse biological benefits, including antimicrobial, antioxidant,
antiviral, anti-inflammatory, cytotoxic, and potentially anti-carcinogenic properties. Nu-
merous studies have demonstrated its wide-ranging antitumor effects on various cancer
cell lines, including growth inhibition, apoptosis induction, tumor invasiveness preven-
tion, malignancy suppression, and anti-angiogenic activity.
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Conclusion: Following comprehensive preclinical toxicity assessments, further evalua-
tion of CAPE's efficacy and safety through clinical trials is highly recommended to eluci-
date its potential health benefits in diverse forms of human cancer.

Keywords: Cancer, natural drugs, caffeic acid phenethyl ester, cancer cell lines, antitumor effects, propolis.

1. INTRODUCTION

The role of natural compounds in combating cancer
has taken center stage in the ongoing efforts of biomed-
ical sciences to address tumors [1, 2]. Among these

compounds, phenolic acids, such as caffeic acid, have
emerged as promising tools against various neoplastic
disorders, although much of the evidence stems from
in vitro studies [3-8]. Recent reviews have explored
the therapeutic potential of caffeic acid in cancer [9,
10].

A wide array of natural origin medicines possesses
anticancer properties. These encompass phytochemi-
cals derived from plant parts, juice components,
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ground seeds (e.g., milk thistle), as well as derivatives
of poly-component systems of non-herbal origin, like
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Caffeic Acid Phenethyl Ester

propolis, with noteworthy biochemical potential and
the ability to foster beneficial effects on cells [11]. Nat-
ural sources of biologically active compounds found in
foods, nutrients, and pharmaceutical plants are
renowned for their low toxicity, broad spectrum of ac-
tion, and reduced side effects compared to synthetic
medicines [12, 13].

The prevailing notion that plants serve as benign
sources of anticancer pro-drugs has its roots in folk
and traditional medicine. However, a burgeoning body
of literature detailing the effects of various purified
components from plant extracts encourages researchers
to delve deeper into this subject and broaden the search
for potential novel chemopreventive drugs from plant
sources. The study of the influence of natural com-
pounds on cancer pathogenesis is recognized as a cru-
cial strategy in developing anticancer medications.

Plant phenolics, particularly flavonoids, have
garnered significant scientific interest due to their po-
tential pro-apoptotic and anti-metastatic properties,
along with their ability to modulate reactive oxygen
species (ROS) signaling, despite the majority of evi-
dence being derived from in vitro studies [14-16]. Caf-
feic acid phenethyl ester (CAPE), for instance, is
among the nature-derived substances that have recent-
ly captured the attention of researchers due to its myri-
ad biological benefits [17].

The search for novel natural compounds and the in-
vestigation of potential antitumor agents of natural ori-
gin remain ongoing tasks, necessitating a deeper under-
standing of their mechanisms of action and biological
activity. Numerous reviews have been dedicated to this
research area [18-20]. Over the last three decades, one
of the components of propolis, CAPE, has undergone
extensive study as a potential anticancer agent. This
narrative review explores its prospects in cancer treat-
ment, drawing on representative studies from various
scientific databases, including PubMed and Web of Sci-
ence, covering 2000 to 2022. The review focuses on
keywords such as cancer, natural drugs, caffeic acid
phenethyl ester, CAPE, cancer cell lines, antitumor ef-
fects, and propolis.

2. SEARCH METHODOLOGY

We conducted a comprehensive search across multi-
ple scientific databases, including PubMed/Medline,
Scopus, Web of Science (WoS), and Embase, using the
Medical Subject Headings (MESH) term “caffeic acid
phenethyl ester.” This search yielded a total of 1,142 re-
ports. We further narrowed our focus by using the
MESH term “caffeic acid phenethyl ester AND can-
cer,” resulting in 330 reports.
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Within this refined dataset, we conducted a more
detailed exploration, identifying 38 reviews (of which
only five specifically addressed CAPE and cancer),
with no meta-analyses or systematic reviews and no
clinical trials found. Among the reports, 36 articles
were dedicated to in vitro experimental studies, with
eight studies being duplications. Additionally, other re-
ports examined the antioxidant, anti-inflammatory, and
biological activities of CAPE.

To provide a comprehensive view of the research
landscape, we expanded our search to include articles
related to clinical research. However, it is noteworthy
that the majority of eligible reports demonstrating
CAPE's effects on cancer cells numbered less than 30.

