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Rezumat
Rolul terapeutic al luteolinei in cancerul de san

Cancerul de san reprezinta unul dintre cele mai frecvente trei
tipuri de cancer ginecologic, fiecare subtip avand profil de risc si
strategii de tratament distincte. Terapia optima pentru fiecare
caz depinde nu numai de subtipul tumorii g1 stadiul cancerului,
ci si de preferintele pacientului. Astfel, alegerea terapeutica
finala pare complicat de atins. In plus, recidivele frecvente si
efectele estetice au condus la cautarea unor metode mai eficiente
si mai putin invazive. Interventiile chirurgicale au devenit mai
putin complexe si se stabilesc noi medicamente hormonale si
chimioterapeutice, care promit rezultate excelente, fie combinate
cu tratament chirurgical, fie utilizate exclusiv. Luteolina este un
reprezentant al flavonoidului natural care a dovedit ca
moduleaza diferite cai de semnalizare implicate in dezvoltarea
cancerului. Date recente demonstreaza ca luteolina induce
moartea celulelor apoptotice prin activitate antioxidanta,
actionand ca agent anticancer impotriva diferitelor tipuri de
tumori maligne la om, inclusiv cancerul de san. Scopul acestei
revizuirl este de a rezuma cele mai recente date luand in
considerare rolul terapeutic al luteolinei in cancerul de san.

Cuvinte cheie: cancer mamar, luteolind, flavonoid, apoptoza,
carcinogeneza, terapie
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Abstract

Breast cancer represents one of the three most common gynecological cancers, with each subtype
having distinct risk profile and treatment strategies. Optimal therapy for each case depends
not only on tumor subtype and cancer stage, but also on patient preferences. Thus, the final
therapeutic choice seems complicated to be reached. In addition, frequent relapses and the
aesthetic effects have led to the search for more effective and less invasive methods. Surgical
interventions have become less complex and new hormonal and chemotherapeutic drugs
are established, that promise great results, either combined to surgical treatment or used
exclusively. Luteolin is a representative of natural flavonoid that has proven to modulate
various signaling pathways involved in cancer development. Recent data demonstrate that
luteolin induces apoptotic cell death via antioxidant activity, acting as an anticancer agent
against various types of human malignancies including breast cancer. The aim of this review is

to summarize latest data considering the therapeutic role of luteolin in breast cancer.

Key words: breast cancer, luteolin, flavonoid, apoptosis, carcinogenesis, therapy

Introduction

Expansion or regression of the tumor is
based on the balance between apoptosis and
cell proliferation. There are two broadly
classified mechanisms for cell death, which
are necrosis and programmed cell death.
Programmed cell death is the genetically
programmed procedure of cell suicide in
reaction to specific signals, both extracellular
and intracellular. Necrosis is differentiated
by apoptosis, in regulating not only the
appropriate number of cells, but also
ensuring that cells of a specific tissue have a
distinct morphological profile (1-3).

Recent studies, confirmed that non-
apoptotic forms of programmed cell death also
occurs. Thus, it is inappropriate to consider
apoptosis and programmed cell death the
same. The term apoptosis was proposed by
Kerr and his associates to explain a morpho-
logically distinctive organized pattern of
cell death, while non-apoptotic cell death
resembles an unordered cellular explosion,
which is traditionally considered as an
uncontrolled and random process including
apoptosis-like programmed cell death, necrop-
tosis, and autophagy (2,3).

Under a particular situation such as
cancer, autoimmune diseases and neuro-
degenerative disorders, when apoptosis is

genetically or chemically inhibited or repressed,
programmed necrosis has been observed.
Necrosis and apoptosis are not essentially
independent pathways. Bcl-2 family of
proteins seems to restrain both apoptotic and
necrotic mechanisms (1,2).

