UNIVERSITA DEGLI STUDI DI MESSINA

DIPARTIMENTO DI SCIENZE CHIMICHE, BIOLOGICHE, FARMACEUTICHE ED AMBIENTALI
DOTTORATO DI RICERCA IN BIOLOGIA APPLICATA E MEDICINA SPERIMENTALE
“DOTTORATI FSE CUP J45E190000230002”

XXXV CICLO
SSD: BIO/14

Evidence for the role of differentiation in
the antiproliferative effects exerted by a
flavonoid-rich extract of Citrus bergamia
juice in an in vitro model of acute
myeloid leukemia

TESI DI DOTTORATO:
DOTT.SSA LAURA MUSUMECI

TUTOR:
CHIAR.MP PROF /) MIOHELE NAVARRA

e ’e’\ [ WeJerc 55

COORDINATORE DEL CORSO DI DOTTORATO:
CHIAR.MA PROF.SSA NUNZIACARLA SPANO

ANNO ACCADEMICO 2021-2022



ABSTRACT

Acute myeloid leukemia (AML) is a hematologic malignancy characterized
by the arrest of normal differentiation of immature myeloid cells (blasts),
which proliferate unceasingly, accumulating in the bone marrow and
interfering with the normal process of hematopoiesis. In recent years, the
use of drugs capable of inducing blast differentiation has brought
significant improvements in the survival of leukemia patients. However,
the so-called "differentiation therapy"” is still limited to a few subtypes of
leukemia and it is often associated with serious adverse effects as well as
the onset of drug chemoresistance. Therefore, the search for innovative
and safer therapeutic solutions, such as natural products, is absolutely
necessary.

In light of these considerations, the purpose of my PhD project was to
evaluate the ability of a flavonoid-rich extract from bergamot juice (BJe) to
exert antileukemic effects and to induce the differentiation of THP-1
leukemic monocytes, as well as the molecular mechanisms underlying
these activities.

The results of our study showed that BJe is capable of reducing THP-1
cell proliferation with a concentration- and time-dependent trend,
accompanied by S-phase cell cycle blockage and induction of both
extrinsic and intrinsic apoptotic pathways, as witnessed by cleavage of
both caspase-8 and -9, which in turn activated caspase-3 and PARP,
together with the modulation of BAX, Bcl-2 and p53 levels.

The exposure of THP-1 cells to BJe induced the differentiation of leukemic

cells, as shown by changes in cell adhesion, nitro blue tetrazolium (NBT)



assay, and increased expression of differentiation-associated surface
antigens such as CD11b, CD14, and CD68. In addition, we observed that
the extract is able to modulate protein levels of autophagy-associated
markers, including LC3 and Beclin-1, as well as to induce phosphorylation
of mitogen-activated protein kinases (MAPKs), ERK, JNK and p38,
suggesting a potential mechanism of action underlying the biological effect
of BJe.

In conclusion, the results of our study suggest that BJe reduces the
proliferation and induces the differentiation of THP-1 cells by inducing both
the apoptotic and autophagic machinery, suggesting MAPKs as possible
cross-talk between the two processes and highlighting its potential in the

area of differentiation therapy in AML.

Keywords: acute myeloid leukemia; bergamot juice extract; flavonoids;

nutraceuticals; differentiation; autophagy.
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INTRODUCTION

1. INTRODUCTION
1.1. Hematopoiesis

Hematopoiesis is a highly complex and finely regulated biological process
that leads to the formation of different blood cells, whose functions are
widely diversified and range from oxygen transport to immunity
(Jagannathan-Bogdan and Zon, 2013). Hematic cells originate in the bone
marrow from hematopoietic stem cells (HSC), a small population of
multipotent primitive cells that have the ability to self-renew and
differentiate into highly specialized blood cells with lower proliferating
activity, thus rendering them able to endure the hematopoiesis throughout
the lifetime of an individual (Mosaad, 2014). Hematopoietic differentiation
into diverse lineages follows a hierarchical order (Figure 1). Multipotent
progenitors (MMP), derived from HSC, give rise to oligopotent progenitors
of both lymphoid (CLP) and myeloid (CMP) lineages from which immune
system effector cells (B-, T-, NK-, dendritic cells) and granulocyte-
monocyte progenitors (GMP), as well as erythrocyte/megakaryocyte
progenitors (MEP) originate. GMP finally give rise to mature granulocytes
(neutrophils, eosinophils and basophils) and monocyte/macrophages,
while MEP subsequently produce erythrocytes and platelets (Akashi et al.,
2000; Galy et al., 1995; Manz et al., 2002).

Despite several studies have suggested that this hematopoietic
differentiation process may be way more complex than previously
described (Kanji et al., 2011; Zhang et al., 2018), it is well-known that a

correct functioning of the hematopoietic machinery is important for the
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maintenance of human health, so that abnormalities in this developmental

program can often result in hematological diseases, such as leukemia.
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Figure 1. The hematopoietic system. Abbreviations: Hematopoietic stem cells
(HSC); multipotent progenitors (MPP); common lymphoid progenitor (CLP);
common myeloid progenitor (CMP); megakaryocyte—erythroid progenitors (MEP)
granulocyte-monocyte progenitors (GMP).

1.2. Acute myeloid leukemia (AML)

Leukemia is a complex group of hematologic malignancies characterized
by uncontrolled proliferation, aberrant regulation in apoptosis and
improper differentiation of immature blood cells (blasts), which accumulate
in the bone marrow and, subsequently, in the peripheral blood (Brady,

2003; Lazarevic et al.,, 2018; Nowak et al., 2009). Despite the wide
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heterogeneity of this pathology (Wang and Dick, 2005), leukemia is
primarily divided into four main types, depending on the cell lineage
(myeloid or lymphoid) and the progression rate of the disease (acute or
chronic) (Castillo et al., 2019). Acute leukemia arises abruptly and is more
aggressive than the chronic one, hence an immediate treatment is required
(Martelli et al., 2012). Acute myeloid leukemia (AML) is one of the most
common types of leukemia in adults (De Kouchkovsky and Abdul-Hay,
2016; Dores et al.,, 2012; Yamamoto and Goodman, 2008) with poor
prognosis, in which the bone marrow produces too many immature myeloid
cells, replacing normal marrow tissue and hematopoietic cells, hence
inducing anemia, thrombocytopenia and granulocytopenia (Lowenberg et
al., 1999; Tamamyan et al., 2017).

AML incidence is around 4 cases per 100.000 of population in Europe and
the United States (US), and it increases with age, with a median age, when
first diagnosed, of around 70 years (Dong et al., 2020; Juliusson et al.,
2017; Shallis et al., 2019); however, it can also affect children (15-20 % of
the cases).

Despite its exact etiology remains elusive, myelodysplastic syndrome is
considered one of the most common risk factors for its onset (Chen et al.,
2019). Other conditions that can increase the risk for AML include
myelofibrosis, aplastic anemia, as well as different congenital disorders,
such as Bloom syndrome and Down syndrome. AML can arise also
following “leukemogenic agent exposure”, among which tobacco smoke,

benzene, radiation, but also former exposure to chemotherapeutic agents.



INTRODUCTION

Nevertheless, it can occur in patients that have not been previously
exposed to any risk factor.

Depending on etiology, immunophenotype, morphology and genetics,
there are diverse classification systems for this hematological neoplasm
(Boddu and Zeidan, 2019; Hartmann and Metzeler, 2019).

The French-American-British (FAB) classification and the newer World
Health Organization (WHO) classification represent two of the principal
systems that have been utilized to categorize AML. In the 1970s, a team
of French, American, and British leukemia experts classified AML into
eight subtypes, from MO to M7, based on cell morphology to define specific

immunotypes and how mature the cells are (Table 1).

Table 1. FAB classification of AML.

FAB Definition

MO Undifferentiated AML

M1 AML with minimal maturation
M2 AML with maturation

M3 Acute promyelocytic leukemia (APL)
M4 Acute myelomonocytic leukemia
M5 Acute monocytic leukemia

M6 Acute erythroid leukemia

M7 Acute megakaryocytic leukemia

In 2016, the WHO renewed the classification system by relying it on
evidence of dysplasia and chromosome translocations and divided this
cancer in: AML with changes related to myelodysplasia, AML with

recurrent genetic abnormalities, AML related to previous radiation or
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chemotherapy, AML not otherwise specified (NOS), myeloid proliferations
related to Down syndrome and myeloid sarcoma (Dohner et al., 2017).

AML is diagnosed after a complete blood cell count, together with a bone
marrow biopsy, blood smear, but also by morphology, immunophenotyping
and cytogenetic studies (Betz and Hess, 2010). Due to impaired
hematopoiesis and bone marrow failure, some of the most common
symptoms of AML include anemia, thrombocytopenia and
granulocytopenia. Depending on the degree of anemia, it may manifest
with generalized weakness, dyspnea, fatigue, pallor and chest tightness.
Thrombocytopenia may provoke excess bleeding, including frequent or
severe nosebleeds, bleeding gums and heavy menstrual bleeding in
women, but also bruising and epistaxis. Patients can manifest
spontaneous hemorrhage, including intra-abdominal or intracranial
hematomas (Webert et al., 2006). Granulocytopenia (neutropenia) can
eventually lead to an increased risk of severe or recurrent infections

(Cannas et al., 2012).

1.3. Treatment of AML

Currently, AML treatments include stem cell transplantation, radiotherapy
and chemotherapy, although the latter represents the backbone of AML
management (Roboz, 2012). It is worth to note that treatment of AML highly
depends on general medical conditions of the patient. Indeed, for patients
in a better general medical condition, the first step for AML treatment
consists of an induction therapy (also known as "7+3" regimen) with a

continuous infusion of cytarabine for seven days, combined with
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anthracycline on days 1 to 3, with the aim of eliminating as many blasts in
the blood and bone marrow as possible, and restore the physiological
production of white blood cells. Percentages of complete remission, which
is achieved when < 5% blasts are present in the bone marrow, are variable
and depend on patient’s initial condition and AML subtype. Usually, this
phase is quite aggressive, and it is often accompanied by severe side
effects, highlighting the importance of a meticulous supporting therapy
(Sekeres et al., 2020). In certain cases, a target-based therapy is also
used, however it is applicable only to a small portion of patients.
Induction therapy is commonly followed by a consolidation phase, initiated
with high dose of cytarabine, with or without allogeneic hematopoietic stem
cell transplantation. Contrarywise, more clinically debilitated patients are
addressed with less intensive therapies, such as hypomethylating agents
(azacytidine or decitabine).

As mentioned above, a major problem in the pathophysiology of AML is
the blockage of differentiation of immature cells, which continue to
proliferate unceasingly. In addition, the arrested differentiation impedes
progenitor cells from maturing, hence undergoing apoptosis (Tenen,
2003). For this reason, rather than killing cells by employing cytotoxic and
unselective drugs, one area of research is now addressed to the so-called
“differentiation therapy”, which aims to reprogram malignant leukemic cells
into functional ones, as well as to force them to enter the apoptotic
pathway as a result of terminal differentiation (Nowak et al., 2009). For
these reasons, differentiation therapy might be an attractive solution for

AML patients (Gocek and Marcinkowska, 2011), in particular for those who
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are ineligible for intensive cytotoxic protocols, due to their poor tolerability.
Moreover, the restored differentiation mechanisms of blasts should
ameliorate, at least in principle, the immune status of patients without
extensive lysis of blood cells typical of some cytotoxic procedures (Mughal
et al., 2010).

A clear example of the success of differentiation therapy has been
achieved by using pharmacological doses of all-trans retinoic acid (ATRA)
and/or arsenic trioxide in acute promyelocytic leukemia (APL), which
brought huge improvements in terms of outstanding remission rates and
long-term survival (between 80 and 90%) (Stahl and Tallman, 2019).
Unfortunately, ATRA and ATO are only clinically successful for the APL
subtype, which represents only 5-10% of total AML cases, showing no
efficacy for the other ones. Thereby, the search of novel differentiation
inducers for AML therapy, in particular for other AML subtypes, is

absolutely necessary.

1.4. Nutraceuticals in cancer

Nowadays, it is commonly known that plant kingdom represents a precious
source of potentially useful substances in the prevention and therapy of
various diseases, including neoplasms. Albeit there is still no official
definition for “nutraceutical”, the term has been used for the first time by
Stephen L. Defelice, in 1989, as a merging of the words "Nutrition" and
"Pharmaceutical”. Nutraceuticals are substances present in food that exert
beneficial effects on health that could help in the management of both

acute and chronic disorders (Kalra, 2003). Several studies assessed their
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positive activities in different pathological conditions, including
neurodegenerative and cardiovascular diseases, atherosclerosis,
hypertension, inflammation, obesity, diabetes and cancer (Nasri et al.,
2014). Effectiveness of nutraceuticals and their general safety have been
also supported by different clinical studies (Télessy, 2019).

Among natural compounds that have been extensively studied for their
health-promoting properties, a central role is occupied by flavonoids
(Figure 2), secondary plant metabolites, very abundant in Citrus fruits

(Garcia-Lafuente et al., 2009).

Figure 2. Basic flavonoid structure. The general structure of flavonoids
consists of a benzopyran (rings A and C) linked to a phenyl group (ring B).
Flavonoids are divided in different classes depending on variations in the C ring
as well as in the linkage between the phenyl and benzopyran moiety. Flavonoids

can be found either in their glycosylated or aglycone forms.

Indeed, increasing evidence has demonstrated that flavonoids present in
vegetables and fruits possess antioxidant and anti-inflammatory effects,
as well as anti-tumor properties (Benavente-Garcia and Castillo, 2008).
Flavonoids have been shown to interfere with carcinogenesis process,
through the modulation of different molecular pathways, by hampering

proliferation, metastasis, angiogenesis, as well as by inducing apoptotic
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machinery (Abotaleb et al., 2018).

Inhibition of carcinogenesis by Citrus juices (Cirmi et al., 2017) and their
single flavonoids has been observed both in vitro and in vivo (Cirmi et al.,
2016b). In particular, Matsui et al. (2005) have shown that several
flavonoids could induce apoptosis in leukemia and lymphoma cell lines in
a concentration-dependent manner. Other reports demonstrated the ability
of Citrus flavonoids to target differently AML, either by directly interacting
with key pathways involved in cancer, or by modulating of gene
expression. These include hesperidin (Desai et al., 2015), quercetin
(Kawahara et al., 2009; Lee et al., 2015), nobiletin (Chen et al., 2018),
diosmetin (Roma et al., 2018; Rota et al., 2016) and naringenin (Park et
al., 2008; Shi et al., 2015). Furthermore, several studies asserted that
various flavonoids are able to promote differentiation in different leukemia
cells (Chen et al., 2013; Hui et al., 2016; Takahashi et al., 1998; Yang et
al., 2019), thus suggesting these polyphenolic compounds as attractive
candidates for the differentiation-inducing therapy in the context of the
aforementioned promising approach for the treatment of leukemia (Sak

and Everaus, 2017).