3. STRUCTURE, ORIGIN, AND DISTRIBUTION
OF CAPE

CAPE, in accordance with IUPAC nomenclature,
bears the chemical name 2-phenylethyl (2E)-3-(3,4-di-
hydroxyphenyl) acrylate. This hydrophobic compound
belongs to the flavone derivative family, characterized
as an a,f-unsaturated heterocyclic ketone and a y-py-
rone derivative (Fig. 1).
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Fig. (1). Chemical structure of caffeic acid phenethyl ester
(C,;H,,0,; molar mass: 284.3 g/mol), a caffeic acid deriva-
tive.

Hydroxycinnamic acids, including p-coumaric, caf-
feic, ferulic, and sinapic acids, are commonly found in
various combinations in numerous higher plants. They
exist either in a free reactive state (aglycone) or as con-
stituents of glycosides and esters. Among them, caffeic
acid and its derivatives, including chlorogenic acid and
its isomers, are prevalent and known for their anti-in-
flammatory and choleretic properties [21]. Notably,
chlorogenic acid is abundant in coffee beans, whortle-
berry leaves, mountain arnica, chamomile flowers, and
Galium verum herb [22, 23]. The collective action of
caffeic, chlorogenic, ferulic, coumaric, and other caf-
feoylquinic acids contributes to hypoazotemia, im-
proved renal function, and enhanced liver antitoxic ac-
tivity [24, 25]. These hydroxycinnamic acids also oc-
cur in plants such as Echinacea, burdock roots,
hawthorn, rhubarb, bird cherry fruits, cherry leaves,
and Labrador tea shoots [26-28].
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CAPE is naturally present in vegetables, fruits, red
wine, and olives. However, it is renowned as a con-
stituent of propolis, a substance safely used as a food
additive and in pharmaceutical manufacturing. The
chemical composition of propolis varies based on the
geographical origin of the propolis sources, influenced
by the local vegetation [29]. In a study by Popova et
al. (2014), more than 60 components were identified in
propolis samples using gas chromatography/mass spec-
trometry, revealing a surprisingly consistent qualitative
composition across samples [30]. The main com-
pounds identified in all samples included flavonoids,
aromatic acids such as benzoic acid, caffeic acid, p--
coumaric acid, phenolic acid esters (coumarates, feru-
lates/isoferulates, caffeates), flavonoids, and others.
CAPE (Fig. 1) is one of these phenolic compounds pre-
sent in propolis [30].

Honeybees employ propolis to defend their hives
against infections and parasites. Popova et al. (2014)
observed that honeybee colonies with resistance to
mites (Varroa destructor) contained a higher concentra-
tion of CAPE in their propolis compared to non-resis-
tant colonies from the same apiary [29]. In a mini-re-
view, Bankova et al. (2018) proposed that CAPE is ex-
clusively found in propolis of the poplar type, originat-
ing from resinous exudates on buds and young leaves.
This compound has been identified in 26 species of the
Populus genus, with a predominant presence in Popu-
lus nigra L. [31]. Furthermore, CAPE has been report-
ed in Serbian unifloral honey [32].

Beyond propolis, honey, and poplar, CAPE has al-
so been detected in certain plants. Bankova et al.
(2018) noted the presence of CAPE in the leaf exu-
dates of Baccharis sarothroides (Asteraceae family),
leaves of Alibertia macrophylla (Rubiaceae family),
roots of Rhodiola sacra (Crassulaceae family), aerial
parts of Parastrephia lucida (Asteraceae family),
leaves and flowers of Melaleuca cajuputi (Myrtaceae
family), and twigs of Cinnamomum cassia (Lauraceae
family) [31].

While CAPE has been reported in some mush-
rooms, such as Agaricus bisporus, Marasmius oreades,
Lentulus edodes, and Phellinus linteus, its presence has
not been consistently confirmed [31].

Comparatively, the synthetic production of CAPE
is more cost-effective and offers higher yields than iso-
lation from raw plant material. As early as 1988,
CAPE was synthesized at Columbia University [33].
Since then, various synthetic methods for CAPE pro-
duction have been developed [31, 34, 35]. This synthet-
ic approach holds promise for the widespread utiliza-
tion of CAPE in pharmaceutical sciences.
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4. INSIGHTS INTO THE BIOLOGICAL EF-
FECTS OF CAPE, PHARMACOKINETICS, AND
TOXICOLOGY

Understanding the toxicological profile of CAPE,
particularly L-CAPE, necessitates consideration of
CAPE's pharmacokinetics. CAPE's pharmacokinetics
are typically associated with its catechol-ring fluorinat-
ed derivative (FCAPE). In rat models, administering 5,
10, or 20 mg/kg body weight of CAPE and FCAPE re-
vealed that the area under the time-response curve of
plasma concentration increases at a higher level con-
cerning the dose-response behavior within the 5-20
mg/kg range [36].