Despite the variety of treatments available
for all types of cancer, effectiveness and
safety problems remain, thus affecting both
the treatment outcome and the patient
compliance (1-3). Phytochemicals and more
specificaly polyphenols became a major
research object as they showed greater poten-
tial regarding breast cancer treatment, due to
the outcomes of their use (apoptosis, autophagy,
anti-inflammatory and maintaining redox
balance) and produce smaller amount of side-
effects (4). In recent years, research is being
conducted especially on luteolin, a flavonoid
abundantly present in nature, which has anti-
cancer activities that are demonstrated in
many cancer types (4).

Luteolin exhibiting anti-inflammatory
actions and inducing apoptosis, inhibit the
rapid reproduction of cancer cells and seems to
confine the possibility of metastasis and angio-
genesis (5-7). Moreover, there is evidence that
cancer cells under the influence of luteolin are
more prone to cytotoxicity, thus suppressing
their cell-survival (8). Additionally, anti-
oxidant properties act prophylactically in the
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development of breast cancer (9,10). Some
other actions of luteolin include progress
hidrance and resonance of regulatory protein
expression regarding the cell cycle of breast
cancer cells, depending on dosage for a time
period of 48h and 72h (11).

Apoptosis

The balance between apoptosis and cell
proliferation controls normal breast growth.
There is strong proof of tumor growth
where reduced apoptosis due to uncontrolled
proliferation is present. In response to radio-
therapy, chemotherapy, and hormonal
treatments, the identification of the overall
expansion or regression of the tumor is based
on the balance between apoptosis and cell
proliferation. By inducing apoptosis, all of
these perform in part. By investigating apop-
tosis and its regulation and control along
with utilizing these to medical benefit, it is
feasible to define the biology of individual
tumors at the biochemical and molecular
levels. The identification of the way, in which
tumor cells evolve apoptosis, to oppose cell
death as well as the gained knowledge about
the complication of apoptosis mechanism has
influenced research into the new approaches
designed to persuade apoptosis in cancer
cells (12).

In the tissue homeostasis, integrity, and
growth of multi-cellular organisms, cell death
1s acrucial process. In adult organisms, to
maintain homeostasis physiological processes,
it is crucial for cell proliferation and elimina-
tion (13). During the process of tissue
turnover, pathogenesis, embryogenesis, and
metamorphosis, the unwanted cells are
removed. There are two broadly classified
mechanisms for cell death, which are necrosis
and programmed cell death. Programmed
cell death is the genetically programmed
procedure of cell suicide in reaction to specific
signals (14). A range of intracellular and extra-
cellular signals bounded by the environment
of the intracellular signals and cell control the
programmed cell death. Programmed cell
death involves appropriate regulation in the

number of cells in multicellular organisms by
removing unwanted cells. It also ensures
tissue homeostasis and has distinctive
morphological attributes, thus differentiates
itself from cell necrosis (15). Programmed cell
death in particular cell type starts with the
varied exogenous cell-damaging agents and
the endogenous tissue-specific agents under
decisive physiological circumstances. Infectious
agents and physical agents, which react to the
majority types of cells cause exogenous activa-
tions of the programmed cell death (16). In
this regard, infectious agents comprise
bacterial toxins and viruses, while physical
agents include chemotherapeutic drugs,
physical trauma, and radiation. Apoptosis can
also be because of internal imbalances such as
loss of matrix attachment, healing with gluco-
corticoids, ablation of a trophic hormone, and
growth factors’ removal (17). Recent studies
have confirmed that non-apoptotic forms of
programmed cell death also occurs that has
the absence of the mechanism of apoptosis,
even though several research groups have
frequently associated programmed cell death
with apoptosis. Thus, it is inappropriate to
consider apoptosis and programmed cell death
to be the same. The term apoptosis was
proposed by Kerr and his associates to explain
a morphologically distinctive pattern of cell
death (15).

Apoptosis occurs during morphogenesis
and normal cell development along with cell
damage or external stress, which is widely-
considered as animportantsystem of regulated
death (16). Diverse groups of the regulatory
molecules and executioner firmly regulates
apoptosis. Apoptotic cell death usually has the
mechanism of action attributes of cell shrink-
age, loss of adhesion to extracellular matrices,
dynamic membrane blebbing, and fragmenta-
tion of DNA occurred in the nucleus, as well as
condensation of chromatin material. Moreover,
caspases, 1.e. the activation of cysteine aspartyl
proteases and externalization of phospha-
tidylserine among other biochemical changes
result in cell death (18).

