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Reduced saturated fatty acid intake

Mediterranean Diet Pyramid
A contemporary approach to delicious, healthy eating
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The effectors of the Mediterranean Diet, including reduced

saturated fatty acid infake, reduced amino acid and calorie
iIntake, increased phytochemical intake, and microbiota
derived metabolites
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Impact of Mediterranean Diet on Cancer:
Focused Literature Review
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Table I. Summary of sStudies reviewed .

References Smudy design Sz=mmaple size: Cancer type Outoormes Camuments
cE=ses and comtrols
Staojanaowvic er al. (24) CesseCaontraol 446 Gastne OR: 0.70
van den Bragxit & Schulpen (14) C e Cobort 3 986 Bre= OR: 094 NS Sigmibcant effect for
ER negative tumors
Molna Montes cralf. (13) Prospective oohhor? stady B85 Pancreatx HR: 0S99 NS EPIC sudy
Turati ez aof . (25) Cesse-Caontraol 72 N=ssophaaynge=l OR: 0.66
Rossto o al. (26) Cese-Control 10 549 Caolorectsl OR: O.52
Gar=ldi er of . (27) Case-Control 933 Fe ad and Neck OR: O.61
BHodge cral (28) Case- Semies 03 Lung HR: 0.648 Especizlly for
curren smokers
Toledo ecr al. (29) Case-Control 4152 Breast HR: 0.32 The PREDI MED study
Flomeno «r al. {30) Case Caontrold 5079 Endometr =l OR: 045
Castello e al_ (31) Case-Contraol 2034 Bresst OR: 0O.56 Significant effTect for
ER negative tumors
Filomeno 2 al. (6) Case-Contraol 28B4 Oral cavaly =nd OR: O.20
pher ynge=l
Mowroati er af.  (32) CaseCaontraol |00 Bres-t OR: 091
CGromso e af . (33) Case-Caontrol 1014 Caolorect=l OR: O0.45
Praud cr al (34) Case Caontrold 3627 Gastrc OR: O.78
Buckland cr al. {(35) Prospective cohiort stuxly 477.312 Bladder HR: O0.5s8 EPIC smdy
Kenficld cr al. (36) Prospective oohior? stady 4538 Prostate HR: O.78
Idilba er al. (37) Case-Contraol 200 Over=ll cancers OR:04
Bosetl: o of . (38) Cese-Control 2892 Panc restic OR: O.57
Barmmas er al. (39) Prospective ochort study 435S Calorect=l HR: O.89 EPIC smdy
Miiller cr af . {(12) Cese-Caontral 2590 Prostate OR: 107 NS
Buckland cr al. {40) Praspective oobort stady 335062 Bresst HR=0.9% EPIC smudy.
Significamnt efTect for
ER negstive fumosrs.
Preme nopausal wosrsen
NS. Postmmenopaussl
wenmen (HR=0 S0 ).
Kontou «r al. {(35) Casse-Contraol s00 Caolorects=l OR: O.87
Kontou or al. (41) CaseConraol S00 Colorect=l OR: O.89
Cade et al. (42) Cobort Sty 33.731 Bre=t HR: O0.65
Tnichopoulou cr af . (7) Prospective ochior? stuady 14 807 Bre=xt HR=0 88 EPIC smudy.
Premme nopauss]l wosmsen
(HR=1 01). Postmeno-
Ppaus=] wamen
(HR=078).
S=moli e af . (43) CaseConaol 433 Upper Acrodigestive Tract OR: 070
Buckland cr al. (9 Prospective oochort stuly 485048 Gasmnic HR: 0.67 EPIC sudy
Benetou cr al. (3) Prospective oochior? stuady 25623 Over=ll cancers HR: O.88 EPIC sdy
D=lvi  Alixon & Paomel= (11) Cesse-Conral S4as Endomnme trial OR=1.24

EPIC, Euraopean Prospective Investigation into Cancer and Nutrition. NS, Not statistsically sagnificant.




Olive Oll compounds

o 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 o those fixed for this
category in the IOC standard.

o Triacylglycerols (98-99%). The . .
?redqminon’r fafty acid present in olive oll
GAs is monounsaturated oleic acid (up to
83% w/w).

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

o There is a plethora of lipophilic or
amphiphilic microconstituents present in
virgin olive oil, among them, phytosterols,

squalene, focopherols, phenolic
compounds, terpenic acid derivatives, etc.




Olive Oll compounds

o Among the compounds of EVOO
are the lignans like taxifolin, luteolin,
apigenin, and other molecules

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

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




Olive OIll Polyphenols

Olive Qil Polyphenols

o Another subgroup is the secoiridoids that .
are derivatives from tyrosol, X

hydroxytyrosol, and elenolic acid, like as '3
3,4-DHPEA-EDA or oleacein p-HPEA-EDA 00 1K
or oleocanthal. S . ‘%

o The secoiridoids subgroup includes also 0
the oleuropein and ligstroside aglycons Q)x
(3,4-DHPEA-EA, p-HPEA-EA respectively) 4 ﬁ/ﬁ
and their isoforms oleomissional and i
oleokoronal PlantMedicineNews.con

o Phenolic compounds are mainly
responsible for the characteristic gustatory
Broper’ry of virgin olive oil, namely the

itter taste.
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OLIVE POMACE
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VIRGIN OLIVE OIL
~150-400mg/Kg

* COMMON OLIVE OIL

- Low polyphenol content
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Low polyphenol content [ )
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(-0-5mg/Kg)

Figure 1. The concentration of polyphenols in differnet kinds of oilve oil depending on technological
process of the oil extraction [25].

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

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

o 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.

Types of Olive Oil. Available online: http:// www.nupr;)as.se/ nuproas/olive /types-of-olive-oil/ (accesed
on 26 February 2018.



Figure 1. Biological activities of olive o1l phenolic compounds (adapted from Cicerale
eral. [62].
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ancers caused by Cancers caused by environmen¥®
“bad luck’ genes and lifestyle
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o Cancer is currently the second leading cause of
death worldwide, and new pharmacological
remedies are urgently required

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

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




The Genesis of Cancer
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Root Causes & Co-Factors of Cancer

Chronic Pharmaceutical
Inflammation / Drugs

Oxidative Toxicity/

Type 2 Diabetes Stress Acidity

Sedentary
Lifestyle

Weakened
Immunity

Nutritional Stress/

Poor Diet Deficiencies Insomnia

Macronutrient Vitamin Mineral Other

- - Deficiencies Deficiencies Deficiencies
DGflClG"CleS (Vitamins A, C, D) (Selenium, Zinc) (Enzymes, Probiotics)




o [The key processes occurring in cancer
ells are caused by the oncogenic-
driven deregulation of several signaling
oathways and the subseqguent altered
expression and function of the
olecules involved in the retention of
hronic abnormal proliferation, escape
rom programmed cell death, and
acquisition of invasive capacity.

