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OLEOCANTHAL - EAAIOKANGAAH

1. Alzheimer’s-associated A} oligomers show altered structure,
immunoreactivity and synaptotoxicity with low doses of
oleocanthal

This study of Pitt et al. has focused on oleocanthal (OC), as a compound capable of
altering the assembly state of soluble oligomers of amyloid-B1-42 peptide (ADDL),
which peptide is a neurotoxin that causes Alzheimer’s disease (AD). OC increased the
immunoreactivity of soluble AB species, indicating changes in oligomer structure.
Analysis of oligomers in the presence of OC showed an upward shift in molecular
weight and a ladder-like distribution of SDS-stable ADDL subspecies. In comparison
with control ADDLs, oligomers formed in the presence of OC (AB-OC) showed
equivalent co-localization at synapses but exhibited greater immunofluorescence as
a result of increased antibody recognition. The enhanced signal at synapses was not
due to increased synaptic binding, as direct detection of fluorescently-labeled ADDLs
showed an overall reduction in ADDL signal in the presence of OC. Decreased binding
to synapses was accompanied by significantly less synaptic deterioration assayed by
drebrin loss. Additionally, treatment with OC improved antibody clearance of ADDLs.
These results indicate oleocanthal is capable of altering the oligomerization state of
ADDLs while protecting neurons from the synaptopathological effects of ADDLs and
suggest OC as a lead compound for development in AD therapeutics.

Ta AB oAwyopepr) ov oxetifovratl pe to Alzheimer 8eiyvouv
aAdayn ot Sopi), TNV AVOGOSPAGTIKOTTA KAL TNV TOELKOTNTA
TWV CVVAPE®V HE XUUNAEC 8OOELG EAALOKAVOGANG

Autl n peAEéTtn amd Toug Pitt KAl TOUG OUVEPYATEG ETUKEVIPWONKE oOTNV
eAatokavBOaAn, w¢ pia ouaotia tkavr) va aAAAleL TNV KATAOTAON CUVOECIUOTNTAG TWV
oAlyopepwv Tou B-apuAoeldoug-f1-42 nemtdiov (ADDL), to omoio memtiblo eival
pLa veupotoéivn mou mpokaAel tn vooo tou Alzheimer(AD). H eAatokavBdAn avénoe
™V avooodpactikotnta Twv StaAlutwv AP mAakwy, umtodelkvuovtag aAAayég otnv
doun Twv oAlyopepwv. H avdAluon Twv oAlyopepwyv mapouacia eAatokavlaing €deiée
pLo ab€non tou poplakou Bapoug kal pia dtadopetikn Katavourn Twv ADDL mAakwv.
JUYKPLTIKA e TNV opdda eAéyxou twv ADDL, ta oAlyouepry mou oxnuatilovratl
napoucia ehatokavbdaing (AB-OC) Seixvouv MOPOUOL CUVEVTIOTILOUO OTLG CUVAELG
Tou gykepAdAou, ald pe peyalutepo Babuo €ékBeong avoookdBoplopou, mou eival
QMOTEAECHA TNEG AUENUEVNC avayvVWELONG Ao Ta AVTLIOWHATA. TO EVIOXUUEVO onua
ot ouvapelg d6ev odelhotav otnv auvénuévn ovvdeon twv cuvaPewv, adou



anevBelag avixvevon Twv onuacpévwy ADDL €8t pia oALlkr HEiwaon 0TO oAU TwV
ADDL mapoucia eAatokavbdAng. Autd Tta amoteAéopato UTOSELKVUOUV TNV
ehalokavlaAn w¢ wavr va aAAdlel Tov oAlyoueplopo twv ADDL, evw mapdAAnAa
TIPOOTATEVEL TOUG VEUPWVEG o TLG maBoloyikég Spdaoelg twv ADDL otig cuvayelgg
HUE OMOTEAECHO TNV €V SUVAMPEL XPRon TNG €AQOKOVOAANG ylo TNV avamtuén
Bepaneiag yla tn vooo tou Alzheimer.

[IEPIAHWH

XapunAéc 80oelc eAaokavOaine amodsikvvovral
TPOOTATEVTIKEG £VAVTL TNG VOOOU TOV Alzheimer

H pelétn autn €6el€e OTL n ehatokavOaAn eival pa ouoia mou pmopel va aAAGéel
™V oLVOeon TwvV oAlyopepwv Tou B-apuloeldoug nentidiov (ADDL), mou ewvatl o
veupotofivn n omola mpokoAel T vooco Tou Alzheimer. Ta amoteAéopata
UTtOSEIKVUOUV TNV €AaloKaVOAAn w¢ KOV oucia Vo TIPOOTOTEVUEL TOUC VEUPWVEG
amo TG TOEIKEG OPACELC TNG VEUPOTOEIVNG QUTAG, UE QTOTEAECUA TNV €V SUVAUEL
XpPNon tng eAatokavlaAng otnv avamtuén Beparmeiog yia tn vooo tou Alzheimer.

H eAalokavOAaAn, akopn Kot o€ XaUNAEG SOCELS, TPOCTATEVEL TOUG VEUPWVEG QIO
TIC OPVNTIKEG ETMOPACELS TNG VOoou Alzheimer pe amotéAecpa tnv €v Suvaun
Xpron tn¢ otnv avamntuén Bepaneiag tng vooou.

Low dosages of oleocanthal prove to be protective
against Alzheimer's disease

This study of Pitt et al indicates that oleocanthal is a substance capable of altering
the assembly state of soluble oligomers of amyloid-B1-42 peptide (ADDL), which
peptide is a neurotoxin that causes Alzheimer’s disease (AD). The results show that
Oleocanthal protects the neurons from the negative effects of Alzheimer's disease
even at low doses and as a result in the future it could be used in a potential therapy.

Oleocanthal protects the neurons from the negative effects of Alzheimer's disease
even at low doses and as a result in the future it could be used in a potential
therapy.



Figure. Specific binding of AB-OC to synapses shows greatly enhanced immunoreactivity compared to
ADDLs PSD-95 (magenta) was used as a synaptic marker to determine if the pattern of binding was
similar between ADDLs or AB-OC (both in green).

Pitt J et al., Toxicol Appl Pharmacol. 2009

2. Olive-0il-Derived Oleocanthal Enhances 3- Amyloid Clearance
as a Potential Neuroprotective Mechanism against
Alzheimer’s Disease: In Vitro and in Vivo Studies

The mechanism by which oleocanthal exerts its neuroprotective effect is still
incompletely understood. Abuznait et al. with this study provide in vitro and in vivo
evidence for the potential of oleocanthal to enhance AB clearance from the brain via
up-regulation of P-glycoprotein (P-gp) and LDL lipoprotein receptor related protein-1
(LRP1), major AR transport proteins, at the blood-brain barrier (BBB). Results from in
vitro and in vivo studies demonstrated similar and consistent pattern of oleocanthal
in controlling AB levels. In cultured mice brain endothelial cells, oleocanthal
treatment increased and LRP1 protein expression and activity. Studies showed that
administration of oleocanthal to C57BL/6 wild-type mice resulted in AB clearance
from the brain and increased the brain efflux index from 62.0 % for control mice to
79.9% for oleocanthal treated mice. Increased P-gp and LRP1 protein expression in
the brain microvessels and inhibition studies confirmed the role of up-regulation of
these proteins in enhancing AP clearance after oleocanthal treatment, which leads
to AB degradation. In conclusion, these findings provide experimental support that
potential reduced risk of AD associated with extra-virgin olive oil could be mediated
by enhancement of AB clearance from the brain.



H sAaiokavOdAn mov TpofpyxeTal amd To £AaOAado evioxVEL
TNV AQMORAKPUVOT TOU B-ApvAosidoU¢ w¢ £vag €v Suvdapst
VEVPOTIPOGTATEVTIKOG MNYXAVIGUOG £VAVTL OTN] VOGO TOU
Alzheimer: MeA€teg in vitro kat in vivo

O UNXOVIOUOG MECW TO Omoiou N eAALOKOVOAAN TIOPEXEL TNV VEUPOTIPOCTATEUTLKNA
™¢ Spaon dev elvat andAuta katavontog. Ot Abuznait Kal cuvepyaTteg, o€ AUt T
HEAETN, Tapéxouv evdeifelc in vitro kol in vivo ywo tnv Suvarotnta TG
g\alokavOaAng va mpodyel Tov Kabaplopo Tou eykedalou amnod tig AR MAAKEG, HEOW
™¢ puBuong avénong tng P-yAukompwteivng (P-gp) kat tou LDL Autompwteivikou
oxetlopevou pe tnv mpwrteivn 1 umodoxéa (LRP1), Twv onUAVTIKOTEPWV TIPWTEIVWV
HETadOPAC OTOV OLUATOEYKEPAAIKO Ppayund. To AMOTEAECUOTO OO TIG UEAETEC
£€6eltav mopopolo kot otabepd potifo tNC eAalokavlaAng otov €AEyX0 Twv
eTUMeSwV twv AB TAOKWV. Z& KOAALEPYELEC €MBNALOKWY KUTTOPWV gykKepAaAou
TIOVTIKWV N xopnynon eAolokavOdAng auvénoe ta emimeda kat ) Spacn Twv
npwteivwyv P-gp kat LRP1. MelAéteg €6sl€av mwg n xopniynon ehatokavbaAng oe
riovtikia C57BL/6 dyplou TtUToU €ixe we amotéAsopa Tov KabapLlopd tou eykepAAou
aro TG AB mMAAKeG Kal avénoe To SelKTN AMOUAKPUVONG gyKePAAou amod 62% os
movtikla eAéyxou, og 79.9% oe movtikia tou xopnynonke eAatokavOaAn. H avénuévn
€kppoon Twv MPpwTeivwv P-gp kat LRP1 ota pikpoayysia tou ekyepaAou Kal ol
peA€tec avaotoAng emiBefaiwoav to poAo TnG OeTIKNC PUBULONG TWV TIPWTEIVWY
QUTWV OTnV evioxuon NG omopdkpuvong twv AP MAAKWV HETA TN XPNRon
eAatokavBaAng, yeyovog nou odnyetl amodounon twv A MAOKwWY. ZUUMEPACUATIKA,
TO EUPAHATA OUTA TIOPEXOUV TIELPAUATIKEG ATOSEIEELS WG O HELWHEVOG Kivouvog
NG vooou tou Alzheimer, mou oxetiletal pe to £€Tpa mapBévo edatdhado Baoiletal
oTnV evioyuon TNG AmoUAKPUVOoNG oo Tov eyKEDaAo Twv AP TTAQKWV.

MEPIAHWH

H xopnynon siaiokavOding oe movtikia fonda otov
KAOAPLoHO TOV EYKEPAAOV ATO TIC TOEIKEC TIPWTEIVEG
IOV MTPOKAAOVUV TNV Voo Alzheimer.

Ze aUTA TN HEAETN, o Abuznait Kal oL cuvepydTteg Tou, HEAETOUV T SuvatdtnTa TNG
ehalokavBdAng va TpodAyeL TNV QTMOUAKPUVON amo Tov eykéPaAo TOEKwWV
TPWTEWVWY, Ttou ovopalovtatl AR mMAAKeG Kal oxetilovtal pe tnv voco Alzheimer. H
xopnynon €eAaltokavldAng 1000 o€ eyKePOALKA KUTTOPO TOVTIIKWY OCO0 KOL OE
movtikia 0dnynoe oe avénon ¢ Spdong W8KWV MPWTIEIVWV TIOU EAEyXOUV TNV
HeTadOpPA OUCLWV OO KOL TPOG TOV EYKEDANO, UE ATOTEAECUA TOV KABAPLOUO Tou
aro TG AP mAAKEG.



H xopnynon eAaiokavddAng o eyKke@aAlka KUTTAPA MOVTIKWV Kol OF TOVTIKLO
Bonda otov kadapLouo Toug amo Ti¢ TOEIKEC MPWTEIVES TOU MPOKAAOUV THV VOOO
Alzheimer.