Clearance values for CAPE across the entire body
ranged from 42.1 to 172 ml/min/kg, decreasing with in-
creasing CAPE doses. Similarly, the volume of distri-
bution for CAPE spanned from 1555 to 5209 ml/kg, de-
creasing as the dose increased. Notably, the elimina-
tion half-life for CAPE ranged from 21.2 to 26.7 min-
utes and remained independent of the amount [36].

Determining CAPE's half-maximal inhibitory con-
centration (ICs,), often evaluated through cell viability
assays, varies depending on cell type and experimental
models. For instance, in the OV7 cell line, a 100 uM
CAPE dose reduced cell survival to 42.3% within 24
hours and 30.7% within 48 hours. The IC,, for CAPE,
in this case, was 80.08 uM at 24 hours and 49.57 uM
at 48 hours [37]. For the MDA-MB-231 cell line, the
IC,, was found to be 21.05 uM (5.99 pg/ml) at 24
hours, 13.78 pM (3.92 pg/ml) at 48 hours, and 11.69
uM (3.32 pg/ml) using an MTT assay [38]. These data
indicate that a 28-30 pg/ml dose is cytotoxic, even for
cancer cells.

The biological effects of CAPE encompass its an-
timicrobial, antioxidant, anti-inflammatory [19, 20, 39,
40], cytotoxic properties and its potential to reduce neu-
ropathic pain and treat lung arterial hypertension [39,
41]. However, the primary focus remains on CAPE's
anti-carcinogenic properties [5, 18, 42-44]. Notably,
the antiseptic and anti-inflammatory effects of crude
drugs from Parastrephia lucida, employed in tradition-
al Argentinean medicine, were linked to mixtures of
prenyl and phenethyl esters of caffeic and cinnamic
acids, including CAPE [45]. Additionally, methanol ex-
tracts of Rhodiola sacra from Korea demonstrated po-
tent anti-inflammatory activity due to CAPE [46].

CAPE exhibits many properties, including anti-in-
flammatory, neuroprotective, hepatoprotective, cardio-
protective, antioxidant, chemopreventive, cytotoxic, an-
timetastatic, antitumor, immunomodulatory, and antivi-
ral activities. It has been shown to inhibit lipoxygenase
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activities and suppress lipid peroxidation [18, 33, 40,
46]. In antioxidant assessments conducted by Russo et
al. (2002), propolis extract with CAPE was more effi-
cient than propolis extract without this compound. Fur-
thermore, CAPE alone exhibited high 1,1-diphenyl-2-
picrylhydrazine radical scavenging activity [47].

CAPE demonstrates potent cellular protective activ-
ity against ROS [48]. Oxidative stress, chronic inflam-
mation, and cancer are closely intertwined, with oxida-
tive stress influencing various stages of cancer. It acti-
vates transcription factors, including NF-kB and p53,
which play roles in cancer development [49, 50].
Notably, a combination of CAPE, prenyl caffeates, and
benzyl caffeate inhibited the growth of bee pathogens
[51].

Studies exploring the detoxifying effects of aloe
polysaccharides and propolis on smokers, individually
and in combination, revealed that aloe polysaccharides
were more effective than pure propolis. However, their
combined use demonstrated synergistic effects. These
components hold promise as potential chemopreven-
tive agents for eliminating carcinogens from smokers'
bodies [52].

Promising results have emerged from the adminis-
tration of propolis in colon cancer prevention. In a pi-
lot, randomized, placebo-controlled, double-blind
phase O/biomarker study, the effectiveness of propolis
extract in capsules over three months was confirmed in
preventing early-stage colon cancer-related changes
[53].

Moreover, in animal experiments, CAPE has ex-
hibited the ability to protect the brain against perma-
nent focal ischemia and reduce ischemia-reperfu-
sion-induced myocardial infarction [54, 55].