= Moreover, the associated induction of

angiogenesis, changes in the stromal
icroenvironment, stress oxidative

damage and concomitant chronic

~ |nflammation, taken together, make it

~ difficult to find an effective
- pharmacological counteraction of this

disease.

Selfsuffciency in Insensitivity to
growth signal anti-growth signals

Evading
apoptosis

Sustained ' \'
angiogenesis '
Hallmarks

of
Evading immune Cancer DNA damage

surveillance stress
Oxidative . i Mitotic
stress

stress
Metabolic Proteotoxic
stress stress

Limitless replicative

potential

Tissue invasion
& metastasis

Pharmacological Research Volume 142, April 2019, Pages 77-86
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Olive Oll Polyphenols
and Cancer

Olive secoiridoids
and derivatives

Adjuvants

N\
Multitarget

Therapy —> ;
Pl

Chemoterapics

Pharmacological Research Volume 142, April 2019, Pages 77-86
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Chemical structures of the olive secoiridoids and derivatives
used in preclinical studies as anticancer agents
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Pharmacological Research Volume 142, April 2019, Pages 77-86




Antiredox activity

o There is a balance between ROS
generation and the removal of
Normal Cells
overabundant endogenous free sismdrsy I8
radicals and reactive metabolites

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

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

Homeostasis ! l

Homeostasis

Antioxidant suppression
or ROS induction

Antioxidant suppression
or ROS induction

Sullivan and Chandel Cancer & Metabolism 2014, 2 :1




Antiredox activity

Oxidized state

o Malignant cells depend on
elevated infracellular levels of
ROS to proliferate and
self-renew

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

Push redox

state into death
zone by redox

Chemo cycling
resistance compounds

. Radio
Aggressive
Cancer Pathological
Cancer

l M IPhysioIogical

Zone

Rewired Redox state

-300 m

Reduced state




Antiredox activity

o Olive phenols can directly protect cells a1 &
from oxidative stress by acting as free -
radical scavengers, radical chain
breakers, or metal chelators

o 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 profective phase |l
detoxifying enzymes

o 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.




Antiredox activity

o Olive phenols may work as “redox- m f( ""“{W "I’M'”J’“\’ |
active” compounds inducing: ) ol

o cancer cell growth arrest or cell death,
by either stimulating ROS production

o or inhibiting antioxidant defense systemes,
o or a combination of both

o Moreover, they have shown “redox-
silent” activity inducing death pathways
iIn cancer cells via mitochondrial and
lysosomal dysfunction

Calabriso et al The Journal of Nuftritional
Biochemistry Volume 28, February 2016, Pages 19-29



Table 1: Activity on cellular redox status of olive secoiridoids and derivatives in preclinical cancer models

Compound Model Mechanism Ref.
HL-60* na. [29]
4 H:0: discharge [134]
MCF-7* *Nrﬂ, ERRa. SIRT3, GSTA2, [39]
HO-1
¥ PGCla,
Hydroxytyrosol
(SW480, HCT116. PC3 4 H,0, discharge [33]
LNCaP MCF7. MDA)*
HepG2* ¥ BiP. ATF6a [135]
PC3* y DNA damage, cGPx. PHGPx [136]
DLD1 4 1,0, ROS [44]
¥ Ay
Glioma in + TBARs. GSH. GSSG, SOD. [118]
Wistar rats CAT, GPx

ATF_ apoptosis inducing factor: ASN . acid sphingomvelinase: ATFGoa., activating transcription factor
GSa: BiP. binding immunoglobulin protein: CAT_ catalase: cGPx. classic glutathione peroxidase: Ay
miitochondrial potential membrane: ERRa. estrogen-related receptor a: GPx. glutathione peroxidase:;
GSH. glutathione: GSSG. glutathione disulfide: GSTAZ2 glutathione s-transferase alpha 2: HO-1._
heme oxigenase-1: I.DH_  lactic dehvdrogenase: IL.NMP_ lysosomal membrane permeabilization: n.a_
not available: NNrf2. nuclear factor ervyvthroid 2-related: PGC-la. peroxisome proliferator-activated
receptor-y coactivator-la: PHGPx. phospholipid hydroperoxide glutathione peroxidase: ROS.
reactive oxygen species: SIRT3. sirtuin-3: SOD. superoxide dismutase: TBARs_ thiobarbituric acid-
reactive substances._

*FCancer cell Iimes: BCPAP_ thyvroid: DI.LD1I_HCT116. HTI 29, SW4S80. WiDr. colon: Hep3B. HepG2._

liver: HHI -60. blood: DU145_  IT. NCaP_  PC3_ prostate: MCF-7_. MDA T47D_ breast: STWO982_, synowvia._




Hydroxytyrosol
+

HT29. WiDr* Y ATF [46]
Cetuximab
Oleacein HL-60* na. [29]
¥ Ay
HepG2, Hep3B, SW480* AROS [87]
Oleocanthal
MDA-MB231 v ASM [45]
(ER-.PR-. HER2-)  4rmp
(MCF-7, TA7D, BCPAP)* ¢ ROS [3031]
SW982* 4 Nef2. HO-1 [117]
LNCaP, DU145* 4 LDH, ROS. HO-1 [40]
Oleuropein HepG2* 4 MDA [41]
Colorectal cancer in A/J
R na. [103]
UVB wrradiation 1n - [86]
C57BL/6] mice 2

ATF_ apoptosis inducing factor: ASN . acid sphingomvelinase: ATFGoa., activating transcription factor
GSa: BiP. binding immunoglobulin protein: CAT_ catalase: cGPx. classic glutathione peroxidase: Ay
miitochondrial potential membrane: ERRa. estrogen-related receptor a: GPx. glutathione peroxidase:;
GSH. glutathione: GSSG. glutathione disulfide: GSTAZ2 glutathione s-transferase alpha 2: HO-1._
heme oxigenase-1: I.DH_  lactic dehvdrogenase: IL.NMP_ lysosomal membrane permeabilization: n.a_
not available: NNrf2. nuclear factor ervyvthroid 2-related: PGC-la. peroxisome proliferator-activated
receptor—y coactuvator-la: PHGPx. phospholipid hydroperoxide glutathione peroxidase: ROS.
reactive oxygen species: SIRT3. sirtuin-3: SOD. superoxide dismutase: TBARs_ thiobarbituric acid-
reactive substances._