Oleocanthal promotes the removal of toxic proteins,
called 3- Amyloid related to Alzheimer’s disease

In this study, Abuznait and his colleagues study the ability of oleocanthal to promote
the removal of toxic proteins, called B-amyloids, related to Alzheimer’s disease, from
the brain. Administrating oleocanthal to mouse brain cells and in vivo to mice led to
the increase of proteins that transport substances from and to the brain. The results
showed that the increase of these protein levels led to AB clearance and brain
function enhancement. In conclusion, these findings provide experimental support
that potential reduced risk of AD associated with extra-virgin olive oil could be
mediated by enhancement of AR clearance from the brain.

In cultured mice brain endothelial cells and in vivo in mice oleocanthal treatment
helps to purify the brain from the toxic proteins that cause Alzheimer's disease
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Effects of oleocanthal treatment on the levels of mTOR proteins in the human breast cancer cell line,
MDA-MB-231.

Abuznait et al., ACS Chem. Neurosci. 2013

3. Modulation of tau protein fibrillization by oleocanthal

Oleocanthal is capable of altering the fibrillization of tau protein, which is one of the
key factors at the basis of neurodegenerative diseases, and of covalently reacting
with lysine amino groups of the tau fragment K18 in an unspecific fashion. In the
present study, Monti et al. investigated the recognition process and the reaction



profile between oleocanthal and the wild-type tau protein. As a result, oleocanthal
has been found to interact with taud44l, inducing stable conformational
modifications of the protein secondary structure and also interfering with tau
aggregation. These findings provide experimental support for the potential reduced
risk of AD and related neurodegenerative diseases associated with olive oil
consumption and may offer a new chemical scaffold for the development of AD
modulating agents.

Tpomomoinon ¢ tvwdomoinong ¢ mtpwteivng T pe enidpaocn
™G EAaloKkavOAaAnG

H ehatokavBaAn €xel tn duvatotnta va oAAdlel to oxnuotopd widiwv tng T
npwtelvng, n omoila elval  évag  mapayovtac-kAelSL  otn  dnuloupyia
VEUPOEKPUALOTIKWY VOOWV, KOL OTO VO AVTLOPA OLLOLOTIOALKA E OLILVOASEC Auaivng
Tou Koppatiol K18 tng T mpwTeivng, XWPLE CUYKEKPLUEVO TPOTIO. Z€ QUTH TN UEALTN
ol Monti kol ouvepyateg epevvnoav Tnv Stadlkacia avayvwplong Kot to mpodiA tng
avtidpaong avapeoa otnv eAatokavOaAn kot tov ayplo tumo tng T mpwteivng. Q¢
QTIOTEAECHUA QUTNC TNG HEAETNG, N eAaokavOaAn BpéOnke va aAAnAemidpd pe TO
apwvoty  T441, mpodyovtag TPOMOMOLNOELC otabepng Stapopdwong NG
Seutepotayouc Sdoung tne mMPWTEivng Kat tnv aAAnAemidpacn pe to clvoho tng T
MPWTEVNG. AUTA TOL EUPNHATA TIAPEXOUV TIELPAUATIKEG VOEIEELC yla TNV SUVAULKA
pelwaon tou Kvduvou tncg vooou Alzheimer kot AAAWV OXETIKWY VEUPOEKGUALOTIKWV
voonuatwv mou oxetilovral pe tnv mMpoocAndn eAaloAddou Kol pmopolv va
MPoodEPOUV EVa VEO XNULKO TIPOTUTIO yLO TNV avVATTUEn dapudkwv mou pubuilouv
TN vooo.

Monti et al., J. Nat. Prod. 2012

[IEPIAHWH

H slaokavOdAn Tpomomoleli M 81K TPWTEIVI] TIOL
oxetiletal pe Tnv véoo Alzheimer

H elatokavBdaAn avtdpda pe tnv T mpwrteivn, pla MpwTteivn tou eykeddAou Tou
oXetiletal pe tn vooo tou Alzheimer. Elbikotepa, n eAatokavOaAn mpokaAel aAlayn
™¢ SOUNG TNG OUYKEKPLUEVNG TIPWTEIVNG Kal €10l opeUmobilel Tov oxNUATIOUO
wiblwy, Tou elvat évag onUavtkog mapdyovtog otn dnuloupyia veupoekPUALOTIKWV
voowv, Omwe n vooog tou Alzheimer.

H gAaiokavdaAn tporonolei pla L6k MPWTEIVN TOU EYKEPAAOU TTOU OXETI{eTaU
UE ™ dnutoupyia tng vooou Alzheimer.



Oleocanthal modulates a selective protein associated with
Alzheimer’s disease

Oleocanthal reacts with tau protein, a brain protein related to Alzheimer’s disease.
Specifically, oleocanthal causes structure alterations, blocking the formation of
fibers, which is an important factor in the beginning of neurodegenerative diseases,
such as Alzheimer’s.

Oleocanthal modifies a specific protein in the brain associated with the
development of Alzheimer's disease

4. Inhibition of tau fibrillization by oleocanthal via reaction
with the amino groups of tau

In Alzheimer's disease and related tauopathies, tau fibrillizes and aggregates into
neurofibrillary tangles. Unpublished data of Li et al. indicate an inhibitory effect of
oleocanthal on AB fibrillization, so | was reasoned that oleocanthal might inhibit tau
fibrillization as well. Herein it is demonstrated that oleocanthal abrogates
fibrillization of tau by locking tau into the naturally unfolded state. Using PHF6
peptide consisting of the amino acid residues VQIVYK, a hexapeptide within the third
repeat of tau that is essential for fibrillization, it was shown that oleocanthal forms
an adduct with the lysine via initial Schiff base formation. Structure and function
studies demonstrate that the two aldehyde groups of oleocanthal are required for
the inhibitory activity. These two aldehyde groups show certain specificity when
titrated with free lysine and oleocanthal does not significantly affect the normal
function of tau. These findings provide a potential scheme for the development of
novel therapies for neurodegenerative tauopathies.

AvVaGTOAN TOU GXNUATIOHOV WWiSiwv T™¢ T MpwTEIVC amd t™v
eALOKavOaAn péow avtidSpaocnc pe ™G apvopadsg g T
TPWTEIVNG

ZtnVv vooo tou AD Kol o€ OXETIKEG aoBéveleg Tou oxetilovtal pe v T MpwTeivn, n
npwteivn T oxnuatilel WISIKEG OAAOLWOELS KOL CUYKEVTIPWVETAL OE VEUPOIVISLAKA
mAEypata. Aut) n UeAETn €6el€e OtL n elalokavOAaAn pmopel va gumodicel tnv
ISk aAdolwon tng T mpwteivng kAewdwvovtag tnv otn duoLki TG avolxth popdn.
Xpnolpomnolwwvtag éva memntidlo to PHF6 to onoio amoteAeital anod apwotea VQIVYK,



e€amenTidlo evtog TG TPLtNG emavaAnydng tng T mpwTteivng mou Bewpeital umtevBuvo
yia v Wbk alloiwon, Bpébnke oOtL n elawokavBdAn oxnuoatilel mpoiov
mpooBnNKnG pe ™ Avoivn péow oxnuatiopol Baong Schiff. AOUKEG KOl AELTOUPYLKEC
pueAéteg €6eléav ot ol duo aldeldkéG opadegc NG eAalokavlaAng eival
armapaitnteg ywa tnv S6paon moapeunodiong. Autég ol duo OaASeUSIKEG opdAdeg
€6elkav ouykekplpévn efeldikevon ouvdeong He TNV eAeVBepn Auoivn evw n
ehalokavOaAn dev emnpéaoce onUAvVTIKA TNV opaAn Asttoupyia tne T mpwteivne. Ta
gupnuata auta €dsifav éva mBavo oxiua yla TNV avamtuén véwv Bepamelwy yla
TNV QVTLHETWTTLON VEUPOEKDUALOTLKWY VOoWV Ttou odeilovtal otnv T mpwteivn.
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Figure: Human tau constructs, structure of oleocanthal and Schiff base reaction between oleocanthal
and lysine side chain.

Lietal., J. Neurochem. 2009

MEPINHWH

H sAaiokavOain amoteAel mOavi) peAdovrtikn Ogpameia TG
vooov Alzheimer

H aAAoiwon tng mpwrteivng T lval €vag amo Toug MopAYOVIEG TTOU TIPOKAAOUV TNV
vooo Alzheimer. H ouykekpluévn HeAETn €6el€e OTL N eAalokavOaAn umopel va
eunodioel autr tnv aAhoilwaon ¢ MpwTelvng datnpwvtag tv ¢uaotkr tng popdn.
Emuidéov peléteg €6el€av mweg n eAlatokavBaAn, Adyw tng doun tng, odnyel otnv
TLAPEUTTOSLON AUTH, XWPLG va EMNPEACEL ONUAVTIKA TNV PpucloAoylki Aettoupyla tng
T npwteivng. Ta eupripata autd odnyouv o uia bavh avantuén véwv Beparmelwv
yLaL TNV QVTLUETWTILON VOOWV OTWG TNG vooou Alzheimer.

H gAaiokavdadn amoteAei midavn peAdovrikny dspancia tng vooou Alzheimer
kadw¢ gumodilel tnv aldoiwon upLag €L6IKNC MPWTEIVNG MOV OXETI{eTal UE THV
avamnrtuén tng vooou.



Oleocanthal: a potential future treatment of Alzheimer's disease

Protein Tau alteration is one of the factors causing Alzheimer's disease. This
particular study showed that oleocanthal can prevent this alteration, maintaining the
original form of the protein. Further studies have shown that oleocanthal, due to its
structure, leads to this obstruction without affecting the physiological function of
Tau protein. These findings lead to a possible development of new treatments for
diseases such as Alzheimer's.

Oleocanthal is a potential future treatment of Alzheimer's disease as it prevents
the alteration of a specific protein associated with the development of the disease.

5. Oleocanthal Enhances Amyloid- f§ Clearance from the Brains
of TgSwDI Mice and in Vitro across a Human Blood-Brain
Barrier Model

In the current study, Hisham et al. investigated the effect of oleocanthal on
pathological hallmarks of Alzheimer’s disease in TgSwDI, an animal model of AD.
Mice treatment for 4 weeks with oleocanthal significantly decreased amyloid load in
the hippocampal parenchyma and microvessels. This reduction was associated with
enhanced cerebral clearance of AP across the blood-brain barrier (BBB). Further
mechanistic studies demonstrated oleocanthal to increase the expression of
important amyloid clearance proteins at the BBB including Pglycoprotein and LRP1,
and to activate the ApoE-dependent amyloid clearance pathway in the mice brains.
The anti-inflammatory effect of oleocanthal in the brains of these mice was also
obvious where it was able to reduce astrocytes activation and IL-1B levels. Finally,
we Hisham et al. could recapitulate the observed protective effect of oleocanthal in
an in vitro human-based model, which could argue against species difference in
response to oleocanthal. In conclusion, findings from in vivo and in vitro studies
provide further support for the protective effect of oleocanthal against the
progression of AD.



