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The effectors of the Mediterranean Diet, including reduced
saturated fatty acid intake, reduced amino acid and calorie 
intake, increased phytochemical intake, and microbiota
derived metabolites





Olive Oil compounds
� Extra virgin olive oil (EVOO): virgin olive oil 

which has a free acidity, expressed as 
oleic acid, of not more than 0.8 grams per 
100 grams, and the other characteristics of 
which correspond to those fixed for this 
category in the IOC standard.

� Triacylglycerols (98–99%). The 
predominant fatty acid present in olive oil 
TGAs is monounsaturated oleic acid (up to 
83% w/w). 

� EVOO also contains palmitic acid, linoleic 
acid, stearic acid, and palmitoleic acid 
making up the remainder of olive oil TGAs.

� There is a plethora of lipophilic or 
amphiphilic microconstituents present in 
virgin olive oil, among them, phytosterols, 
squalene, tocopherols, phenolic 
compounds, terpenic acid derivatives, etc. 

Kiritsakis FPMA. Olive fruit and olive oil composition and their functional compounds. In: Shahidi F, Kiritsakis A, editors. Olives and Olive
Oil as Functional Foods. Hoboken, New Jersey: John Wiley & sons. 2017



Olive Oil compounds
� Among the compounds of EVOO  

are the lignans like taxifolin, luteolin, 
apigenin, and other molecules 

� In olive oil, the content of 
polyphenols ranges from 50 to 1000 
mg/kg. 

� EVOO contains simple phenols that 
include tyrosol, hydroxytyrosol, and 
phenolic acids



Olive Oil Polyphenols
� Another subgroup is the secoiridoids that 

are derivatives from tyrosol, 
hydroxytyrosol, and elenolic acid, like as  
3,4-DHPEA-EDA or oleacein p-HPEA-EDA 
or oleocanthal. 

� The secoiridoids subgroup includes also 
the oleuropein and ligstroside aglycons
(3,4-DHPEA-EA, p-HPEA-EA,respectively) 
and their isoforms oleomissional and 
oleokoronal

� Phenolic compounds are mainly 
responsible for the characteristic gustatory 
property of virgin olive oil, namely the 
bitter taste. 



� The quantity and quality of polyphenols in olive oil is closely 
related to the process of olive milling and further processing.

� Therefore, virgin olive oils have substantially higher amounts of 
polyphenols than refined olive oils.

� As a matter of fact, it depends on the agronomic factors, the 
ripeness of olives, as well as extraction technology, along with 
storage or packaging processes.







� Cancer is currently the second leading cause of 
death worldwide, and new pharmacological 
remedies are urgently required 

� Although targeted therapeutic agents have 
reduced the overall level of mortality in the last 
decade, the efficacy of the new treatments is still 
limited, mainly due to the adverse side-effects and 
the frequent development of resistance

� There is thus a demand for novel approaches with 
non-toxic, affordable, readily accessible, and 
more effective compounds.







� The key processes occurring in cancer 
cells are caused by the oncogenic-
driven deregulation of several signaling 
pathways and the subsequent altered 
expression and function of the 
molecules involved in the retention of 
chronic abnormal proliferation, escape 
from programmed cell death, and 
acquisition of invasive capacity. 

� Moreover, the associated induction of 
angiogenesis, changes in the stromal 
microenvironment, stress oxidative 
damage and concomitant chronic 
inflammation, taken together, make it 
difficult to find an effective 
pharmacological counteraction of this 
disease. 

Pharmacological Research Volume 142, April 2019, Pages 77-86



Olive Oil Polyphenols 
and Cancer

Pharmacological Research Volume 142, April 2019, Pages 77-86



Chemical structures of the olive secoiridoids and derivatives 
used in preclinical studies as anticancer agents

Pharmacological Research Volume 142, April 2019, Pages 77-86



Antiredox activity  
� There is a balance between ROS 

generation and the removal of 
overabundant endogenous free 
radicals and reactive metabolites 

� thus preventing genotoxic effects as 
well as concomitant protein, lipid 
and membranes damage  which 
may contribute to the onset, 
development and progress of 
several diseases including some 
aspects of cancer biology

� Because of metabolic, 
mitochondrial and signaling 
deregulation, cancer cells show an 
increased ROS levels

Pharmacological Research Volume 142, April 2019, Pages 77-86

Sullivan and Chandel Cancer & Metabolism 2014, 2 :17



Antiredox activity 
� Μalignant cells  depend  on  

elevated  intracellular  levels  of  
ROS  to  proliferate  and  
self-renew  

� Redox imbalance has proved to 
be a contributing factor to 
numerous cancer phenotypes; 
i.e., increased cell proliferation, 
invasion, and epigenetic 
changes that lead to pathologic 
and clinical progression of 
cancers.