*FCancer cell Iimes: BCPAP_ thyvroid: DI.LD1I_HCT116. HTI 29, SW4S80. WiDr. colon: Hep3B. HepG2._

liver: HHI -60. blood: DU145_  IT. NCaP_  PC3_ prostate: MCF-7_. MDA T47D_ breast: STWO982_, synowvia._




Polyphenols anti-oxidant actions

o
Scavenging Metal ROS ROS

Chelation | | Suppression  Detoxification

./ 3 hd —i— Signaling Activation (NF-kB PI3K/ AKT, ERK,..)
(hete transtion noxpon
po—— & (. resweratrol
R §Mitochendris mu-n'r OSNv;Tn::nm wees. { || Pro-inflammatory cytokines, chemokines,
Cwoumn chelatm

| B S
\ J. l J Inflammation

Nutrients 2018, 10, 1618; doi:10.3390/nu10111618




Role of chronic inflammation in L

_

promoting cancer development \
*Pro-inflammatory
Stoss Envroomentlpolltas| | Viruses cytokines TN IL-1, LPS, etc.
(Chemical, physical,and psychological) | | (Cigarette smoke, Diesel) | | (HTLV1, HPV.HCV, HBV, EBV) 0 Chemokines
Food Factors Bacteria -
(6, Fred, red mea \ i ke ngetlc qnd ! / Thgrapy
/ epigenetic \ resistance
\ alterations -
TRuctlvo &yq:n c:pocl;)sm / Immuno-
umor necrosis factor-a '
nereukin Tumour cell suppression
afing I prolferation |
Acute Rt inflammation Metastasis|
Cyclooxygenase-2 + Tumor cell survival ‘ : .
+ Innate Immunity :Lipooxygenase * Tumor cell proliferation survival ¢ Anglogene5|s
* Humoral immunity Inducible nitric oxide- * Tumor cell invasion
* Immune surveillance synthase ;m ;:\m
| gt e chononaios EMTand | | Cancer | | Celllr B
l ﬂ Chamoknes "“"‘“""'ﬂ““"“““ invasion | | stemcell | | metabolism
Therapeutic inflammation Pathological inflammation

Nature Reviews | Immunolo




Anti-inflammatory activity

o Inflamatory mediators act on damaged fissue cells,
endothelial cells and the same immune cells, and trigger
oncogenic pathways which may contribute to an abnormal
proliferation regulation. NS

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

o The aftenuating action of Ole and HT on NF-KB activation has
been also described

» L. Parkinson, R. Keast, Oleocanthal, a phenolic derived from virgin olive oil: A review of the
beneﬂcml 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. Andyjar, M.C. Recio, J.L. Rios, J.M. Cerda-Nicolds, R.M. Giner, Oleuropein ameliorates acute colifi

mice, J. Agric. Food Chem. 59 (24) (2011) 12882-12892
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’ I COX-2 specific inhibitors
Cylooxygenase-2
1 ‘ ‘ fCD-44
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1 VEGF Suppression of CMI ] N
' [ Suppression of apoptosis ]

DINA

Transformation
| | Angiogenesis ' | Invasion and Metastasis ] I
‘ [~
’ [ Proliferation ]
-

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 Dermatolo
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Table 2. Anti-inflammatory effects of olive secoiridoids and derivatives in preclinical cancer
models
Compound Model Molecular target Ref.
Colorectal adenocarcinoma PG
in athymic nude mice \ ES-1, HIF-1a [104]
Hydroxytyrosol (Hep3B. HepG2)* $IL6 [137]
Glioma in
Wistar rats v IL-6. TNFa. ASAP. IRAP [119] I
Skin cancer in MMP?2
HOS:HR-1 mice \ 9:13, COX2 [107]
Oleuropein AOM/DSS-colorectal cancer ‘ II-6-17, IFNy, TNFa, COX2, [88]
in C57BL/6 mice NF-xB
SWoR2* + g_F-6;BTNFa, CO)Q, mPGES-1 - [1 17]
Tyrosol U-87MG* :gl;‘z ran [138]

AOM. azoxymethane; ASAP, aspartyl aminopeptidase; COX2, cyclooxygenase 2; DSS. dextran
sulfate sodium; HIF-1a, hypoxia inducible factor-1a; IFNy, interferon y; IL-6, interleukin-6; IRAP,
insulin-regulated aminopeptidase; MMP. matrix metalloproteinase; mPGES-1. microsomal
prostaglandin E synthase-1; NF-xB, nuclear factor-kappa B; TNFa, tumor necrosis ﬁactow a.
*Cancer cell lines: Hep 3B, HepG2, liver; SW982, synovia; U-87MG, brain.
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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

by altering the expression and/or function of
key molecules involved in the onset and
development of cancer including

o the human epidermal growth factor receptor
(HER),

o mitogen activated protein-kinases (MAPKSs),
o c-Met proto-oncogene and
o the fatty acid synthase (FASN) enzyme

s
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Olive phenols

o reduces cell growth by stimulafing
both extrinsic and intrinsic apoptosis
pathways and/or arresting the cell
cycle through the upregulation of p&3,
P21 and cyclin dependent kinase
(CDK) inhibitors or the downregulation
of cyclin D1 and kié/

o Affect the Lysosomal membrane
integrity by decreasing the activity of
l the lysosomal lipase acid
’ sphingomyelinase (ASM), and its
iInhibition promotes organelle
membrane permeabilization resulfing
iN the release of lysosomal hydrolytic
enzymes into the cytosol and cell

death b

Bim
¢Jun

Extrinsic pathway

I

Intrinsic pathway

Apoptosis




Table 3. Oncogenic molecular targets of olive secoiridoids and derivatives in in vivo models