H eAatokavOaAn evioxVEL TNV ATIOUAKPUVOT] TOV B-AUUA0ELS0VC
Qo TOVG EYKEPAAOUG TG TgSWDI 6£1pAC TTOVTIK®WV Kat in vitro
0 £V HOVTEAO TOU QUUATOEYKEQPAALKOU @TAYMOU  TOVU
avOpwmov

Itnv napovoa PeAETN o Hisham et al.. MeAétnoav tnv enidpacn tn¢ eAatokavOaAng
o€ moBoAoylkd onpeia tng vooou AD oe TgSwDI movtikia pe vooo AD. H Bepameia 4
eféouddwv pe ehatokavbaAn €6el€e  onuavitky Melwon tNg  evamodbeong
OHUA0ELSOUC OTO TTAPEYXU O TOU UTIMOKAUTOU KOl TA UIKPOoWHATLA. AuTA N pelwon
ouoxetiotnke pe auvénuévn eykepoAikn kabBoapon tou AP  Slapéocou ToOUu
alpatoeykepaAlkol ¢payuou (BBB). Mepattépw HEAETEC TOU pnxaviopol £8eslav
OTL n elawokavBaAn Tmpokalel avénon TNG €KPpoong ONUOVIIKWY TIPWTEIVWV
kKaBapong apulogldol oto BBB cupmeplthapfavopévng tng P-yAukompwteivng Kot
LRP1 kaL tnv evepyomoinon tn¢ odou amopdkpuvong -e€aptwpevng omo ApoE-
apuAosldol¢ oTtoug eykedpaloug ToOVTIKWYV. H peAétn twv Hisham et al.
avakepolaiwaoe TNV MPOOTATETIKNA dpdcn tn¢ eAatokavlaAng oe in vitro avBpwrivo
HOVTEAO Tou Ba pmopoloe va urooTnpiéel TNV SLapOoPETIKN amoOKpLon Twv dwv
oTNV €AQLOKOVOAAN. ZUUTTEPACHUATIKA, TA €UPNUATA QMO TIG in Vivo Kol in vitro
HUEAETEC TAPEXOUV TIEPALTEPW UTOOTAPELEN yla TNV TPOOTATEUTIKA emidpaon tTng
ghatokavOaAng kata tng e€EALENC tg AD.

[TEPIAHVYH
MOavog unxaviopog 8pacnc TG €AaoKavOAANG £vavTL TNG
vooov Alzheimer

TNV moapouoa UEAETN HeAeTnONKe n emibpaon tng eAalokavOAANG o€ movtikla He
Alzheimer. H xopriynon eAatokavBaing odrnynoe oe peiwon tg evanodbeong, otov
EYKEPOAO, KAMOLWV €KWV TPWTEWWY ToU ovopalovial OoMUAOELSELG Kot
oxetilovtal apeoa pe tnv edavion tng vooou. Mepattépw PEAETEG €6eL€av OTL QUTO
ETUTUYXAVETAL PE aVENON TNG AMOUAKPUVONG TOU OUAOELSOUC aro Tov eykEdalo.

H eAaiokavdAn aivetal va dpa évavrtt tng vooou Alzheimer, sunoébilovrag tnv
EVanodeon OTOV EYKEPAAO MOVTIKWY, TWV ELOIKWV MPWTIEIVWVY 1ou ovouadovral
auuAocsLdeis.

A potential mechanism of action of oleocanthal against
Anzheimer’s disease

Protein Tau alteration is one of the factors causing Alzheimer's disease. This
particular study showed that oleocanthal can prevent this alteration, maintaining the



original form of the protein. Further studies have shown that oleocanthal, due to its
structure, leads to this obstruction without affecting the physiological function of
Tau protein. These findings lead to a possible development of new treatments for
diseases such as Alzheimer's.

Oleocanthal acts against Alzheimer's disease, preventing the deposition of specific
proteins called amyloid in the brain of mice.
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Hisham et al., ACS Chem. Neurosci. 2015

6. Oleocanthal-rich extra virgin olive oil demonstrates acute
anti-platelet effects in healthy men in a randomized trial

The phenolic profiles of extra virgin olive oils (EVOOs) may influence their
cardiovascular benefits. In a randomized crossover of acute EVOO intake on platelet
function, participants (n = 9) consumed 40 mL of EVOO weekly. EVOOs were
matched for total phenolic content and were either tyrosol-poor with 1:2
oleacein/oleocanthal (D2,0.5), or 2:1 oleacein/oleocanthal (D2;2), or predominantly
tyrosol (D2i0). Ibuprofen provided a platelet inhibition control. Blood was collected
pre- and 2 h post-EVOO intake. D2i0.5 and D2i2 reduced 1 mg/mL collagen-
stimulated maximum platelet aggregation (Pmax), with effects best correlated to
oleocanthal intake (R = 0.56, P = 0.002). Total phenolic intake was independently
correlated to eicosanoid production inhibition, suggesting that cyclooxygenase
blockade was not responsible for the Pmax inhibition. Five participants exhibited
>25% APmax declines with D2i0.5 and D2i2 intake and plasma metabolomic profiles
discriminated subjects by oil responsivity. Platelet responses to acute EVOO intake
are associated with oil phenolic composition and may be influenced by diet.



To eAatdAad0 TAOVGL0 o€ EAOKAVOAAN £TISIKVUEL OEEix vV TL-
0poUPBWTIKEG SPAOELG OE VYLEIC AVEPEC 0 LA TUXALOTIOLUEVT)
HEAETT)

Ta dpawvolikd mpodih twv efatpetikd mapBévwv ehatohadwv (EVOOs) umopel va
ETNPEACOLV TA KApSLayyelakd 0pEAN TOUG. € HLA TUXOLOTIOLNUEVN SLOAOTAUPWHEVN
HeAETn tnNg ofelag mpooAnPng EVOO otn Asltoupyla TwV QLUOTETAALWY, Ol
OUMPETEXOVTEG (n = 9) katavalwvav 40 mL EVOO eBdopadiaiwg. Ta EVOOs
KOTataxbnkav yLo To oALKO POLVOALKO TOUG TIEPLEXOUEVO O PTWYXA OE TUPOCOAN LE
1:2 elawacivn/elatokavOdAn (D2i0.5) i 2:1 shaiaoivn/ehawokavOdAin (D2i2), n
KUplw¢ TtupoooOAng (D2i0). H Bounmpodaivn xpnolpomol}Onke wg KovipoA. H
oUAAOYN TOU aipatog €yve mpLv Kot 2 wpeg peta tn Angn EVOO. Ot D2i0.5 kat D2i2
puelwoav tn PEYLOTN CUCOWHATWON TWV aLpomeToAiwv (Pmax) mou Sieyeipetal pe
kKoA\ayovo (Pmax) 1 mg / mL, pe amoteAéopota tou cuoxstiovtatl KAAUTEPA UE TNV
npooAnyPn eAatokavOaing (R = 0.56, P = 0.002). H cuvoAikny ¢awvolikr mpocAnyn
ouoxetiotnke avefdpTNTO HE TNV QVACTOAN TNG TOPOYWYNG ELKOCAVOELSWV,
umoSnAwvovtag OTL 0 ATOKAELOUOC TNG KUKAoofuyevaong Sev Atav umevBuvog yLa
™V avaotoAn tng Pmax. Ol mévte cupUETEXOVTEC £6el€av pelwaon >25% APmax pe
v npocAnyn D2i0.5 kat D2i2 kat ta MpodA Twv HETABOAITWY TOU MAACHUATOG
KaTnyopLlomoinoav toug €0eAOVIEC avaloya PE TNV amokplon oto eAlatodado. O
QTTOKPLOELG TwV alponeTaliwv otnv ofeia AnPn EVOO cuvdéovtatl pe tn patvoAkn
ocuotaon eAatoAddou Kal prmopel va emnpealovtal amo tn Statpodn.

MEPINHWH

Ta eAatddada mAovolx o eAatokavOaAin BonbBovv otnv peiwon
Twv 0popuBwoswv

H meplektikdTnTa TV gAaloAddwv oe palvoleg, Umopel va emMnpedoceLl o Peyalo
Babuo ta kopdlayyelakd odpEAN TOUC. ZUYKEKPLUEVA, TIPOYHATOTOLONKE UEAETN
OTOU Ol CUMMETEXOVTEG KatavaAwvayv 40 ml e€alpetika mapBévou elatohdadou, pe
YVWOTO 10000t dawvolwv, wote va aflodoynbolv ta amoteAéouata otnv
AeLToupyia TWV ALUOTETAALWY, CUCTATIKWY TOU ALHATOG TToU oXETL{ovVTaL e TNV TREN
tou. Ta amoteAéopata Tou Tpoékulav ouykpiBnkav pe Tt 6pdon NG
tBoumpodaivng, mou eival pla oxupn avtipAeypovwdng oucia. Amo TNV HEAETN
autn ¢avnke otL Ta eAatddada mou NTav mAovola o€ eAalokavldaAn kal eAatacivn
TPoKAAecav afloAoyn Uelwon otn UEYLOTN CUCOWUATWON alpometaAiwy (peiwon
HeyaAUTEPN amo 25%), mou amoteAel kKUpLa attia yia t dnuoupyia Bpopfwoswv
OTOV avOpWTILVO OpYaVIOUO, UE TO amoteAéopata va Seixvouv OTL ONUAVTIKOTEPO
poAo mailel n mpooAnydn elatokavldAng. TéAog, dpaivetal otL auti n Spdon Twv



OUCLWV OUTWV €lvatl aveédptntn amd tnv aviipAeypovwdn Spdon Ttoug Kal
armodelkVUETAL OTL TO XNUKO TpodiA Twv eAaloAddwv emnpedlel Aueca TO
KapSlayyeLako cuoTnua.

MeAétn mou éEywve oe avipwmnoug Ebeiée ottt ta eAaidbAada mAouoia o
eAalokavdain kai eAaitaoivn Bondouv otnv uesiwon twv SpouBwoeswv, kadwc
TIPOKOAOUV UEIWON THE CUCOWUATWON G TWV OLUOTETAAIWV.

Olive oil rich in oleocanthal effects the cardiovascular system'’s
function

Olive oil oleocanthal levels, can significantly affect the cardiovascular benefits from
its consumption. In this study, 9 participants consumed 40ml of extra virgin olive oil
(EVOO0), with known polyphenol concentration, in order to evaluate the effects on
blood platelets function, blood ingredients that are related to blood coagulation. The
results were compared with ibuprofen action; a powerful anti-inflammatory agent.
This study showed that EVOO samples rich in oleocanthal and oleacein caused a
significant decrease in platelet aggregation levels (more than 25% reduction), that is
the main cause for blood clotting, indicating that oleocanthal intake holds the bigger
part. Finally, it seems that the effects of EVOO polyphenols is independent from their
antioxidant action and turns out that the chemical profile of olive oil influences
directly the cardiovascular system’s function.

According to a randomized crossover of acute EVOO intake, olive oil rich in
oleocanthal and oleacein helps to reduce thrombosis, as it causes a decrease in

platelet aggregation
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Hg. 1. Effects of tested EVD0s on (A) maximum platelet aggregation and (B) oxylipins associated with platelet function in healthy male subjects. D22, D205 and Ibuprofen
all decreased maximum platelet aggregation compared to D20, and Ibuprofen decreased oxylipin concentrations compared to all oils. Data shown are presented as means
(n=19) with their standard deviations. Data paints with unlike letters were significantly different ar P < 0,05 (repeated measures ANOVA]

Karan Agrawal et al.., Journal of Functional Foods 36 (2017) 84-93



7. Phytochemistry: ibuprofen like activity in extra virgin olive
oil.

Newly pressed extra virgin olive oil contains oleocanthal a compound whose
pungency induces a strong stinging sensation in the throat, not unlike that caused by
solutions of the nonsteroidal anti-inflammatory drug ibuprofen. In the study of
Beauchamp et al.., 2005, this similar perception seems to be an indicator of a shared
pharmacological activity, with oleocanthal acting as a natural anti-inflammatory
compound that has a potency and profile strikingly similar to that of ibuprofen.
Although structurally dissimilar, both these molecules inhibit the same
cyclooxygenase enzymes in the prostaglandin biosynthesis pathway. Both
enantiomers of oleocanthal, exhibited a dose-dependent inhibition of COX-1 and
COX-2 activities, with no effect on lipoxygenase activity, much as observed with
ibuprofen.

dvtoxnuela: Spaon TOL  gAaoAdSov  MapoOpOLX TG
BovTpo@aivng

To e€atpetiko mapBévo eAatohado mou HOALG €xel mapoyxOel mepleéxel eAalokavOan,
HLa €vwon n omola mpokaAel €vtovn aloBnon TOWWMAUATOG 0To Ao, OXL avtiBetn
HE €Kelvn ToOU TPOKOAElTal amd T  SlOAUMATA TOU N OTEPOELSOUC
aviipAeypovwdoug dapudakou Poumpodaivng. H pedétn auth €6el€e ot n
napopola autr aicbnon ¢aivetal va eival évag delktng Kowng GapUoKoAOYLKNG
Sdpaong, pe tnv eAatokaveain va dpa ws puaotkn aviipAeypuovwdng Evwaon mou €xeL
loxU kol mpodiA evtumwolakd Tapouola Pe e€keivn ¢ Bounmpodaivng. Av Kat
SopLKA SLaPOPETIKEG EVWOELG, KAl Tat SUO AUTA popla avaoTtéAlouv Ta dla éviuvpa
™G KUKAoofuyevaong wg mpog tnv BloouvBeon tng mpootayAavdivng. Kat ta dvo
EVAVTIOPEPN TNG €AalokavOAAng mapouciacav S000eEAPTWHUEVN OVAOTOAN TNG
6paong twv COX-1 kat COX-2, xwplg enibpaon otn SpactikdtnTa TOU €VIUOU TNG
Autoguyevaong, onwg apatnenOnke pe tnv Poumnpodaivn.