1.5. Citrus bergamia Risso et Poiteau

Among flavonoids, those retrieved from Citrus fruits stand out among the
others for their broad spectrum of biological effects. This because, these
fruits are acknowledged to be embedded with antioxidant and anti-
inflammatory properties (Ferlazzo et al., 2016b; Maugeri et al., 2019a;

Musumeci et al., 2020), apart from exerting a protective effect against
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neurodegenerative (Cirmi et al., 2016c; Cirmi et al.,, 2021) and
cardiovascular diseases (Testai and Calderone, 2017), different microbial
infections (Cirmi et al., 2016a), and various types of cancer (Cirmi et al.,
2016b; Cirmi et al., 2017; Cirmi et al., 2018).

In this context, Citrus bergamia Risso & Poiteau (Figure 3), commonly
known as bergamot has drawn the attention of many researchers due to
the wide plethora of pharmacological effects showed by its derivatives,

such as the essential oil and the juice.

Figure 3. Citrus bergamia Risso & Poiteau.
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Bergamot is a small tree belonging to the Rutaceae family and genus
Citrus, that is cultivated almost exclusively (95% of worldwide production)
along the southern coast of Calabria region (Italy), where the particular
environmental conditions are suitable for its cultivation. The rest of the
total production is settled in Morocco, lvory Coast, Iran, Brazil and
Argentina. It is considered a hybrid between Citrus aurantium L. (sour
orange) and either Citrus aurantiifolia (lime) or Citrus limon L. (lemon), or
a mutation of the latter. Its exact geographical and botanical origins are
not completely certain, though it has been found in the Mediterranean area
for centuries. It may have been imported by Christopher Columbus or it
may have originated from Calabria region, deriving from a mutation of
other species. Its ethno-pharmacological and botanical aspects have been
issued by Rapisarda and Germano (2013).

This Citrus is commonly used for the extraction of its essential oil (BEO),
obtained by cold pressing its peel or by steam distillation and widely
exploited in perfume industry and in aromatherapy (Mannucci et al., 2017,
Navarra et al., 2015b), while the juice (BJ), obtained by squeezing the
endocarp of bergamot fruits, has long been considered a by-product. The
remaining part from both BEO extraction and BJ retrieving is commonly
known as “bergamot pastazzo” and employed on organic soil fertilization,
animal feeding and pectin extraction.

BEO is composed of about 95 % by a volatile portion comprising linalyl
acetate, linalool, y-terpinen, a-pinene and B-pinene and by a non-volatile
fraction composed mainly by coumarins and psoralenes, such as citropten,

bergamottin, bergapten and 5-geranil (Costa et al., 2010).

11
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This phytocomplex has been studied also for its anti-inflammatory
(Lombardo et al., 2020) antimicrobial (Cirmi et al., 2016a) cardioprotective
(Mollace et al., 2008) and anti-cancer properties (Celia et al., 2013;
Maugeri et al., 2021; Navarra et al., 2015a).

Despite being considered for long time a waste product, in the last
decades, BJ has been revaluated for its remarkable pharmacological
value. In particular, it has been shown that BJ reduced growth rate of
different cancer cell lines, by mechanisms that, in SH-SY5Y
neuroblastoma cells, are linked to an early impairment in cell adhesive and
migratory capability (Delle Monache et al., 2013). The anti-metastatic
effect of BJ was also observed in a spontaneous metastatic neuroblastoma
severe combined immunodeficient (SCID) mouse model (Navarra et al.,
2014). Interestingly, it has been documented that the antiproliferative
effect of BJ is due to its flavonoid fraction, because it was able to inhibit
proliferation of HT-29 human colon cancer cells, as well as inducing
apoptosis through multiple molecular mechanisms (Visalli et al., 2014).
Consequently, the flavonoid-rich extract of BJ (BJe) was further studied.
Indeed, BJe was shown to possess antioxidant effects (Ferlazzo et al.,
2016b; Ferlazzo et al., 2015) and inhibited both gene expression and
secretion of lipopolysaccharide (LPS)-induced pro-inflammatory cytokines
in a model of LPS-stimulated THP-1 cell line (Risitano et al., 2014), as well
as in an in vitro model of neuroinflammation (Curro et al., 2016). Moreover,
BJe exerted anti-inflammatory and antioxidant effects in in vivo models
(Gugliandolo et al., 2018; Impellizzeri et al., 2015; Impellizzeri et al.,

2016), interacting also with the AMPK/SIRT1 axis (Maugeri et al., 2019b)

12
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and suggesting its potential role in the management of inflammation-based

diseases (Marino et al., 2015).

13
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2. AIM OF THE RESEARCH

Based on the evidence supporting the anti-cancer effects of BJe, the first
aim of my PhD project was to evaluate whether this extract was able to
exert antileukemic effects in an in vitro model of AML.

Afterwards, considering the richness of BJe in flavonoids and
acknowledged their differentiation potentialities, we further investigated
the capability of this extract to differentiate leukemic cells employing the

same in vitro model, as well as the mechanisms underlying these activities.
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3. MATERIALS AND METHODS
3.1. Citrus bergamia juice extract

Bergamot fruits, harvested in Reggio Calabria (Italy), were bought from
the local markets. Upon peel removal, fruits were pressed, and the primary
juice was removed. The remaining pulp, usually discarded, was further
processed by using a pressing machine to retrieve the secondary juice,
that was extracted and concentrated, following a solid-phase extraction
(SPE) extraction by using a SupelcleanTM LC-18 SPE cartridge (Supelco
Ltd., Bellefonte, Pennsylvania, USA) according to manufacturer’'s
instructions. In order to extract the flavonoid-rich bergamot fraction, we
used ethanol to carry out the final elution and the eluate was transformed
into a dry powder by lyophilization. The obtained BJe powder was stored

at 4° C in the dark prior to utilization.

3.2. Chemical analysis of BJe

3.2.1. Reagents

Naringenin, neoeriocitrin, neohesperidin, neodiosmin, rhoifolin and
vicenin-2, supplied by Extrasynthése (Genay, France) were used as
standards. The Iso-Disc P-34, 3 mm diameter polytetrafluoroethylene
(PTFE) 0.45 um membrane was from Supelco (Bellefonte, PA, USA). All
the other chemicals and reagents utilized in the study were of analytical

grade and bought from Sigma (Milan, Italy).

15
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3.2.2. Sample preparation

The powder of the extract was solubilized in a phosphate saline buffer
(PBS)/dimethylformamide (0.9:0.1 v/v) solution to reach a final
concentration of 1.25 mg/mL, then it was centrifuged at 3200 rpm for 5
minutes and filtered by using an Iso-Disc P-34, 3 mm diameter PTFE 0.45
pum membrane and used for reverse phase high performance liquid
chromatograph (RP-HPLC) coupled with a diode array detector (RP-

HPLC-DAD) separation.

3.2.3. RP-DAD-HPLC separation and identification

The quali-quantitative analysis of flavonoids present in BJe was carried
out by injecting the filtered solution into a RP-HPLC-DAD, following Cirmi
and collaborators (2021), by using a Shimadzu system (Shimadzu Ltd.,
Canby, OR, USA). Each sample was separated three times and gave
overlapping chromatograms. Flavonoids were identified by matching
retention time and UV spectra against reference compounds, as well as
by spiking the samples with pure reference compounds. The calibration
lines were gained employing known concentrations of pure compounds
and were chosen to match the concentration of the tested samples.
Quantitative analysis was performed by integrating peaks areas from the
chromatograms detected at 280 and 325 nm for flavanone and flavone
derivatives, respectively. The calibration curves were constructed, and
linear regression equations were retrieved by plotting the peak areas
ratios of compounds to those of the external standard, versus the known

concentrations of pure compounds.
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3.2.4. Acid hydrolysis

The acid hydrolysis has been performed on BJe based on a previously
published procedure (Gattuso et al., 2006). In brief, 10 mL of HCI (6 M) in
a methanol (25 mL)/water (10 mL) solution was added to 5 mL of BJe to
give a solution of 1.2 M HCIl in 50% aqueous methanol. As an antioxidant,
we added ascorbic acid (50 mg). After refluxing for 20 h at 90°C under
constant stirring, the solution was kept at room temperature to cool,
vacuum-dried and the residue suspended in 10 mL water/DMF (1:1).
Subsequently, the mixture was filtered with an Iso-Disc P-34 membrane

and analyzed by HPLC.

3.3. Cell cultures and treatments

The experiments were performed using the human leukemia monocytic
THP-1 cells, obtained originally from ATCC (Rockville, MD, USA),
employed as an in vitro model of AML. Cells were grown in Roswell Park
Memorial Institute (RPMI) 1640 medium supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS), L-glutamine (2 mM), sodium
pyruvate (1 mM), HEPES (10 mM), 2-mercaptoethanol (0.05 mM), glucose
(2.5 g/l), penicillin (100 IU/mL) and streptomycin (100 pg/mL) at 37°C in a
5% CO:z in air atmosphere. Each reagent for cell culture was purchased
from Gibco (Life Technologies, Monza, Italy). Medium was renewed every
2 to 3 days and cells were subcultured when they reached maximum
density (1 x 10° cells/mL). For all experiments, THP-1 cells were treated

with different concentration of BJe up to 5 mg/mL, as previously published

17
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(Visalli et al., 2014), that has been solubilized in medium, for different time

points.

3.4. MTT assay

In order to determine cell viability in presence of BJe, we performed the 3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) test
following (Maugeri et al., 2021). MTT assay is a colorimetric test used to
assess cell mitochondrial activity as an indicator of cell viability. It is based
on the enzymatic reduction of a yellow MTT salt to formazan crystals
(purple) by cells that are metabolically active. THP-1 cells were seeded
onto 96-well plates (5 x 10 cells/well) and, after 24 h, they were incubated
with fresh growth medium (untreated cells) or with medium supplemented
with increasing dilution of BJe, up to 5 mg/mL. After 24, 48 and 72 h, plates
were centrifuged, and the supernatant was substituted with fresh medium
devoid of phenol red containing 0.5 mg/mL of MTT (Sigma-Aldrich, Milan,
Italy) at 37°C for four hours. Upon MTT solution incubation, crystals of
formazan were dissolved in 0.1 N HCl/isopropanol solution. Then, the
absorbance of each well was recorded by a microplate reader (Bio-Rad
Laboratories, Milan, Italy) at 570 nm wavelength with reference at 630 nm.
Results were expressed as percentage of cell viability vs untreated cells.
MTT test was carried out using octuplicates and repeated at least three
times. We also determined the half-maximal inhibitory concentration (IC50)
for each treatment after selected time points by GraphPAD Prism 8

software.
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3.5. Propidium iodide exclusion assay

Propidium iodide (PI) is a dye that enters cell membranes that are not
intact and binds to double stranded DNA by intercalating among base
pairs. Through fluorescence-activated cell sorting (FACS) techniques, we
performed Pl exclusion assay to investigate whether BJe possessed
cytotoxic properties and was able to affect the membrane integrity in THP -
1 cells, as described (Curro et al., 2016). In brief, THP-1 cells were seeded
onto 24-well plate at a cellular density of 5 x 10° cells/well and treated with
1, 2.5 and 5 mg/mL of BJe for 24, 48 and 72 h. After treatment, cells were
collected and centrifuged at 1200 rpm for 10 minutes, washed and
resuspended in 100 pL of cold 1X PBS. Then 10 pL of PI labeling solution
(Sigma-Aldrich) was added to the cell suspension and incubated at room
temperature for 30 minutes in darkness. Stained cells were analyzed with
FL-2 channel by a cytofluorimeter Novocyte 2000 (ACEA Bioscences Inc.,
San Diego, CA, USA). A minimum of 10,000 events were recorded per
sample and the percentage of dead cells compared to non-treated ones

was calculated.

3.6. Cell cycle analysis

The ability of PI to bind stoichiometrically to DNA can also be exploited to
precisely quantify and discriminate cell phases. We therefore evaluated
the role of the extract in interfering with cell cycle progression in THP-1
cells by cytofluorimetric analysis as described by Maugeri and co-workers

(2021). In brief, THP-1 cells were plated at a density of 2 x 10° cells/mL

19



MATERIALS AND METHODS

onto 6-well plates and treated accordingly for 24, 48 and 72 h with 1, 2.5
and 5 mg/mL of BJe. Then, leukemic cells were collected, washed with 1X
PBS and, in order to fix the cells, 1 mL of ice-cold 70% ethanol was added
drop by drop to the cell pellet, while gently vortexing. Samples were
therefore kept at 4°C for 2 h and then washed twice with 1X PBS to
eliminate any trace of alcohol. Cell pellet was then resuspended in 250 pL
of 1X PBS, together with 5 yL of Ribonuclease A (10 mg/mL; Sigma-
Aldrich) and incubated for 1 h at 37 °C. Thereafter, 10 pL of PI (1 mg/mL)
were added to samples, which were rapidly acquired by Novocyte 2000

cytofluorimeter. At least 10,000 events were analyzed per sample.

3.7. Annexin V/PI staining

Staining with Annexin V-fluorescein isothiocyanate (FITC)/ Pl is an
acknowledged technique used to determine different type of cell death,
such as necrosis and apoptosis. Annexin V is a protein that possesses
great affinity to phosphatidylserines, which are usually present in the inner
side of the cell membrane and are externalized during the early stages of
apoptosis. PIl, as described above, is able to penetrate cells with
compromised cell membranes (characteristic of both necrosis and late
apoptosis) and binds to DNA. In brief, leukemic cells were plated onto 6-
well plates at a cellular density of 2x10° cells/mL and, after 24 h, were
treated with different concentration of BJe (1, 2.5 and 5 mg/mL) for further
24, 48 h and 72 h. Following incubation period, cells were collected,
washed with ice-cold 1X PBS, and resuspended in 200 ul of 1X Binding
Buffer, together with 5ul of Annexin-V-FITC, as suggested by kit guidelines
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(BD Biosciences, Milan, Italy). Subsequently, samples were gently
vortexed and incubated at room temperature for 15 minutes in darkness.
Thereafter, 10 ul of Pl (20 pg/mL) were added and samples were run on a
Novocyte 2000 cytofluorimeter, with a minimum of 10,000 events being

analyzed.