5. IN VITRO EFFECTS OF CAPE ON CANCER
CELLS: INSIGHTS

Like numerous other phenolic acids and po-
lyphenols sourced from nature, CAPE possesses an-
ti-inflammatory and chemopreventive potential. In
breast cancer cell lines MCF-7, CAPE triggers apopto-
sis and cytotoxicity with an IC,, range of 6.6 + 1.0 uM
at 24 hours and 6.5 + 2.9 uM at 48 hours [56]. Notab-
ly, this cell line has also reported a synergistic effect of
CAPE with 5-FU [56].

In the context of docetaxel-resistant prostate cancer
(PCa) cells derived from castration-resistant PCa sub-
jects (CRPC), CAPE demonstrated the ability to sup-
press proliferation, survival, and tumor growth in
PC/DX25 and DU/DX50 CRPC cell lines obtained
from PC-3 and DU-145 human PCa cells, respectively
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[57]. CAPE's effect on PCa may involve the modula-
tion of NF-kB through the mucosa-associated lym-
phoid tissue-1 gene (MALT-1). In androgen-receptor
(AR) positive PCa cells, CAPE downregulates AR and
MALT-1 while upregulating p53 [58]. Recent data al-
so indicate that CAPE can block voltage-gated sodium
channels, which are typically upregulated by cancer
cells, in various cancer cell lines, including breast can-
cer MDA-MB-231 and MDA-MB-46B lines, colon
SW620 cell lines, and non-small lung cell H460 lines
[59].

Numerous reviews and reports have highlighted
CAPE's anti-cancer properties [18, 60-62]. Further-
more, CAPE has been studied for its potential role in
reducing the adverse effects associated with the use of
chemopreventive agents, including chemotherapy
[63-65].

CAPE's impact extends to the upregulation of metal-
lothionein 2A expression in human bladder cancer, re-
ducing endogenous ROS formation and oxidative
stress, thereby mitigating tumor pro-inflammatory ef-
fects [66]. Additionally, recent research has reported
CAPE's inhibitory effect on NF-xB and its involve-
ment in regulating the NLRP3 inflammasome [67].
This ability of CAPE to inhibit an initial step of inflam-
mation via NLRP3 suggests its potential synthesis
from starting chemical molecules, paving the way for
the development of new targeted compounds against
cancer [68]. This presents an exciting challenge to har-
ness the widely available propolis as a source of CAPE
for cancer treatment.

The journey from plant pro-drugs to clinical thera-
py is ongoing, requiring continued efforts and explora-
tion [68].

6. EFFECT OF CAPE AND PROPOLIS ON
POST-CANCER ORAL MUCOSITIS

Oral mucositis often arises from chemotherapy in
treating various cancer types, presenting patients with
discomfort, pain, and disruptions in their normal nutri-
tion, thus extending the recovery period. Unfortunate-
ly, effective treatments for this condition are currently
lacking. However, there is promise in using propolis, a
mixture of diverse components that includes phenolic
compounds like flavonoids, hydroxycinnamic acids,
and CAPE, which may synergistically enhance its ther-
apeutic potential [69, 70].

A pilot randomized controlled trial yielded positive
results when propolis was administered to patients at
various stages of breast cancer chemotherapy, making
it a viable complementary therapy option [69].
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However, the efficacy of propolis in treating mu-
cositis in patients undergoing radiation therapy for
head and neck cancer appears to have mixed findings.
One double-blind, randomized trial did not confirm its
effectiveness [71]. In contrast, another study reported
encouraging outcomes among patients receiving che-
motherapy for head and neck cancer, with 65% experi-
encing complete healing and the researchers recom-
mending propolis as a treatment for oral fungal infec-
tions [72].

A propolis-based mucoadhesive gel for oral irriga-
tion in open-label trials demonstrated favorable results
in oral cancer patients. Patients irrigated their oral cavi-
ties with the gel three times daily, starting the day be-
fore commencing radiation therapy and continuing for
two weeks to prevent radiation-induced oral mucositis.
As a result, 83% of patients did not develop mucositis
[73].

The effects of honey, either alone or in combina-
tion with propolis, were studied in patients with acute
lymphoblastic leukemia experiencing oral mucositis of
grades 2 and 3. The study noted that honey led to
faster healing [74].

However, a double-blind, randomized, placebo-con-
trolled study investigating the use of propolis for se-
vere oral mucositis in children undergoing chemothera-
py yielded negative results. While the propolis group
experienced a shorter duration and less severe mucosi-
tis, the differences were not statistically significant
[75].