MEPIAHWH

H avtigleypovwdng 8pacn touv £Aaiodadov mapopolx Tng
Bovmpo@aivng



To e€alpetika mapBEvo eAatddado mou HOALS €xel mapaxBel mepléxel eAalokavOaAn,
HLo Evwon n omola TpokaAel évtovn aiocbnon TOWWMAUATOG 0TO AALUO, TTapouoL
ailoBnon pe auth mou uTtapxeL Kat arnod tnv npocAnyn ounpodaivng, Evog LoXUpou
avtihAeypovwdoug ¢apuakou. IUUPWVO HE TNV  OUYKEKPLUEVN UEAETN, N
ehalokavlaAn avaoctéAAel kamola €viupa Tou oXetilovtal pe TN PAegypovn,
gudpavilovrag paiiota Spaacn avtiotolxn tng LBounpodaivng, mapdTL XNUIKA EXOUV
TIOAEG SLtadopEc.

H eAatokavidAn eu@avilet napouoia avtupAsyuovwdn Opaocn HE auth NG
tBounpoaivng, €voc LOXUPOU avTIPAEYUOVWEOUS PAPUAKOU, Tap’oTL YnuiKd
SLapépouv moAuv.

Oleocanthal: a natural anti-inflammatory compound

Freshly extracted extra virgin olive oil contains oleocanthal, a substance responsible
for a strong “pinch” feeling in the throat, similar to the effect of ibuprofen intake, a
strong anti-inflammatory drug. According to this study, oleocanthal inhibits certain
enzymes related to inflammation, showing the same action as ibuprofen, although
structurally it shows many differences.

Oleocanthal acts as a natural anti-inflammatory compound that has a potency and
profile strikingly similar to that of ibuprofen, although they are structurally
dissimilar
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FIGURE. Structures of (-) oleocanthal (left) and the anti-inflammatory drug ibuprofen (right) (Nature
2005 Sep 1; 437(7055):456).

Beauchamp GK et al., Nature. 2005 Sep 1; 437(7055):456.

8. (1) Oleocanthal as a cMet inhibitor for the control of
metastatic breast and prostate cancers

(-) Oleocanthal is a naturally occurring minor secoiridoid isolated from extra virgin
olive oil, which showed potent anti-inflammatory activity. In the study of Enagar et
al., Computer Assisted Molecular Design (CAMD) identified oleocanthal as a
potential virtual cMet inhibitor hit. In this study oleocanthal inhibited the
proliferation, migration, and invasion of the epithelial human breast and prostate



cancer cell lines with an IC(50) of 4.47uM. Moreover, oleocanthal inhibited the
phosphorylation of cMet kinase in vitro, with an IC (50) value of 4.8uM. These results
show that oleocanthal and EVOO can have potential therapeutic use for the control
of cMet-dependent malignancies.

H sAaokavOdAn w¢ avacTtorfag TG TPpwTEIVG cMet ywx tov
EAEYX0 TWV MHETAOTATIKOV KAPKIVOV TOU HAGTOU KoL TOU
TMPOGTATY)

H eAatokavOaAn sivat éva Guolkd EAACOWV CEKOIPLOOELOEG TTIOU QITOUOVWVETAL Ao
to efapetika TmapBévo eAaldAado kol TO omolo Tmapouctalel  €vtovn
avtipAeypovwdn dpacn. Itn peAétn tou Enagar kal tng opadog Tou, £va mpoypoppa
oxedlaopol popiwv, to CAMD, avayvwploe tnv AatokovBain wg €vav mibavo
avaoTtoAéa Tou popiou cMet. H ehalokavOaAn ovaoTéAAEL KOTA TO AULOU TOV
TOAAMAQCLACUO, TNV HETAVACTEUCN KOl TNV SLELOSUTIKOTNTA TWV EMONALOKWV
KUTTOPWV TOU KA PKI(VOU TOU HOOTOU KOl TOU KOPKIVOU TOU TIPOOTATN OE KUTTOPLKEG
OELPEC O€ oUYKEVTPWON 4,47uM. ETumA£ov n eAaLOKAVOAAN aVOOTEAEL KATA TO NULOU
™M dwaodopuliwon t¢ cMet Kivaong oe cuykévipwon 4,8uM. Ta amoteAéopata
auta deiyvouv mw¢ n ehatokavOaAn Kal to e€alpeTikd mapBevo shatdhado £xouv
£€va SUVOLKO BeparmeuTikd pOAO OTLG KakorBOeleg mou mpokaAei n cMet.

MEPINHWH

0 poAog TG EAXOKAVOAANG GTOV KAPKIVO TOU HAGTOU KL TOV
TPOGTATI)

H elaltokavBdAn eival €va cuoTaTIKO TwV €EALPETIKA TAPOEVWY eAaLOAASWVY HE
loxupn aviipAeypovwdn Spaon. Itnv pelétn tou Enagar kot tng opadag tou,
davnke OtL n eAalokavOaAn, o€ KUTTAPLKO eTtinedo, epumodilel TNV AVATTTUEN KOl TNV
TAON YLO LETAOTAON KAPKLVIKWY KUTTAPWY TOU HOOTOU N TOU TPOOTATH. AKOUN Kal
Of ULKPEG TTOOOTNTEG N eAalokavBaAn kal Kot eméktaon to e€alpeTikd mapBévo
ehaLdAado €xouv éva SuVaLKO BEPATTEUTIKO POAO OTOV KAPKIVO TOU LACTOU KOl TOU
TPOOTATN.

H gAaiokavdaln, oe kuttapiko eninedo, eunodilel tnv avantvén kat tnv taon yLa
UETAOTAON TWV KAPKIVIKWVY KUTTAPWV TOU UAOTOU 1) TOU MPOCTATH).

The role of oleocanthal in breast and prostate cancer



Oleocanthal is a compound found in extra virgin olive oil showing a strong anti-
inflammatory action. Research of Enagar and his colleagues showed that
oleocanthal, at a cellular level, blocks the development and the metastatic action of
breast or prostate cancer cells. Even in low dosage, oleocanthal and by extend extra
virgin olive oil have a powerful healing role in breast and prostate cancer.

In this study oleocanthal inhibited the proliferation, migration, and invasion of the
epithelial human breast and prostate cancer cell lines
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Elnagar AY et al., Planta Med. 2011 Jul;77(10):10139.

9. (-)-Oleocanthal inhibits growth and metastasis by blocking
activation of STAT3 in human hepatocellular carcinoma

In the present study was explored by Pei et al, the anti-cancer capacity of
oleocanthal in human hepatocellular carcinoma (HCC). Oleocanthal inhibited
proliferation and cell cycle progression and induced apoptosis in HCC cells in vitro
and suppressed tumor growth in an orthotopic HCC model. Oleocanthal also
inhibited HCC cell migration and invasion in vitro and impeded HCC metastasis in an
in vivo lung metastasis model. Oleocanthal acted by inhibiting epithelial-
mesenchymal transition (EMT) through downregulation Twist, a protein which is a
direct target of the transcription factor STAT3. Oleocanthal also reduced STAT3
nuclear translocation and DNA binding activity, ultimately downregulating its
downstream effectors, including the cell cycle protein Cyclin D1, the anti-apoptotic
proteins Bcl-2 and survivin, and the invasion-related protein MMP2. Overexpression
of constitutively active STAT3 partly reversed the anticancer effects of oleocanthal,
which inhibited STAT3 activation by decreasing the activities of JAK1 and JAK2 and
increasing the activity of SHP-1. These data suggest that oleocanthal may be a
promising candidate for HCC treatment.



H sdaokavOdAn avacTtéAel TV avamtuén Kal TN HETACTHON
0TO NTATOKVUTTAPLKO KAPKIVOUA 6TOV AVOpwTo sumodi{ovtac
™V evepyomoinon ¢ TpwTeivng STAT3

ITn OUYKEKPLUEVN UEAETN O Pei Kal oL CUVEPYATEG TOU, HEAETNOAV TNV OVTLKAPKLVIKN
Wdotnta g eAalokavbaAng oe avbpwrmiva NMATIKA KOPKWVIKA KUTtapa. H
ehalokavlaAn avéotelle tov TOAAAMAACLACUO KoL TNV MPO0S0 TOU KUTTAPLKOU
KUKAOU KOl TIPONYQYE TNV QMOTTWON OTA NTATIKA KAPKLWVIKA KUTTOpA in vitro kot
puelwoe tnv avamtuén Tou OYKOU TwV KUTTApwV autwv. Emiong, avéotelle 1tnv
HETAVAOTEUON Kol TNV Sleloduon TwV NMATIKWY KOPKIVIKWY KUTTAPWV in vitro kot
TIOPEUMOSLOE TN HETACTAON O €va in Vivo HOVTIEAO TIVEUHMOVIKAG HETAoTaonG. H
ehatokavlaAn £86pace avaotéAlovtag TNV petadopd  petafl  emBnAiou-
HECEYXUHOTOC, LECW KATOOTOANG TNG Twist, pLaG MpwTeivng n omola gival 0 AUECOG
OTOX0G Tou petaypadikol mapayovta STAT3. H sAaltokavBaAn, smumtAéov, peiwoe
TNV TWUPNVLKA HETOTOMION Kal tnv 6pdon ouvdeong oto DNA tng STATS,
arnopuBuilovtag Toug TEAEOTEG TNG, CUUMEPAAUPBAVOUEVNC TNG TIPWTEIVNG KUKALVNG
D1, TwV QVTLOMOMTWTIKWY MTPWTEivwV Bcl-2 kat survivin kat tTnv mpwteivn MMP2 mtou
oxetiletal pe tnv dieioduon. H unepékdpaon tg evepyng STAT3 ev pépel avatpel
OAn TNV aVTLKAPKLVLIKA 6pdcn TnG eAatokaviaAng, n omola avacTtéAAeL TV STAT3 pe
™V Helwon tng dpaong Twv mpwteivwyv JAKL kat JAK2 kat avéavovtag tn Spdon tng
npwteivng SHP-1.

MEPIAHWH
OL AVTIKAPKLVIKEG LSLOTNTEG TG EAXLOKAVOAAN G

ITn MEAETN TwWV Pei KOl TwV oUVEPYATWY TOU, HEAETAONKE N AVTIKAPKLVIKA §paacn TG
eAalokavBaAng oe avOpwrmiva NMOTIKA KOPKWVIKA KUTtapa. To omoteAéopata
€6eL€av OTL N eAalokavBaAn Helwoe ToV MOAATAAGLACUO TWV KAPKLVIKWY KUTTAPWYV,
QVEOTELAAE TNV QVATTTUEN TOU OYKOU KL TAUTOXPOVA TIPOKAAECE ToV BAvaTo MOAAWV
KOPKLWVIKWV Kuttdpwy. Emiong, oe melpapa mou mpaypatonotidnke yla tov €Aeyxo
™G SpAong TNG oucLOG OTNV UETACTACN TWV KOPKLVIKWY KUTTAPWV $pAvnke OTL N
e\alokavOdAn mopeunodloe TNV UETAOTACK TOUG OE TIVEUMOVIKA KUTtapa. Ta
anoteAéopaTa AUTA, ArmoTteAOUV EATILOQ yLa TNV XPON QUTWV TWV OVTIKAPKLVLKTTWV
dLotAtwy ¢ ouciag OxL LOVo o€ KUTTAPLKO eMinedo aAAd kat otov dvBpwro.

