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Abstract. - Cervical cancer is characterized
by the cellular transformation caused by Human
Papillomavirus (HPV), favoring cell prolifera-
tion, migration, invasion, and metastasis. Cervi-
cal cancer is conventionally treated with radia-
tion therapy, and chemotherapy focused on the
destruction of tumor cells. However, chemo-
resistance and low selectivity between tumor
and non-tumor cells have been reported, caus-
ing side effects in patients. Metabolites of nat-
ural origin have shown selectivity against tu-
mor cells, suggesting their use for reducing the
side effects caused by drugs used in conven-
tional therapy. Among these compounds, sever-
al natural coumarins stand out, such as aurap-
tene, scopoletin, osthole, and praeruptorin, of
which antiproliferative, anti-migratory, and an-
ti-invasive activity have been reported. Aurap-
tene, scopoletin, osthole, and praeruptorin show
a cytotoxic or antiproliferative effect on cervical
tumor cells, arresting the cell cycle by inducing
the overexpression of negative regulators of the
cell cycle, or inducing cell death by increasing
the expression of pro-apoptotic proteins and de-
creasing that of anti-apoptotic proteins. On the
other hand, auraptene, scopoletin, and praerup-
torin inhibit the capacity for migration, invasion,
and metastasis of cervical tumor cells, mainly by
inhibiting the expression and activity of matrix
metalloproteinase-2 and -9. The PI3K/Akt signal
pathway appears to be central to the anti-tumor
activity of the coumarins analyzed in this review.
In addition, auraptene, osthole, and praeruptorin
are useful in sensitizing tumor cells to radiother-
apy or chemotherapeutic molecules, such as
FOLFOX, cisplatin, or DOX. Coumarins offer an

excellent possibility for developing new drugs
as complementary medicine with an integrative
approach against cervical cancer.
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Abbreviations

AIF: apoptosis-inducing factor; Apaf-1: apoptosis prote-
ase-activating factor-1; Bel-2: B-cell lymphoma-2; Bcl-xL:
B-cell lymphoma-extra-large; DOX: doxorubicin; ECM:
extracellular matrix; ERK: extracellular-signal-regulated ki-
nase; FOXO: forkhead box O; GSDME: gasdermin E; GSK3:
glycogen synthase kinase-3; HO-1: heme oxygenase-1;
IKKa: inhibitory-kappaB kinase alpha; LC3-II: light chain
3-1I; LDH: lactate dehydrogenase; NF-«f: nuclear factor-
kappa B; MDA: malondialdehyde; MMP: matrix metallo-
proteinase; NQO1: NAD(P)H quinone oxidoreductase 1;
Nrf-2: nuclear factor erythroid 2-related factor 2; PARPI:
poly(ADP-ribose) polymerase 1; PI3K: phosphatidylinositol
3-kinase; PINK1: PTEN-induced putative kinase 1; ROS:
reactive oxygen species; SKP2: S-phase kinase-associated
protein 2; TPA: 12-O-tetradecanoylphorbol-13-acetate.

Introduction

Cervical cancer is the fourth most common fe-
male malignancy worldwide. There are 569,847
new cases of cervical cancer and approximately
311,365 deaths annually'. This pathology initially
develops as premalignant lesions, caused mainly

Corresponding Author: Miguel Angel Mendoza-Catalan, Ph.D; e-mail: mamendoza@uagro.mx



Use of coumarins as complementary medicine in cervical cancer

by the human papillomavirus (HPV); high-risk
HPV (HR-HPV) promotes cell transformation, fa-
voring the proliferation, migration, invasion, and
metastasis of tumor cells*”.

Currently, the conventional therapy against
cervical cancer continues to be chemotherapy and
radiotherapy, in addition to surgery and cryotreat-
ments, depending on the stage of the disease®”.
Chemotherapy uses anti-tumor cell drugs such as
cisplatin, carboplatin, and doxorubicin (DOX), to
prevent cell division and proliferation. In contrast,
radiotherapy uses high-energy electromagnetic
waves to alter DNA and cause tumor cell death®.
However, these treatments fail in most patients
due to tumor resistance and the life expectan-
cy of patients is not always good. In addition to
being nonselective for tumor cells and affecting
nontumor cells, such treatments cause side effects
such as immunosuppression, hair loss, fatigue,
diarrhea, and vomiting, affecting the health of
patients’®. Therefore, it is necessary to search for
complementary therapies against cervical cancer.