7. METHODS OF ANTICARCINOGENIC RE-
SEARCH AND DOSAGE

Research on the antitumor activity of CAPE encom-
passes in vitro studies on cell cultures [38] and is com-
plemented by a combination of in vitro and in vivo
methodologies [17, 42]. In vitro investigations have un-
veiled the potent chemopreventive effects of caffeic
acid and CAPE. For instance, in an experiment con-
ducted with MCF-7 breast cancer cells, the inhibitory
effects on migration were compared between caffeic
acid and its phenethyl ether at 50 and 100 puM doses.
Both polyphenols exhibited cytostatic effects and in-
duced migration inhibition, but CAPE outperformed
caffeic acid at an amount of 50 uM [5]. In another
study involving breast cancer cells (MDA-MB-231),
the effects of caffeic acid and CAPE were compared
across quantities ranging from 10 to 100 uM. The find-
ings indicated that CAPE displayed higher cytotoxic ac-
tivity than caffeic acid and that the ester possessed
stronger apoptotic effects, resulting in cell cycle arrest
in the S phase [5].
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8. TOXICITY

While there is limited available data regarding
CAPE's low toxicity in animal models, it remains es-
sential to conduct further research to assess its impact
on the human organism thoroughly.

9. MECHANISM OF CAPE'S ACTIVITY

CAPE's diverse anticancer effects are believed to
stem primarily from its potent antioxidant and anti-in-
flammatory properties. Polyphenols, such as CAPE,
serve as effective scavengers of free radicals. In the lit-
erature, discussions revolve around the potential of
CAPE to induce cell cycle withdrawal and inhibit
growth in CRPC cells through the regulation of Skp2,
p53, p21Cipl, and p27Kip!l [42]. Furthermore, CAPE
has demonstrated dose-dependent and exposure time-
dependent inhibition of the growth of MDA-MB-231
and Hs578T breast cancer cell lines [38]. Additionally,
HIF-1a and NF-«xB are considered alternative targets
for CAPE, suggesting its promise as a therapeutic
agent [39].

Shin et al. (2017) isolated CAPE from Cinnamo-
mum cassia twigs, a well-regarded anticancer agent in
traditional Chinese/Korean medicine. They proposed
that CAPE contributed to C. cassia's chemopreventive
and chemotherapeutic effects by downregulating c--
Fos, a property not exhibited by caffeic acid [76].

Motawi et al. (2016) suggested CAPE's synergistic
role in enhancing tamoxifen's potential in breast cancer
treatment [44]. Table 1 summarizes the functions at-
tributed to CAPE in recent years. Many reports have
described caffeic acid as an essential cofactor in gener-
ating positive outcomes when combined with chemo-
preventive drugs for cancer therapy. The role of CAPE
as an anti-tumoral molecule has been extensively re-
viewed, and it has been identified as an anti-tumoral
agent, even in the absence of tamoxifen. However, con-
cerns regarding its suitability as an ideal anticancer
therapy persist [77].

The quest for novel chemotherapeutic drugs de-
rived from the vast realm of plant biochemistry holds
significant importance in pharmacology and medicine.
It is important to acknowledge that plant-derived
phenolic compounds are intricate, multifaceted, multi-
targeting, and potentially toxic substances, which ani-
mal cells may utilize as beneficial molecules through
their complex stress response machinery. Intriguingly,
the most encouraging results in this field originate
from in vitro studies with cancer cell lines, which are
simpler models than organisms (Table 1). For clinical
evidence of the anticancer effects of caffeic acid and
CAPE see Table 2.
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Table 1. In vitro and ex vivo anticancer effects of caffeic acid phenethyl ester.
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Experimental Model

Activities

Direction
of Effect

Synergic Agent Reference

Cell lines: breast (MDA-MB-231 and MDA-M-
B-468), colon (SW620), and non-small cell lung
cancer (H460)

Anti-metastatic properties due to
blocked voltage-gated sodium channel
activity

!