H eAaiokavOdAn eu@avilel €Vtoveg QVTIKAPKIVIKEG LOLOTNTEG Ot avipwriva
nratika Kutrapa, KAdwe HELWVEL TOV TTOAAQMAQCLOOUO TWV KOPKIVIKWV KUTTAPWY,
avéoteldAe TNV avantuén Tou OYKOoU Kal TAUTOXPOVA MPOKAAEL TOV Javato moAAwv
KQPKLVIKWV KUTTAPWV.

The anticancer activity of oleocanthal



Pei and his colleagues studied the anticancer action of oleocanthal in human liver
cancer cells. The results showed that oleocanthal reduced the proliferation of cancer
cells, suspended tumor growth and at the same time caused the death of many
cancer cells. Also, in an experiment that was held testing the antimetastatic action of
the substance, oleocanthal blocked the metastasis on the lungs. These results, give
hope for the use of this compound not only on a cellular level, but on the human
organism.

Oleocanthal has strong anti-tumor properties in human liver cells, as it reduces
tumor cell proliferation, inhibits tumor growth and simultaneously causes the
death of many cancer cells.
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Figure: (-)-Oleocanthal inhibits migration and invasion abilities of HCC in vitro and in vivo. (B) Representative
images of invasion assay for Huh-7 and HepG2 cells after the pre-treatment with increasing doses of (-)-
oleocanthal for 24 h (top panel). The number of invaded cells was counted (bottom panel). Scale bar = 100 um.

Tiemin Pei et al., Oncotarget, 2016, Vol. 7, No. 28, 43475-91

10. (-)-Oleocanthal rapidly and selectively induces cancer cell
death via lysosomal membrane permeabilization

LeGendre et al. investigated the effect of oleocanthal (OC) on human cancer cell
lines in culture and found that OC induced cell death in all cancer cells examined as
rapidly as 30 minutes after treatment. OC treatment of non-transformed cells
suppressed their proliferation but did not cause cell death. OC induced both primary
necrotic and apoptotic cell death via induction of lysosomal membrane
permeabilization (LMP). Here evidence are provided showing that OC promotes LMP
by inhibiting acid sphingomyelinase (ASM) activity, which destabilizes the interaction



between proteins required for lysosomal membrane stability. The data presented
here indicate that cancer cells, which tend to have fragile lysosomal membranes
compared to non-cancerous cells, are susceptible to cell death induced by
lysosomotropic agents. Therefore, targeting lysosomal membrane stability
represents a novel approach for the induction of cancer-specific cell death.

H slaokavOain Tpodyel To OAVATO KAPKIVIK@OV KUTTAPWV
YPNYOPA KOl EKAEKTIKA MEOW TNG SLATEPATOTNTAC TG

AVGOCWULKNG HEUPBPAVIC

O LeGendre koL oL CUVEPYATECG TOU PeAETnOAV TNV enibpaon tng eAalokavlaAng os
avBpwriva KapKvika KUTtapa. Ta melpapata toug £6s€av mwg n eAalokavoain
TIPOAYEL TOV KUTTAPLKO BAvaTto ota KapKLikA KuTtapa, péoa o 30 Aemta. H xprion
€\QLOKAVOAANC OE HUN HETAOXNUATIOMEVA KUTTOPA avAoTEAAEL Tn Slalpeon Toug
aAAa Sev mpokaAel Tov Bavato Twv KuTtapwv. H eAatokavBaAn mpoayeL Tov TPWLUO
VEKPWTLKO KOl OTOTITWTIKO BAvoto HEow TNG €MOywyng TNG SLOmepaTOTNTOG TNG
AUCOCWHLKNG HEpBpPAvVNG. AUTH N EMaywyn YIVETOL HECW TNG AVOOTOANG TG Spaong
Tou of£oc tnC oduyyopueAlvaong To omoio amootabepornolel tnv aAAnAemidpaon
HETAELY TWV TMPWTEIVWV TIOU QmALTOUVTAL yla TNV otabepotnTta TNG AUGOCWHLKAG
HEUBpPAVNC Twv KUTTapwV. Ta dedopéva TnG €peuvag autng Selxvouv OTL OUGLEG TToU
6pouVv OTIC AUCOCWHILKEG HEUPPAVEC BavaTtwVvouVv Ta KAPKLVIKA KUTTOpaA, Ta omoia
telvouv va €xouv eUBpOUOTEC AUCOCWHLKEG MEUBPAVEC, OUYKPLTIKA HE T MN
KOPKLWIKA. L autd, n oTOXeEUON OTn OTABEPOTNTA TWV AUCOCWHLKWY HEUBpavwV
QVOITOPLOTA L0l VEQL TIPOCEYYLON Yl TNV €MOYwWYN TOU KUTTOPLKOU BavdAtou twv
KOPKLVIKWY KUTTAPWV.

MEPIAHWH
H sAawokavOdin mpodayst tov OAVATO HOVO TWV KAPKLVIK®OV
KUTTAP®WV KAL OXL TOV QUOLOAOYIK®V

O LeGendre koL oL CUVEPYATEG TOU PeEAETnoayv TNV enibpaon tng eAatokavBdaAng oe
avBpwriva KapKvIka kUTtopa. Ta mepdpata toug £8el€av mwg n eAalokavOdAn
TIPOKAAEL OTA KApPKLVIKA KUTtopa Bdvato evtog 30 Aemtwy, evw Tautoxpova Sev
npokaAel Bdvato ota ¢puctoloyilkd kKUTTapa. Auto cuppaivel SLOTL n eAatokavOaAn
6pa o€ €vav €L61KO UNXAVIOMO TWV KUTTAPWVY OTIOU TA KAPKLVLIKA KUTTOPA TUXOLVEL VOl
elval mo evaiocbnta am’ott ta ducloloyikd, pe amotéAecpa va odnyouvtal pHévo
auta o€ BAavato kKal oL Ta pUCLOAOYLKAL.



H gAaiokavIaAn npodyel eKAeKTIKA TOV JAVATO UOVO TWV KAPKIVIKWYV KUTTAPWYV
KalL OXL TwV QUOLOAOYLKWVY, VTo¢ 30 AsmtTwv.

Oleocanthal promotes only the death of cancer cells and not of
normal cells

LeGendre and his colleagues studied the effects of oleocanthal in human cancer
cells. Their results showed that oleocanthal causes the death of cancer cells within
30 minutes, whithout affecting the normal cells. This happens because oleocanthal
acts on a certain cell mechanism that cancer cells are much more sensitive than
normal cells, leading to their death while normal cells are not damaged.

Oleocanthal induces cell death in all cancer cells examined as rapidly as 30 minutes
after treatment, with a selective mechanism of action.

In the presence of serum, 10 mM Oleocanthal induced a maximum 10%
inhibition of ASM activity

LeGendre et al., Molecular & Cellular
Oncology 2014

11. Cytotoxic Activity of Oleocanthal Isolated from Virgin Olive
Oil on Human Melanoma Cells

Oleocanthal’s potential anticancer activity has already been reported but only
limited evidence has been provided in cutaneous malignant melanoma. The present
study of Fogli S et al. is aimed at investigating the selective in vitro antiproliferative
activity of oleocanthal against human malignant melanoma cells. Cell viability
experiments demonstrated that oleocanthal had a remarkable and selective activity
for human melanoma cells versus normal dermal fibroblasts with IC50s in the low
micromolar range of concentrations. Such an effect was paralleled by a significant



inhibition of ERK1/2 and AKT protein phosphorylation and downregulation of the
gene Bcl2 expression. These findings may suggest that extra virgin olive oil phenolic
extract enriched in oleocanthal deserves further investigation in skin cancer.

Kvttapotoiikn Spaon TG EAdoKavOAANG IOV ATIOLOVOVETOL
amd To TmapBivo eAadAado oe avBpwmva KUTTOPA
UEAXV@OULATOC

H ev Suvapel avtikapkivik dpaon tng elaltokavlaAng €xel dnuooleutel aAla
e\dylota eival ta otowxela mou €xouv avadepbel yio To SepuaTIKO KAKONOEC
peAavwpa. H mapovoa peAétn tou Fogli S Kol Twv CUVEPYOTWY TOU OTOXEVEL OTNV
Slepelivnon NG in Vvitro €KAEKTIKAG QVTUTOAAQITAQGLOOTIKAG LKAVOTNTOC TNG
€\ALOKAVOAANC €VAVTL TWV KOPKLVIKWY KUTTAPWY TOU PMEAAVWUOTOC. Ta TELpAATA
KUTTOPLKAG Bliwopotntog €delfav mwg n eAatokavidaAn €xel pia afloonpeiwtn Kat
eldkn dpaon ota KUTTAPA TOU HEAQVWHATOG EVAVTL TwV GUCLOAOYIKWY LVvOBAaCTWY
Tou &éppatog, pe IC50 oe TMOAU XOUNAEG OUYKEVIPWOELC. Mo Tétola emidpaocn
ouvodeuoTaV OO MLO ONUAVTLK 0ovaoToA] ¢wodopUAwoNng Twv TPWTIEIVWY
ERK1/2 kat AKT kaBwg kat amopuBuion tou yovidiou Bcl2, mou oxetilovtal pe TNV
ek&NAwon Tou pedavwpartoc. Ta euprnpata auta Seixvouv mwe to GaLvoAlko KAAoHa
Tou £€tpa mapbévou elatoAddou xprnlel PeEYaAUTEPNG €PEUVOG OTOV KapKivo TOu
Sépuartoc.

Fogli S, Nutr Cancer. 2016 Jul;68(5):8737

[TEPIAHVYH
H guepyeTiki) 8pact TG eAaLokavOaAnG EvavtL Tov Kakon0ovug
MEAQV® LATOGC TOV S£PUATOG

H mapovoa HPeAETn adopd OTNV OVILKOPKLVIKN Spdcn NG eAatokavbdaAng oto
KaKONBeg HeAAVW O TOU SEPUATOG. Z€ TIELPALATA TIOU TIpAyHaTonoLOnkav ¢avnke
OTL n elatokavBaAn €xel pla afloonuelwtn kot €dik dpaon ota KUTTApPA TOU
HEAQVWATOG EVAVTL TWV GUCLOAOYLIKWY KUTTAPWYV TOU SEPUATOG, AKOWUN KOL OE TTIOAU
XOUNAEG CUYKEVIPWOELC.

H eAatokavdaAn éExet aéloonueiwtn kot €6k bpaon ota kUtTTApPA TOU
UEAQVWUATOG EVAVTL TWV PUOLOAOYIKWVY KUTTAPWYV TOU SEPUATOC, OKOUN KOl OE
TTOAU YaUnA£¢ OUYKEVIPWOELS.

Oleocanthal’s anticancer activity in cutaneous malignant
melanoma



The aim of this study is to investigate the anticancer activity of oleocanthal against
cutaneous malignant melanoma. Oleocanthal had a remarkable and selective activity
for human melanoma cells versus normal skin cells, even at low dosages.

Oleocanthal has a selective in vitro antiproliferative activity against human
malignant melanoma cells, even at low doses.

12. In Cell Interactome of Oleocanthal, an Extra Virgin Olive Oil
Bioactive Component.

Cassiano C et al. revealed in their research via chemical proteomics that heatshock
proteins, HSP70 and HSP90, as main oleocanthal interactors in living systems. These
two proteins are involved in cancer development and, thus, our findings could have
important outcomes for a deep evaluation of the biopharmacological significance of
oleocanthal.