Studies have shown that some compounds of
natural origin are pharmacologically active mole-
cules with anti-tumor activity and a low incidence
of side effects, which is why they can be the basis
of new cancer therapies. The anti-tumor activity
of metabolites has been reported in extracts of
various plant species, particularly against cervi-
cal cancer’'?. These compounds include several
natural coumarins recognized for their anti-tumor
activity in different types of cancer'*'*, without
being cytotoxic nontumor cells'>'®, thus, they may
be a good complement to cancer therapy.

This review compiles information regarding
the anti-tumor activity of the most studied cou-
marins in cervical cancer, to analyze and describe
the mechanism of action reported and the poten-
tial use of coumarins as complementary therapy
against cervical cancer. Information was collect-
ed from original publications or reviews up to 20
years old (2001-2021), using keywords such as
coumarins, cancer, cervical cancer, and anti-tu-
mor therapy (Supplementary Figure 1). Only
scientific articles in which the analysis of results
showed statistically significant differences (p
<0.05) were selected; coumarins showed an an-
ti-tumor effect in experimental models of cervical
cancer such as in cell lines and in vivo models.

Anti-Tumor Activity of Coumarins
Coumarins (2H-1-benzopyran-2-one) are sec-

ondary metabolites present in edible and medic-

inal plants in a free state or in the form of glyco-

sides'’. These metabolites are substances derived
from 1,2-benzopyrones and comprise a benzene
ring attached to a pyrone ring; their basic chem-
ical structure is 2H-1-Benzopyran-2-one (Figure
1)!8. Coumarins have been reported to possess
different biological activities, including antiox-
idants!®, antidiabetic!®, antimicrobial®®, anti-in-
flammatory?'*?, and cardiac protection”. More-
over, several coumarins have been recognized for
their anti-tumor activity in different types of can-
cer, including cervical cancer**?’. Table I presents
characteristics of the most studied coumarins with
activity against cervical cancer, such as auraptene,
scopoletin, osthole (OST), and praeruptorin.

Auraptene

Auraptene (7-geranyloxycoumarin) is a preny-
loxycoumarin extracted by distilling various plant
species such as orange blossom, Citrus genus,
and Rutaceae family***°, which has been report-
ed to have anti-inflammatory, antibacterial, an-
tioxidant, and anticancer effects®'*2. Auraptene
has inhibitory and chemo-preventive effects on
the proliferation, tumorigenesis, and growth of
several cancer cell lines, targeting different sig-
naling pathways such as cytokines, genes mod-
ulating cellular proliferation, growth factors,
transcription factors, and apoptosis®. Auraptene
at doses of 500 and 1000 mg/kg for two weeks
in mice has been shown to prevent the prolifer-
ation of lung cancer cells*, with a significantly
decreased viability in HT29 colon cancer cells at
a concentration of 20 ug/mL for 72 h'¢; likewise,
at a concentration of 2.5-40 uM for 72 h, it in-
hibited the growth of HCT-116 cells resistant to
FOLFOX, combined with chemotherapy with fo-
linic acid, fluorouracil, and oxaliplatin, while in
MCEF-7 and MDA-MB-231 breast cancer cells,
auraptene presented an IC, of 70 uM and 60 uM,
respectively'®. The most relevant finding of these
studies was that auraptene caused cytotoxic dam-
age in tumor cells without altering the viability of
nontumor cells'>', suggesting that auraptene is a
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Figure 1. Chemical structure of coumarins. Coumarins
are organic heterocycles, and their nucleus is represented by
benzo-a-pyrone (2H-1-benzopyran-2-one).
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Table I. Characteristics and biological activity of the most studied coumarins in cervical cancer.

Coumarin Class Subclass SUFEENT L] Biological activity Authors/Year
molecular formula
Auraptene Simple Prenyloxycoumarin 0~ 0.0 Cytotoxic Lee et al*’
D m Anti-migration Tanaka et al*®
7 Anti-invasion Jamialahmadi et al®®
CsH,0; Anti-metastasis
Scopoletin Simple Methoxylated P Occh, Cytotoxic Cai et al’
m ' Antiproliferative Tian et al”’
O OH S .
Anti-invasion Sheng et al®
C,H,0, Anti-metastasis
Osthole Simple Prenyloxycoumarin Cytotoxic Huangfu et al”
\ Antiproliferative Huangfu et al*’
Anti-migration Liang et al®!
O 0.0 Anti-invasive Lu et al®
_ Anti-chemoresistance | Wang et al®®
and radiotherapy sen- | Su et al*
C,H 0, sitizer Che et al®
Praeruptorin | Complex | Pyranocoumarin Cytotoxic Liang et al*
big g Antiproliferative Lin et al®
A j’\ffi\ J/U Anti-migration Liu et al”!
© oS Anti-invasive Wu et al”?
Anti-metastasis
C21H2207

good complement against cancer without causing
alterations in nontumor cells.