Compound Model Molecular target Ref.
DMBA /Breast cancer 3 FRP
in Sprague—Dawley rats * 0TS » 23]
Colorectal adenocarcinoma in * Ki67, VEGF. HIF-1a. mPGEs-1 [104]
Hydroxyt asid athymic nude mice -+ Caspase_3 cleavage
Cholangiocarcinoma ¥ p-ERK. Ki67 [105]
in nude BAT B/c mice 4 Bax. (Caspase 3.9. PARP) cleaved
Colorectal adenocarcinoma in -
athymic nude mice ¥ Ki67, EGFR [101]
Hydroxytyrosol <
® Skt Dy s ¥ Kis7 [95]
Paclitaxel
Breast cancer in athymic nude 2
mice Foxn1=/Foxnl* ¥ Ki67. CD31 [76]
Oleocanthal Hepatocellular cancer in 2
BAT B/c athymic nude mice ¥ Ki67. PREALS 106}
Melanoma cancer in BAT B/c = CD
athymic nude mice ¥ Ki67. 31 [108]
Skin cancer in .
HOS: HR-1 mice ¥ Ki67 [107]
Oleuropein Skin UVB irradiation ¥ Ki67. MMP3 [86]
in C57BL/6J mice
AOMDSS-colorectal cancer * NF-«B. Want/BCatenin, PI3SK/AKT [88]
in C57BL/6 mice ¥ STAT3. Bax_ Ki67
Oleuropein )
- S e ¥ NF-«B. Cyclin D1, Bel2 [99]

Dox. bicin BAI B/c Foxnl mice




Table 4. Effects and molecular targets of olive secoiridoids and derivatives in breast cancer

cell lines
Compound Cell line NMolecular Target Ref.
f Caspase cleaved 139
MCF-7 (ERY) -3 [139]
+ ERK2* 621
Hydroxytyrosol
MCF7 (ER™. HER2%) + HER2* [140]
SKBR3 (HER2)) ¥ HER2* [140]
LigEtoade MCF7 (ER™. HER2%) v (FASN. HER2)* [76. 77]
aglycone SKBR3 (HER2Y) + (FASN. HER2)* [76. 771
4 (e-Cadherin. Zo-1)*
MCF-7 (ER") ; [761
+ B-Catenin™®
BT-474 4 (e-Cadherin. Zo-1)* [76]
(ER”. PR™. HER2") ¢ (B-Catenin. ERa)* [76. 96]
Qleocaybal ¥ (Cyclin D1. CDK6. p-Met. Vimentin)*
pBRK* [76]
MDA-MB231
(ER-. PR-. HER2) 4 @-21.p27)*
f (Caspase 3. PARP) cleaved [45. 76]
+ p-Met™ [74. 75]
) MCF7 (ER™. HER2%) ¥ FASN. HER2* [76. 771
Oleacemn
SKBR3 (HER2)) ¥ FASN. HER2* [76. 771
v ERK2* [69]
v MMP 2.9;: TIMP3)~ [141]
% ¥ Bcl2™ [83]
McE-TES ) ¥ miR 21_155 [o4]
4 Bax. p53)* 831
Oleuropein 4 (APAF-1. PTEN. TP53INP1. FADD)"™ [94]
Bax*®
MDA-MB231 + ; [s0]
(ER-. PR~. HER2") v (Bcl-2. Cyclin D1. NF-xB)*
4 (Bax. p21.p53. pERK)*
SKBR3 (HER2Y) (Caspase 3.9: PARP) cleaved [82]
¥ (Bcl-2. Cyclin D1)*
Olourtpein MCF7 (ER™. HER2%) + (FASN, HER2)* [68. 76. 77]
aglycone SKBR3 (HER2Y) + (FASN. HER2)* [68. 76. 77]

APAF-1. apoptotic peptidase activating factor-1; Bax. Bcl-2-associated X protein:

Bcl2, B-cell

Iymphoma 2: BRK. breast tumor kinase: CDKG. cyclin dependent kinase 6: ER. estrogen receptor;
ERK. extracellular regulated kinase; FADD. fas associated with death domain: FASN. fatty acid
synthase; HER2. human epithelial receptor 2: miR. microRNA: MMP_ matrix metalloproteinase;: NF-
«B. nuclear factor-xB:; PARP., poly(ADP-ribose) polymerase; PR. progesterone receptor: PTEN,
phosphatase and tensin homologs: TIMP, tissue inhibitors of metalloproteinases: TP53INP1. tumor
Zo-1. zona occludens-1. *protein expression: #gene

protein p53 inducible nuclear protein 1:

expression.
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(—)-Oleocanthal Combined with Lapatinib Treatment
Synergized against HER-2 Positive Breast Cancer

In Vitro and In Vivo

Abu Bakar Siddique 12, Hassan Y. Ebrahim !, Mohamed R. Akl !, Nehad M. Avyoub 2,
Amira A. Goda I, Mohamed M. Mohyeldin 1 Suresh K. Nagumalli I Wael M. Hananeh 37,
Yong-Yu Liu 1 Sharon A. Meyer 1 and Khalid A. El Sayed =

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
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The olive oil phenolic (-)-oleocanthal modulates
estrogen receptor expression in luminal breast
cancer iz virro and in vivo and synergizes with
tamoxifen treatment

Nehad M. Ayoub., Abu Bakar Siddigue, Hassan Y.
Ebrahim., Mohamed M. Mohyveldin, Khalid A. E1
Saved

(-)-Oleocanthal O

X @ncer cells

\ VA

Oleocanthal
Tamoxifen
Oleocanthala é,, &
5 mg/kg
Oleocanthal

Oleocanthal
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Articdle
(—)-Oleocanthal Prevents Breast Cancer Locoregional

Recurrence After Primary Tumor Surgical Excision
and Neoadjuvant Targeted Therapy in Orthotopic
Nude Mouse Models

Abu Bakar Siddique 12, Nehad M. Avoub 27, Afsana Tajmim 170, Sharon A. Meyer 17,
Ronald A. Hill T and Khalid A. El Sayed -*00
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Table 5: Effects and molecular targets of olive secoiridoids and derivatives in colon, liver and pancreatic human

cancer cell lines

Compound Cancer Cell line Molecular Target Ref.
CaCo2 ¥ Cyclin D1*, p38*, p-ERK 1/2 [142]
Caspase 3,7. PARP) cleaved
Colon DLDI AoraToa pl [44]
Hydroxytyrosol HT29, CaCo2, Widr, CC18Co ~ $EGFR* [101]
. AKT. (Bcl2, Bel-xL, c-myc.