In response to alluring and severe trauma,
apoptosis normally differentiates from necro-
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sis that was considered to signify a contradic-
tory way of an unordered cellular explosion
(15). The collection of more information on
non-apoptotic cell death influences a gradual
increase in encouragement in such forms
of programmed cell-death. Apoptosis-like
programmed cell death, necroptosis, and
autophagy are the three types of non-apoptotic
cell death. Autophagy (or autophagic cell death)
is a self-degradative process and is termed as
type II cell death. Inside the dying cell in
autophagic vacuoles, autophagic cell death
has a crucial role in the degradation of cellular
components. Autophagy is extremely preva-
lent in the invertebrate tissue and is also
recognized as vacuolar cell death (19).
Necroptosis is originated by the same death
signals that persuade apoptosis and is a
programmed type of necrotic death.
Necroptosis is extremely prevalent in vivo, as
death caused by infection, physical traumas,
and variedtypes of neurodegeneration (20).
Necroptosis (a programmed and regulated
type of cell death) and apoptosis have
numerous crucial processes. TNFR and FAS
among other death receptors (DRs) are
recognized to stimulate apoptosis as well as
necroptosis in varied cell types. However,
when apoptosis has been genetically or
chemically repressed or blocked, programmed
necrosis has been observed only under a
particularsituation. Besides, another type is
apoptosis-like programmed cell death that
happens in a caspase-independent way,
thereby explaining the form of cell death with
apoptotic features (21).

In several diseases such as cancer, auto-
immune diseases, and neurodegenerative,
there is a possibility of causing necrosis.
Certain stimuli form of physical damage or
toxic trauma typically initiates necrosis,
which is traditionally considered as an un-
controlled and random process. The morpho-
logical attributes of necrosis morphologically
involve bulging of cytoplasm and organelles
(endoplasmic reticulum and mitochondria),
which causes the disturbance of plasma
membrane resulting in the discharge of
cellular components and cell lysis. The

proliferation of tumors can also happen with
cell death by necrosis, associated with chronic
inflammation. On the other hand, there is a
different insight that the programming of
necrosis could also be natural. Only under a
particular situation, wherein apoptosis is
genetically or chemically inhibited or
repressed, the programmed necrosis has been
observed. The restrain of both necrotic and
apoptotic has been shown by different anti-
apoptotic proteins of the Bcl-2 family (22).
Apoptotic response to a necrotic one can be
switched by Intracellular ATP depletion. Thus,
necrosis and apoptosis may share some
common inhibitors, messengers, as well as
activators, and are not essentially independent
pathways (15).

Breast Cancer Treatment Challenges

Despite the variety of treatments available for
all types of cancer, effectiveness and safety
problems for a lot of them remain, thus
affecting both the treatment outcome and the
patient compliance (1-3). In addition, it is
necessary to examine new approaches, which
should be affordable but also effective in
reducing the number of both cases and deaths
that breast cancer causes in a worldwide scale
(23-26). Phytochemicals are a natural agent
with preventive and therapeutic action due to
their diverse chemical entities. Therefore,
they can be used to treat cancer, among other
diseases, because of their success in clinical
use as they have specialized multimolecular
targets and produce smaller amount of side-
effects (27-34).

Although there are several phytochemi-
cals, such as biochanin-A, diindolylmethane,
emodin, curcumin, lycopene, rosmarinic
acid, epigallocatechin gallate, resveratrol,
genistein, sulforaphane, shikonin, rutin,
silibinin, poly-phenols became a major
research object as they showed greater
potential regarding breast cancer treatment
due to the outcomes of their use (apoptosis,
autophagy, anti-inflammatory and maintaining
redox balance) (8,35-41). Apoptosis is considered
a major mechanism against cancer, thus
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gained scientific attention as it functions as
a mediator to cell death. Autophagy is a
process of catabolism in which cytoplasmic
components, such as damaged organelles
and aged or damaged proteins, are isolated
by a double-membrane autophagosome,
which distributes them to the lysosome in
order to be decomposed. In recent years,
research is being conducted especially on
luteolin, a flavonoid abundantly present in
nature, which has anti-cancer activities that
are demonstrated in many cancer types (4).