Regarding cervical cancer, auraptene has been
shown to have an anti-tumor effect on HeLa cells.
In one study, after 24 h of exposure, it significant-
ly reduced cell viability, with an IC,  of 47.93
uM?*. In another study, auraptene cytotoxicity
was reported in HeLa cells with an IC, | values of
13.33 pg/mL and 13.87 pg/mL at 24 h and 48 h
of exposure, respectively*®. Until now, the cyto-
toxic mechanism of auraptene in cervical cancer
has not been reported. The results in HeLa cells
are similar to those found in several tumor cell
lines, including A2780 ovarian cancer, Jurkat T
cell leukemia, MCF-7 breast cancer, KYSE-30
esophageal carcinoma, PC3, and DU145 prostate
cancer, and SNU-1 gastric cancer. The toxicity of
auraptene is due to its pro-apoptotic effect by ac-
tivating pro-apoptotic proteins p53 and Bax and
caspases-8, -9, and -3, and due to the decrease in
the expression of anti-apoptotic proteins Bcl-2,
Bcl-XL; the depolarization of the mitochondrial
membrane, and the proteolytic cleavage of poly
(ADP-ribose) polymerase 1 (PARP1), a DNA re-
pair protein'**%3’, In BI6BL6 mouse models with
melanoma, dietary supplementation with aurap-
tene suppressed lung metastasis in a dose-depen-
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dent manner®®. Antimetastatic activity was asso-
ciated with the antioxidant activity of auraptene,
which reduces the plasmatic levels of lipid per-
oxidation products, including malondialdehyde
(MDA), as well as the immunostimulatory action
of auraptene, which improves macrophage and
lymphocyte functions in mice***. Similar mech-
anisms are likely to develop in cervical cancer
cells; however, further studies are required to elu-
cidate the mechanisms involved in the cytotoxic
activity of auraptene in cervical cancer models.

On the other hand, in Hela cells, auraptene at
concentrations of 50-100 uM for 6-24 h reduced mi-
gration and invasion capacity*’. Decreased migration
and invasion of HeLa cells exposed to auraptene were
related to a concentration-dependent inhibition of the
expression and activity of matrix metalloproteinases
(MMP) -2 and -9. Likewise, in studies investigating
other tumor lines, it has been shown that auraptene
represses the expression of pro-MMP-2 and pro-
MMP-9 (Figure 2)**. The MMP family, including
pro-MMPs, are enzymes necessary in extracellular
matrix (ECM) degradation that promote cell invasion
and migration through the epithelial-mesenchymal
transition*'. Therefore, auraptene could be a promis-
ing chemotherapeutic metabolite for preventing the
invasiveness of cervical cancer cells.
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Figure 2. Mechanisms of action of auraptene on proliferation and invasiveness in cervical cancer cells. Auraptene induces
cell cycle arrest in the G1 phase, which inhibits cell growth and proliferation. Auraptene induces apoptosis by activating p53,
which represses the expression of the anti-apoptotic proteins Bcl-2 and Bel-XL and promotes the activity of the pro-apoptotic
protein Bax, causing depolarization of the mitochondrial membrane. Consequently, the release of cytochrome ¢ and endonu-
cleases favor the activation of caspase-8, -9, and -3 that, in the end, cause nuclear fragmentation and cell death. Auraptene
induces an increase in the proteolytic cleavage of PARPI, probably by caspase-3, decreasing DNA reparation, which is asso-
ciated with cell cycle arrest or apoptosis. On the other hand, auraptene inhibits the expression and activity of MMP-2 and -9,
reducing the capacity for migration, invasion, and metastasis of cervical tumor cells. Orange lines and arrows indicate the

Blood or lymph circulation

effect of auraptene on molecules or cellular processes: up arrow—increase; down arrow—repression.