- [59]

MCF-7 breast cancer cells

Synergistic cytotoxic effect of tamox-
ifen,
protein levels of Bcl-2 and beclin-1,
VEGEF level,
Angiogenesis

— — —

Tamoxifen [44]

MCEF-7, MDA-MB-231, and SKBR3 breast can-
cer cells

Histone deacetylase,
EGFR,
in MDA-231 Her2+ protein in SKBR3

Honeybee-produced propo-
lis ingredients

MDA-MB-231 and Hs578T breast cancer cells

Cancer cell viability

— | «— «

Potentiating the action of
standard anti-cancer drugs

MCF-7 and MDA-231 breast cancer cells

Cancer cell cycle growth,
apoptosis,
angiogenesis,
NF-«xB, MDR-1 gene,
VEGF formation

- [33]

Breast cancer stem cells (CSC) from MDA-231
cells

bCSC,
Self-renewal progenitor formation,
clonal growth,
CD44 content

Gastric cancer cell line on tissue culture plastic,
laminin, and collagen I

Proliferation,
angiogenesis,
VEGF,
metalloproteinase-9 (MMP-9),
thrombospondin-1 (TSP-1)

In vitro models; influence on expression and ac-
tivities CYP1A1

3-MC-mediated CYP1A1 expression;
AhR and HIF-1a induction

Human oral cancer cells

Proliferation,
survival,
metastasis
EGFR,
COX-2 activity,
PI3K-Akt signaling,
Skp2

Fluorouracil (5-FU)

Human prostate cancer cells

Cell growth,
tumor growth,
Akt signaling

Chemotherapeutic agents

C6 glioma cells

Antineoplastic,
proliferation,
invasion,
apoptosis,
angiogenesis,
the activity of catalase, MMP-2, Pro-
MMP 2, MMP-9, Pro-MMP 9,
expression of p53, ERK1/2, AKT,
EGFR, PCNA

D S N K R e e Rk e e S e el £ T e [ e I =l E R Epp Sy [

Dasatinib

(Table 1) contd....




6766 Current Medicinal Chemistry, 2024, Vol. 31, No. 41 Bjorklund et al.

Experimental Model Activities Direction Synergic Agent Reference
of Effect

Human colon cancer cell lines RKO and HC- Cell proliferation,
T-116 motility,
invasion,
pathogenic mutation,
apoptosis,
autophagy

«—

Kaempferol [84]

Oral squamous cell carcinoma (OSCC) Cell proliferation,
invasion,
cell growth,
the activity of mitogen-activated protein
kinase (MAPK),
expression of N-myc downstream-regu-
lated gene (NDRG1)

B | —
1
—
%)
Y
=

Human head and neck squamous carcinoma cells Cell viability,
(HNSCC) line (Detroit 562) apoptosis,
cell cycle growth, proliferation

Chemotherapeutics [86]

Breast cancer MDA-MB-231 cells Cell proliferation, migration, and NO
production,

Honeybee-produced propo-[  [87]
lis ingredients

— o — | 5 «

apoptosis, autophagy,
TLR4 signaling pathway

Breast cancer MCF-7 cells, PC-3 prostate cancer Cell growth
cells apoptosis,

MCF-7 breast cancer cells Cell migration

Triple-negative human caucasian breast adeno- Apoptosis,
carcinoma line cells (MDA-MB-231) cell cycle arrest

Human nasopharyngeal cancer cells Proliferation,
invasion,
NDRGTI expression via MAPK pathway;
phosphorylation of STAT3

Nasopharyngeal carcinoma cells Cell proliferation, viability,
apoptosis,
expression of Bel-XL,
irradiation sensitivity of NPC cells
synergistic with chemotherapy

Radiotherapy, [91]
chemotherapy

Ovarian cancer SKOV-3 cells Viability, migration, invasion,
apoptosis,
Ki67, PCNA expression,
nuclear factor kappa b (NF-xB) pathway

[92]

MDA-MB-231 (estrogen receptor-negative), Cell viability,
T47D (estrogen receptor-positive) breast cancer surviving,
cell lines radiation-induced DNA damage

Radiation sensitivity [93]

Triple-negative breast cancers (TNBC) Anti-tumor immunity
TGFp, HGF, EGFR

Cholangiocarcinoma (CCH) Mz-ChA-1 cells Cell growth,
cell cycle arrest,
NF-kB DNA-binding activity,
Apoptosis,
tumor latency,
expression of NF-kB1

— o D || e e o |~
1

(Table 1) contd....
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Experimental Model Activities Direction Synergic Agent Reference
of Effect
MDA MB-231, N2a, and COLO 320 cell lines Proliferation, 1 - [96, 97]

growth, viability, 1
apoptosis i

Breast cancer cells Anti-metastasis, 1 v- cyclodextrin (YCD) [98]
mortalin and other key regulators of cell l
migration, T
growth arrest, i