Luteolin

Luteolin, a nickname of the scientific term
3, 4, 5, 7T-tetrahydroxyflavone, is a flavonoid
that contains several amounts of celery,
green pepper and dandelion leaves and is
considered thermostable (8,42). It con-
tributes to the beginning of a process that
includes apoptosis, cell cycle capture, stifling
cell survival signalling, anti-angiogenesis,
anti-metastasis, antioxidant, anti-inflamma-
tory, mitigating and hindering cytochrome
P450 and focusing on epidermal, platelet
derived, insulin-like and fibroblast develop-
ment factors for its anticancer activity (43).
Luteolin’s chemical structure consists of one
oxygen-containing and two benzene rings as
a typical flavonoid (Fig. 1)(8).

Chemopreventive
Activity

Luteolin vs Cancer

The actions of luteolin could be interrelated
with pharmacological activities. For instance,
its anti-inflammatory action may be related to
its function against cancer. Luteolin’s effect
during cancer treatment is associated to the
incitement of apoptosis, a process that entails
redox regulation, DNA damage, and protein
kinases in an attempt to avoid rapid
reproduction of cancer cells and to confine the
possibility of metastasis and angiogenesis
(5-7). Moreover, luteolin utilizes a distinct
type of cancer cells so they become more
sensitive to cytotoxicity as a way of treatment
by stimulating the pathways of apoptosis and
suppressing those of cell survival (8).

Additionally, according to recent studies
luteolin has shown promising signs regarding
cancer prevention (44). Lutein is a substance
with antioxidant properties that act protec-
tively against reactive oxygen species and
decrease the level of oxidative damage of
DNA. The aforementioned reactions result in
better protection against the emergence of
breast cancer (9,10).

Figure 2 1illustrates the most recognized
mechanism against breast cancer that involves
Iuteolin and consists of two modulations, the
apoptosis and the angiogenesis one (8).

By increasing the level of Cytochrome c,

Induction of

M Chemosensitization
Apoptosis. s

OH * Estrogenic effect ¢ Death receptor 5 ¢ Potentiate JNK
¢ Antioxidant * Bcl-2 family of ¢ Enhanced XIAP
0 * Inflammation proteins * NFKB
. OH * Decrease DNA * Degradation in
alterations signal transducer
HO 0 « Angiogenesis anq Transcription 3
activation
¢ Fatty acid synthase
* Tumor suppressor
protein 53
OH ¢ Topoisomerase |
and Il
Figure 1.  Luteolin’s chemical structure (45) Figure 2.  Luteolin’s mechanism against cancer (45)
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luteolin shows a major contribution to the
prevention of the rapid reproduction of cancer
cells in the breast area. Luteolin also appears
to have an inhibitory effect on the miRNA-21
that apoptosis cancer cells have in the same
body area. Likewise, the luteolin effect on
miRNA along with the way that interacts with
Notch signaling were the aims of in vivo and
vitro experiments conducted by Sun et al. (45).

Furthermore, luteolin has inhibitory action
on rapid spread of breast cancer utilizing the
Akt/FOXO03a signalling pathway. This action
provides some significant outcomes; namely,
the containment of breaching of breast cancer
spheroids via the lymph endothelial barrier,
the sensitization of breast cancer cells that
considered drug-resistant, particularly to
tamoxifen, by inhibiting the cyclin E2
expression and, finally, the effect that hason
triple-negative breast cancer cells along with
the inhibition of metastasis, cell migration,
and viability of those cells (8).