3.8. Nitroblue tetrazolium (NBT) reduction assay

In order to evaluate whether BJe was able to induce differentiation in THP-1 cells,
we performed the nitroblue tetrazolium (NBT) reduction analysis as described
(Gatt et al., 2021; Stoica et al., 2016). NBT test is a colorimetric assay that relies
on the ability of differentiated phagocytic cells to produce superoxide anion Oz
upon stimulation with phorbol 12-myristate 13-acetate (PMA), thus reducing
yellow NBT salt to form diformazan, a dark blue insoluble precipitate.

For this assay, THP-1 cells (3x10* cells/well) were plated onto a 96 well/plate and
exposed to 1 and 2.5 mg/mL of BJe for 72 and 96 h (by renewing treatment after
48 h), we used only medium for negative controls and 10 nM of PMA, a common
differentiation inducer, for the positive ones. At the end of incubation period,
plates were centrifuged and washed with 100 pl of PBS, then we resuspended
cells with 100 pl of PBS containing 2 mg/mL of NBT and 100 ng/mL of PMA for
30’ at 37°C. Thereatfter, we centrifuged the plates and diformazan crystals were
dissolved with 1:3 KOH 2M/DMSO solution and the absorbance of each well was
recorded by a microplate reader (Bio-Rad Laboratories, Milan, Italy). We also
performed a parallel MTT test, at the same time, in order to normalize the amount

of NBT reduction for the relative number of living cells, therefore calculating the
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degree of differentiation as a ratio of NBT absorbance values over MTT ones. All

the experiments were repeated at least three times with octuplicates.

3.9. Morphological analysis

With the aim of determining whether the extract was able to modify cell adhesion,
we plated THP-1 cells in 100-mm dishes at a density of 1 x 10° per dish. After
overnight incubation, cells were treated with BJe (1 and 2.5 mg/mL) up to 96 h or
with 10 nM of PMA, used as positive control. We therefore investigated cell
morphology by examining the cells with a Zeiss Primo Vert (Carl Zeiss, Milan
Italy) inverted phase-contrast microscope at 40X magnification, equipped with

AxioCam ERc5s camera, by which pictures were captured.

3.10. Cell surface antigen detection

Flow cytometry techniques were used to detect cell surface markers of
differentiation. In brief, THP-1 cells, at a cellular density of 3 x 10° cells/mL, were
plated onto 6 well/plates. After 24 h, they were exposed to only medium (negative
control), BJe 1 and 2.5 mg/mL or 10 nM of PMA up to 96 h (by renewing treatment
after 48 h). At the end of the incubation period, cells were harvested, centrifuged
(1200 rpm for 10 minutes at 4°C) and washed with 1X pre-cooled PBS. Cell
pellets were resuspended in 100 ul of PBS with either anti-CD68 antibody
conjugated with allophycocyanin (APC) (Miltenyi Biotec, Bergisch Gladbach,
Germany) or co-stained with anti-CD11b antibody conjugated with APC (Miltenyi
Biotec) and anti-CD14 antibody conjugated with FITC (Beckman Coulter, Milan,

Italy) and incubated for 30 min in darkness at room temperature. Subsequently
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samples were run on a Novocyte 2000 cytofluorimeter, with a minimum of 10,000

events being recorded.

3.11. Real-Time PCR

To evaluate gene expression, THP-1 cells were seeded in 100 mm Petri dishes
at a cellular density of 1 x 10° cells per dish and, after 24 h, incubated with fresh
medium (negative control) or with BJe (1, 2.5 and 5 mg/mL), for 12 h at 37°C.
Then, total RNA was extracted from untreated and treated cells, employing
TRIzol reagent (Invitrogen, Carlsbad, CA, USA), by following manufacturer’s
instructions. Afterwards, equal amounts of extracted RNA (2 ug) from each
sample were reverse transcribed into cDNA, using a High-Capacity cDNA Archive
Kit (Applied Biosystems, Thermo Fisher, Foster City, CA, USA. Subsequently,
the mRNA levels of caspase (CASP) 3, 8 and 9, B-cell ymphoma 2 (Bcl-2), (Bcl-
2)-associated X protein (BAX), p53 were determined by real-time PCR (RT-PCR).
RT-PCR was performed in a 96-well plate, in a total volume of 20ul with 1x
SYBR® Select Master Mix (Applied Biosystems), 0.2 uM of specific primers and
25 ng of RNA that was converted into cDNA.

We used a 7300 RT-PCR System (Applied Biosystems) to carry out the reaction
with the following profile: one cycle at 95 °C for 10 min, then 40 cycles at 95 °C
for 15 sec, and 60 °C for 1 min. A standard dissociation stage was added to check
the primer specificity. B-Actin was utilized as housekeeping control. Data
collected were analyzed using the 2 24CT relative quantification method (Maugeri
et al., 2019b) and values were presented as fold change relative to untreated

cells. Primer sequences used for RT-PCR are listed in Table 2.
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Table 2. Sequences of oligonucleotide primers used for RT-PCR.

Gene NCBI Primer sequence
Ref. Seq.

CASP3 NM_004346.4  Forward: 5-AGCACCTGGTTATTATTCTTGG-3
Reverse: 5-GCTTGTCGGCATACTGTT-3

CASP8 NM_001228.4 Forward: 5-GTCTGTACCTTTCTGGCGGA-3’
Reverse: 5-CTCAGGCTCTGGCAAAGTGA-3’

CASP9  NM_001229.5  Forward: 5-GCTCAGACCAGAGATTCG-3'
Reverse: 5- ATCCTCCAGAACCAATGTC-3’
p53 NM_000546.6  Forward: 5-GTGTGGAGTATTTGGATGAC-3'
Reverse: 5- ATGTAGTTGTAGTGGATGGT-3’
BAX NM_138764.5 Forward: 5-GGACGAACTGGACAGTAACATGG-3'
Reverse: 5-GCAAAGTAGAAAAGGGCGACAAC-3’

Bcl-2 NM_000657.3  Forward: 5-ATCGCCCTGTGGATGACTGAG-3'
Reverse: 5'-CAGCCAGGAGAAATCAAACAGAGG-3'

B-actin NM_001101.5 Forward: 5-TTGTTACAGGAAGTCCCTTGCC-3'
Reverse: 5'-ATGCTATCACCTCCCCTGTGTG-3'

3.12. Western blotting analysis

With the aim of evaluating protein expression, we performed Western blotting
analysis. THP-1 cells were seeded onto 100 mm Petri dishes at a cellular density
of 1 x 108 cells and, after 24 h, treated with 1-5 mg/mL of BJe for 24 h or with 0.5-
2.5 mg/mL of BJe for 48 h. Then, cells were collected, washed with cold PBS and
lysed for protein retrieval by adding RIPA buffer (Sigma-Aldrich) containing 1%
of protease and phosphatase inhibitor cocktail (Sigma-Aldrich). The lysed cells
were subsequently centrifuged at 12,000 g at 4°C for 15 minutes and the
supernatant was gently aspirated and placed in a fresh tube kept on ice. Protein
concentration was determined as described before (Celano et al.,, 2015),
employing a Bio-Rad Protein Assay (Bio-Rad Laboratories), while bovine serum

albumin was used as standard. Thereafter, 30 ug/well of proteins were subjected
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to 10% or 12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE), and then electro-transferred onto 0.45 um nitrocellulose (Merck
Millipore, Darmstadt, Germany) or polyvinylidene difluoride (PVDF; Merck
Millipore) membranes. Non-specific binding sites were blocked with PBS
containing 5% (w/v) non-fat dry milk for 1 h at room temperature and membranes
were incubated at 4°C overnight with the following primary antibodies: rabbit
monoclonal anti-cleaved caspase-8, anti-caspase-9, anti-caspase-3, anti-poly
ADP ribose polymerase (PARP), anti-phospho-JNK, anti-phospho-ERK1/2, anti-
ERK1/2, anti-phospho p38, anti-p38, anti-LC3 a/B, anti-beclin-1, anti-phospho-
AKT and anti- AKT, (Cell Signaling Technology, Danvers, USA), diluted 1:1,000
in milk or BSA, mouse monoclonal anti-p53 (Thermo-Fisher Scientific Rockford,
IL, USA), diluted 1:200 and mouse monoclonal anti-actin-peroxidase (Sigma-
Aldrich), diluted 1:50,000.

After washing thrice with Tris-buffered saline with 0.1% Tween® 20 detergent
(TBST), the membranes were incubated, for 2 h at room temperature, with the
indicated horseradish peroxidase-conjugated goat anti- rabbit or anti- mouse 1gG
secondary antibodies (1:5,000; Sigma-Aldrich). Chemiluminescence of protein
bands was achieved after incubating blots with appropriate amount of Luminata
Forte Western HRP Substrate (Merck Millipore) for 5 minutes and captured by a
chemiluminescent detection system C-Digit Blot Scanner (Li-COR Bioscience,
Lincoln, NE, USA). Image Studio software (Li-COR Bioscience) was used to
quantify protein bands. For each sample, B-actin was used as housekeeping

protein to normalize signals intensity.
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3.13. Statistical analyses

The one-way or two-way analyses of variance (ANOVA) were employed,
according to the assay. Results are expressed as mean + standard error of the
mean (SEM). Multiple comparisons of the means of the groups were performed
by the Dunnett’'s multiple comparison test (GraphPAD Software). P values less

than or equal to 0.05 were considered significant.
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4. RESULTS
4.1. Quali-quantitative analysis of BJe

The identification of the flavonoids present in the lyophilized powder of BJe was
carried out by RP-HPLC-DAD separation. The preliminary results from
chromatographic separation at 280 and 325 nm allowed us to distinguish between
flavanone and flavone basic skeletons present in the extract. The two
chromatograms displayed in Figure 4 showed a prevalence of compounds 2, 4,
6 belonging to flavanone class than compounds 1, 3, 5 with a flavone skeleton.
Treatment with aqueous HCI indicated that compounds 2, 4, 6 were not resistant
to acidic hydrolysis, suggesting the presence of O-glycoside compounds in their
aglycone form (data not shown). Considering the retention time, together with UV
spectra and spiking the samples with pure reference molecules, the main peaks
of the chromatogram corresponded to neoeriocitrin (2), naringin (4) and
neohesperidin (6). These two latter represented the most abundant flavonoids of
the extract (0.59 + 0.037 and 0.44 + 0.017 mg/mL for compound 4 and 6,
respectively), accounting for about 83% of all the BJe utilized, while neoeriocitrin
was present at the concentration of 0.11 £ 0.011 mg/mL. The remaining three
peaks were identified in the chromatogram as vicenin-2 (1), rhoifolin (3) and
neodiosmin (5), present below 0.1 mg/mL. Flavonoids amounts and their

chemical structures are presented in Table 3.
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Figure 4. Representative Chromatogram of BJe. Reverse phase high
performance liquid chromatograph coupled with a diode array detector (RP-
HPLC-DAD) separation of flavonoids found in the lyophilized powder of BJe
recorded at 280 nm and 325 nm. Peaks 1-6 correspond to flavonoids, expressed
in milligrams (mg) per milliliter (mL) of liquid extract, are the following: vicenin-
2 (1), neoeriocitrin (2), rhoifolin (3), naringin (4), neodiosmin (5) and
neohesperidin (6). Peak identification was carried out by comparing retention
time, UV spectra and spiking the samples with pure reference compounds.
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Table 3. Chemical composition of BJe and structural formulas of flavonoids found

in the extract.

mg/mL (liquid extract)

Peak Compound Mean SD
1 <0.1 -
2 0.11 0.011
3 <0.1 -
4 0.44 0.017
5 <0.1 -
6 0.59 0.037

Neohesperidin
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4.2. Cytotoxic activity of BJe in THP-1 cells

4.2.1. BJe decreased cell growth of THP-1 Cells

The effects on cell proliferation of BJe were determined by the MTT test (Figure
5). As shown in Figure 5, BJe was able to hamper THP-1 cell proliferation after
24, 48 and 72 h of treatment. In particular, after 24 h, only the highest
concentration of BJe utilized (5 mg/mL) induced a significant decrease of cell
viability (-48.4 £ 4.6%; p < 0.0001 vs. CTRL). Rather, despite to different extent,
both 2.5 and 5 mg/mL of the extract significantly reduced THP-1 cell proliferation,
after 48 h (-22 £ 4%, p<0.001 and -71.7 + 5%, p<0.0001, vs CTRL respectively)
and the latter time point (-39 + 3%, p<0.0001 and -82.8 + 5%, p<0.0001, vs CTRL
respectively) of incubation. The IC50s extrapolated from the curves were 3.75 +
0.4 mg/mL and 2.92 £ 0.32 mg/mL after 48 and 72 h of treatment, respectively.

After 24, 48 and 72 h, the 1 mg/mL of BJe did not significantly lessen cell viability.

30



RESULTS

THP-1
24 h
—=— 48 h

72 h

140 -
120+
100
80 ek
60
40~

*kkk

20+

Cell viability (% of control)

T T
CTRL 1 2.5 5
BJe (mg/mL)

Figure 5. Effect on cell growth of BJe in THP-1 cells. Cells were treated with
BJe (1-5 mg/mL) for 24, 48 and 72 h. Cell proliferation was determined by MTT
assay. Data are reported as percentages + SEM of absorbance compared to
values detected in the untreated cultures (control, CTRL). Three independent
experiments were performed by testing each concentration eight-fold (N= 24).
*** p < 0.001 and **** p < 0.0001 vs CTRL.

4.2.2. BJe induced cytotoxic effect in THP-1 Cells

With the aim of evaluating whether the anti-proliferative activity of BJe
observed in THP-1 cells was due to a potential cytotoxic effect, we
performed Pl staining. As presented in Figure 6, after 24 h, 5 mg/mL of
the extract provoked a cytotoxic effect in THP-1 cells (48.6 + 2%, p<0.0001
vs CTRL), while the 2.5 mg/mL concentration induced a very slight cell
death (21.2 + 3.1%, p<0.001 vs CTRL) only after 48 h. The concentration
of 1 mg/mL did not exert any cytotoxicity in THP-1 cells, supporting the
outcome obtained by MTT test.
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Figure 6. Cytotoxic effects of BJe in THP-1 cells. The cytotoxic activity of BJe
(1-5 mg/mL) for 24, 48 and 72 h in THP-1 cells was evaluated by Pl staining
through flow cytometry. Representative plots of three different experiments
performed in triplicate (N = 9) are displayed in A, where the first peak represents
viable cells, while the second one, dead cells. In B, histograms show

percentages of both viable and dead cells + SEM of three different experiments

carried out in triplicate (N = 9).
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4.3. BJe altered cell cycle progression in THP-1 cells

We evaluated whether the anti-proliferative activity of BJe may be correlated to
its capacity to interfere with cell cycle progression in THP-1, through PI staining.
As shown in Figure 7 the incubation with 2.5 and 5 mg/mL of BJe altered the ratio
among GO0/G1, S and G2/M phases, indeed it augmented the cell population in
S-phase (up to 38.3 £ 3% and 31.2 =+ 2.8% vs CTRL after 72 h, respectively),
while decreased the number of those in the GO/G1 phase (down to 29.7+ 1.9%
and 41.7+ 2% vs CTRL after 72 h, respectively), together with those in G2/M
phase (down to 9.4 + 2% and 7.7 £ 2.2 % vs CTRL after 72 h, respectively).