Liver Hep3B, HepG2, SK-HEP-1 Yooxo C(;ihn b1 VEGF).Y [143]
Pancreatic  MIA PaCa-2, BxPC-3, CFPAC-1 +(Casfa(s°'3/ 7 PARI; ) cleaved [144]

Bax*. (c-Jun, c-Fos

_7)*®
HT29, SW480, HCT116 *&(ps?s’e(f ”Pﬂ&?zie?v g [145]
Colon ap ’
SW480. HT29 * §C$p§e‘3,7, PARP) cleaved [42]
) thal (Caspase-3, PARP) cleaved

Oleocan Huh-7, HepG2, HCCLM3 +p-STAT, (Cyclin D1, Bel2, [106]

Liver Survivin, MMP2)*
HepG2, Hep3B, Hub, PLC/PRE/S SICI;;PZ;;}Z PARP) cleaved [42]
Pancreatic BxPC3 s (IS;SPR;(“’ 3, PARP) cleaved [45]

*
Colon HT29 1(1:15:,122“7) [79]
. (Caspase 3.8.9. PARP) cleaved
Oleuropein Liver HepG2. Huh7 ¥ p-AKT, Bel2™ [84]
4 Bax™

Pancreatic  MIA PaCa-2, BxPC-3, CFPAC-1 4 (CasPase 3.7, PARP) cleaved [144]

4 Bax*, (c-Jun. c-Fos)**

AMPK, adenosine monophosphate-activated protein kinase; Bax, Bcl-2-associated X protein; Bcl2, B-cell lymphoma 2;
COX2, cyclooxygenase 2; EGFR, epidermal growth factor receptor; ERK, extracellular regulated kinase; FOX3a,
forkhead box O3a; y-H2AX, y-H2A histone family member X; HIF-1a, hypoxia inducible factor-la; MMP2, matrix
metallo protemase 2; PARP. poly(ADP-ribose) polymerase; PPARy, peroxisome proliferator-activated receptor v;
STATS3. signal transducer and activators of transcription 3; VEGF, vascular endothelial growth factor. #gene expression;

*protein expression.

=

N

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




Table 6. Effects and molecular targets of olive secoiridoids and derivatives in several human cancer cell lines
Compound Cancer Cell lines Molecular Targets Ref.
¥ Cyclin D17*
Thyroid TPC-1. FB-2. WRO * p21**_(p53, Bad)* [113]
(Caspase 3.8. PARP) cleaved
5 : (Caspase 3.7, PARP) cleaved
Hydroxytyroso *
Prostate LNCaP, C4-2 4 Bax. p21.p27) _ [112]
* (Bcl2, Bel-x, cyclin D1.E. CDK 2.4)*
NF-xB**, p-AKT, p-STAT
#x - =
Blood HL60 4 @21. p27)**. Cyclin D3 [79]
¥ CDK6*
Prostate PC-3 ¥ p-Met [74]
MIP-1a**, RANKL* p-AKT. p-ERK1/2
Blood ARH-77 (Caspase 3,9) cleaved [110]
Oleocanthal 4 p-P38
HaCat. A431 ¥ p-AKT. p-ERK [146]
Skin ¥ Bcl2®. p-ERK, p-AKT
A375, 501Mel (Caspase 3.9. PARP) cleaved [85]
A375, A2058, HaCaT ¥ pSTAT, pJAK2, pSrc [108]
Thyroid TPC-1. BCPAP ¥ p-AKT and p-ERK 311
Prostate LNCaP, DU145 ¥ p-AKT [40]
(Caspase 3.9. PARP) cleaved
Ovary HeLa 4 p-JNK. (Bax. p53, p-p53. p21)* [70]
' + Bcl2*
* Bax*
Oleuropein Brain U251. A172 4 (Bcl2, pAKT. MMP2,9)* [72]
(Cmpased)) cleaved Celano M, et al Secoiridoids of olive a
PARP cleaved derivatives as potential coadjuvant dr
AS549 fp-ATFz, p-P38. Bax* [114] cancer: a critical analysis of experime
Lung ¥ p-ERK1/2. Bel2* studies, Pharmacological Research (20
PARP cleaved —|
H1299 # Bax_ ATF2. p-P38* [115]
* Bcl2*
g Tyrosol Ovary Hela * p-S6K1, p-4E-BP1* [111]

ATF2. activating transcription factor 2; Bad. Bcl-2-associated death promoter; Bax, Bcl2-associated X protein: Bel2, B-
cell lymphoma 2;: CDK. cyclin dependent kinase ; 4E-BP1, eukaryiotic initiation factor 4E (eIF4E) binding protein 1;
ERK. extracellular regulated kinase; MIP-1a, macrophage mflammatory protein la: JAK. Janus kinase: JNK. c-Jun N-
terminal kinase; MMP, matrix metalloproteinase; NF-xB. nuclear factor kB: PARP, poly(ADP-ribose) polymerase;
RANKL, receptor activator of nuclear factor xB ligand; S6K1, ribosomal protein S6 kinase B1; STAT, signal transducer
and activator of transcription. #gene expression; *protein expression.
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Global DNA hypomethylation, gene promoter hypermethylation

and aberrant histone posttransiational modifications are hallmarks of
neoplastic cells, which have been associated with genomic instability
and altered gene expression
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o In silico studies and in vitro assays on BC cancer
steam cells suggested that oleacein may
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tumorigenicity by impacting s
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cell fate choice, @
metabolo-epigenetic stommess
mechanism involving both
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Extravirgin olive oil up-regulates CB,; tumor suppressor gene in human colon cancer
cells and in rat colon via epigenetic mechanisms

Andrea Di Francesco™, Anastasia Falconi®, Clara Di Germanio®”, Maria Vittoria Micioni Di Bonaventura®“,
Antonio Costa“, Stefano Caramuta®“, Michele Del Carlo =, Dario Compagnone =, Enrico Dainese=-f,
Carlo Cifani< ', Mauro Maccarrone > '-¥ Claudio D"Addario=-=1'-%

Phenolic extracts has been identified as a modulator in the

expression of the gene encoding for the cannabinoid type |
receptor (CNR1) a tumor suppressor gene exerting antiproliferative
effects and whose site-specific promoter hypermethylation, causeg
loss iIn 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
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Microbiota and cancer
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Fulbright LE, Ellermann M, Arthur JC (2017) The microbiome and the hallmarks of cancer. PLOS Pathogens 13(9):

€1006480. https://doi.org/10.1371/journal.ppat.1006480
https://journals.plos.org/plospathogens/article2id=10.1371/journal.ppat.1006480
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Olive oll polyphenols and microbiota