DNA damage signaling

SW-480 cancerous cells, Cell motility, invasion, l - [99]
CT-26 mouse colon cancer cells level of matrix metalloproteinases MM- 1
P-2, MMP-9, |

count of pulmonary nodules

Human cancer cells: SKOV3 (ovarian carcino- Cell growth arrest, i y-cyclodextrin [100]
ma), HT1080 (fibrosarcoma), A549 (lung carci- colony-forming, cell viability, l
noma), HeLa (cervical carcinoma), U20S (os- mortalin, 1
teosarcoma), MCF7 and MDA-MB-231 (breast P53 tumor suppressor protein; 1

adenocarcinoma; ER-positive and
triple-negative, respectively), and IMR32 (neu-

roblastoma) cells

activity for CAPE found only in com-
plex with y-cyclodextrin

The dual nature of phenolic compounds from plants
is well-established. CAPE, in particular, demonstrates
a Janus-like behavior as it has been shown to both in-
crease and inhibit vascular endothelial growth factor
(VEGF) levels within the tumor microenvironment
[44, 80].

Motawi et al. (2016) proposed that phenolic acids,
plant polyphenols, and other phytochemicals collective-
ly exhibit a common pattern of actions on cancer cells.
These actions encompass inhibiting cell growth, induc-
ing cytotoxicity at micromolar concentrations, promot-
ing pro-apoptotic effects, inhibiting NF-xB and other
pro-inflammatory pathways, displaying anti-angio-
genic activity, and modulating cell cycle progression,
among others [44].

Furthermore, in addition to their renowned role in
mitigating oxidative stress, phenolic compounds found
in phytoestrogens and edible plants, such as honeybee
propolis, possess complex mechanisms influencing
cell survival. Sometimes, these mechanisms lead to ad-
verse effects, reminding researchers to exercise caution
when considering these substances in vivo. Evaluating
their role in the context of food, rather than as purified
or synthetic alternatives, is advisable. Phytochemicals
interact with multiple signaling molecules, some of
which have seemingly opposing effects, making the
cellular machinery more intricate.

The multifaceted interactions of a seemingly simple
molecule like CAPE are evident. Motawi et al.'s

(2016) study demonstrated that CAPE inhibits bcl-2
and beclin-1 proteins [44]. It is well-recognized that
bcl-2 anti-apoptotic proteins suppress beclin-1-depen-
dent autophagy, with apoptosis and autophagy being
tightly regulated processes in tissue homeostasis and
cancer development [101]. Consequently, inhibiting
bcl-2 anti-apoptotic proteins can increase beclin-1-me-
diated autophagy, promoting breast cancer cell survi-
val and tumor growth. This inhibition of autophagy
takes on added significance when considering its role
in cancer stem cells (CSCs) [102, 103].

Moreover, research indicates that the ubiquitin-pro-
teasome system can impact cancer cell cytotoxicity in-
dependently of beclin-1-mediated macroautophagy,
suggesting a synergistic mechanism [104]. CAPE has
been found to downregulate proteasome subunit alpha
4, exerting anti-cancer effects in colorectal cancer
SW480 cells [105]. These findings underscore the
pleiotropic nature of plant phenolic substances.

This complexity demonstrates that the efficacy of a
specific phenolic compound relies on its simultaneous
targeting of multiple signaling pathways in a short
time frame. Acting on Bcl-2, beclin-1, or the ubiquit-
in-proteasome system alone may not be adequate to
halt tumor cell growth and induce cell cycle arrest, es-
pecially in the MCF-7 breast cancer cell line. For ins-
tance, proteasome inhibition by MG132 led to G1/S ar-
rest in normal mammary cells (MCF10A) but G2/M ar-
rest in breast cancer cells (MCF7) [106]. Interestingly,
when the proteasome inhibitor was removed, MCF7
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Table 2. Some reports on the clinical evidence of anticancer effects of caffeic acid and caffeic acid phenethyl ester.

Clinical Protocol Activities Patients |Expected Outcomes/Results Reference
Study
Clinical trial Caffeic acid as inhibitor of|80 (40+40) [Primary End Point: overall survival (OS) Protocol
NCT04648917 GASCI1 in squamous esophageal|May 1 2022
cell cancer
Clinical trial Caffeic acid in esophagus cancer |300 Primary End Point: overall survival (OS) Protocol

NCT030070262 Dec 2021

Clinical trial CAPE as metalloproteinase inhibi-|10 Determination of structural integrity of hybrid|Protocol

NCT02744703 tor May 2015 |layer in forty restorations on 10 patients using
scanning electron microscopy after application of]
different adhesive strategies and a matrix metallo-
proteinase inhibitor.