Luksana Chaiswing et al Antioxidants and Redox Signaling 2017



Antiredox activity 
� Olive phenols can directly protect cells 

from oxidative stress by acting as free 
radical scavengers, radical chain 
breakers, or metal chelators

� also act as oxidative stress defenders 
through the upregulation of a signaling 
pathway involving the nuclear factor 
Nrf2, thus resulting in an increased 
expression of protective phase II 
detoxifying enzymes

� protection against oxidative damage 
can also derive from the induction of 
mitochondrial biogenesis

Possible mechanisms through which TPF and HT 
exert their effects on GSH levels. TPF, total 
polyphenolic fraction; HT, hydroxytyrosol; Nrf2, 
nuclear factor (erythroid-derived-2)-like 2; ROS, 
reactive oxygen species; GSH, glutathione; ARE, 
antioxidant response element.

Kouka, P et al (2017). Assessment of the antioxidant activity of an olive oil total polyphenolic fraction and hydroxytyrosol from a 
Greek Olea europea variety in endothelial cells and myoblasts. International Journal of Molecular Medicine, 40



Antiredox activity 
� Olive phenols may work as “redox-

active” compounds inducing:
� cancer cell growth arrest or cell death, 

by either stimulating ROS production 
� or inhibiting antioxidant defense systems,
� or a combination of both 
� Moreover, they have shown “redox-

silent” activity inducing death pathways 
in cancer cells via mitochondrial and 
lysosomal dysfunction 

Calabriso et al The Journal of Nutritional 
Biochemistry Volume 28, February 2016, Pages 19-29
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Anti-inflammatory activity
� Inflamatory mediators act on damaged tissue cells, 

endothelial cells and the same immune cells, and trigger 
oncogenic pathways which may contribute to an abnormal 
proliferation regulation.

� Beauchamp and colleagues demonstrated that OC inhibited 
cyclooxygenase (COX)1 and COX2 activity in a very similar 
way to the anti-inflammatory drug ibuprofen.

� The attenuating action of Ole and HT on NF-ΚB activation has 
been also described

• L. Parkinson, R. Keast, Oleocanthal, a phenolic derived from virgin olive oil: A review of the
beneficial effects on inflammatory disease, Int. J. Mol. Sci. 15 (7) (2014) 12323–12334
• Celano M, Maggisano V, Lepore SM, Russo D, Bulotta S, Secoiridoids of olive and derivatives as potential 

coadjuvant drugs in cancer: a critical analysis of experimental studies, Pharmacological Research (2019)
• E. Giner, I. Andújar, M.C. Recio, J.L. Ríos, J.M. Cerdá-Nicolás, R.M. Giner, Oleuropein ameliorates acute colitis in 

mice, J. Agric. Food Chem. 59 (24) (2011) 12882-12892



Role of COX-2 in the initiation of cancers, the downregulation of
apoptosis and the promotion of angiogenesis, invasion and 
metastasis.(Smita et al 2009, Experimental Dermatology).
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Antiproliferative activity
� The treatment of cancer cell lines with olive 

phenols has highlighted the capacity to 
down regulate cancer cell proliferation 

Ø by altering the expression and/or function of 
key molecules involved in the onset and 
development of cancer including 
� the human epidermal growth factor receptor 

(HER),
� mitogen activated protein-kinases (MAPKs), 
� c-Met proto-oncogene and 
� the fatty acid synthase (FASN) enzyme 

Pharmacological Research Volume 142, April 2019, Pages 77-86



Olive phenols 
� reduces cell growth by stimulating 

both extrinsic and intrinsic apoptosis 
pathways and/or arresting the cell 
cycle through the upregulation of p53, 
p21 and cyclin dependent kinase 
(CDK) inhibitors or the downregulation
of cyclin D1 and ki67 

� Affect the Lysosomal membrane 
integrity by decreasing the activity of 
the lysosomal lipase acid 
sphingomyelinase (ASM), and its 
inhibition promotes organelle 
membrane permeabilization resulting 
in the release of lysosomal hydrolytic 
enzymes into the cytosol and cell 
death 

Pharmacological Research Volume 142, April 2019, Pages 77-86
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Celano M, et al Secoiridoids of olive and 
derivatives as potential coadjuvant drugs in 
cancer: a critical analysis of experimental 
studies, Pharmacological Research (2019),



� Overexpression of HER2 protein is 
associated with aggressive tumor profile 
and poor clinical outcomes among BC 
patients diagnosed with HER2-positive 
phenotype . 