~—  Phyicoga [} Diet. sD EVOO ROO BT
ndard diet W f
. / : Composition @100g “energy @100g oenergy g100g %energy g100g % energy
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 oi diet Fat 3 8 2 35 20 35 20 35
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| y % AW Total Energy (K//g) 142 196 196 196
S microbiological
| ™ S — parameters
I f ‘ Table 2. Metabolic and physiological values in mice at the end of the experiment.

k/ New-generation sequencing for 16S rRNA gene Diet SD /ﬁm BT ROO P

Study of microbial biodiversity Food Intake (g/day) 3.70 + 0.65 /374 03\ 276 +0.38 3.83 + 041 n.s.
Water intake (mL/day) s71+161 [ mastie 6.67 +1.95 714+ 110 ns

/ / \ \ Diuresis (mL/day) 2444070 | 268+065 \ 1.65 £ 0.63 2.41 4 0.50 ns.
42154+ 0.61 38.09 £ 0.86 A*

Table 3. Regression analysis for the physiological variables studied and those families with statistical 19050285 1561411951 A=

LAS T
M differences in total percentage. 143323 £ 22695 897.33+259.13  ns.
— 78.02 £ 42.82 8933+ 1497 ns
SRR Total 151844 £ 320.97 87597 + 13260 B+
¢ : Diuresis Leptin Insulin * Triglycerides 1920 £ 172 259632050 C*
Variable Cholesterol
(0.23/0.0086) (0.79/0.0000) (0.12/0.0456) (0.62/0.0000) 48.94 + 4.89 47.44 L 8.89 ns
(0.23/0.0185)
—— 2731118 98.67 £ 9.98 115441139 D=
votellaceae n.s. ns. ns (0.0276) n.s. e T 0
m [12]. ns.: not signiﬁgmt; A: dif'ienances in
Desulfovibrionaceae ns. —30?6‘.”0 {]iu 5)78'84 ns ns. n.s. 68“':,510,3 ‘;:z’: gng ‘gve'g‘ocf,:"l‘zggo dit:
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Effect of nutritional intervention with High-
Oleocanthal and Oleacein olive oil in
patients with chronic lymphocytic leukemia
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Leukemia, Lymphoma & Myeloma

Understanding and treating a family of blood cancers.

Blood cancers are the second deadliest form of cancer.
Estmated Deaths in the U.S., 2016

Leukemia

* Leukemia usually starts in bone
MaTowW.

* it creates abnormmal white blood cels
that don't funclion correctly and
crowd out other celis.

* There are 4 major types of leukemia:
-~ Acute Famphocy e leuemmia (ALL)
- Acute mysiogenous leukeama (AML)
- Chyronc iymphocytic leulcemia $CLL)
- Chvonic myelogencus leukemia CML)
* These can be acute (Drogresses

* it creates abnormal wihinte bicod colis

* Hodgkn ymphoma is one of the

* Non-Hodgkin ymphomas are a

Lymphoma

* Lymphomas start in the ymphatic -

system, which is part of the
circulatory and immune systems
of the body.

that grow and form masses and
weaken the immune system.

mMosSt curabDie cCancers.

group of related cancers that can bte
fast or siow growing.

Blood cancers come in many forms and are grouped into three major types.

Myeloma

Yeilow marrow

Myeaioma typicaly staris in the bone
Marrow.

It consists of plasma cells, a type
of white blood call in bone marrow
that is responsible for antibodly
procuction.

There are many forms, the most
common being muitiple myeioma.
Patients may have no symptoms in
earty stages.
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Chronic Lymphocytic Leukemia
(CLL)

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

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

y 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




Chronic Lymphocytic Leukemia

(CLL)

Table 1. Rai classification system™

Median 5
Stage Description survival e
(oTithe) (Modified Rai)
Lymphocytosis, lymphocytes in
—_— o blood >15,000/mcL and >40% 140 Low
lymphocytes in the bone marrow |
i Stage 0 with enlarged node(s) 100 Intermediate
" Stage 0-1 with splenomegaly, 70 Intermediate
hepatomegaly, or both
Stage O0-1l with hemoglobin s
- <11.0 g/dL or hematocrit <33% il Higt
—11 i I
v Stage O-Illl with platelets 20 High

<100,000/mcL

* Adapted from the 2008 NCI guidelines; BC Cancer Agency 2008 guidelines.>*




o Ciriteria for the diagnosis of CLL are
monoclonal B lymphocytes 25000
lymphocytes/ml in the peripheral blood
for at least 3 months,

o prolymphocytes <55%,

o co-expression of CD5 and B-cell surface
antigens CD19, CD20, and CD23, low
levels of CD20, CD/7%9b and

o low expression of surface
iImmunoglobulins (slg), and kappa or
lambda light chain restriction

Chronic Lymphocyftic Leukemia (CLL)




BCL-2 inhibitors

Anti

Apoptotic _
proteins &

The B-cell Anti-CD19 CARs
receptor Anti-CD19 bi-sp. Abs

Everolimus

Immunomodulators
(Lenalidomide)

The microenvironment

Figure 3.
Therapeutic targeting of microenvironmental-induced signaling in CLL. Current and
expernimental CLL therapeutics (arrows) target the various components of the
microenvironment-CLL milieu and 1ts associated signaling network. Thus the BCR and its
associated components are targeted by antibodies (anti-CD19) or small molecules (e.g. SYK
(e.g. fostamatinib) or BTK inhibitors (e.g. ibrutinib)). Small molecules are also utilized to
inhibit mTOR. Akt. PI3K(6) and the MAPK cascades. Extracellular inhibitors such as
plenixafor or atacicept can block the association of SDF-1 or BAFF/APRIL. respectively,
with their receptors on the CLL cell. Both the microenviroment (e.g. the immune system)
and the outcome of its signaling responses in the CLL cells (e.g. upregulation of BCL-2) are
avenues for therapeutic targeting.

Hematol Oncol Clin North Am. 2013 Apnil ; 27(2): 173-206.