Randomized,  double-blind,|Propolis with chemotherapy on|60 Increase in energy intake and QoL [38]

placebo-controlled clinical|breast cancer

trial

Randomized,
placebo-controlled
trial

clinical|cancer

double-blind,|Propolis and artepillin-C in colon|31 (15+16) [Propolis may have detrimental side effects on|[33]

muscle tissue, including myocardial cells.

cells regained their proliferative ability, which was
then inhibited by an autophagy inhibitor. These find-
ings highlight the crucial role of the GSK-3p signaling
pathway in this process [106].

This discussion covers only one facet of the intri-
cate network of interactions that CAPE engages in
within cancer cells. Other phenolic or polyphenolic
substances in the source further complicate this interac-
tome. Consuming a variety of phenol-bearing or
flavone-bearing molecules from plants in food may
lead to interactions with diverse signaling pathways
that also affect normal cells.

Propolis, as a source of phenolic compounds, adds
to the complexity. It contains coumaric acid deriva-
tives, such as 3,5-diphenyl-p-coumaric acid (artepillin
C), which can induce DNA damage and high micronu-
cleus frequencies comparable to methyl methanesulfo-
nate (MMS) in Chinese hamster lung fibroblasts [107].
Additionally, phenolic acids in propolis, including caf-
feic, ferulic, and cinnamic acids, exhibit significant
clastogenic effects but are not genotoxic in hepatoma
cells [108]. The flavonoid pinocembrin has been identi-
fied as a potential reversal agent in multidrug resis-
tance (MDR) by inhibiting the breast cancer resistance
protein (BCRP/ABCG?2) [109]. However, pinocem-
brin's anti-apoptotic effects have also been reported,
particularly in SH-SY5Y neuroblastoma cells, where it
downregulates p53 expression, decreases the Bax/Bcl2
ratio, and inhibits the release of cytochrome C from mi-
tochondria [110]. This complexity challenges our un-
derstanding of propolis-derived phenolics and may ex-

plain why some randomized placebo-controlled studies
have yielded mixed results [53]. Previous reports have
highlighted the efficacy of CAPE but not propolis in tu-
mor prevention [111].

10. CLINICAL EVIDENCE OF CAPE IN CAN-
CER TREATMENT

Clinical evidence regarding the use of CAPE in can-
cer treatment remains limited, as depicted in Table 2.
A few papers have delved into clinical trials involving
CAPE, with some recent protocols and completed
studies emerging. It is worth noting that caffeic acid
(non-CAPE) has undergone randomized controlled
trials against placebos in esophagus cancer and squa-
mous cell esophageal cancer, yielding modest success.
However, it is important to recognize that the broader
adoption of propolis in cancer treatment is primarily as-
sociated with folk and integrative medicine [53, 112].
Further studies and in-depth insights are imperative to
establish a more concrete role for CAPE in cancer treat-
ment.

CONCLUSION

Numerous studies have illuminated CAPE's exten-
sive repertoire of antitumor effects across various can-
cer cell lines. These effects include cell growth arrest,
proliferation inhibition, apoptosis induction, invasion
impediment, and suppression of angiogenesis. Mech-
anistically, CAPE's actions are closely tied to the inhi-
bition of NF-kappaB, activation of MAPK family pro-
teins (including p38-regulated Bax proteins and JNK),
and modulation of p53, p65, and caspase-3.
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However, despite the promising outcomes observed
at the molecular level, bridging the gap between labora-
tory investigations and clinical applications remains a
critical challenge. Future research endeavors must en-
compass both animal studies and in vitro experiments
to facilitate the translation of CAPE's potential into tan-
gible medical benefits for diverse forms of cancer in
human patients. Furthermore, thorough preclinical
toxicity assessments should precede clinical trials to as-
certain the safety and efficacy of CAPE.

The current body of evidence underscores CAPE as
a versatile compound with many potential benefits.
This phenolic acid ester exhibits promise as an antimi-
crobial, antioxidant, antiviral, anti-inflammatory, cyto-
toxic, and even anti-carcinogenic agent. CAPE's re-
markable potential primarily hinges on its antioxidant
properties, attributed to a flavone-like ring within its
chemical structure.
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