Scopoletin

Scopoletin  (6-methoxy-7-hydroxycoumarin) is
a coumarin phytoalexin biosynthesized by several
medicinal plants in the Scopolia genus of the Sola-
naceae family and the Artemisia, Brunfelsia, Sola-
num, and Mallotus species. It is found abundantly in
a variety of plants like noni, carrot, grapefruit, and
sweet potato. Some studies reported anti-inflamma-
tory, antidiabetic, antioxidant, and cytotoxic activi-
ty in different breast, lung, and cervical cancer cell
lines*.

Scopoletin derivatives showed cytotoxicity and an-
tiproliferative activity with IC, of 16.5-24.2 uM in
breast adenocarcinoma cells (MDA-MB -231), show-
ing no effect on nontumor cells*. Another study re-

ported that hybrid compounds of scopoletin and cin-
namic acid showed antiproliferative activity in tumor
cell lines MCF-7, MDA-MB-231, A549, HCT-116,
and HeLa. One of the compounds showed even better
activity than doxorubicin (DOX), a chemotherapeutic
drug suppressing lung tumor growth without causing
weight loss in female C57BL/6 mice, which were
used as study models*. The anti-tumor activity ob-
served in scopoletin hybrids suggests a good panora-
ma for their use in therapy against cancer, including
cervical cancer, based on the design and synthesis of
new coumarin-based molecules, with other molecules
such as cinnamic acid.

Further, scopoletin also inhibits the proliferation
of various cervical cancer cell lines such as DoTc2,
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Figure 3. Mechanism of anti-tumor action of scopoletin in cervical cancer cells. The anti-tumor and chemoresistance sensitizing
activity of scopoletin is due to the inhibition of the PI3K/Akt pathway, which alters the expression of regulatory proteins such
as Bad, FOXO, and GSK3, thus repressing cell survival and proliferation. Inhibition of the PI3K/Akt pathway also suppresses
mTOR, reducing the invasiveness of tumor cells. Scopoletin further causes DNA damage in tumoral cells and regulates the
expression of pro-apoptotic (Bax and caspases -3, -8, and -9) and anti-apoptotic (Bcl-2) proteins, triggering apoptosis. Red lines
and arrows indicate the effect of scopoletin on molecules or cellular processes: up arrow—increase; down arrow—repression.

SiHa, HeLa, and C33A with an IC, of 7.5-25 uM,
and inhibits the migration capacity of HeLa cells
at concentrations of 7.5, 15, and 30 uM?’. Another
study® observed that scopoletin has cytotoxic ac-
tivity in these cells with an IC, of 73.78 uM. The
anti-tumor effect of scopoletin in HeLa cells is due
to the induction of cell death by apoptosis, related to
DNA damage, the increased expression of pro-apop-
totic proteins Bax and caspase 3, 8, and 9, and the
decrease in the expression of anti-apoptotic proteins
Bcl-2. Scopoletin also induced a cell cycle arrest in
the G2/M phase, stopping cell growth and prolifer-
ation by inhibiting phosphorylation and blocking
the PI3K/Akt signaling pathway”’. The PI3K/Akt
pathway is considered one of the most important
in the positive regulation of various types of cancer
because it phosphorylates and modulates the ex-
pression of genes such as mTOR, Bad, FOXO, and
GSK3 that regulate cell survival, proliferation, and
metastasis. Blocking this pathway sends the cell to
apoptosis, inhibits the cell cycle, and inhibits essen-
tial cellular processes in cancer such as proliferation,
angiogenesis, invasion, migration, and metastasis™.
Evidence suggests that scopoletin could have sig-
nificant potential in cancer therapy by reducing cell
growth and invasiveness, particularly against cervi-
cal cancer (Figure 3).
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Osthole

Osthole (7-methoxy-8-isopentenoxycoumarin;
OST), also known as osthol, belongs to simple
coumarins, originates from the phenylpropanoid
pathway and is present in several medicinal plants
such as Cnidium monnieri and Angelica pubes-
cens'>!. Many experiments have suggested that
osthole exhibited multiple biological activities
covering anti-inflammatory?', neuroprotective’?,
osteogenic®, cardiovascular protective?, antimi-
crobial®, antiparasitic’®, and anti-tumor activi-
ties*¢. Osthole inhibits cell proliferation®, in-
ducing cell cycle arrest>®, promoting apoptosis®’,
inhibiting cell migration and invasion®®, overcom-
ing chemoresistance®. It also induces the produc-
tion of reactive oxygen species®®, promoting an-
ti-tumor immune responses''”, triggering DNA
damage®, and inducing autophagy and pyropto-
sis®’. The antitumor effects of osthole have been
observed in various kinds of tumor cells, includ-
ing breast cancer®, ovarian carcinoma (OC)%,
endometrial carcinoma (EC)®, head and neck
squamous cell carcinoma (HNSCC)*, hepatocel-
lular carcinoma (HCC)®, human gastric cancer>®,
esophageal squamous cell carcinoma (ESCC)®,
renal cell carcinoma (RCC)®, nasopharyngeal
cancer (NPC)%, lung cancer®, leukemia’™, osteo-
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sarcoma (OS)%®, human melanoma’, glioma’,
and cervical cancer cells?.