Although exposure to 5 mg/mL of BJe perturbed cell cycle distribution already
after 24 h, BJe 2.5 mg/mL influenced cell cycle only after 48 h, whose S-phase
cell cycle arrest was more pronounced at longer times. Treatment with 1 mg/mL

of BJe did not impair cell cycle progression in THP-1 cells.
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Figure 7. Influence of BJe on cell cycle progression of THP-1 cells. The effects of
the treatment for 24, 48 and 72 h with BJe (1-5 mg/mL) on cell cycle distribution of THP-
1 cells were assessed by cytofluorimetric analysis. The displayed plots (A) are

representative of three independent experiments carried out in triplicate (N = 9). The

histograms (B) represent the percentage of events in sub GO (white bar), GO/G1 (green

bar), S (dark yellow bar), and G2/M (cyan bar) phases and are the mean + SEM of three

different experiments.
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4.4. BJe promoted apoptosis in THP-1 cells

In order to determine whether apoptosis was involved in the cell death
induced by BJe, Annexin V-FITC/PI cytofluorimetric assay was carried out.
The treatment with BJe at 2.5 and 5 mg/mL augmented the percentage of
cells undergoing apoptosis, both early and late, up to 11.6 £ 2.1% and
47.8 + 2.3% (24 h) and up to 17.5 + 2.1% and 64.4 + 2.2 (48 h),
respectively (Figure 8). In addition, treatment with 2.5 and 5 mg/mL of BJe
induced apoptosis up to 17.5 + 2.1% and 64.4 = 2.2% after 72 h,
respectively. Contrariwise, the 1 mg/mL concentration of BJe did not
induce cell death after 24, 48 and 72 h, thus supporting results from cell

viability tests.
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Figure 8. Flow Cytometric assessment of apoptosis in THP-1 cells exposed
to BJe. Annexin V-FITC/PI assay was performed to evaluate apoptosis triggered
after BJe exposure. Representative Annexin V vs PI dot plots of THP-1 cells
treated with BJe at different concentrations (1-5 mg/mL), for 24, 48 and 72 h,
are shown on the left. Lower left quadrant (Q3) contains the viable cells (Annexin

V-/PI-), Lower right one (Q4) comprehends the cells in early apoptosis (Annexin
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V+/PIl-), upper right one (Q2) presents the cells in late apoptosis (Annexin
V+/PI+), while upper left one (Q1) contains the necrotic ones (Annexin V-/Pl+).
On the right, histograms show the percentages of cells for each quadrant + SEM

of three experiments independently performed in triplicate (N = 9).

4.5. Effect of BJe on apoptotic pathways

In order to investigate the pathways involved in the pro-apoptotic effect of
BJe in THP-1 cells, observed after Annexin V-FITC/PI staining assay, we
evaluated both gene and protein levels of key factors linked to apoptosis.
As shown in Figure 9A, treatment with BJe at 2.5 and 5 mg/mL for 12 h
brought an increase of gene expression of the pro-apoptotic p53 by 1.2 +
0.04-fold and 1.48 + 0.06-fold (p<0.05 and p<0.001 vs CTRL),
respectively, BAX by 1.3 £ 0.06-fold and 1.5 = 0.05-fold (p<0.01 and
p<0.001 vs CTRL), as well as a decrease of Bcl-2. CASP8 mRNA levels
increased by 1.38 + 0.06-fold and 1.5 + 0.05-fold (p<0.01 and p<0.001 vs
CTRL), after treatment with 2.5 and 5 mg/mL for 12 h of BJe, respectively.
In addition, both concentrations significantly augmented gene expression
of CASP9 by 1.48 + 0.06-fold and 1.55 + 0.08 (for both p<0.001 vs CTRL),
respectively, while CASP3 mRNA levels were increased by 1.4 + 0.06-fold
and 2.06 + 0.05-fold (p<0.01 and p<0.0001 vs CTRL), respectively.

These results reflected also at protein level, as determined by Western
blotting analysis (Figure 9B). Indeed, the treatment of THP-1 with both
concentrations of BJe for 24 h showed a significant increase of p53 and
BAX and a decrease of Bcl-2 protein levels and induced the cleavage of
both caspase-9 and -8 proteins, initiators of intrinsic and extrinsic

apoptotic pathway, respectively. In particular, 2.5 mg/mL and 5 mg/mL of
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BJe provoked an increase of cleaved caspase-9 of 1.58 + 0.08-fold and
1.37 = 0.07-fold (p<0.001 and p<0.01 vs CTRL), as well as cleaved
caspase-8 of 13 £ 0.29-fold and 14.8 + 0.29-fold (p<0.0001 vs CTRL). We
also observed the cleavage of caspase-3 after 2.5 mg/mL (2.2 + 0.19-fold,
p<0.01 vs CTRL) and 5 mg/mL (5.05 = 0.25-fold, p<0.0001 vs CTRL),
which subsequently induced the cleavage of PARP, a well-known
downstream caspase-3 effector, by 13.8 £ 0.22-fold for BJe 2.5 mg/mL
(p<0.0001) and 26.8 + 0.45-fold for BJe 5 mg/mL (p<0.0001 vs CTRL;

Figure 9B).
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Figure 9. Apoptosis-related gene and protein levels modulation in THP-1
cells treated with BJe. Cells treated with diverse concentrations (1-5 mg/mL)
of BJe for 12 and 24 h were processed for mRNA (A) and protein (B) expression
studies. Relative quantities of mMRNA were determined by the 2-22¢T method and
were normalized against B-actin. Results are reported as fold change vs

unexposed cells (A). In (B) immunoblots of corresponding proteins are displayed
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along with their densitometric assays, on the right. The expression of p53, BAX,
CASP 8 and Bcl-2 was normalized to -actin, while that of CASP3, CASP9 and
PARP was reported as ratio of the cleaved form with respect to its zymogen.
Results are reported as fold change respect to control (untreated) cells and
expressed as mean = SEM of three independent experiments (N = 3), while
performed in triplicate for RT-PCR (N = 9). *p<0.05, **p<0.01, ***p<0.001 and
****pn<0.0001 vs control (CTRL).

4.6. BJe promoted cell differentiation in THP-1 Cells

4.6.1. Effect of BJe on NBT-reducing activity

When myeloid cells undergo maturation, a respiratory burst occurs
following activation by PMA, therefore being able to reduce the NBT salt
into blue insoluble formazan deposits. This phenomenon is considered as
an early sign of differentiation; however, it has been shown that a higher
number of immature cells could, with a lesser extent, partly reduce NBT
salt, thus hiding the high absorption produced by a fewer number of
differentiated cells, since they stopped proliferating as part of their
maturation process. For this reason, we coupled a viability cell
assessment test, such as MTT assay, with the NBT one, hence using the
NBT/MTT ratio to esteem differentiation induction in THP-1 cells exposed
to BJe, normalized to their viability.

As shown in Figure 10, the treatment with BJe increased NBT/MTT ratio
in THP-1 cells after 72 and 96 h. The highest concentration used (2.5
mg/mL) yielded significant results already after 72 h (1.49 £ 0.009-fold-
increase, p < 0.0001 vs CTRL) with a more pronounced effect after 96 h

of treatment (1.86 + 0.03-fold-increase, p < 0.0001 vs CTRL). Interestingly,
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treatment with 2.5 mg/mL of BJe, for indicated time points, strongly
hampered cell growth, thus suggesting that most of the cells that survived
after treatment with 2.5 mg/mL of BJe were mature. Nonetheless,
exposure to 1 mg/mL of BJe increased NBT/MTT ratio only after 96h (1.29
+ 0.099-fold-increase, p<0.01 vs. CTRL). As expected, treatment with 10
nM of PMA significantly augmented NBT/MTT ratio (1.54 +0.03-fold
increase, p < 0.0001 vs CTRL after 72 h and 2.03 £ 0.03-fold increase, p

< 0.0001 vs CTRL after 96 h).
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Figure 10. NBT/MTT ratio in THP-1 cells, 72 h or 96 h following exposure to
BJe. Cells were treated with 1 and 2.5 mg/mL of BJe for 72 and 96 h. Cell
differentiation was determined by NBT assay. Data are reported as mean + SEM
of the ratio between NBT reduction and MTT activity, and compared to untreated
cells (control, CTRL). Three independent experiments were performed by testing
each concentration eight-fold (N = 24). ** p < 0.01 and **** p < 0.0001 vs CTRL.
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4.6.2. BJe induced morphological changes and cell adherence in

THP-1 cells

THP-1 cells treated with BJe were examined by light microscopy to
observe cell morphology (Figure 11). THP-1 cells were seeded in 100 mm
dish at a density of 1 x 10° cells per dish. After overnight incubation, cells
were treated with BJe up to 2.5 mg/mL or with 10 nM PMA, and observed
after 24, 48, 72 h and 96 h.

During lower treatment times (24—48 h) BJe treated and unexposed cells
presented similar morphology (smooth cell surface and round shape; data
not shown). Instead, after longer exposure time, with a more pronounced
effect after 96 h of treatment, BJe (2.5 mg/mL) and PMA induced the
morphologic changes of THP-1 cells into macrophage-like cells, with
different cell shapes and ability to adhere to the surface of Petri dishes,
respect to untreated cells. It is interesting to note that after 96 h the 1
mg/mL concentration brought an early sign of differentiation, since some

cells started to change their shape (Figure 11).
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Figure 11. Influence on morphological changes of THP-1 cells by BJe. Cells
were treated up to 96 h with BJe up to 2.5 mg/mL or with 10 nM of PMA. In
comparison with untreated monocytes, differentiated macrophage-like cells tend
to adhere to the surface of the cultivation plates, as indicated with yellow arrows.
Cells were observed by light microscopy (magnification 40x). Photos are
representative of three independent experiments
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4.6.3. BJe increased levels of cell surface differentiation

antigens

In order to further confirm THP-1 cell differentiation induced by BJe, we
detected cell surface markers of differentiation through flow cytometry. To
this aim, we determined the expression of monocytic maturation marker
CD14, myeloid differentiation marker CD11b and monocyte to-
macrophage differentiation marker CD68. As displayed in Figure 12, after
96 h, both 1 and 2.5 mg/mL of BJe significantly increased the expression
of CD68 (11.29 = 0.0002%, p<0.0001 vs CTRL and 24.79%+ 0.002%,
p<0.0001 vs CTRL, respectively) and CD11b (8.69 £ 0.03%, p<0.0001 vs
CTRL and 51.21 £ 0.02%, p<0.0001 vs CTRL, respectively). Exposure to
2.5 mg/mL of BJe for 96 h significantly increased also CD14 levels (19.17
+ 0.05%, p<0.0001 vs CTRL), while treatment with 1 mg/mL of BJe did not

produce any significant effect. As expected, 10 nM of PMA significantly

I+

enhanced CD68, CD11b and CD14 surface antigen expression (42.18

+

0.002%, p<0.0001 vs CTRL; 22.53 + 0.02%, p<0.0001 vs CTRL; 39.19 +

0.05%, p<0.0001 vs CTRL, respectively).
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Figure 12. BJe promotes THP-1 cell differentiation by enhancing cell

surface antigen expression of differentiation markers. (A) THP-1 cells were
treated with BJe (1- 2.5 mg/mL) for 96 h and CD11b, CD14 and CD68 expression
were analyzed by flow cytometry. (B) Percentages of CD11b*, CD14* and CD68"

cells in (A) are expressed as the mean + SEM of three independent experiments

****p < 0.0001 vs CTRL.
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4.7. BJe induced autophagy in THP-1 cells

Since induction of autophagy is essential for monocyte differentiation to
macrophage (Zhang et al., 2012), and the induction of autophagy
represents a key component of an effective differentiation-inducing
treatment in myeloid leukemia cells (Benjamin et al., 2022), we
investigated whether BJe was able to modulate autophagy-related
proteins in THP-1 cells. Levels of Beclin-1 (also known as ATG6), a protein
involved in the early stage of the autophagic process, were significantly
changed after treatment with both 1 and 2.5 mg/mL of BJe for 48 h (Figure
13) by by 1.85 + 0.28-fold and 2.14 + 0.18-fold (p<0.05 and p<0.01 vs.
CTRL, respectively). Treatment with 0.5 mg/mL BJe did not induce any
significant increase in Beclin-1 levels.

LC3 (microtubule-associated protein light chain 3) protein is a component
of the autophagosome; its cytosolic soluble form (LC3-I) is processed,
lipidated, and recruited to the autophagosome membrane (LC3-1I) during
the final stages of autophagy. Immunoblotting analyses, using an antibody
that recognizes both forms of the protein, revealed a clear increase in
expression levels of both LC3 | and Il after BJe exposure (Figure 13). In
particular, exposure to 1 and 2.5 mg/mL of BJe significantly increased
LC3-I levels by 4.11 + 0.29-fold (p<0.001, vs. CTRL) and 3.70 = 0.75-fold
(p<0.01, vs. CTRL), respectively. Levels of LC3-Il were augmented of 2.05
+ 0.34-fold (p<0.05, vs. CTRL) and 2.16 = 0.41-fold (p<0.05, vs. CTRL)
after treatment for 48 h with 1 and 2.5 mg/L, respectively. The 0.5 mg/mL
concentration did not exert any significant change. To confirm activation

of the autophagic process, we also assessed levels of AKT, a kinase
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inhibitor of the autophagic process. Western blotting analysis showed that
treatment with BJe decreased the phosphorylation levels of AKT after 48
h of incubation, while total AKT protein levels remained constant. This
occurred with both 1 and 2.5 mg/mL concentrations, where p-AKT levels
were lessened of 1.47 £ 0.08-fold and of 2.1 + 0.06-fold (p < 0.05 and p <

0.01 vs. CTRL), respectively.
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Figure 13. Autophagy-related protein levels modulation in THP-1 cells
treated with BJe. Cells were exposed to BJe at 0.5-2.5 mg/mL for 48 h prior
being processed for protein expression studies by Western blotting.
Representative immunoblots of three independent experiments are displayed
together with their densitometric assays, reported on the right. The expression
of Beclin-1, LC3 | and LC3 Il was normalized to B-actin (A-B), while levels of
pAKT were expressed as a ratio of phosphorylated form over total protein (p-
AKT/AKT) (C-D). Results are extrapolated as fold change compared to untreated
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cells and expressed as mean + SEM, reporting the values gained in at least three
diverse sets of experiments (N = 3 for Beclin-1 and p-AKT; N = 4 for LC3 I-II).
*p<0.05, **p<0.01 and ***p<0.001 vs control (CTRL).