EvSokvttapiky) oAAnAemiSpaocn TNG £AdokavOdAng, upag

BlodpaoTtiki)G ovolag Tov eEapeTIKd THPOEVOL EAXLOAGS OV

O Cassiano C kat n opada tou £6eL€av oTNV €peuva Toug WG oL tpwTteiveg HSP70 kat
HSP90 eival ta kUpla popla oAAnAenidpaocng tng eAatokavOdaAng ota {wvtava
cuoTtApata. AUTEG oL U0 TIPWTEIVEG EUMAEKOVTAL OTNV AVATITUEN TOU KapKivou Kal,
KAT OQUTO TOV TPOMO, TO OQTMOTEAECHATA TNG HMEAEING QUTNAG WIMOPEL va €Xouv
onUavtikn woEAEla yla TNV GOPUAKOAOYLIK GNUAVIIKOTNTA TNG €AOLOKAVOAANG,
£VOVTL TOU KapKivou.

Cassiano C et al., Nat Prod Commun. 2015 Jun;10(6):10136.

[TEPIAHWYH

H alAnAemidpacn TG €AaokavOAANG HE HNYAVIOUOUC TOV
oxetilovtat pe TOV Kapkivo amotedel €vdeldn NG
QVTIKAPKLVLKNG TNG Spaomng

O Cassiano kat n opdda tou €dsi€av otL Suo nmpwteiveg (HSP70 kot HSPIO) ival ta
KUplot popla pe Tto omoia aAMembpd n  elawokavBdAn otoug Twvtavoug
0PYOVLOHOUG. AUTEC oL SU0 TTPWTEIVEG EUMAEKOVTAL OTNV AVATTTUEN TOU KAPKIVOU Kal
yUauto ta anmoteAEéopATa TNG UEAETNG QUTAG UTOPEL val €XOUV oNUOVTIK WhEAELA
yla tnv dappakoloyikn 6pdon Tng eAalokavOAANg EVavTL TOU Kapkivou.



H aAAnAenidpaon tng gAaitokavdaAng Ue UNXOVIOUOUG MOU OXeti{ovtal UE TOV
Kapkivo, arnoteAei Evoelén tn¢ avtikapKIvikn¢ th¢ dpaong.

The interaction of oleocanthal with mechanisms associated with
cancer

Cassiano and his colleagues proved that two proteins (HSP70 and HSP90) are the
main molecules with which oleocanthal interacts in living systems. These two
proteins are involved in the development of cancer and therefore the results of this
study may have significant benefits for the pharmacological action of oleocanthal
against cancer.

The interaction of oleocanthal with mechanisms associated with cancer is
indicative of its anti-cancer activity

13. Olive Oil-derived Oleocanthal as Potent Inhibitor of
Mammalian Target of Rapamycin: Biological Evaluation and
Molecular Modeling Studies

Mammalian target of rapamycin (mTOR) is a protein that integrates signals from
energy homeostasis, metabolism, stress response, and cell cycle, with reported role
in cancer and Alzheimer’s disease development. This function encouraged the team
of Mohammad A. Khanfar et al. to examine the possibility that oleocanthal inhibits
MTOR. Subsequent experimental validation indicated that oleocanthal indeed
inhibited the enzymatic activity of mTOR with an IC50 value of 708 nM. Oleocanthal
inhibits the growth of several breast cancer cell lines at low micromolar
concentration in a dose-dependent manner. Oleocanthal treatment caused a marked
downregulation of phosphorylated mTOR in metastatic breast cancer cell line (MDA-
MB-231). These results strongly indicate that mTOR inhibition is at least one of the
factors of the reported anticancer and neuroprotective properties of oleocanthal.

H slawokavOain mov TPOEPXETAL QMO TO £AXOAAS0 G
VTIOYPIT)PLOC  AVAOGTOALNC TOU OTOXOUV ONAAOTIKWV TNG
PATIAPUKIVIG: BLOAOYIKN] EKTIUNOY KAl HEAETEG MOPLAK®DV
HOVTEAWV

O otoxo¢ OnAaoctikwv TG mapapukivng (MTOR) elvat pla mpwteivn n omolia
HETAdEPEL CAUATA ATTO TNV OUOLOCTACH, TO METAPBOALOUO, TNV ATOKPLON OTO OTPEG



KOL TOV KUTTAPLKO KUKAO, HE pOAO OTOV KOPKIVO Kal oTnv avamtuén tng vooou Tou
Alzheimer. Auti n Aettoupyla ¢ MPWTEivNG 0drynoe tnv opdada tou Mohammad A.
Khanfar, va efetdoet tnv mBavotnta ¢ avactoAng tg mMTOR amd tnv
ehatokavlaAn. Ta melpapata £6e&av Mwg n eAalokavOAaAn TPAYUATL AVOOTEAAEL
KOTd To AUWou tnv evlupotikiy &pdon tng mTOR pe ouykévipwon 708nM. H
€\aLlOKaVOAAN avaOTEAAEL TNV AVATTTUEN KAPKIVOU TOU HOOTOU O KUTTAPLKEG OELPEC
pe 6000-eEQPTWHEVO TPOTIO OE CUYKEVPWOELG TNG TAENC Twv WM. H glalokavOaAn
armopuBuilet tnv pwodopuAlopévn MTOR OTIC KUTTOPLKEG OELPEC UETAOTATIKWV
KOPKWIKWY KUTTAPpWV TOu pootou MDA-MB-231. OAa autd Tto oTolkeia
amodeLKVUOUV TIWG N €AALOKAVOAAN £XEL QVILKOPKLVIKEG KOL VEUPOTIPOOTOTEUTLKEG
8LOTNTEC PECW TNG OVACTOANC AUTHE TNE TPWTEIVNC.

Khanfar MA et al. Phytother Res. 2015 November ; 29(11): 1776-1782

INEPIAHWH
H §paon ¢ eAatokavOAANG EvavTL TOV KAPKIVOL TOU HAHGTOV

TN MEAETN QuTH, €ywvOov TIELPAUOTA YO TNV OVOLOTOAN QvAnTUéng Kapkivou Tou
pootol o€ KUTTapa e MpoaBnkn eAalokavlaAng og oAU UKPEC CUYKEVTPWOELG. Ta
anoteAéoparta £6l€av OTL TPAYUATL N EAALOKOVOAAN aVAOTEANEL KATA TO HKLOU TN
6paon pog mpwtelvng mou mailel onUAVTIKO POAO OTNV AVANTUEN TWV KAPKLVIKWV
KUTTOPWV KOl KOT'EMEKTACN KOL TOU KOPKIVOU TOU pooToU.

H eAaiokavidAn avaotéAAel katd To HULOU TN SpAcon ULOG MPWTEIVNG MoU mailel
ONUAVTIKO POA0 oTnVv avamtuén TwV KOPKIVIKWY KUTTAPWVY Kol KAT'EMEKTAON Ko
TOU KapKivou TOU Uaotou.

The effect of oleocanthal on breast cancer

The aim of this study is to investigate the effect of oleocanthal treatment on specific
breast cancer cells, even at low dosages. The results have shown that oleocanthal
reduces the impact of a protein, that plays an important role in the development of
cancer cells and of breast cancer as well.

Oleocanthal inhibits the enzymatic activity of a protein that plays an important
role in the development of cancer cells, in a dose-dependent manner.

14. Olive Phenolics as c¢-Met Inhibitors: (-)-Oleocanthal
Attenuates Cell Proliferation, Invasiveness, and Tumor
Growth in Breast Cancer Models



Dysregulation of the Hepatocyte growth factor (HGF)/c-Met signaling axis
upregulates diverse tumor cell functions, including cell proliferation, survival,
scattering and motility, epithelial-to-mesenchymal transition (EMT), angiogenesis,
invasion, and metastasis. The aim of this study was to characterize the intracellular
mechanisms involved in mediating the anticancer effects of (-)-oleocanthal
treatment and the potential involvement of c-Met receptor signaling components in
breast cancer. Results showed that (-)-oleocanthal inhibits the growth of human
breast cancer cell lines MDA-MB-231, MCF-7 and BT-474 while similar treatment
doses were found to have no effect on normal human MCF10A cell growth. In
addition, (-)-oleocanthal treatment caused a dose-dependent inhibition of HGF-
induced cell migration, invasion and G1/S cell cycle progression in breast cancer cell
lines. Moreover, (-)-oleocanthal treatment effects were found to be mediated via
inhibition of HGF-induced c-Met activation and its downstream mitogenic signaling
pathways. This growth inhibitory effect is associated with blockade of EMT and
reduction in cellular motility. Further results from in vivo studies showed that (-)-
oleocanthal treatment suppressed tumor cell growth in an orthotopic model of
breast cancer in athymic nude mice. Collectively, the findings of this study suggest
that (-)-oleocanthal is a promising dietary supplement lead with potential for
therapeutic use to control malignancies with aberrant c-Met activity.

OL @aIVOAEG TNG EALAC WC AVAOTOAEIG TNG TPWTEIVNG c-Met: 1)
EAQLOKAVOGAT HELWVEL TNV KUTTAPLKN Staipeot), Tqv ewofoAin
KaL TNV aUino) Tov 0YKOoU 6€ HOVTEAQ KAPKIV®WV TOU NG TOV

H amopuBuion t¢ onuatodotnong Tou NIATOKUTTAPLKOU auEnTIKoU Tapdyovia
(HGF)/c-Met evepyomolel 1adopoug oykoyovoug TAPAyOVIEG TIOU TMPOAYOoUV TNV
KuTTapLkn dlaipeon, Tnv emiBiwon, Tn SlAomaocn Kal TNV KLvNTkOTnTa TV Petadopd
eTONALOV-PECEYXVUOTOG, TNV OYYELOYEVVEDH, TNV €L0BOAN Kal TNV petdotaon. H
OUYKEKPLUEVN UEAETN OTOXEVEL OTO VA XOPOKTNPLOEL TOUG HNXAVIOUOUG HECA OTO
KOTTAPO TIOU EUTTAEKOVTIAL OTN HMECOAABNON TWV QVIIKAPKWIKWY OpACEWV TNG
€AaLloKavOAANG KoL TNV EUMAOKH TWV TMPWTIEIVWY TIOU EUTTAEKOVTAL OTO ONUATOSOTLKO
HOVOTIATL TNG MPWIEivng c-Met otov Kapkivo tou pootou. Ta amoteAéouata
Seixvouv nmwg n elatokavldAn avacTtéAAEL TNV al€non TwV KAPKLWVIKWY KUTTAPWV
OTI{ KUTTAPLKEG oelpe MDA-MB-231, MCF-7 and BT-474, sevw n xopnynon
mapopolwv S6cswv elalokavBAaAng dev eixe kapio emidpacn oe PUGCLOAOYLKEG
KUTTOPLKEC oelpéc MCF10A. EmutAéov, n xoprynon €AaltokavBaAng mpokaAel pia
docoefapTwpeVn avaoTOAR TNG LETAVACTEUONG, TNG ELGBOANG Kal tTn¢ tpoddou Tou
KUTTOPLKOU KUKAOU TIOU €mAyovtol oo tov mapayovta HGF og KUTTapLKEG OELPEC
Kapkivou tou paotou. EmumpooBeta, ol Spdocelg tng eAalokavlaAng Bpédnke mwg
ETLTUYXAVOVTAL HECW TNG OVAOTOANG EvEpyomoinong Tou auvéntikou mapayovra HGF



and TNV MPwTeivn c-Met Kal TwV ULITOYOVWY CNUOTOSOTIKWY LOVOTIATLWY TNG. ZE
eTUMAéOV Telpapata Seltnke TWE N €AOLOKAVOAAN KATAOTEAAEL TNV KUTTAPLKA
avénon Tou OYKOU Of TOVTIKLA O€ €va opBOTOmMIKO MOVTEAO TOU Kapkivou Tou
pootol. JUVOAKA, N HeAétn auth Oeilxvel Mwg n  elaokavOain eivol €va
ocuumAnpwpa Statpodn¢ pe Suvaplkn yla GapUAKOAOYLKH XPron otov E€Aeyxo
KaKonBeLwv mou poépxovtal amo Un GuacloAoyLky dpactnpLotnTa T NPWIEivng c-
Met.