In SiHa, CaSki, C-33A, and HeLa cervical
cancer cell lines, osthole has been shown to in-
hibits cell viability, proliferation, migration, in-
vasion, and induce cell death in a concentration-
and time-dependent manner. It also promotes cell
DNA damage induced by radiation and acts as a
sensitizer of chemoresistance to cisplatin, notably
reducing cell proliferation and inducing apopto-
sig!!26576061 T jkewise, using female BALB/c nude
mice as in vivo models, co-treatment of osthole
with cisplatin showed a better effect in reducing
tumor growth compared with the cisplatin alone
group?. The effect of osthole in reducing cervical
cancer cell migration and invasion was attributed
to the modulation of gene expression in cell epi-
thelial-mesenchymal transition (EMT) markers,
including upregulated epithelial markers E-cadher-
in and B-catenin and downregulated mesenchymal
markers N-cadherin, vimentin and MMP-9. Ost-
hole co-treatment with radiation enhanced DNA
damage in cervical cancer cells and inhibited DNA
damage repair inhibiting phosphorylation of the
ataxia-telangiectasia mutated gene (ATM). Osthole
combined with radiation inhibits p-ATM, a protein
activated when cells suffer DNA double-strand
breaks; osthole prevents the phosphorylation of
YH2AX and, therefore, blocks DNA damage re-
pair®. Activation of the nuclear factorkB pathway
occurs in irradiated tumor cells and has been shown
to induce cancer cell resistance to cisplatin™. Ost-
hole also inhibits NF-xB signaling, attenuating the
activation of IKKa and decreasing the transloca-
tion of p50/p65 into the cell nucleus®. The effect
of osthole as a sensitizer of chemoresistance to
cisplatin has been further attributed to blocking the
PI3K/Akt signaling pathway, which represses the
expression of Nrf-2, an oncogenic transcriptional
factor associated mainly with chemoresistance; it
plays a critical role in protecting cells against oxi-
dative stress through the regulation of antioxidant
systems in tumor cells, such as NQO1, HO-1, and
GCLC, which are overexpressed in various types
of cancer, including cervical cancer®*’. The role of
these antioxidant systems is to prevent oxidative
damage to cells; their inhibition can alter the redox
balance in cancer cells and lead to cell death™. The
repression of Nrf-2 by osthole reduced the expres-
sion of these antioxidants in cervical cancer mod-
els and increased ROS concentrations?. In fact, the
anti-tumor effect of osthole has been related to the
triggering of apoptosis or necrosis due to high ROS
concentrations?®7:61747¢,

In HeLa cells exposed to osthole, high concentra-
tions of ROS were observed, inducing the rupture
of the cell membrane and the release of LDH, the
depolarization of the mitochondrial membrane, and
DNA damage®’. Damage to DNA increases the ex-
pression of the tumor suppressor gene p53, which
activates the PUMA and NOXA proteins that code
for the pro-apoptotic proteins Bax and Bak. The ex-
pression of these proteins induces the release of cyto-
chrome C and Apaf-1 from the mitochondrial mem-
brane. Subsequently, cytochrome C binds to Apaf-1
and procaspase-9, forming the apoptosome that ac-
tivates caspase-9; this, in turn, activates caspase-3,
triggering the last phases of apoptosis’’. Secondary
necrosis is also activated in HeLa cells exposed
to osthole, which increases the levels of cleaved
caspase-3 and the subsequent proteolytic cleavage
of GSDME — a member of the gasdermin fami-
ly that contains a cytotoxic N-terminal domain to
form pores and induce membrane permeabilization,
which causes cell death by necrosis/pyroptosis®"-.
Secondary necrosis by osthole can also be triggered
by ROS overproduction and DNA damage, leading
to overactivation of PARP1%". Tt has been reported
that extensive PARP1 activation leads to the deple-
tion of NAD" from the cytosol and accumulation of
poly (ADP-ribose) in the nucleus; thus, ADP-ribose
can be transported out of the nucleus and induce the
release of AIF from the mitochondria, whereby AIF
translocates to the nucleus, causing DNA fragmen-
tation and, hence, cell death’. Osthole also activates
caspase-3 during mitophagy, a selective form of au-
tophagy that maintains mitochondrial homeostasis
by eliminating damaged mitochondria”, increasing
the expression and activity of PINK1/Parkin and
LC3-II proteins”. PINK1 accumulates in the outer
mitochondrial membrane, to respond to mitochon-
drial depolarization and recruits Parkin. PINK1 and
Parkin interact with LC3-II to mark mitochondria
that will be degraded and thus trigger mitophagy
(Figure 4)°7%.