4.8. BJe triggered MAPKs phosphorylation in THP-1 cells

Recent studies revealed that MAPKs are able to modulate autophagy and
consequently induce differentiation in leukemic cells (Mandic et al., 2022),
therefore, we studied the effect of BJe on protein expression of phospho-
JNK, phospho-ERK1/2 and phospho-p38.

As displayed in Figure 14, treatment with 0.5, 1 and 2.5 mg/mL of BJe for
48 h enhanced the levels of phospho-ERK of 3.30 = 0.4-fold, 3.87 + 0.52-
fold and 7.52 = 0.57-fold (p<0.05, p<0.01 and p<0.0001, vs. CTRL
respectively) respect to the untreated cells. Treatment with 0.5 mg/mL of
BJe significantly increased the levels of phospho-JNK of 2.73 £+ 0.18-fold,
(p<0.01 vs. CTRL), while 1 mg/mL of 2.98 + 0.27-fold (p<0.001, vs. CTRL)
and 2.5 mg/mL of 3.94 + 0.31-fold (p<0.0001, vs. CTRL). With regard to
phospho-p38 levels, we observed a significant increase in its protein levels
with both 1 and 2.5 mg/mL concentrations of BJe utilized by 2.39 + 0.28-
fold (p<0.01 vs. CTRL) and 2.34 % 0.25-fold (p<0.01 vs. CTRL),

respectively mL(Figure 14).
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Figure 14. Effects of BJe on MAPKs protein expression in THP-1 cells. Cells
were treated with BJe at 0.5, 1 and 2.5 mg/mL for 48 h, then were processed
and their protein levels were assessed by Western blotting. Immunoblots
representative of three different experiments are displayed on the left, while their
densitometric analysis is shown on the right. Levels of phosphorylated ERK, JNK
and p38 were reported as a ratio of phosphorylated forms with respect to total
proteins. Data were extrapolated as fold change compared to untreated cells,
which are arbitrarily assigned as 1 and expressed as mean + SEM, of three
independent experiments (N=3). *p<0.05, **p<0.01, ***p<0.001 and
****pn<0.0001 vs control (CTRL).
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5. DISCUSSION

From Hippocrates who enunciated: "Let thy food be thy medicine and thy
medicine be thy food" to the German philosopher Ludwig Feuerbach who
claimed: "We are what we eat", until present day, the relationship between
nutrition and human health has always stimulated the interest of general
population and, in particular, of the scientific community. This because
natural substances, usually retrieved from the diet, have been shown to
play a key role in the prevention and/or treatment of various diseases,
including cancer. On this line, Citrus fruits (i.e. lemons, oranges,
bergamots, tangerines, limes and grapefruits), which are main
constituents of the Mediterranean diet, represent a precious source of
these valuable compounds (Russo et al., 2021). It is, indeed, thanks to its
bioactive molecules that Citrus fruits have been considered over the
centuries such important allies to counteract or prevent diverse
pathologies. Regarding cancer, ever-increasing studies have highlighted
their potentiality as anti-tumor agents, thus suggesting Citrus derivatives
and extracts as co-adjuvants in cancer therapy (Cirmi et al.,, 2018;
Montano et al., 2022). In particular, as mentioned before, these fruits
represent one of the main sources of flavonoids which seem to be
responsible of their anti-cancer activities. Flavonoids have been indeed
shown to counteract different process of tumorigenesis (Abotaleb et al.,
2018) that can underlie their antileukemic activities observed both in vitro

(Russo et al., 2022) and in vivo (Yu et al., 2016).
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Despite advances in AML therapy in recent decades, the search for novel
and safer therapeutic paths is still necessary, as conventional therapy is
often associated with various side effects.

On these lines, natural compounds able to target leukemic cells are
considered a conceivable help for AML management (Cotoraci et al.,
2021). In this context, the Citrus flavonoid luteolin was observed to hamper
the proliferation of MV4-11 and MOLM-13 AML cells by lessening elF4E
phosphorylation and blocking the cell cycle in GO/G1 phase (Chen et al.,
2020). In addition, exposure to diosmetin delayed tumor growth in AML
mouse xenografts (Roma et al., 2018), while nobiletin was shown to induce
differentiation and to exert antileukemic activities in THP-1 cells by down-
regulating mRNA levels of ¢c-KIT gene (Chen et al., 2018).

Amongst Citrus fruits, Citrus bergamia Risso & Poiteau has been studied
for its anti-cancer properties. In particular, the research group coordinated
by Prof. Michele Navarra demonstrated that BJ was capable of reducing
the growth rate of diverse cancer cell lines through different molecular
mechanisms. In human neuroblastoma SH-SY5Y cells, BJ induced cell
cycle arrest in G1 phase without inducing apoptosis and provoked a
modification in cell morphology together with a loss of adhesive capacity.
This latter was associated with an impairment of actin filaments induced
by BJ as well as with a decrease of focal adhesion kinase (FAK)
expression, that in turn inhibited cell migration (Delle Monache et al.,
2013). Conversely, in human hepatocellular carcinoma HepG2 cells, BJ
hampered their growth rate by acting on p21, p53, and NF-kB pathways,

as well as by activating both extrinsic and intrinsic apoptotic machinery
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(Ferlazzo et al., 2016a). In addition, BJ exerted anti-metastatic effect in a
spontaneous metastatic neuroblastoma severe combined immunodeficient
(SCID) mouse model (Navarra et al., 2014). With the aim of determining
which bioactive compounds of BJ were responsible for its biological
effects, Visalli et al., (2014) focused on its flavonoid-rich fraction, BJe. In
human colorectal carcinoma HT-29 cells, BJe inhibited their proliferation
and triggered apoptosis by multiple mechanisms. These include the
increase of reactive oxygen species production, which caused a fall of the
mitochondrial membrane potential together with oxidative damage to DNA
at high concentrations, while the inhibition of MAPKs pathways and the
modulation of cell cycle and apoptosis-related proteins occurred at low
concentrations (Visalli et al., 2014). In vivo, BJe was shown to prevent
spontaneous tumorigenesis in Pirc rats (F344/NTac-Apca™i137) a genetic
model of colorectal cancer, by mechanisms related to its anti-inflammatory
and pro-apoptotic activities (Navarra et al., 2020).

Considering the anti-cancer properties of BJe observed in solid tumors
and the current evidence on antileukemic potentiality of flavonoids, one of
the aims of my PhD project was to investigate the role of BJe in the field
of hematological diseases, such as AML.

The quali-quantitative profile of flavonoids present in the extract identified
neohesperidin and naringin among the most representative compounds.
Albeit both components were claimed not to be effective in exerting anti-
proliferative activities in THP-1 cells at micromolar concentrations (Chen
et al., 2003), this did not happen when we utilized the extract. Indeed, the

high solubility in water of BJe allowed us to employ high concentrations of
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the extract that corresponded to testing those flavonoids in the millimolar
range. This may explain, at least in part, our strong results, bearing in
mind that, in BJe, there were also other flavonoids, together with
neohesperidin and naringin, which contributed to the anti-proliferative
effects we witnessed, probably caused by a synergistic interaction. Similar
results were also obtained with Pl exclusion assay.

Mechanistically, natural compounds were shown to hamper proliferation,
migration, and tumor progression by triggering cell cycle blockage and
apoptosis or autophagy in leukemic cells (Cotoraci et al., 2021). In this
frame, we evaluated which type of cell death BJe induced in THP-1 cells
and the mechanisms underlying its antiproliferative effect. Firstly, it was
investigated whether the extract was able to interfere with the progression
of THP-1 cells during cell cycle through cytofluorimetric analyses. Cell
cycle is characterized by checkpoints that are firmly complied by normal
cells and in case of genomic alterations or defects, cells may undergo cell
cycle arrest (Stewart et al., 2003). In AML, recurrent aberrations during S
phase result to an enhanced and accelerated genome replication, that in
turn augments cell growth and renders cells susceptible to acquire
mutations, therefore restraining the efficacy of chemotherapies (Schnerch
et al., 2012). In our study, BJe altered the ratio among the G0O/G1, S and
G2/M phases respect to controls, causing an accumulation of cell
population in S phase, therefore highlighting its influence on cell cycle
progression of THP-1 cells. The blockage of the cell cycle was
accompanied also by an increase of cells populating sub-G0/G1 phase,

characterized by hypodiploidy, and generally undergoing apoptosis.
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Therefore, we verified whether our extract was able to trigger apoptosis
through Annexin-V/PI staining. Apoptosis is a process finely ordered and
orchestrated in normal cells, and, consequently, its impairment represents
a well-known hallmark of cancer (Hanahan and Weinberg, 2011). In this
experimental model, BJe induced apoptosis in THP-1 cells already at 24 h
of treatment. The apoptotic machinery can also be triggered by an
irreversible DNA impairment that subsequently provokes the activation of
downstream proteins that can regulate this process. Among these
proteins, p53 plays an important role in the promotion of apoptosis, since
it can activate downstream proteins such as BAX and Bad, which are well-
known pro-apoptotic factors, and hampers the anti-apoptotic ones
belonging to the Bcl family (i.e., Bcl-2 and Bcl-XL) following DNA damage.
These factors cooperate to either induce or hinder the caspase cascade,
thus resulting in apoptosis (Reed, 2001). In our study, we observed at both
gene and protein level a decrease of Bcl-2, while BAX and p53 increased,
as a clear sign of cells undergoing apoptosis. Moreover, we investigated
whether apoptosis caused by BJe followed the intrinsic or extrinsic
apoptotic pathway, so we evaluated its effects on caspase cascade. The
extrinsic machinery is mediated by caspase-8, a cysteine protease that
initiate an apoptotic event in response to extracellular stimulations, which
are recognized and propagated by specific cell surface receptors (Muzio
et al., 1996). The intrinsic, or mitochondrial pathway, involves the initiator
caspase-9 and can be induced by different intracellular stimuli. Both
pathways determine the cleavage of the downstream executioner proteins,

caspase-3 and -7, followed by the cleavage of PARP (Wu et al., 2016).
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Notably, our extract affected both receptor and mitochondria-mediated
apoptosis, as observed by the augmented cleavage of caspase-8 and -9,
respectively. This was witnessed at both gene and protein levels. These
caspases subsequently process caspase-3, which in turn cleaves PARP,
therefore unleashing apoptosis. Interestingly, activation of both intrinsic
and extrinsic apoptotic machinery was also observed in HepG2 cells
treated with BJ (Ferlazzo et al., 2016a).

In AML, the normal differentiation machinery is spoiled, and the cells
unceasingly proliferate without undergoing terminal apoptosis (de The,
2018). The principle of the differentiation therapy lies on eliminating
differentiation blockage, thus forcing cells to decrease their proliferation
(Ferrero et al., 1983; Tsiftsoglou et al., 2003). Malignancy could be
therefore more easily monitored, since hematopoietic cells possess
specific morphological features and have a wide range of surface markers
(Sachs, 1996). The success of differentiation therapy evidenced by ATRA
regimen is only applicable to one subtype of leukemia (Mi et al., 2012), the
M3 subtype of AML (APL) that accounts for 5-10% of AML cases, and it is
often associated with the so-called “differentiation syndrome”,
characterized by different unfavorable symptoms, such as fever,
respiratory distress, weight gain, dyspnea, lower-extremity edema,
pericardial or pleural effusions, low blood pressure, and/or acute renal
failure (Cardinale et al., 2014; Frankel et al., 1992; Larson and Tallman,
2003), thus decreasing the overall patient’'s compliance. Hence, the
search for new differentiation inducers is necessary, especially for

leukemia types other than APL, such as AML presenting the mixed lineage
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leukemia (MLL) gene rearrangements (MLLr), belonging to subtypes M4
and M5 of AML, that are commonly associated with poor prognosis (Gole
and Wiesmuller, 2015; Wuchter et al., 2000).

Several studies have highlighted the pro-differentiating properties of
flavonoids, including those from Citrus, therefore, considering the richness
of BJe in flavonoids, we investigated whether it was able to induce
differentiation in THP-1 cells, a cell line belonging to the M5 subtype.

A hallmark of differentiation is the ability of maturing cells to undergo
respiratory burst in presence of an external “stimulus”. In normal
conditions, this occurs when monocytes or granulocytes encounter harmful
microorganisms so that they produce reactive oxygen species (ROS) in
order to eliminate them. (Johnston et al., 1975; Saito et al., 1988;
Sedgwick et al., 1988). In vitro, it is instead required an external stimulus,
such as bacterial LPS, N-formyl-methionyl-leucyl-phenylalanine or, more
commonly PMA, to mimic the presence of pathogens.

Therefore, the resulting superoxide anion production by the oxidative burst
enzymes, is capable of reducing the soluble yellow NBT salt into blue
insoluble formazan deposits (Choi et al., 2006). Hence, we evaluated
whether our extract was able to reduce NBT after stimulation with PMA.
However, since it has been shown that immature cells can, with a lesser
extent, partly reduce NBT, we coupled a parallel MTT assay in order to
normalize our results with the relative number of cells. Considered the
long-time exposure points used for this assay, we tested the least cytotoxic

concentrations of BJe and observed that only the higher concentration was
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able to significantly increase the NBT/MTT ratio in THP-1 cells, with a
more pronounced effect at longer exposure.

Our results are in accordance with what was observed on the extracts from
various Citrus juices, whereas extracts from bergamot, sweet lime, and
Shiikuwasha have been shown to possess an NBT reducing activity in APL
cells, HL-60 (Kawaii et al., 1999).

Another important feature of maturing blood cells is their ability to express
specific antigen markers, called clusters of differentiation (CDs), that
correspond to a specific hematopoietic stage on their membrane surface.
Interestingly, our extract was able to increase the expression of monocytic
maturation marker CD14, myeloid differentiation marker CD11b and
monocyte to- macrophage differentiation marker CD68 in THP-1, therefore
suggesting macrophage differentiation (Fan and Edgington, 1991; Holness
and Simmons, 1993) and strengthening results obtained from NBT assay.
Differentiation of leukemic cells, after BJe treatment, was further
confirmed by morphological assays, indeed differentiated cells adhered to
the surface of Petri dishes and showed macrophage-like shapes becoming
flat and presenting long pseudopodia.