� Lapatinib (LP) is a small-molecule dual 
inhibitor of both EGFR and HER2

� The significant tumor growth inhibition in 
combination-treated mice was 
mediated by reduced total and active 
levels of HER2, EGFR, and c-Met, 
compared to individual OC or LP 
treatments suggesting effective tumor 
cell sensitization







Celano M, et al Secoiridoids of olive and 
derivatives as potential coadjuvant drugs in 
cancer: a critical analysis of experimental 
studies, Pharmacological Research (2019),



Celano M, et al Secoiridoids of olive and 
derivatives as potential coadjuvant drugs in 
cancer: a critical analysis of experimental 
studies, Pharmacological Research (2019),



Phenols and epigenetics 
control

Global DNA hypomethylation, gene promoter hypermethylation
and aberrant histone posttranslational modifications are hallmarks of
neoplastic cells, which have been associated with genomic instability 
and altered gene expression

Portela A, Esteller M. Epigenetic modifications and human disease. Nat Biotechnol 2010;28:1057–68.



� Ιn silico studies and in vitro assays on BC  cancer 
steam cells suggested that oleacein may 

� Inhibit mTOR by binding and inhibiting both the 
ATP-binding kinase domain site in mTOR

� inhibit DNA methyltransferase (DNMT) 



� Οleacin might functionally 
deplete tumor-initiating 
CSC-like (cancer stem cells) 
states that sustain 
tumorigenicity by impacting 
fundamental controllers of 
cell fate choice, a 
metabolo-epigenetic 
mechanism involving both 
the downregulation of 
stemness-driving 
transcription factors and the 
re-activation of 
epigenetically suppressed 
differentiation programs.

Metabolic features of cancer stem cells: the emerging role of 
lipid metabolism Rita Mancini1 et al . Oncogene 2018



� Phenolic extracts has been identified as a modulator in the 
expression of the gene encoding for the cannabinoid type 1 
receptor (CNR1) a tumor suppressor gene exerting antiproliferative
effects and whose site-specific promoter hypermethylation, cause 
loss in gene function 

� In particular, it was observed hypomethylation of CNR1 promoter 
after HT treatment, and this effect was associated both with an 
increase of CNR1 expression and a reduced proliferation of colon 
cancer cell lines 



Microbiota and cancer



Fig 1. Microbial-derived signals modulate numerous hallmarks of cancer through diverse 
mechanisms.

Fulbright LE, Ellermann M, Arthur JC (2017) The microbiome and the hallmarks of cancer. PLOS Pathogens 13(9): 
e1006480. https://doi.org/10.1371/journal.ppat.1006480
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006480

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006480


Olive oil polyphenols and microbiota



Rodriguez et al. Int. J. Mol. Sci. 2018, 19(8), 2305;



Effect of nutritional intervention with  High-
Oleocanthal and Oleacein olive oil in 

patients with chronic lymphocytic leukemia
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Chronic Lymphocytic Leukemia 
(CLL)

� CLL is the most common adult leukemia in 
western countries. It is responsible for 25% of 
all leukemias.

� It is characterized by accumulation of 
monoclonal B-lymphocytes in bone marrow, 
peripheral blood, lymphatic tissues and 
spleen and is often asymptomatic and slow in 
its development.

� Patients with CLL do not always require 
immediate therapy. However, once 
symptomatic, the median survival of these 
patients ranges from 18 months to 6 years 
depending on the clinical stage

Hallek M (2015) Chronic lymphocytic leukemia: 2015 Update on diagnosis, risk stratification, and treatment. Am J 
Hematol 90(5): 446-460



Chronic Lymphocytic Leukemia 
(CLL)



Chronic Lymphocytic Leukemia (CLL)

� Criteria for the diagnosis of CLL are 
monoclonal B lymphocytes ≥5000 
lymphocytes/ml in the peripheral blood 
for at least 3 months,

� prolymphocytes ≤55%, 
� co-expression of CD5 and B-cell surface 

antigens CD19, CD20, and CD23, low 
levels of CD20, CD79b and 

� low expression of surface 
immunoglobulins (sIg), and kappa or 
lambda light chain restriction 

Gomes LC, P et al (2017) Prognosis biomarkers evaluation in chronic lymphocytic leukemia. Hematol Oncol Stem Cell Ther 10: 57-62





Oleocanthal and cancer



Oleocanthal and leukemia



Aim
The aim of the present study was 
� to investigate the nutritional effect of EVOO 

consumption, rich in oleocanthal / oleacein
(OC / OL), on hematological and cellular 
markers and disease progression in patients 
with Chronic Lymphocytic Leukemia (CLL) 
who do not require treatment yet. 

� Additionally, their potential cellular 
mechanism of action was also investigated.