Evidence shows that osthole could be a poten-
tial alternative against cancer or a promising adju-
vant to decrease radioresistance and chemoresis-
tance in cervical cancer. However, more studies
are still needed to fully understand its mechanism
of action.

Praeruptorin

Praeruptorin is the most important active com-
ponent of Peucedani radix and the root of Peu-
cedanum praeruptorum Dunn. These species are
of a medicinal herb commonly used in tradition-
al Chinese medicine®'. Praeruptorins were found
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to be responsible for various pharmacological
properties such as calcium antagonist activity®,
anti-inflammatory action®, cardiac protection®,
hepatoprotection®, and anti-tumor®*’.
Praeruptorin is an angular type of pyranocouma-
rin and is classified into types A (Pra-A), B (Pra-B),
and C (Pra-C). Several studies have reported that
all three types of praeruptorin possess anticancer
activity®*. In SGC7901 gastric cancer cells, both
Pra-A and Pra-B at concentrations of 10-100 pM
for 24 h showed antiproliferative activity and in-
creased LDH release from mitochondria in a con-
centration-dependent manner. The antiproliferative
effect was improved with the combined treatment
of Pra-A and DOX, compared with DOX alone ¥.
This suggests that Pra-A could sensitize tumor cells

to the action of DOX, to observe the desired effects
against tumor cells with lower concentrations of
the chemotherapeutic.

Pra-B at concentrations of 10-30 uM for 24 h
significantly reduced the migration and invasion
of renal cells 786-O and ACHN in a concentra-
tion-dependent manner”. At the same concentra-
tions and exposure time in NSCLC and A549 lung
cancer cells, Pra-C suppressed the cell prolifera-
tion, colony formation, migration, and invasion of
NSCLC cells and inhibited invasion and migra-
tion in A549 cells in a concentration-dependent
manner’’. The above findings provide valuable
information on the potential use of Pra-A, -B, and
-C alone or in combination with other drugs to
optimize therapy against various types of cancer.
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Figure 4. Mechanism of anti-tumor action of osthole against cervical cancer cells. a) Osthole inhibits cell migration and in-
vasion by upregulating the EMT markers N-cadherin, vimentin, and MMP-9 and deregulating E-cadherin and B-catenin. The
cytotoxic effect of osthole is explained by the inhibition of the PI3K/Akt pathway, which deregulates the antioxidant system
and produces high concentrations of ROS, altering the cytoplasmic and mitochondrial membrane and causing DNA damage;
these alterations lead the cell to necrosis, apoptosis, secondary necrosis, and mitophagy. Moreover, DNA damage causes ex-
tensive PARP1 activation, nuclear accumulation of poly (ADP-ribose), and the subsequent release of AIF from the mitochon-
dria, leading to DNA fragmentation and cell death. b) Co-treatment of osthole with radiation inhibits cell growth by repressing
the NF-kB pathway mediated by IKKa activation. Osthole promotes radiation-induced DNA damage by repressing activating
enzymes for DNA repair (ATM, YH2AX, and H2AX), which decreases resistance to radiation. Blue lines and arrows indicate
the effect of osthole on molecules or cellular processes: up arrow—increase; down arrow—repression.
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Unfortunately, these mechanisms have not been
studied in cervical cancer cells, and although sim-
ilar events may be observed, this hypothesis must
be confirmed.