Autophagy from Greek ‘auto’ that means oneself and ‘phagy’ that means
to eat, firstly coined by Christian de Duve in 1963 (Klionsky, 2007), is a
catabolic process involved in the lysosomal degradation of cytoplasmic
material, important for the maintenance of cellular homeostasis (Levine
and Kroemer, 2008; Mizushima and Komatsu, 2011). It can be divided into
three types: microautophagy, chaperone-mediated autophagy (CMA), and

macroautophagy; however, the latter is the most studied, since it involves
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the “self-digestion” of large structure components. During autophagy
macromolecular aggregates, proteins and damaged organelles are
sequestered in double-membrane bounded vesicles called
autophagosomes. These fuse with lysosomes (thus forming
autophagolysosomes) for degradation and recycling of the material (Jin
and Klionsky, 2014).

Current literature considers autophagy as a double-edged sword in acute
leukemias, since, depending upon the cell context and functional status, it
can either promote or suppress tumor growth and survival. Therefore,
pharmacological approaches aimed to modulate autophagy may represent
a new ground for drugs development (Evangelisti et al., 2015). A putative
explanation of an autophagy-mediated cell death is that its stimulation in
cancer cells, following anticancer treatments, can be responsible of the
degradation of large parts of the cytosol and organelles, therefore causing
irreparable cellular atrophy and collapse of vital cell functions (Bursch et
al., 2000; Hoyer-Hansen et al., 2005; Inbal et al., 2002; Paglin et al., 2001;
Wang et al., 2008).

In AML, autophagy plays an ambivalent role in chemotherapies resistance
or targeted therapies, depending on the drug utilized (Joffre et al., 2021);
however, ever-increasing evidence claimed it a key factor of an effective
differentiation-inducing regimen in myeloid leukemia cells (Benjamin et al.,
2022). Indeed, several studies asserted that one of the mechanisms
responsible of ATRA and/or ATO induced APL cells differentiation is the
activation of autophagic machinery (Moosavi and Djavaheri-Mergny,

2019). In particular, in APL cells, ATRA-induced autophagy promotes
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granulocytes differentiation, by a mechanism involving, among the others,
the disruption of the oncogenic fusion protein PML-RARa (Isakson et al.,
2010).

However, as mentioned before, there is still urgent need to find
differentiating agents in non-APL cells, such as THP-1, that is why
Benjiamin et al. (2022) studied that the combination of ATRA and valproic
acid was able to induce autophagy and differentiation not only in APL and
ATRA resistant APL cell lines, but also in THP-1 cells. They further
confirmed the involvement of autophagy in their combination regimen
because shRNA knockdown of the autophagy regulators ATG7 and TFEB
impaired both autophagy and differentiation, thus highlighting its
importance.

In our study, results from Western blot analysis showed that BJe was
capable of modulating some autophagy-related markers in THP-1 cells,
such as Beclin-1 and LC3. In particular, treatment with BJe for 48 h
increased levels of Beclin-1 (also known as ATG6), a molecule involved in
the early stage of the autophagic process. Genetic studies have
demonstrated the tumor suppressor role of Beclin-1 protein in a high
percentage of breast, ovarian, and prostate cancers; analysis of human
tissue samples derived from breast cancer indicate reduced Beclin-1
expression compared with healthy tissue (Aita et al., 1999; Liang et al.,
1999; Vega-Rubin-de-Celis, 2019).

Several proteins are involved during the autophagic process, but LC3 is
the only one, among those known, to form a stable association with the

membranes of autophagosomes. LC3 exists in two forms: LC3-1, which is
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present in the cytoplasm, and LC3-Il, which arises from the former and it
is processed, lipidated, and recruited to the autophagosome membrane to
promote its elongation.

Being a component of the autophagosome, LC3 is, indeed, commonly used
as a specific marker to monitor autophagy. Therefore, through Western
blotting analyses we used an antibody that recognizes both forms of the
protein to assess autophagy in our model and, as expected, we observed
a clear increase in expression levels of both LC3 | and II, thus highlighting
BJe-induced autophagy in THP-1 cells.

In order to further confirm activation of the autophagic process, we also
evaluated levels of AKT, a kinase inhibitor of the autophagic process
(Karim et al., 2020). Western blotting analysis showed that treatment with
BJe decreased the phosphorylation levels of AKT after 48 h of incubation,
while total AKT protein levels remained constant.

Recent studies revealed that MAPKs are able to modulate autophagy and
consequently induce differentiation in leukemic cells (Mandic et al., 2022).
The way MAPKSs induce autophagy is complex and still elusive. In addition,
similarly to autophagy, the exact role of MAPKs in cancer is still under
debate. This because, on one hand MAPKs can be responsible of
activation of survival mechanisms, while, on the other one, they can
promote tumor cell death through multiple cellular mechanisms (Low and
Zhang, 2016). In particular, the cellular response of the MAPKs cascades
seems to be influenced by the nature of the stimulus, as well as the
duration of the signal (Engelberg, 2004). For instance, Ventura JJ and

collaborators (2006) discovered that transient JNK activation sustains cell
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survival, whereas prolonged JNK activation can mediate proapoptotic
signaling.

It was pointed out by Mandic and co-workers (2022) how MAPKS,
autophagy, and differentiation can mutually correlate. More in details, they
suggested that MAPKs can regulate PMA-induced macrophage
differentiation of HL-60 APL cells by modulating autophagy through TFEB
and FOXO1/3 nuclear translocation, as well as dissociation of beclin-
1/Bcl2 complex.

For these reasons, we decided to investigate the effect of BJe on protein
expression of pJNK, pERK and pp38. In our study, BJe significantly
increased protein levels of pERK, pJNK and pp38 in THP-1 cells, in
accordance with its pro-autophagic and pro-differentiating properties. It is
interesting to note that BJe exerted a different effect on MAPKSs in colon
cancer cells (Visalli et al., 2014), and this can be explained, at least in
part, because the function of MAPKs in tumor may also depend on cell
type (Yue and Lopez, 2020). For instance, in colon cancer cells, activation
of ERK/MAPK signaling pathway can be associated with an increase in
their cell growth (Fang and Richardson, 2005; Shan et al., 2009), while,
conversely it may induce cell death in certain leukemia cells, as a result
of a terminal differentiation process (Hong et al., 2005; Marchwicka et al.,
2014; Yang et al., 2018).

In conclusion, we showed that BJe induced anticancer and pro-
differentiating effects in human leukemia monocytic THP-1 cells, causing
cell cycle arrest in S phase and triggering both the apoptotic and

autophagic machinery, suggesting MAPKs as possible cross-talk between
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the two processes and highlighting its potential in the area of

differentiation therapy of AML.

61



BIBLIOGRAPHY

6. BIBLIOGRAFY

Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Liskova A and
Busselberg D (2018) Flavonoids in Cancer and Apoptosis. Cancers 11.

Aita VM, Liang XH, Murty VV, Pincus DL, Yu W, Cayanis E, Kalachikov S, Gilliam
TC and Levine B (1999) Cloning and genomic organization of beclin 1, a
candidate tumor suppressor gene on chromosome 17g21. Genomics
59:59-65.

Akashi K, Traver D, Miyamoto T and Weissman IL (2000) A clonogenic common
myeloid progenitor that gives rise to all myeloid lineages. Nature 404:193-
197.

Benavente-Garcia O and Castillo J (2008) Update on uses and properties of
citrus flavonoids: new findings in anticancer, cardiovascular, and anti-
inflammatory activity. Journal of agricultural and food chemistry 56:6185-
6205.

Benjamin DN, O'Donovan TR, Laursen KB, Orfali N, Cahill MR, Mongan NP,
Gudas LJ and McKenna SL (2022) All-Trans-Retinoic Acid Combined With
Valproic Acid Can Promote Differentiation in Myeloid Leukemia Cells by
an Autophagy Dependent Mechanism. Frontiers in oncology 12:848517.

Betz BL and Hess JL (2010) Acute myeloid leukemia diagnosis in the 21st
century. Archives of pathology & laboratory medicine 134:1427-1433.

Boddu PC and Zeidan AM (2019) Myeloid disorders after autoimmune disease.
Best practice & research Clinical haematology 32:74-88.

Brady HJ (2003) Apoptosis and leukaemia. British journal of haematology

123:577-585.

62



BIBLIOGRAPHY

Bursch W, Hochegger K, Torok L, Marian B, Ellinger A and Hermann RS (2000)
Autophagic and apoptotic types of programmed cell death exhibit different
fates of cytoskeletal filaments. Journal of cell science 113 ( Pt 7):1189-
1198.

Cannas G, Pautas C, Raffoux E, Quesnel B, de Botton S, de Revel T, Reman O,
Gardin C, Elhamri M, Boissel N, Fenaux P, Michallet M, Castaigne S,
Dombret H and Thomas X (2012) Infectious complications in adult acute
myeloid leukemia: analysis of the Acute Leukemia French Association-
9802 prospective multicenter clinical trial. Leukemia & lymphoma 53:1068-
1076.

Cardinale L, Asteggiano F, Moretti F, Torre F, Ulisciani S, Fava C and Rege-
Cambrin G (2014) Pathophysiology, clinical features and radiological
findings of differentiation syndrome/all-trans-retinoic acid syndrome. World
journal of radiology 6:583.

Castillo D, Galvez JM, Herrera LJ, Rojas F, Valenzuela O, Caba O, Prados J and
Rojas | (2019) Leukemia multiclass assessment and classification from
Microarray and RNA-seq technologies integration at gene expression
level. PloS one 14:e0212127.

Celano M, Maggisano V, De Rose RF, Bulotta S, Maiuolo J, Navarra M and
Russo D (2015) Flavonoid Fraction of Citrus reticulata Juice Reduces
Proliferation and Migration of Anaplastic Thyroid Carcinoma Cells.
Nutrition and cancer 67:1183-1190.

Celia C, Trapasso E, Locatelli M, Navarra M, Ventura CA, Wolfram J, Carafa M,

Morittu VM, Britti D, Di Marzio L and Paolino D (2013) Anticancer activity

63



BIBLIOGRAPHY

of liposomal bergamot essential oil (BEO) on human neuroblastoma cells.
Colloids and surfaces B, Biointerfaces 112:548-553.

Chen J, Kao YR, Sun D, Todorova Tl, Reynolds D, Narayanagari SR, Montagna
C, Will B, Verma A and Steidl U (2019) Myelodysplastic syndrome
progression to acute myeloid leukemia at the stem cell level. Nature
medicine 25:103-110.

Chen LC, Huang HL, HuangFu WC, Yen SC, Ngo ST, Wu YW, Lin TE, Sung TY,
Lien ST, Tseng HJ, Pan SL, Huang WJ and Hsu KC (2020) Biological
Evaluation of Selected Flavonoids as Inhibitors of MNKs Targeting Acute
Myeloid Leukemia. Journal of natural products 83:2967-2975.

Chen PY, Chen YT, Gao WY, Wu MJ and Yen JH (2018) Nobiletin Down-
Regulates c-KIT Gene Expression and Exerts Antileukemic Effects on
Human Acute Myeloid Leukemia Cells. Journal of agricultural and food
chemistry 66:13423-13434.

Chen Y, Hui H, Yang H, Zhao K, Qin Y, Gu C, Wang X, Lu N and Guo Q (2013)
Wogonoside induces cell cycle arrest and differentiation by affecting
expression and subcellular localization of PLSCR1 in AML cells. Blood
121:3682-3691.

Chen YC, Shen SC and Lin HY (2003) Rutinoside at C7 attenuates the apoptosis-
inducing activity of flavonoids. Biochemical pharmacology 66:1139-1150.

Choi HS, Kim JW, Cha YN and Kim C (2006) A quantitative nitroblue tetrazolium
assay for determining intracellular superoxide anion production in

phagocytic cells. Journal of immunoassay & immunochemistry 27:31-44.

64



BIBLIOGRAPHY

Cirmi S, Bisignano C, Mandalari G and Navarra M (2016a) Anti-infective potential
of Citrus bergamia Risso et Poiteau (bergamot) derivatives: a systematic
review. Phytotherapy research : PTR 30:1404-1411.

Cirmi S, Ferlazzo N, Lombardo GE, Maugeri A, Calapai G, Gangemi S and
Navarra M (2016b) Chemopreventive Agents and Inhibitors of Cancer
Hallmarks: May Citrus Offer New Perspectives? Nutrients 8.

Cirmi S, Ferlazzo N, Lombardo GE, Ventura-Spagnolo E, Gangemi S, Calapai G
and Navarra M (2016c) Neurodegenerative Diseases: Might Citrus
Flavonoids Play a Protective Role? Molecules 21.

Cirmi S, Maugeri A, Ferlazzo N, Gangemi S, Calapai G, Schumacher U and
Navarra M (2017) Anticancer Potential of Citrus Juices and Their Extracts:
A Systematic Review of Both Preclinical and Clinical Studies. Frontiers in
pharmacology 8:420.

Cirmi S, Maugeri A, Lombardo GE, Russo C, Musumeci L, Gangemi S, Calapai
G, Barreca D and Navarra M (2021) A Flavonoid-Rich Extract of Mandarin
Juice Counteracts 6-OHDA-Induced Oxidative Stress in SH-SY5Y Cells
and Modulates Parkinson-Related Genes. Antioxidants 10.

Cirmi S, Navarra M, Woodside JV and Cantwell MM (2018) Citrus fruits intake
and oral cancer risk: A systematic review and meta-analysis.
Pharmacological research 133:187-194.

Costa R, Dugo P, Navarra M, Raymo V, Dugo G and Mondello L (2010) Study on
the chemical composition variability of some processed bergamot (Citrus
bergamia) essential oils. Flavour and fragrance journal 25:4-12.

Cotoraci C, Ciceu A, Sasu A, Miutescu E and Hermenean A (2021) The Anti-

Leukemic Activity of Natural Compounds. Molecules 26.

65



BIBLIOGRAPHY

Curro M, Risitano R, Ferlazzo N, Cirmi S, Gangemi C, Caccamo D, lentile R and
Navarra M (2016) Citrus bergamia Juice Extract Attenuates beta-Amyloid-
Induced Pro-Inflammatory Activation of THP-1 Cells Through MAPK and
AP-1 Pathways. Scientific reports 6:20809.