Oleocanthal and cancer

Amnticancer activities

—

]_

—

—

of OC CHO
L2l 15 1By
Ioason
ey OH
—)[ AMPK activation ]——)[ 1 pS3
T ROS
z > P38 activation
—>{ | MIP-1a }—>{ | RANKL | ERK 1/2
( ) Akt
mTOR —){ !
inhibition

1 BC"Z, l BC.'XLr
L Mcl-1, | survivin

]_

_,[

| VEGF

(T H (o
STAT3

T gps0 e
| gp130
1

(I Twist |
g IR
L inhibition

J {1 CydlinD1 & Cdks

—

—

—_—

| sl [ 1 p21 & p27
i(Gaz -
L MMP 2/9
—] [ 1Brk, [paxillin, [Racl }—'
| 1 EMT
| <MET
“| inhibition [ L ERK 1,2
(

C8 activation

—

—(_ERwp ]

| Acid sphingomyelinase }—>f{




Oleocanthal and leukemia

o  Cytotoxicity, antiproliferation, G1 arrest and apoptosis with

Human myeloma ARH-77 cells caspase-9/3 activation
Murine myeloma MOPC-31C cells ¢  Downregulated MIP-1x and led to RANKL, Akt, and

ERK1/2 downregulation, but p38 activation

[75]

H;man histocyticlymphoma U3~ Downregulated Hsp90 clent proteins (Akt and Cdkd) i
cells

Nutrients 2018, 10, 570; do1:10.3390/nu10050570
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The aim of the present study was I

o 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 freatment yet.

o Addifionally, their potential cellular
mechanism of action was also investigated.




Methodology
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First intervention vs placebo

o 20 patients (aged 72,4 + 7,4 years old) with CLL e
participated the research (no medication was
taken)

o Patients were randomly divided into 2 groups

/N

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

10 patients in the

placebo group (5
women 5 men)




Olive oll rich In oleocanthal

o Oleocanthal 416 mg/Kg
o Oleasin 284 mg/Kg

o D1 (Oleocanthal + Oleasin)
=700 mg/Kg

o Analysis with NMR July2017
o Variety: Lianolia of Corfu
o Origin : St. Matthew, Corfu

o Harvest in October 2016 Sponsor of olive ol
Spyros & Giorgos Dafnis




Olive oll 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

O 0000O0O00O

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




40ml/day EVOO consumption with high or
low oleocanthal/oleacein content

Three months
A

Zero point before the intervention '
45 days of intervention

90 days of intervention

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




Methods

At all time point, we studied

o Blood cell count "= w

o Lipid profile o

o Fasting Blood Glucose o : &*‘ é};

© Hepatic markers \"RAR]

o Apoptotic markers (survivin, ApoFas)

o Isolafion of mononuclear white cells -

o Western Immnoblotting in T rma
mononuclear white blood cells (cell somesmsntrens /J(\\ o

cycle markers) %&m

NATEQM (OALNIA) VarainTes (rolee




Apoptotic markers




Caspase activity - cck18

o Cytokeratin-18is a cytoskeletal
protein

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

o 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)

Disintegration of

Apoptosis apoptotic bodies and
release of K18 fragments
e
—
g
/

Apoptotic
cell

caspase-cleaved K18

= ==l=p=—) =

Asp396-

l Neoepitope

M30 CytoDeath™ ELISA
M30 Apoptosense® ELISA

* M30
Yis

Measurement of cleaved K18 only

M30 Apoptosense® ELISA
measures only apoptosis
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APO‘I / Fqs . ‘,—)--Fast Sl(ess
: !l'!':\ \T, +Fas (0D%) ghd:«?rlég"s

APO1/Fas (CD95)> APOT/Fas (CD95) IS O it ssissbiimbbmbbis
glycosylated surface protein (48 kDa) N
which contains a single transmembrane | e
region and is considered as a member of a1
TNF/NGF receptor’s superfamily. " e oo
* Itis expressed in a variety of human T ]

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

tissues.

« APQOI1 activation (with its ligand or anti-
APO1 monoclonal antibodies) may lead prvm——
to rapid induction of apoptosis in cells ﬁ »
with increased sensitivity. g 4 bl l

- |* Fasreceptor can activate inflammatory
pathways in several cell lines and tissues.

‘ [izath substrales

Apoptosis




Survivin

o Survivin iIs a member of the
apoptosis inhibitor family.

o It iIs overexpressed in most

NnumMan cancer cells.

o It is involved in both apoptosis
| Inhibifion and promotion of cell
| division.

eri DC. Survivin, cancer networks and pathway-directed drug



Table 2 Table 3
Differences in hematological and molecular markers of CLL Patients during intervention with - Differences in hematological and molecular markers of CLL Patients dunng intervention with high
low oleocanthal content olive oil. oleocanthal content olive oil.
Control Group Intervention group
Baseline 45 days 90 days p- Baseline 45 days 90 days p-value
value Whole blood count
Whole blood count WBC (x107mm) 25.02:643 26.52 = 7.64 0247=527 084) €
WBC (x107/mm) 1518812 1616=778  1536=x636 0840 LYMPH (x 10°/mm’) 19.06 = 5.87 20412694 17.192498 0.956
LYMPH (x 10%mm’) 1090752 11.80=7.11 1134623 0956 PLT (x10°/mm’) 19040 £5523 185406370  190.40=5439 0316
PLT (x10%/mm®) 20320 £52.58 211403133 2000023452 0316 Ht (%) 441 2376 43455364 43312386 0185
£t C6) 438 =320 4236=333 42302255 018 HGB (z/d) 4142137 1419:141  1430=14 0573
HGB (z/dl) 13.86 =1.26 1414131 14022097 0573 Biochemical Marker
———— Ghucos (mg/dl) 10950 21607 1104021793 101302939 0083
Glucose (mgz/d)) 10760 =885  11020=1842 9800=9.30 0083 Utes (mg/d) 5190 £1330 502858 64021250 7%
Urea (me/dD) H20=837  4360=571  4l60=942 0739 Uric Acid (mg/d]) 561 160 5342146 557187 0.085
Unic Acid (mg/dl) 472 2060 452083 488070 0085 Crestinin (mgd) - 1622225 N -
Creatinin (mg/dl) 332 £343 0.76 =0.11 080012  0.119
SGPT (UL) 2020 =5.63 2040472 2260=856 0084
I 19402770 2480-1248  2380250¢ 0259 SGPT (UL) 1930 =7.05 22.00+9.70 27.30:17.15 0.084
LDH QUL MG LT42 TOEEEE T000L0N @7 SGOT (UL) 26.80 =7.61 2590+7.75 27.10=9.89 0.289 I
/GTUD) . 16502515  182aisse 8833 LDH (IUL) 22200 6084  22250+3004  23660=2989 0273 —
I ALP (UL) 5920 £1485  66.80=21.55% 68.0023.14¢ 0.001 YeT (U IR =EA2 - ZLISL IR RS SRR /
Tipidemic Profile ALP (UL) 69.50 1268  7360=1485*  73.00=1501* 0.001
Total cholesterol (mz/dl) 24780 =47.78 2258024993  2482045.38% 0.041 Lpidemic Profile I
Triglycerides(mg/dl) 12080 1596 1124030095 1052054076 0398 Total cholesterol (mgz/dl) 18580 =3572 184603820 191.60=4329*  0.041
HDL cholesterol (mg/dl) ~ 68.40 = 1262 67.00:874 6740:1509 0.124 Triglycenides(mg/dl) 13290 £73.06  152.90:8923  14320=6798 0398
LDL cholesterol (mg/dl) 16020 £37.28 136204395 1598024515 0.129 HDL cholesterol (mg/dl) ~ 35.80 =16.84 575=1765 5410£17.13 0.124 =
Apoptoric Markers LDL cholesterol (mg/dl) 103.50 £2464  9520+3038  109.30=33.14*  0.032
ccK18 (UL) 116457961  10224=3191 78935018 0480 Apoptotic Markers
Apol Fas 9832=12.17 8364z1421 89.234z10.88% 0.04) €— «cK18 (UTL) 145909224 14459=9169%** 19368=169.09* 0.035/0,01
Suvivi/APH (pg/ml) 116261791  104.66£9.70%** 12520£2600 0.02] @uemm Apol-Fas 78194174  8088=1786**  9612:376*  0.013/0,016
Survivin/APH4 (pg/ml) 182615747  10635=889*t 12087=2646  0.018