INEPIAHWH

0 pNYaviopuog 8paoC TG EAXLOKAVOGAN G EVAVTL TOU KApKivov
Tov paotoV: H  gAalokavOdAn HEWWVEL TOV  KAPKLVIKO
TOAAATIAXGLAG L0 KL TNV AVATITUEN TOVU OYKOU

H ouykekplpévn PEAETN OTOXEVEL OTO va MPOoOLOPLOEL TOV HUNXAVIOUO SpAong TG
g\alokavOaAng €vavtl Tou Kapkivou Tou pactol. Ta anoteAéopata Seixvouv mwe n
ehatokavOaAn avaoTEAAEL TNV aVENON TWV KOPKLVIKWY KUTTAPWYV, VW SeV lXe Kapia
enidpaon oe ¢uololoyka kuttapa. Ewdikotepa, daivetalr OtL n elalokavOain
ennpealel tn 6pacn e8lKwV MPWTEIiVWY Tou oxetilovtal pe tnV avamtuén, tov
oA AmAQCLAoUO aAAQ KAl TNV UETAVACTEUCN TWV KAPKLWVIKWV KUTTAPWY, XWPLG
OpwC va espdavilel kamoia emnidpacn oe ¢GuolOAoOyIKA KUTTApPA. Y& EMUTAEOV
nelpapata Gavnke otL N eAatokaviaAn avaoTteAAeL TNV avénon OyKou OE TOVTiKLO
LE KAPKIVO TOU HAOTOU. JUVOALKQ, N MEAETN auTr Seixvel mwg N eAatokavOaAn eival
€Val CUUMANpWUO Slatpodrg mou Umopel va xpnoluomolnBel peAlovilikd otov
€\eyxo KakonOeLwv.

H egAaiokavdaAn €xet évrovn avtikapkivikn épacn, ennpeadovrag tn bpdon
EL6IKWV NPWTEiVwWY movu oxetifovral pe tnv avantuén aAAd Kat TNV UETAVAOTEUGN
TWV KAPKIVIKWVY KUTTAPWV, XWPIc va eupavilel kamnola enibpacn o€ @uaoloAoyika
KUTTapa.

Intracellular mechanisms of oleocanthal treatment against
breast cancer: Oleocanthal reduces tumor proliferation and
tumor growth

The aim of this study was to characterize the intracellular mechanisms involved in
mediating the anticancer effects of oleocanthal treatment. The results showed that
the oleocanthal inhibits the growth of cancer cells, without any effect on normal
cells. In particular, oleocanthal modulates the activity of specific proteins associated
with the growth, proliferation and migration of cancer cells. In further experiments
on mice with cancer of their skin showed remarkable inhibition of tumor growth. In



conclusion, the findings of this study suggest that oleocanthal is a promising dietary
supplement with potential for therapeutic use to control malignancies.

Oleocanthal has a strong anti-cancer effect, by affecting the activity of specific
proteins associated with the proliferation and migration of cancer cells, without
showing any effect on normal cells.
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Figure (-)-Oleocanthal treatment caused a dose-dependent suppression of HGF-induced mammary
tumor cell migration and invasion and Brk/paxillin/Racl pathway signaling.

Mohamed et al.., PLoS ONE 2014

15. Effect of Oleocanthal and Its Derivatives on Inflammatory
Response Induced by Lipopolysaccharide in a Murine
Chondrocyte Cell Line

In joint diseases, cartilage homeostasis is disrupted by mechanisms that are driven
by combinations of biologic factors. Osteoarthritis progression is characterized by
increased nitric oxide (NO) production, which has been associated with cartilage
degradation. Oleocanthal displays antiinflammatory drug activity similar to that of
ibuprofen, a drug widely used in the therapeutic management of joint inflammatory
diseases. In this study lacono et al. evaluated the effect of oleocanthal and its
derivatives on the modulation of NO production in chondrocytes. Oleocanthal and its
derivatives decreased lipopolysaccharide-induced NOS2 synthesis in chondrocytes
without significantly affecting cell viability at lower concentrations. Among the
derivatives that were examined, derivative 231 was the most interesting, since its
inhibitory effect on NOS2 was devoid of cytotoxicity even at higher concentrations.



This class of molecules shows potential as a therapeutic weapon for the treatment of
inflammatory degenerative joint diseases.

ETidpacn TG eAqoKavOAANG KAl TWV MAPAYDY®WV TG GTNV
@AEYHOV® S ATTOKPLOT TIOV TIPOAYETAL ATIO ALTTOTOAVGAKYXPLTN
O0€ KUTTAPLKT] GELPA XOVEPOKUTTAPWV

ITI¢ aoBéveleg TwV 0pBpwWOoEwWV N OpOLOOTOON TWV 0POPWOEWV SLOKOMTETAL OO
UNXovIopoug mou kaBodnyouvtal amd éva mAnBoc PBloloylkwv mopayoviwy. H
ooteoapBOpltida yapaktnpiletal and auvénuévn mapaywyn povoteldiov tou alwtou
(NO) to omolo oyetiletat pe v amodounon twv xovépwv. H elatokavOdaAn
embelkVeLl pa avtipAsypovwdn dappakeutik) dpacn, onwc tng Poumnpodaivng,
£€va GAPLAKO TTOU XPNOLLOTIOLELTAL EUPEWG O0TN Bepameia PAsypovVWSWV VOOWV Twv
apBpwoewv. H Anna lacono Kol oL CUVEPYATEG TNG OE QUTH TN MEAETN eKTiUNOAV TV
enidpaon NG eAalOKAVOAANC KOl TwV TAPAYWYWY TNG 0Tn pUBULON TNC TAPOYWYNG
NO ota xovépokUttapa. H eAatokavBaAn kol to TapAywyo TNG HELWVOUV TN
ouvBeon tou NO mMoOU TTPOAYETAL Ao ToV AUTOMOAUCOKXAPLTN oTa xovdpokuTtapa
XWPLC va emnpedlel OCNUAVILKA TNV KUTTAPLKNA €TBlwon o€ XOUNAEC CUYKEVTPWOELG.
H eAatlokavOaAn Kal Ta mopaywyo TG AmoTeEAOUV pLa TAEN Lopilwv o deiyxvouv eva
SUVAULKO POPUAKEUTIKO OTTAO Yyl TNV OVTIHETWITLON PAsypHovwdwY acBevelwv TwvV
apBpwoewv, Onwg n ooteoapbpitida.

lacono et al., ARTHRITIS & RHEUMATISM 2010

[TEPIAHVYH
H 8pacn ™G £AaokavOAANG Kol TAPAY®DYWV TNG EVAVTL
PAEYHOVOE OV AOOEVELOV TWV APOPWOE®VY

H eAatokavOaAn kol Ta mapaywya TG amoTteAoUV pia TaEn poplwv ou Seixvouv éva
SUVOLLKO POPUOKEUTIKO OMAO Yl TNV AVTLUETWIILON PAEYUOVWOWY AoBEVELWY TWV
apBpwoswyv, onw¢ n ooteoapBpittda. H ooteoapBptida xopaktnpiletalr amnod
avénuévn mapaywyn povoéeldiov tou alwtou (NO) to omoio oxetiletal pe tnv
kataotpodn Twv Xovépwv. H glaltokavBdAn kol ta mapdywyo TNG UELWVOUV TN
ouvBeon tou NO kat avaoteAAouy TNV €€EALEN TNG VOGOU.

H eAaiokavidAn amoteAei éva LOYUPO (PAPUAKEUTIKO OMAO Yl TNV QVTIUETWITLON
pAsyuovwdwv aodevelwv, onwes n ooteoapdpitiba, pueiwvovrag tn ouvdson tou
povoéeLdiouv Tou alwTtou, To OMOio CXETIJETAL UE TNV KATAOTPOPH TWV XOVpwV.



Oleocanthal and its derivates on the treatment of inflammatory
degenerative joint diseases

Oleocanthal and its derivatives show potential as a therapeutic weapon for the
treatment of inflammatory degenerative joint diseases, such as osteoarthritis.
Osteoarthritis is characterized by increased production of nitric oxide (NO)
associated with cartilage damage. Oleocanthal and its derivatives reduce the
synthesis of NO and inhibit the progression of the disease.

Oleocanthal shows potential as a therapeutic weapon for the treatment of
inflammatory degenerative joint diseases, such as osteoarthritis, by reducing the
synthesis of nitrogen monoxide, which is associated with cartilage damage.

16. Oleocanthal exerts antitumor effects on human liver and
colon cancer cells through ROS generation.

Oleocanthal (OC) shows an anti-inflammatory and anticancer activity, which guided
Cusimano et al. to study the anticancer effects of OC in hepatocellular (HCC) and
colorectal carcinoma (CRC). Several cell lines were used at the study that were
treated with OC and estimated the cell viability and apoptosis. OC was more
effective comparing with other anti-inflammatory agents like ibuprofen,
indomethacin and nimesulide, and induced cell growth inhibition. Moreover,
experiments with OC showed inhibition of colony formation and apoptosis induction.
Finally, OC showed no toxic effect on normal hepatocytes. All this lead to the
conclusion, that OC is a potent agent against in HCC and CRC. These findings provide
a strong support of the potential use of extra virgin olive oil as chemotherapeutic.

H edaiokavOain aokel avTIKAPKLVIKEG SPAOELC 0TOV KAPKIVO
TWV KUTTAP®V TOV NTATOC KAL TOV TAXEOC EVTEPOV UECH TNG
Snuovpyiag ROS.

H eAalokavBdAn (OC) emibikvUel pia avtibAeypovwdn Kol ovtlkapKvikn dpaon,
yeyovog mou odrynoe tv opdda twv Cusimano Kal CUVEPYATWV VA PEAETHOOUV TNV
avTLKaPKLVIKA dpdon t¢ OC oTov KapKivo TWV NTATIKWY KUTTAPWY KoL 0TOV KapKivo
TOU TWV KUTTAPWV Tou opBou. Ztn UEAETN xpnoLpomolnOnkav S1adopes KUTTAPLKEG
OElPEC OTIG Omoleg xopnynBnke eAalokavlAdAn Kal EKTUABNKE N KUTTOPLKNA



Buwotuotnta kat amomtwon. H OC Atav To amoteAeopatik amd OtL GAAEG
avtidAeypuovwdelg ouaieg onwe n Boumtpodaivn, n vdouebaoivr kat n VILEGOUALSN
KOl TTPOARYAYE TNV AVOOTOAN TNG KUTTAPLKAG avarmtuéng. EmutAéov, nelpapata pe OC
€6el&av avaoToAr] TOU OXNUOTIOHOU OTOLKLWV KOl TIpoaywyn TNG KUTTTAPLKAG
anontwong, evw dev gixe kapia tofikn enidpacn o GuCLOAOYIKA NMATIKA KUTTAPA.
OAa autd obnyouv oto cupnépacpa, mwe n OC eival pLo SUVOLLKA QVTLLETWTILON
£€VaVTL TOU KAPKIVOU TwV NMATIKWV KUTTAPWY KAl TWV KUTTApWV Tou opBou. Ta
EUPNAMOTO QUTA TIOPEXOUV amodelfelg yla tn Xprion Tou efalpeTikd TapBEvou
e\alOAad0oU WC XNUELOOEPATIEVTIKO.

MEPIAHWH

H eAaiokavOain §pa w¢ avTIKAPKLVIKO 6TOV KAPKIVO TOU NTATOC
KOL TOVU TIXYXE0G EVTEPOV

H pelétn avtn €6el€e OtL n ehalokavOaAn sival pla ovoia, n omoila Pmopel va €xeL
avTLhAEYUOVWEN KOL QVTIKOPKLVIKA 6pA0n, O KAPKIVIKA KUTTAPO TOU AMOTOC Kol
TOU TtaX£0C eVTEPOU. Ta amoteAéopata Seixvouv MwE avaoTEAAEL TNV AVATTTUEN TOU
KapKivou, evw Sev €xel Kapia emidpacn ota GuoLOAOYLIKA KUTTAPA.