Methodology



First intervention vs placebo 
� 20 patients (aged 72,4 ± 7,4 years old) with CLL 

participated the research (no medication was 
taken) 

� Patients were randomly divided into 2 groups

10 patients in the 
placebo group (5 

women 5 men)

10 patients in the 
intervention group 
( 3 women 7 men)



Olive oil rich in oleocanthal

� Oleocanthal 416 mg/Kg
� Oleasin 284 mg/Kg
� D1 (Oleocanthal + Oleasin) 

=700 mg/Kg
� Analysis with NMR July2017
� Variety: Lianolia of Corfu
� Origin : St. Matthew, Corfu
� Harvest in October 2016 Sponsor of olive oil

Spyros & Giorgos Dafnis



Olive oil poor in oleocanthal

� Oleocanthal 82 mg/Kg
� Oleasin 33 mg/Kg
� D1 (Oleocanthal + Oleasin) =115 mg/Kg
� Free Tyrosol : 250 mg/Kg
� Total phenols : 505 mg/Kg
� Category: Extra Virgin
� Analysis with NMR July2017
� Harvest in October 2016

� Note: It does not matter just how many phenols are 
included in olive oil but which are these phenols.



� Flow chart of the intervention protocol. 
Intervention A: High oleocanthal/oleacein
EVOO. Intervention B (control group): Low 
oleocanthal/oleacein EVOO



Methods
At all time point, we studied
� Βlood cell count
� Lipid profile
� Fasting Blood Glucose
� Hepatic markers
� Apoptotic markers (survivin, ApoFas)
� Isolation of mononuclear white cells
� Western Immnoblotting in 

mononuclear white blood cells (cell 
cycle markers)



Apoptotic markers



Caspase activity - cck18
� Cytokeratin-18 is a cytoskeletal 

protein
� During apoptosis cytokeratin-18 is 

cleaved twice by caspases, 
generating an 18-kilodalton 
fragment termed caspase-cleaved 
cytokeratin-18 (cCK-18). 

� This caspase-specific processing 
exposes a neo-epitope at the c-
terminal end of cCK-18 that is 
recognized by a specific 
monoclonal antibody (M30)



APO1/Fas

APO1/Fas (CD95)à APO1/Fas (CD95) is a 
glycosylated surface protein (48 kDa)
which contains a single transmembrane
region and is considered as a member of 
TNF/NGF receptor’s superfamily. 
• It is  expressed in a variety of human T 

and B cell lines, several different tumor 
cells and in various normal human 
tissues. 

• APO1 activation (with its ligand or anti-
APO1 monoclonal antibodies) may lead 
to rapid induction of apoptosis in cells 
with increased sensitivity. 

• Fas receptor can activate inflammatory 
pathways in several cell lines and tissues. 

J Clin Endocrinol Metab, 2014. 99(1): p. E36-44.



Survivin
� Survivin is a member of the 

apoptosis inhibitor family.
� It is overexpressed in most 

human cancer cells.
� It is involved in both apoptosis 

inhibition and promotion of cell 
division.

Altieri DC. Survivin, cancer networks and pathway-directed drug 
discovery. Nat Rev Cancer. 2008;8:61–70.





Results
In the first survey

� the number of white blood cells in the CLL 
patients of the intervention group was 
reduced, and statistically significantly in 
5/10 patients (p<0.05)

� increase in the apoptotic markers CCK18, 
Apo1-Fas 

� decrease in antiapoptotic protein Survivin
was observed in CLL patients of the 
intervention with EVOO rich in oleocanthal. 



Responding group



Responding 
group

n=5



Second Intervention
� The 5 responding patients continued, for 12 months 

(5 patients) and for 18 months (3 patients), the 
intervention with EVOO rich in OC/OL. 

� All patients showed stabilization in the number of 
white blood cells. 
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� Third  intervention with OC / EL-rich EVOO was 
performed in 20 CLL patients for 7 months where 
a response was found in 15/20 patients with 
decreased white blood cells
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� Regarding the cell death markers, 
� the anti-apoptotic survivin index remained 

low 
� the cell death-induced ApoFasI and ccK18 

proteins remained at consistently high levels 
in blood serum. 

� There was also an increase in apoptotic 
proteins at a cellular level and in the white 
blood cells of the patients
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Tunnel Assay- Apoptotic assay

White blood cells after tunnel assay before treatment (0 time) and after 
treatment (3 month)  with EVOO rich in OC/Ol



Biochemical markers

EVOO consumption rich in oleocanthal improve the  glucose level 
and  lipid profile mainly in the CLL response group
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� After 3, 6 and 12 months of intervention in 
responding patient  ccK18 was 
negatively correlated with 

� γGT (r=0.810, p=0.001), 
� triglycerides (r=0.600, p=0.002)
� Cholesterol (r= 0,5, p=0.001)
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Cell  cycle markers
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Conclusions 
� None of the study patients needed to 

initiate chemotherapeutic intervention.
� Further studies are necessary to clarify the 

exact role and ability of such nutritional 
interventional actions to improve the 
health status during neoplastic blood 
diseases such as CLL.



What next??



Thank you for your attention
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