In SiHa and HeLa cervical cancer cell lines,
Pra-A reduced colony formation and cell viabil-
ity at concentrations of 10 and 20 uM per 24 h,
respectively, while in HeLa cells at concentra-
tions of 20 uM for 24 h, Pra-A caused the arrest
of the cell cycle in the GO/G1 phase and inhib-
ited cell proliferation, decreasing the expression
of cell cycle regulatory proteins such as cyclin
D1 and Skp2, and inducing the overexpression
of negative regulators p16, p21, p27 and Rb*%.
Pra-A decreased the invasiveness of HeLa cells at
concentrations of 20 uM for 24 h, inhibiting the
activity of 12-O-tetradecanoylphorbol-13-acetate
(TPA), a tumor promoter known to induce cell

migration and invasion, dependent on the MEK/
ERK1/2 signaling pathway®***. Pra-A potentiated
the effect of PD98059, a MEK 1/2 inhibitor, which
decreased the ability of cervical tumor cells to mi-
grate, invade and metastasize by reducing the ex-
pression of MMP-2 and increasing the expression
of TIMP-2, a tissue inhibitor of metalloproteinas-
es®?. Overexpression of MMP-2 and MMP-9 and
decreased expression of TIMP-2 has been shown
to promote extracellular matrix remodeling, con-
tributing to migration and invasion during the me-
tastasis of cervical tumor cells®*. Considering the
previous findings, Pra-A may decrease the prolif-
eration and invasion capacity of cervical tumors.
Therefore, it could be a promising therapeutic
molecule for treating this neoplasia (Figure 5a).
Pra-B also showed anti-tumor activity in cer-
vical cancer cells. At concentrations of 10 and
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Figure 5. Mechanisms of anti-tumor action of Praeruptorin-A and -B in cervical cancer cells. a) Pra-A decreases the expres-
sion of cell cycle regulatory proteins such as cyclin D1 and Skp2, and induces the overexpression of negative regulators pl6,
p21, p27, and Rb, decreasing cell proliferation. On the other hand, Pra-A blocks the effect of the metastasis inducer TPA, in
addition to enhancing the effect of the inhibitor PD98059 on MEK1/2; blocking the ERK1/2 signaling pathway; and therefore,
reducing the capacity for migration, invasion and metastasis of the tumor cells by decreasing the expression of MMP-2 and
increasing the expression of TIMP-2. Green lines and arrows indicate the effect of Pra-A on molecules or cellular process-
es: down arrow—repression. b) Pra-B decreases the TPA-induced migration and invasion capacity in cervical tumor cells.
Pra-B blocks the activation of the PI3K/Akt-IKKa/NFkf pathway and the expression of MMP-2 and -9 induced by TPA. By
decreasing the production and activity of MMPs, the capacity for cell migration and invasion decreases. Purple line indicates
the effect of Pra-B on TPA action and cellular processes; down arrow—repression.
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20 uM for 24 h, Para-B significantly inhibited
TPA-induced migration and invasion of SiHa and
HeLa cells, targeting p-Akt/NF-kB and reducing
the matrix metalloproteinase-2/-9 expression®”. It
is already known that NF-kB can regulate MMP-
2/-9 at the transcriptional level’*?’. The regulation
of NF-xB by PI3K/Akt is considered an important
biological activity in cancer, including cervical
cancer®®. Considering the above, Pra-B decreas-
es the migration and invasion capacity of cervi-
cal tumor cells by blocking the PI3K/Akt /NF-xB
signaling pathway, which suggests that coumarin
Pra-B could be used in cervical cancer therapy
to decrease the invasive potential of tumor cells
(Figure 5b).

Conclusions

Several studies have shown that compounds of
natural origin are pharmacologically active mole-
cules with anti-tumor activity and a low incidence
of side effects, which is why they can be the ba-
sis of new cancer therapies. These compounds
include several natural coumarins recognized for
their anti-tumor activity in different types of can-
cer without being cytotoxic nontumor cells. Au-
raptene, scopoletin, osthole, and praeruptorin are
the most studied coumarins with activity against
cervical cancer.

All coumarins studied in this review, auraptene,
scopoletin, osthole, and praeruptorin, have shown
a cytotoxic or antiproliferative effect on cervical
tumor cells (Table I). Auraptene, scopoletin, and
praeruptorin induce cell cycle arrest in cervical
tumor cells, with some differences in the mecha-
nisms reported for each coumarin. The OST-me-
diated blockade of the PI3K/Akt pathway induces
cell death by apoptosis and necrosis, secondary
necrosis, and mitophagy, which are all triggered
by increased ROS. Additionally, osthole co-treat-
ment with radiation shows antiproliferative activ-
ity by inhibiting cell growth and the IKKo/NF-xB
pathway, increasing DNA damage, and blocking
the phosphorylation of ATM and H2AX proteins.