Moreover, luteolin contributes to the
restoration of OPCML activity that occurs in
cancer cells in the breast area. The Protein
Coding gene OPCML (Opioid Binding
Protein/Cell Adhesion Molecule Like) is
located in cells of the nervous system and has
a significant engagement in two processes: the
regulation of opioid receptors and signal
transduction and, also, the propulsion of cell
differentiation and membrane properties
change (46). The action of luteolin results in
the upregulation of OPCML expression in cells
of breast cancer.OPCML activation along with
Spl and NF-xB activities decrease lead to a
downregulation of the levels of intracellular
methylation levels. In addition, decreasing
Spl activities affects both DNMT1 and
OPCML expression (47). Furthermore,
luteolin contributes to the forced prevention of
TPA-induced MMP-9 expression and the
inhibition of migration and invasion by
provoking the formation of apoptotic bodies in
MDA-MB-231 breast cancer cells that results
in their death; The process of apoptosis
includes cell shrinkage, DNA fragmentation,
chromatin condensation, and concludes with

the formation of apoptotic bodies phagocytosis
by macrophages (48). Another way that
luteolin provokes apoptosis in MDA-MB-231
breast cancer cells is by the inactivation of the
caspase cascade and PARP. Eventually,
regarding MDA-MB-231 breast cancer cells
both extrinsic and intrinsic apoptotic
pathways are promoted (49).

Luteolin exhibits effectiveness, which 1is
depending on dosage and time, in blocking the
IGF-1-stimulated luminal A subtype ERa-
positive MCF-7 cell rapid reproduction, and,
also, results in diminution of the lifespan of
MCF7/6 breast cancer cells. Luteolin is
directly involved in various inhibitions in
breast cancer cells, such as in kinases; namely
protein kinase C (PKC), VRK1 and TLP2, and
fatty acid synthase, as Fig. 3 illustrates. It,
also, has an enhancing effect on drugs for
breast cancer treatment because it functions
as a chemosensitizer in regard to anticancer
agents (47, 50-55).

Some other actions of luteolin include
progress hidrance and resonance of regulatory
protein expression regarding the cell cycle of
breast cancer cells along with the suppression
of hTERT miRNA and ¢ Myc expression in
these cells and a decrease in their telomerase
activity, depending on dosage for a time period
of 48h and 72h (11).

Moreover, luteolin shows effects on colon
cancer, as well. It, particularly, restrains the
development of cancer cells and has effect
on antioxidant enzymes in HT-29 cells by
accreting SOD and CAT activity, depending
on time (up to 24h). The process of apoptosis
that luteolin provokes uses the mitochondrial
pathway. Western blot analysis of both the
antiapoptotic and proapoptotic proteins (Bcl-2
and Bax) stipulated the luteolin effect on
protein  expression during apoptosis.
Furthermore, there is the activation of the
MAPK signalling pathway as a reaction to
certain stress conditions in cells, which 1is
involved in either death or signs of survival of
these cells (11,54-57).

Figure 3 presents Luteolin’s signaling
pathways.
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AEG-1
B-Catenin
MMP2
Angiogenesis
EMT
Metastases
Apoptosis
P53,P38,DR5,B
. ax,
. Luteolin P21,RARP,Bcl-2,
FAS,VRK1,
TPL2,PKC,
Caspace 3/7
MAPK
AKT
ERa
Figure 3. Luteolin signalling pathways (57)
Conclusion

Phytochemicals as bio-active compounds, have
been found to play a key role in prevention of
many human diseases including cancer.
Plants are the source of phytochemicals thus
making them widely available, safer and
relatively low-cost compared with synthetic
anti-cancer drugs.

Luteolin is a flavonoid, which is considered
an anticancer agent, by promoting the
inhibition of angiogenesis and metastasis,
while preventing breast cancer formation and
inducing apoptosis. Luteolin seems to be a
reliable agent both for treatment and
prevention of breast cancer. Although all these
properties are well documented in literature,
there is still lot’s of ground for further research
in order to define whether it may be adminis-
tered solely or as an adjuvant pharmacological
agent in the battle against breast cancer, as
well as to determine the appropriate dosage.
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