*Statistically significant difference in comparison with the baseline.

**Statistically significant difference between baseline and 45 days

*Statistically significant difference in comparison with the baseline.

**Statistically significant difference between baseline and 43 days




Results

In the first survey

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

o increase in the apoptotic markers CCK18,
Apol1-Fas

o decrease in antiapoptotic protein Survivin

was observed in CLL patients of the
intervention with EVOO rich in oleocanthal.







|

Table 4
. Differences in significant changzing hematological and molecular markers of responding CLL Patients
ReSpOndlng (5/10) during intervention with high oleocanthal content olive oil
Responding Group
g ro U p Baseline 45 days 90 days p-value
Whole blood count
n — 5 WBC (x10"/mm°) 38560= 2824788 35540+26079.26  29540x20676.3% 0.042 €—
PLT ( x10%/mm’) 202800+£55861.97 208200=56211.7 196800=59811.0 033
Ht (%) 4224437 43.06=3.26 35.56x4.26 0.48
Biochemical Marker
Glucose (mg/dl) 112.8=13.81 117=17.91** 105.6+9.32* 0.034/0.049 &—
LDH (IUL) 231+£76.45 211.6£27.98 239.6x24.66 0.39
yGT (UL) 17.2=8.95 20.6x11.77%* 18.2+7.90 0.4 €—
ATP(UL) 66.4=15.35 74.6x16.83%* 67.4x17.04 0.009 €&—
Lipidemic Profile
Total cholesterol (mg/dl) 172.4=13.76 165.4=12.54%*% 167.8+11.23 0.034 €—
Tnglycendes(mg/dl) 159+88.39 145.2+90.07 150.4+87.65 029
HDL cholesterol (mg/dl) 49.6=9.41 51.8x11.70%* 51.2+£9.57* 0.038 €—
LDL cholesterol (mz/dl) 91+6.72 77.2+11.82 88.8+11.70 035
Apoptotic Markers
<cK18 (UL) 115.506=25.66 118.84+36.61 296.23x192.27* 0.05 €
Apol-Fas 80.76=18.99 83.57+19.98 108.18+23.08* 0.009 €
Survivin/API4 (pg/ml) 181.156+20.62 108.91+3.51%#* 107.35£3.84% 0.07/0.01 €

*Statistically significant difference mm companson with the baseline.

**Statistically signmificant difference between baseline and 45 days




Second Intervention

o The 5 responding patients continued, for 12 months
(5 patients) and for 18 months (3 patients), the
intervention with EVOO rich in OC/OL.

o All patients showed stabilization in the number of
white blood cells.
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o 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

P=<0,005in
comparison to the
. first point
White ;ell “Unr:bre’ CLL White cell number- CLL non I
esponde responder
30000 30000

25000 25000

X "
20000 T 20000
15000 15000
10000 10000
5000 5000
0
1 ) 3 4 5 6 7 1 2 3 4 5 6 7




o Regarding the cell death markers,

o the anti-apoptoftic survivin index remained
low

o the cell death-induced ApoFasl and ccK18
proteins remained at consistently high levels
in blood serum.

o 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
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Biochemical markers

A lipoprotein profile measures the
level of cholesterol in the blood

Glucose

¢ Hydrogen
@ carbon

0% ‘ @® Oxygen
.{. Triglycerides
D

()
% Total cholesterol

EVOO consumption rich in oleocanthal improve the glucose level
and lipid profile mainly in the CLL response group
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SGOT Response group
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o After 3, 6 and 12 months of infervention in
responding patient ¢cK18 was
negatively correlated with

o yGT (r=0.810, p=0.001),
o friglycerides (r=0.600, p=0.002) l
o Cholesterol (r= 0,5, p=0.001)
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The Cell Cycle and the Checkpoints B

3. Mitosis Checkpoint 1. Cell Growth Checkpoint

‘ . * Occurs toward the end of growth phase 1 (G1).
! M 7‘ e Checks whether the cell is big enough and has
S k| made the proper proteins for the synthesis phase.
‘ S \ * If not, the cell goes through a resting period (GO)
~ until it is ready to divide.

G2

2. DNA Synthesis Checkpoint

* Occurs during the synthesis phase (S).
* Checks whether DNA has been replicated correctly.
* |f so, the cell continues on to mitosis (M).

GO

3. Mitosis Checkpoint

Resti ng * Occurs during the mitosis phase (M).
* Checks whether mitosis is complete.

 S |
s A

2. DNA Synthesis Checkpoint 1. Cell Growth Checkpoint * |f s0, the cell divides, and the cycle repeats.




Cell cycle markers
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Conclusions

o None of
Initfiate ¢

o Further s
exactro

the study patients needed to
hemotherapeutic infervention.

'udies are necessary to clarity the
e and ability of such nutritional

iInterven!
health st
diseases

lonal actions fo improve the
atus during neoplastic blood
such as CLL.
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Thank you for your attention
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