De Kouchkovsky | and Abdul-Hay M (2016) 'Acute myeloid leukemia: a
comprehensive review and 2016 update'. Blood cancer journal 6:e441.

de The H (2018) Differentiation therapy revisited. Nature reviews Cancer 18:117-
127.

Delle Monache S, Sanita P, Trapasso E, Ursino MR, Dugo P, Russo M, Ferlazzo
N, Calapai G, Angelucci A and Navarra M (2013) Mechanisms underlying
the anti-tumoral effects of Citrus Bergamia juice. PloS one 8:€61484.

Desai UN, Shah KP, Mirza SH, Panchal DK, Parikh SK and Rawal RM (2015)
Enhancement of the cytotoxic effects of Cytarabine in synergism with
Hesperidine and Silibinin in Acute Myeloid Leukemia: An in-vitro approach.
Journal of cancer research and therapeutics 11:352-357.

Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Buchner T,
Dombret H, Ebert BL, Fenaux P, Larson RA, Levine RL, Lo-Coco F, Naoe
T, Niederwieser D, Ossenkoppele GJ, Sanz M, Sierra J, Tallman MS, Tien
HF, Wei AH, Lowenberg B and Bloomfield CD (2017) Diagnosis and
management of AML in adults: 2017 ELN recommendations from an
international expert panel. Blood 129:424-447.

Dong Y, Shi O, Zeng Q, Lu X, Wang W, Li Y and Wang Q (2020) Leukemia
incidence trends at the global, regional, and national level between 1990

and 2017. Experimental hematology & oncology 9:14.

66



BIBLIOGRAPHY

Dores GM, Devesa SS, Curtis RE, Linet MS and Morton LM (2012) Acute
leukemia incidence and patient survival among children and adults in the
United States, 2001-2007. Blood 119:34-43.

Engelberg D (2004) Stress-activated protein kinases-tumor suppressors or tumor
initiators? Seminars in cancer biology 14:271-282.

Evangelisti C, Evangelisti C, Chiarini F, Lonetti A, Buontempo F, Neri LM,
McCubrey JA and Martelli AM (2015) Autophagy in acute leukemias: a
double-edged sword with important therapeutic implications. Biochimica et
biophysica acta 1853:14-26.

Fan ST and Edgington TS (1991) Coupling of the adhesive receptor CD11b/CD18
to functional enhancement of effector macrophage tissue factor response.
The Journal of clinical investigation 87:50-57.

Fang JY and Richardson BC (2005) The MAPK signalling pathways and
colorectal cancer. The Lancet Oncology 6:322-327.

Ferlazzo N, Cirmi S, Russo M, Trapasso E, Ursino MR, Lombardo GE, Gangemi
S, Calapai G and Navarra M (2016a) NF-kappaB mediates the
antiproliferative and proapoptotic effects of bergamot juice in HepG2 cells.
Life sciences 146:81-91.

Ferlazzo N, Visalli G, Cirmi S, Lombardo GE, Lagana P, Di Pietro A and Navarra
M (2016b) Natural iron chelators: Protective role in A549 cells of
flavonoids-rich extracts of Citrus juices in Fe(3+)-induced oxidative stress.
Environmental toxicology and pharmacology 43:248-256.

Ferlazzo N, Visalli G, Smeriglio A, Cirmi S, Lombardo GE, Campiglia P, Di Pietro
A and Navarra M (2015) Flavonoid Fraction of Orange and Bergamot

Juices Protect Human Lung Epithelial Cells from Hydrogen Peroxide-

67



BIBLIOGRAPHY

Induced Oxidative Stress. Evidence-based complementary and alternative
medicine : eCAM 2015:957031.

Ferrero D, Pessano S, Pagliardi GL and Rovera G (1983) Induction of
differentiation of human myeloid leukemias: surface changes probed with
monoclonal antibodies.

Frankel SR, Eardley A, Lauwers G, Weiss M and Warrell Jr RP (1992) The"
retinoic acid syndrome" in acute promyelocytic leukemia. Annals of internal
medicine 117:292-296.

Galy A, Travis M, Cen D and Chen B (1995) Human T, B, natural killer, and
dendritic cells arise from a common bone marrow progenitor cell subset.
Immunity 3:459-473.

Garcia-Lafuente A, Guillamon E, Villares A, Rostagno MA and Martinez JA (2009)
Flavonoids as anti-inflammatory agents: implications in cancer and
cardiovascular disease. Inflammation research : official journal of the
European Histamine Research Society [et al] 58:537-552.

Gatt L, Saliba DG, Schembri-Wismayer P and Zammit-Mangion M (2021)
Tyrosol, at the Concentration Found in Maltese Extra Virgin Olive Oil,
Induces HL-60 Differentiation towards the Monocyte lineage. Applied
Sciences 11:10199.

Gattuso G, Caristi C, Gargiulli C, Bellocco E, Toscano G and Leuzzi U (2006)
Flavonoid glycosides in bergamot juice (Citrus bergamia Risso). Journal of
agricultural and food chemistry 54:3929-3935.

Gocek E and Marcinkowska E (2011) Differentiation therapy of acute myeloid

leukemia. Cancers 3:2402-2420.

68



BIBLIOGRAPHY

Gole B and Wiesmuller L (2015) Leukemogenic rearrangements at the mixed
lineage leukemia gene (MLL)-multiple rather than a single mechanism.
Frontiers in cell and developmental biology 3:41.

Gugliandolo E, Fusco R, D'Amico R, Peditto M, Oteri G, Di Paola R, Cuzzocrea
S and Navarra M (2018) Treatment With a Flavonoid-Rich Fraction of
Bergamot Juice Improved Lipopolysaccharide-Induced Periodontitis in
Rats. Frontiers in pharmacology 9:1563.

Hanahan D and Weinberg RA (2011) Hallmarks of cancer: the next generation.
Cell 144:646-674.

Hartmann L and Metzeler KH (2019) Clonal hematopoiesis and preleukemia-
Genetics, biology, and clinical implications. Genes, chromosomes &
cancer 58:828-838.

Holness CL and Simmons DL (1993) Molecular cloning of CD68, a human
macrophage marker related to lysosomal glycoproteins. Blood 81:1607-
1613.

Hong JW, Ryu MS and Lim IK (2005) Phosphorylation of serine 147 of
tis21/BTG2/pc3 by p-Erk1/2 induces Pin-1 binding in cytoplasm and cell
death. The Journal of biological chemistry 280:21256-21263.

Hoyer-Hansen M, Bastholm L, Mathiasen IS, Elling F and Jaattela M (2005)
Vitamin D analog EB1089 triggers dramatic lysosomal changes and Beclin
1-mediated autophagic cell death. Cell death and differentiation 12:1297-
1309.

Hui H, Zhang X, Li H, Liu X, Shen L, Zhu Y, Xu J, Guo Q and Lu N (2016) Oroxylin

A, a natural anticancer flavonoid compound, induces differentiation of

69



BIBLIOGRAPHY

t(8;21)-positive Kasumi-1 and primary acute myeloid leukemia cells.
Journal of cancer research and clinical oncology 142:1449-1459.

Impellizzeri D, Bruschetta G, Di Paola R, Ahmad A, Campolo M, Cuzzocrea S,
Esposito E and Navarra M (2015) The anti-inflammatory and antioxidant
effects of bergamot juice extract (BJe) in an experimental model of
inflammatory bowel disease. Clinical nutrition 34:1146-1154.

Impellizzeri D, Cordaro M, Campolo M, Gugliandolo E, Esposito E, Benedetto F,
Cuzzocrea S and Navarra M (2016) Anti-inflammatory and Antioxidant
Effects of Flavonoid-Rich Fraction of Bergamot Juice (BJe) in a Mouse
Model of Intestinal Ischemia/Reperfusion Injury. Frontiers in pharmacology
7:203.

Inbal B, Bialik S, Sabanay |, Shani G and Kimchi A (2002) DAP kinase and DRP-
1 mediate membrane blebbing and the formation of autophagic vesicles
during programmed cell death. The Journal of cell biology 157:455-468.

Isakson P, Bjoras M, Boe SO and Simonsen A (2010) Autophagy contributes to
therapy-induced degradation of the PML/RARA oncoprotein. Blood
116:2324-2331.

Jagannathan-Bogdan M and Zon LI (2013) Hematopoiesis. Development
140:2463-2467.

Jin M and Klionsky DJ (2014) Regulation of autophagy: modulation of the size
and number of autophagosomes. FEBS letters 588:2457-2463.

Joffre C, Ducau C, Poillet-Perez L, Courdy C and Mansat-De Mas V (2021)
Autophagy a Close Relative of AML Biology. Biology 10.

Johnston RB, Jr., Keele BB, Jr., Misra HP, Lehmeyer JE, Webb LS, Baehner RL

and RaJagopalan KV (1975) The role of superoxide anion generation in

70



BIBLIOGRAPHY

phagocytic bactericidal activity. Studies with normal and chronic
granulomatous disease leukocytes. The Journal of clinical investigation
55:1357-1372.

Juliusson G, Abrahamsson J, Lazarevic V, Antunovic P, Derolf A, Garelius H,
Lehmann S, Myhr-Eriksson K, Mollgard L, Uggla B, Wahlin A, Wennstrom
L, Hoglund M, Swedish AMLG and the Swedish Childhood Leukemia G
(2017) Prevalence and characteristics of survivors from acute myeloid
leukemia in Sweden. Leukemia 31:728-731.

Kalra EK (2003) Nutraceutical--definition and introduction. AAPS pharmSci
5:E25.

Kanji S, Pompili VJ and Das H (2011) Plasticity and maintenance of
hematopoietic stem cells during development. Recent patents on
biotechnology 5:40-53.

Karim MR, Fisher CR, Kapphahn RJ, Polanco JR and Ferrington DA (2020)
Investigating AKT activation and autophagy in immunoproteasome-
deficient retinal cells. PloS one 15:e0231212.

Kawahara T, Kawaguchi-lhara N, Okuhashi Y, Itoh M, Nara N and Tohda S
(2009) Cyclopamine and quercetin suppress the growth of leukemia and
lymphoma cells. Anticancer research 29:4629-4632.

Kawaii S, Tomono Y, Katase E, Ogawa K and Yano M (1999) HL-60
differentiating activity and flavonoid content of the readily extractable
fraction prepared from citrus juices. Journal of agricultural and food
chemistry 47:128-135.

Klionsky DJ (2007) Autophagy: from phenomenology to molecular understanding

in less than a decade. Nature reviews Molecular cell biology 8:931-937.

71



BIBLIOGRAPHY

Larson RS and Tallman MS (2003) Retinoic acid syndrome: manifestations,
pathogenesis, and treatment. Best practice & research Clinical
haematology 16:453-461.

Lazarevic V, Orsmark-Pietras C, Lilliebjorn H, Pettersson L, Rissler M, Lubking
A, Ehinger M, Juliusson G and Fioretos T (2018) Isolated myelosarcoma
is characterized by recurrent NFE2 mutations and concurrent preleukemic
clones in the bone marrow. Blood 131:577-581.

Lee Y-J, Lee Y-J, Park I-S, Song J-H, Oh M-H, Nam H-S, Cho M-K, Woo K-M
and Lee S-H (2015) Quercetin exerts preferential cytotoxic effects on
malignant mesothelioma cells by inducing p53 expression, caspase-3
activation, and apoptosis. Molecular & Cellular Toxicology 11:295-305.

Levine B and Kroemer G (2008) Autophagy in the pathogenesis of disease. Cell
132:27-42.

Liang XH, Jackson S, Seaman M, Brown K, Kempkes B, Hibshoosh H and Levine
B (1999) Induction of autophagy and inhibition of tumorigenesis by beclin
1. Nature 402:672-676.

Lombardo GE, Cirmi S, Musumeci L, Pergolizzi S, Maugeri A, Russo C, Mannucci
C, Calapai G and Navarra M (2020) Mechanisms underlying the anti-
inflammatory activity of bergamot essential oil and its antinociceptive
effects. Plants 9:704.

Low HB and Zhang Y (2016) Regulatory Roles of MAPK Phosphatases in
Cancer. Immune network 16:85-98.

Lowenberg B, Downing JR and Burnett A (1999) Acute myeloid leukemia. The

New England journal of medicine 341:1051-1062.

72



BIBLIOGRAPHY

Mandic M, Misirkic Marjanovic M, Vucicevic L, Jovanovic M, Bosnjak M, Perovic
V, Ristic B, Ciric D, Harhaji-Trajkovic L and Trajkovic V (2022) MAP kinase-
dependent autophagy controls phorbol myristate acetate-induced
macrophage differentiation of HL-60 leukemia cells. Life sciences
297:120481.

Mannucci C, Navarra M, Calapai F, Squeri R, Gangemi S and Calapai G (2017)
Clinical Pharmacology of Citrus bergamia: A Systematic Review.
Phytotherapy research : PTR 31:27-39.

Manz MG, Miyamoto T, Akashi K and Weissman IL (2002) Prospective isolation
of human clonogenic common myeloid progenitors. Proceedings of the
National Academy of Sciences of the United States of America 99:11872-
11877.

Marchwicka A, Cebrat M, Sampath P, Sniezewski L and Marcinkowska E (2014)
Perspectives of differentiation therapies of acute myeloid leukemia: the
search for the molecular basis of patients' variable responses to 1,25-
dihydroxyvitamin d and vitamin d analogs. Frontiers in oncology 4:125.

Marino A, Paterniti I, Cordaro M, Morabito R, Campolo M, Navarra M, Esposito E
and Cuzzocrea S (2015) Role of natural antioxidants and potential use of
bergamot in treating rheumatoid arthritis. PharmaNutrition 3:53-59.

Martelli AM, Chiarini F, Evangelisti C, Cappellini A, Buontempo F, Bressanin D,
Fini M and McCubrey JA (2012) Two hits are better than one: targeting
both phosphatidylinositol 3-kinase and mammalian target of rapamycin as
a therapeutic strategy for acute leukemia treatment. Oncotarget 3:371-

394.

73



BIBLIOGRAPHY

Matsui J, Kiyokawa N, Takenouchi H, Taguchi T, Suzuki K, Shiozawa Y, Saito M,
Tang WR, Katagiri YU, Okita H and Fujimoto J (2005) Dietary
bioflavonoids induce apoptosis in human leukemia cells. Leukemia
research 29:573-581.

Maugeri A, Cirmi S, Minciullo PL, Gangemi S, Calapai G, Mollace V and Navarra
M (2019a) Citrus fruits and inflammaging: A systematic review.
Phytochemistry Reviews 18:1025-1049.