Scopoletin induces an increase in the expres-
sion of pro-apoptotic proteins Bax and caspase-3,
-8, and -9 and a decrease in the expression of an-
ti-apoptotic proteins Bcl-2. Praeruptorin, main-
ly Pra-A, decreases the expression of cell cycle
regulatory proteins such as cyclin D1 and Skp2,
inducing the overexpression of negative regula-
tors pl6, p21, p27, and Rb. Although studies are
needed to determine the mechanism of action of
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auraptene to induce cell death in cervical cancer
cells, in other tumor lines, auraptene induces the
intrinsic pathway of apoptosis, similar to scopole-
tin and OST.

On the other hand, coumarins scopoletin, ost-
hole, auraptene, and praeruptorin inhibit the ca-
pacity for migration, invasion, and metastasis
of cervical tumor cells. Pra-A and -B inhibit the
expression of MMP-2 and MMP-9 by blocking
the ERK1/2 and the PI3K/Akt/IKKa/NF-kf3 path-
way, respectively, which decreases the invasive
potential of the cells. Additionally, Pra-A, with
the blockade of the ERK1/2 pathway, increases
the expression of TIMP-2. Likewise, osthole sup-
presses levels of EMT proteins, including upregu-
lated epithelial markers E-cadherin and j-catenin
and downregulated mesenchymal markers N-cad-
herin and vimentin and MMP-9. Auraptene inhib-
ited the expression and activity of MMP-2 and -9,
although the route of signals regulating this effect
has not been determined.

Furthermore, scopoletin decreases the migra-
tion capacity of HeLa cervical tumor cells but the
mechanisms by which this event occurs are un-
known. Additional studies are required to elucidate
the mechanisms of auraptene and scopoletin to de-
crease the invasiveness of cervical cancer cells.

In conclusion, osthole and praeruptorin are the
best-characterized coumarins in terms of their effect
against the proliferation and invasiveness of cervical
cancer cells, followed by auraptene and scopoletin.
The effects and mechanisms of action against cervi-
cal cancer of the coumarins included in this review
are summarized in Figure 6 and Table 1. An import-
ant aspect to highlight is that, according to the re-
ports, none of the coumarins included in this review
showed cytotoxic activity in nontumor cells. A lim-
itation of the possible use of coumarins as therapy
against cancer is that, until now, no in vivo models or
clinical trials have been reported that demonstrate the
effectiveness of coumarins in reducing the growth
and invasiveness of cervical tumor cells. Osthole en-
hanced the effect of cisplatin to reduce tumor growth
in female BALB/c nude mice. Auraptene, osthole,
and praeruptorin have also been shown to help sensi-
tize tumor cells to radiotherapy or molecules used in
cancer chemotherapy, such as FOLFOX, cisplatin,
or DOX. However, the evidence in cervical cancer
and the mechanisms of action of coumarins in this
sense are still poorly understood; thus, more studies
in vitro and in vivo are required to fully understand
the mechanism of action of coumarins as adjuvants
to the molecules already used in cancer chemother-
apy. Considering the observations mentioned in this
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Figure 6. Global summary of the reported mechanisms of action of the most studied coumarins in cervical cancer. The couma-
rins auraptene, scopoletin, and osthole induce apoptosis, blocking the PI3K/Akt signaling pathway with some differences in the
mechanisms of action reported. Moreover, auraptene, Pra-A, scopoletin, and osthole show antiproliferative activity by repressing
the cell cycle; scopoletin activity is also due to the inhibition of the PI3K/Akt pathway, while osthole, combined with radiation,
inhibits the IKKa/NF-«xB pathway. In addition, osthole sensitizes tumor cells to radiation therapy, inhibiting the ATM and H2AX
enzymes, that are responsible for repairing radiation-induced DNA damage. The colored lines and arrows indicate the effect of
the different coumarins on the molecules or cellular processes: up arrow—increase, down arrow—repression.

review, coumarins auraptene, scopoletin, osthole,
and Pra-A and -B offer excellent possibilities for
developing new drugs as complementary medi-
cine with an integrative approach against cervical
cancer. We emphasize the need for in vivo studies
and clinical trials that demonstrate the effective-
ness of these coumarins in cancer therapy, partic-
ularly cervical cancer.
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