Maugeri A, Ferlazzo N, De Luca L, Gitto R and Navarra M (2019b) The link
between the AMPK/SIRT1 axis and a flavonoid-rich extract of Citrus
bergamia juice: A cell-free, in silico, and in vitro study. Phytotherapy
research : PTR 33:1805-1814.

Maugeri A, Lombardo GE, Musumeci L, Russo C, Gangemi S, Calapai G, Cirmi
S and Navarra M (2021) Bergamottin and 5-Geranyloxy-7-
methoxycoumarin Cooperate in the Cytotoxic Effect of Citrus bergamia
(Bergamot) Essential Oil in Human Neuroblastoma SH-SY5Y Cell Line.
Toxins 13.

Mi JQ, Li JM, Shen zZX, Chen SJ and Chen Z (2012) How to manage acute
promyelocytic leukemia. Leukemia 26:1743-1751.

Mizushima N and Komatsu M (2011) Autophagy: renovation of cells and tissues.
Cell 147:728-741.

Mollace V, Ragusa S, Sacco |, Muscoli C, Sculco F, Visalli V, Palma E, Muscoli
S, Mondello L, Dugo P, Rotiroti D and Romeo F (2008) The protective
effect of bergamot oil extract on lecitine-like oxyLDL receptor-1 expression
in balloon injury-related neointima formation. Journal of cardiovascular

pharmacology and therapeutics 13:120-129.

74



BIBLIOGRAPHY

Montano L, Maugeri A, Volpe MG, Micali S, Mirone V, Mantovani A, Navarra M
and Piscopo M (2022) Mediterranean Diet as a Shield against Male
Infertility and Cancer Risk Induced by Environmental Pollutants: A Focus
on Flavonoids. International journal of molecular sciences 23.

Moosavi MA and Djavaheri-Mergny M (2019) Autophagy: New Insights into
Mechanisms of Action and Resistance of Treatment in Acute
Promyelocytic leukemia. International journal of molecular sciences 20.

Mosaad YM (2014) Hematopoietic stem cells: an overview. Transfusion and
apheresis science : official journal of the World Apheresis Association :
official journal of the European Society for Haemapheresis 51:68-82.

Mughal TI, Ejaz AA, Foringer JR and Coiffier B (2010) An integrated clinical
approach for the identification, prevention, and treatment of tumor lysis
syndrome. Cancer treatment reviews 36:164-176.

Musumeci L, Maugeri A, Cirmi S, Lombardo GE, Russo C, Gangemi S, Calapai
G and Navarra M (2020) Citrus fruits and their flavonoids in inflammatory
bowel disease: an overview. Natural product research 34:122-136.

Muzio M, Chinnaiyan AM, Kischkel FC, O'Rourke K, Shevchenko A, Ni J, Scaffidi
C, Bretz JD, Zhang M, Gentz R, Mann M, Krammer PH, Peter ME and Dixit
VM (1996) FLICE, a novel FADD-homologous ICE/CED-3-like protease, is
recruited to the CD95 (Fas/APO-1) death--inducing signaling complex. Cell
85:817-827.

Nasri H, Baradaran A, Shirzad H and Rafieian-Kopaei M (2014) New concepts in
nutraceuticals as alternative for pharmaceuticals. International journal of

preventive medicine 5:1487-1499.

75



BIBLIOGRAPHY

Navarra M, Femia AP, Romagnoli A, Tortora K, Luceri C, Cirmi S, Ferlazzo N and
Caderni G (2020) A flavonoid-rich extract from bergamot juice prevents
carcinogenesis in a genetic model of colorectal cancer, the Pirc rat
(F344/NTac-Apc(am1137)). European journal of nutrition 59:885-894.

Navarra M, Ferlazzo N, Cirmi S, Trapasso E, Bramanti P, Lombardo GE,
Minciullo PL, Calapai G and Gangemi S (2015a) Effects of bergamot
essential oil and its extractive fractions on SH-SY5Y human
neuroblastoma cell growth. The Journal of pharmacy and pharmacology
67:1042-1053.

Navarra M, Mannucci C, Delbo M and Calapai G (2015b) Citrus bergamia
essential oil: from basic research to clinical application. Frontiers in
pharmacology 6:36.

Navarra M, Ursino MR, Ferlazzo N, Russo M, Schumacher U and Valentiner U
(2014) Effect of Citrus bergamia juice on human neuroblastoma cells in
vitro and in metastatic xenograft models. Fitoterapia 95:83-92.

Nowak D, Stewart D and Koeffler HP (2009) Differentiation therapy of leukemia:
3 decades of development. Blood 113:3655-3665.

Paglin S, Hollister T, Delohery T, Hackett N, McMabhill M, Sphicas E, Domingo D
and Yahalom J (2001) A novel response of cancer cells to radiation
involves autophagy and formation of acidic vesicles. Cancer research
61:439-444.

Park JH, Jin CY, Lee BK, Kim GY, Choi YH and Jeong YK (2008) Naringenin
induces apoptosis through downregulation of Akt and caspase-3 activation

in human leukemia THP-1 cells. Food and chemical toxicology : an

76



BIBLIOGRAPHY

international journal published for the British Industrial Biological Research
Association 46:3684-3690.

Rapisarda A and Germano M (2013) Citrus bergamia risso and poiteau botanical
classification, morphology and anatomy. Citrus bergamia: Bergamot and
its Derivatives:9-11.

Reed JC (2001) Apoptosis-regulating proteins as targets for drug discovery.
Trends in molecular medicine 7:314-319.

Risitano R, Curro M, Cirmi S, Ferlazzo N, Campiglia P, Caccamo D, lentile R and
Navarra M (2014) Flavonoid fraction of Bergamot juice reduces LPS-
induced inflammatory response through SIRT1-mediated NF-kappaB
inhibition in THP-1 monocytes. PloS one 9:e107431.

Roboz GJ (2012) Current treatment of acute myeloid leukemia. Current opinion
in oncology 24:711-719.

Roma A, Rota SG and Spagnuolo PA (2018) Diosmetin Induces Apoptosis of
Acute Myeloid Leukemia Cells. Molecular pharmaceutics 15:1353-1360.

Rota SG, Roma A and Spagnuolo PA (2016) Diosmetin: An Anti-Leukemic
Flavonoid Targeting the Estrogen Receptor . The FASEB Journal
30:691.698-691.698.

Russo C, Maugeri A, De Luca L, Gitto R, Lombardo GE, Musumeci L, De Sarro
G, Cirmi S and Navarra M (2022) The SIRT2 Pathway Is Involved in the
Antiproliferative Effect of Flavanones in Human Leukemia Monocytic THP-
1 Cells. Biomedicines 10.

Russo C, Maugeri A, Lombardo GE, Musumeci L, Barreca D, Rapisarda A, Cirmi
S and Navarra M (2021) The Second Life of Citrus Fruit Waste: A Valuable

Source of Bioactive Compounds. Molecules 26.

77



BIBLIOGRAPHY

Sachs L (1996) The control of hematopoiesis and leukemia: from basic biology
to the clinic. Proceedings of the National Academy of Sciences of the
United States of America 93:4742-4749.

Saito H, Hatake K, Dvorak AM, Leiferman KM, Donnenberg AD, Arai N, Ishizaka
K and Ishizaka T (1988) Selective differentiation and proliferation of
hematopoietic cells induced by recombinant human interleukins.
Proceedings of the National Academy of Sciences 85:2288-2292.

Sak K and Everaus H (2017) Established Human Cell Lines as Models to Study
Anti-leukemic Effects of Flavonoids. Current genomics 18:3-26.

Schnerch D, Yalcintepe J, Schmidts A, Becker H, Follo M, Engelhardt M and
Wasch R (2012) Cell cycle control in acute myeloid leukemia. American
journal of cancer research 2:508.

Sedgwick JB, Vrtis RF, Gourley MF and Busse WW (1988) Stimulus-dependent
differences in superoxide anion generation by normal human eosinophils
and neutrophils. Journal of Allergy and Clinical Immunology 81:876-883.

Sekeres MA, Guyatt G, Abel G, Alibhai S, Altman JK, Buckstein R, Choe H, Desai
P, Erba H, Hourigan CS, LeBlanc TW, Litzow M, MacEachern J, Michaelis
LC, Mukherjee S, O'Dwyer K, Rosko A, Stone R, Agarwal A, Colunga-
Lozano LE, Chang Y, Hao Q and Brignardello-Petersen R (2020)
American Society of Hematology 2020 guidelines for treating newly
diagnosed acute myeloid leukemia in older adults. Blood advances
4:3528-3549.

Shallis RM, Wang R, Davidoff A, Ma X and Zeidan AM (2019) Epidemiology of
acute myeloid leukemia: Recent progress and enduring challenges. Blood

reviews 36:70-87.

78



BIBLIOGRAPHY

Shan JZ, Xuan YY, Zheng S, Dong Q and Zhang SZ (2009) Ursolic acid inhibits
proliferation and induces apoptosis of HT-29 colon cancer cells by
inhibiting the EGFR/MAPK pathway. Journal of Zhejiang University
Science B 10:668-674.

ShiD, XuY, Du X, Chen X, Zhang X, Lou J, Li M and Zhuo J (2015) Co-treatment
of THP-1 cells with naringenin and curcumin induces cell cycle arrest and
apoptosis via nhumerous pathways. Molecular medicine reports 12:8223-
8228.

Stahl M and Tallman MS (2019) Acute promyelocytic leukemia (APL): remaining
challenges towards a cure for all. Leukemia & lymphoma 60:3107-3115.

Stewart ZA, Westfall MD and Pietenpol JA (2003) Cell-cycle dysregulation and
anticancer therapy. Trends in pharmacological sciences 24:139-145.

Stoica S, Magoulas GE, Antoniou Al, Suleiman S, Cassar A, Gatt L, Papaioannou
D, Athanassopoulos CM and Schembri-Wismayer P (2016) Synthesis of
minoxidil conjugates and their evaluation as HL-60 differentiation agents.
Bioorganic & Medicinal Chemistry Letters 26:1145-1150.

Takahashi T, Kobori M, Shinmoto H and Tsushida T (1998) Structure-activity
relationships of flavonoids and the induction of granulocytic- or monocytic-
differentiation in HL60 human myeloid leukemia cells. Bioscience,
biotechnology, and biochemistry 62:2199-2204.

Tamamyan G, Kadia T, Ravandi F, Borthakur G, Cortes J, Jabbour E, Daver N,
Ohanian M, Kantarjian H and Konopleva M (2017) Frontline treatment of
acute myeloid leukemia in adults. Critical reviews in oncology/hematology

110:20-34.

79



BIBLIOGRAPHY

Télessy IG (2019) Nutraceuticals, in The role of functional food security in global
health pp 409-421, Elsevier.

Tenen DG (2003) Disruption of differentiation in human cancer: AML shows the
way. Nature reviews Cancer 3:89-101.

Testai L and Calderone V (2017) Nutraceutical Value of Citrus Flavanones and
Their Implications in Cardiovascular Disease. Nutrients 9.

Tsiftsoglou AS, Pappas IS and Vizirianakis IS (2003) Mechanisms involved in the
induced differentiation of leukemia cells. Pharmacology & therapeutics
100:257-290.

Vega-Rubin-de-Celis S (2019) The Role of Beclin 1-Dependent Autophagy in
Cancer. Biology 9.

Ventura JJ, Hubner A, Zhang C, Flavell RA, Shokat KM and Davis RJ (2006)
Chemical genetic analysis of the time course of signal transduction by
JNK. Molecular cell 21:701-710.

Visalli G, Ferlazzo N, Cirmi S, Campiglia P, Gangemi S, Di Pietro A, Calapai G
and Navarra M (2014) Bergamot juice extract inhibits proliferation by
inducing apoptosis in human colon cancer cells. Anti-cancer agents in
medicinal chemistry 14:1402-1413.

Wang J, Lian H, Zhao Y, Kauss MA and Spindel S (2008) Vitamin D3 induces
autophagy of human myeloid leukemia cells. The Journal of biological
chemistry 283:25596-25605.

Wang JC and Dick JE (2005) Cancer stem cells: lessons from leukemia. Trends

in cell biology 15:494-501.

80



BIBLIOGRAPHY

Webert K, Cook RJ, Sigouin CS, Rebulla P and Heddle NM (2006) The risk of
bleeding in thrombocytopenic patients with acute myeloid leukemia.
Haematologica 91:1530-1537.

Wu Y, Zhao D, Zhuang J, Zhang F and Xu C (2016) Caspase-8 and caspase-9
functioned differently at different stages of the cyclic stretch-induced
apoptosis in human periodontal ligament cells. PloS one 11:€0168268.

Wuchter C, Harbott J, Schoch C, Schnittger S, Borkhardt A, Karawajew L, Ratei
R, Ruppert V, Haferlach T, Creutzig U, Dorken B and Ludwig WD (2000)
Detection of acute leukemia cells with mixed lineage leukemia (MLL) gene
rearrangements by flow cytometry using monoclonal antibody 7.1.
Leukemia 14:1232-1238.

Yamamoto JF and Goodman MT (2008) Patterns of leukemia incidence in the
United States by subtype and demographic characteristics, 1997-2002.
Cancer causes & control : CCC 19:379-390.

Yang J, Lan J, Du H, Zhang X, Li A, Zhang X, Liu Y, Zhang J, Zhang C, Ding Y
and Zhang T (2019) Icariside Il induces cell cycle arrest and differentiation
via TLR8/MyD88/p38 pathway in acute myeloid leukemia cells. European
journal of pharmacology 846:12-22.

Yang M, Xing S, Ou HL, Zhang L, Shen X, Xiong GL, Wang FM, Xiao H, Tu YH,
Cong YW, Wang XR and Yu ZY (2018) Vibsanol A induces differentiation
of acute myeloid leukemia cells via activation of the PKC signaling pathway
and induction of ROS. Leukemia & lymphoma 59:2414-2422.

Yu C, Zeng J, Yan Z, Ma Z, Liu S and Huang Z (2016) Baicalein antagonizes
acute megakaryoblastic leukemia in vitro and in vivo by inducing cell cycle

arrest. Cell & bioscience 6:20.

81



BIBLIOGRAPHY

Yue J and Lopez JM (2020) Understanding MAPK Signaling Pathways in
Apoptosis. International journal of molecular sciences 21.

Zhang Y, Gao S, Xia J and Liu F (2018) Hematopoietic Hierarchy - An Updated
Roadmap. Trends in cell biology 28:976-986.

Zhang Y, Morgan MJ, Chen K, Choksi S and Liu ZG (2012) Induction of
autophagy is essential for monocyte-macrophage differentiation. Blood

119:2895-2905.

82