H eAatokavddAn supavilel aiodoyn avtipAsyuovwdn Kat avtikapkivikn dpaon oe
KQPKIVIKA KUTTQPQ TOU NIATOG KOl TOU TTAXEOG EVTEPOU, Xwpic va ennpealel ta
puaotlodoyika KUTTapa.

Anticancer effects of oleocanthal in hepatocellular (HCC) and
colorectal carcinoma (CRC)

Oleocanthal (OC) shows an anti-inflammatory and anticancer activity in liver and
colon cancer cells. OC inhibits the growth of cancer without affecting normal cells,
providing a strong support of the potential use of extra virgin olive oil as
chemotherapeutic.

Oleocanthal (OC) shows a remarkable anti-inflammatory and anticancer activity in
liver and colon cancer cells without affecting normal cells

Cusimano A, Balasus D, Azzolina A, Augello G, Emma MR, Di Sano C, Gramignoli R, Strom
SC, McCubrey JA, Montalto G, Cervello M
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17. The olive oil phenolic oleocanthal modulates estrogen
receptor expression in luminal breast cancer in vitro and
synergizes with tamoxifen treatment

The goal of this study was to explore the effect of oleocanthal treatment on growth
of luminal breast cancer cells and to examine the effect of combination of
oleocanthal with tamoxifen. Results showed that oleocanthal inhibited growth of
various human breast cancer cells in mitogen-free media with 1Csq values of 32.7 to
80.93uM. Similarly, oleocanthal suppressed growth of these cells in 17B-estradiol-
supplemented media with ICsg values of 22.28 to 83.91uM. Combined oleocanthal
and tamoxifen treatments resulted in a synergistic growth inhibition of the cells with
combination index values of 0.65 to 0.53 for each cell line. Studies indicated high
degree of overlapping for the binding of oleocanthal and 17B-estradiol to estrogen
receptors, while oleocanthal and tamoxifen have distinguished binding modes.
Treatment with 5mg/kg or 10mg/kg (-)-oleocanthal resulted in 97% inhibition of
tumor growth in mice. (-)-Oleocanthal treatment reduced total levels of estrogen
receptors in cells both in vitro and in vivo. Collectively, (-)-oleocanthal showed a
potential beneficial effect in suppressing growth of hormone-dependent breast
cancer and improving sensitivity to tamoxifen treatment. These findings provide
rational for evaluating the effect of (-)-oleocanthal in combination with endocrine
treatments in luminal breast cancer.

To @aVoAlkO OVOTATIKO EANOKAVOAAN TOU EALOAAdoVL
pLONIlEL TNV £KEPUON TOU VUTOSOYXEX OLGTPOYOV®WV OTOV
KapKivo Tov paotoV in vitro kat ovvepyaletar pe TV
TapodLpaivn

210X0¢ TG HEAETNG OovTNG MTav 1M Olepedivnon g emidpaocng g OBepameiog pe
EAOLOKOVOIAN 6TV avATTLEN TOV KLTTAP®V KOPKIVOL TOL pootol Kot 1 e€€taom g
enidpaocng tov ocvvovoouoy chookavOdAng pe toapolipaivn. Ta amoteAéopota
éoelgav OTL M ehaokavOdAn avésTEAAE TNV avATTLEN JPOP®Y  aVOPOTIVEV
KOPKWVIK®OV KLTTépov paotov pe Tpés 1Cso amd 32.7 ewg 80.93 uM. Ilapopoimg, M
eAOKAVOUAN KATECTEIAE TNV AVATTLEN VTOV TOV KLTTAP®V GE PECH TOV TTEPLELY OV
17B-owtpadtorn pe Tyég 1Csp amd 22.28 éwg 83.91 uM. Xuvvdiacuéveg Bepameieg pe
elaokavOoAn kot tapolupaivn eiyov ©¢ amoTélecua ol GUVEPYIGTIKY OVOCTOAN
avantuéng Tov kuttdpov. Meléteg €oei&av vymAd PBobud emikdivyng ywo ™)
TPOcdecn TG ehaoKavOdAng kot g 17B-010tpadiding oe vIodoyeiG 01GTPOYOVAY,
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eved 1 elotokovOain kKot 1M Topollpévn €xovv dlokpitég Hopeic mpoodeong. H
Oepameio pe 5 mg / kg 1 10 mg / kg pe elaokavOain eixe cav amotérespo 97%
aVOGTOAY TNG avamnTvéng tov OykKov o€ moviikovg. H Oepameio pe elaokovOdin
LEI®OE TO GUVOMKA EMITESD VTOSOYEMVY 01GTPOYOV®Y € KOTTOPO TOGO IN Vitro oo
Kot N VIVo. Xvvolikd, 1 eAatokavOain £dei&e Eva mhavd €vePYETIKO AMOTEAECUA
OTNV KOTOGTOAN TNG AVATTUENG OPUOVO-EE0PTMUEVOL KOPKIVOL TOV HAGTOV KOl GTN
Bektimon g evaucnoiog otn Oepaneia pe tapolipaivny. Avtd to svpiuata eivor
AOyIKa Yoo TV a&loAdynon g EnOPOCNS TOV GLVIVAGHOL TNG EAOOKAVOAANG pe
evooKkpvikég Bepameieg oTov Kopkivo Tov HOGTOV.

MEPIAHWH

H gAaokavOain puOuilet tov vmodoyéa oloTpoydvwv kat Spa
GUVEPYLOTIKA LE TNV TAPNOELPALVT] 6TV AVTIUETWTLON TOV KAPKIVOU
TOV HAGTOV

Itnv mapovoa HeAETN Paivetal mwe n eAalokavOAaAn eumodilel TNV avamtuén tou
KOPKIVOU TOU POOTOU, EVW OTaV Xopnyeital kat n tapofidaivn UTAPXEL CUVEPYATLKN
6paon twv 6&U0 oucwwv. H elalokavBaAn O6pa PECW Twv UMOSOXEWV TWV
OLOTPOYOVWV HELWVOVTAC Ta emimeda TOUCG, VW Ot TOVTiKLO €ixe 97% mMOCOOTO
ETUTUX(OG  OVTLMETWILONG TOU KAPKIVOU TOU HOOTOU. JUMUMEPOOUATIKA, N
elalokavBaAn umopei va xpnotponolnBetl oe ouvduaoud pe evSokpLvikn Bepameia
yla KAAUTEPA AMOTEAECUATO OTOV KOPKIVO TOU HaoTOU.

H eAaiokavidAn épd péow TwWv UMOSOXEWV OLOTPOYOVWV Kal €umodilel tnv
avdmntuén Tou KapKivou ToU HaoToU, UE TIOAU KaAd anoteAéouarta otav yopnyeital
ouvéuaotika ue tnv tauoéipaiv.

Oleocanthal treatment on growth of luminal breast cancer cells and
the effect of combination of oleocanthal with tamoxifen

In the present study, oleocanthal seems to prevent the development of breast
cancer, but also combined oleocanthal and tamoxifen treatments resulted in a
synergistic growth inhibition of the cells. In particular, oleocanthal treatment
reduces the total level of estrogen receptors, concerning experiments both on cells
and animals, with 97% inhibition of tumor growth in mice. In conclusion, oleocanthal
improves the sensitivity to tamoxifen treatment, so it can be used in combination
with endocrine therapy for better breast cancer results.



Oleocanthal showed a potential beneficial effect in suppressing growth of
hormone-dependent breast cancer and improving sensitivity to tamoxifen
treatment in mice.

Ayoub NM?, Siddique AB?, Ebrahim HY?, Mohyeldin MM?, El Sayed KA®.

Eur J Pharmacol. 2017 Sep 5;810:100-111. doi: 10.1016/j.ejphar.2017.06.019. Epub 2017 Jun 15.

18. Oleocanthal ameliorates amyloid-# oligomers' toxicity on
astrocytes and neuronal cells: In vitro studies.

In the current study, Batarseh et al. investigated oleocanthal effect on modulating
AR oligomers (ABo) pathological events in neurons and astrocytes. The findings
demonstrated oleocanthal prevented ABo-induced synaptic proteins, SNAP-25 and
PSD-95, down-regulation in neurons, and attenuated ABo-induced inflammation,
glutamine transporter (GLT1) and glucose transporter (GLUT1) down-regulation in
astrocytes. The inflammation that was induced by ABo was characterized by
interleukin-6 (IL-6) increase and glial fibrillary acidic protein (GFAP) upregulation that
were reduced by oleocanthal. In conclusion, this study comes to add more to
support the role of oleocanthal against AD pathology.

H eAaiokavOdAn BeATIOVEL TNV TOELKOTITA TWV OALYOUEPWV
TOU PB-QUUAOELS0UC OTH AOTPOKUTTAPA KOL OTA VEVPLKA
KUTTApA: NEAETEG in vitro.

H opadd twv Batarseh et al. peAétnoe tnv enidpacn tng eAalokavBaAng otn
pLBULoN Twv MaBoloyikwy emumAokwV AB oAtyopepwv (ABo) 0TOUG VEUPWVEG Kal Ta
aotpokuTtapa. Ta eupnuata £6elav mw¢ n  ehatokavbdAn eumodioe tnv
arnopuBulon Twv mpwteivwv SNAP-25 kat PSD-95, mou mpodyovtal and ta Ao,
OTOUG VEUPWVEG Kal e€acBévnaoe tnv dAeyuovr Tou mpodyetal anod ta ABo He TNV
armopuBulon Twv petadopéwv yloutapivng (GLT1) kot yAukolng (GLUT1) ota
aotpokUTtapa. H dpAeyuovr mou mapnxbn amnod ta ABo xapaktnpllotav and avénon
™G wrepAeukivng 6 (IL-6), kal tnv Betkr) puBULION ™G MpwTeivng GFAP, n omola
HELWVETOL amo TNV €AALOKAVOAAN. ZUUMEPOOUATIKA QUTH N UEAETN TMPooOETel
erunAéov amodeifelg yia to podo ¢ eAatokavBaAng €vavtl tng maboAoyiag tng
vooou tou Alzheimer.
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NEPIAHWH

H eAaiokavOaAn pewwvel v ToEkOTNTA TOV AR OAlyOopEPp®V GTH)
v0co tov Alzheimer.

H eAatokavOdAn pelwvel TNV TOEKOTNTO TwWV AP OALYOHEPWYV, TIPWTEIVWV TOU
oxetilovral pe tnv maboyévela tng vooou Alzheimer. Euprijuata €8etfav OtL n
ehatokavlaAn O6pa epmobdilovtag tnv amoppLOULON E8IKWV TPWTIEIVWV OTOUG
VEUPWVEC Kal e€aoBevwvtog TN dAeypovn ou Snuioupyeital, yeyovog mou Seiyvel
WG Ttailel oNUOVTLIKO POAO OTNV QAVTLUETWTILON TNG VOOOU.

Neuroscience. 2017 Jun 3;352:204-215. doi: 10.1016/j.neuroscience.2017.03.059. Epub 2017
Apr 7.

Batarseh YS!, Mohamed LAY, Al Rihani SB',Mousa YM Siddique AB El Sayed
KA! Kaddoumi A%

H eAaiokavidAn usiwvel onuavtka tnv toéikotnta twv AB oAlyouspwv mou
oxetilovrau ue tnv vooo Alzheimer kot anoteAei mudavny pueAdovrikn dpancia yia
TV QVTIUETWITLON THE VOOOU.

Oleocanthal reduces the toxicity of AB oligomers in Alzheimer's
disease.

Oleocanthal reduces the toxicity of AR oligomers associated with the pathogenesis of
Alzheimer's disease. The findings showed that oleocanthal prevents the deregulation
of specific proteins in the neurons and attenuates the inflammation that is
generated. In conclusion, oleocanthal seems to play a very important role in the
treatment of the disease.

Oleocanthal significantly reduces the toxicity of A8 oligomers associated with
Alzheimer's disease and it can be a potential future treatment for the disease
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19. Oleocanthal exerts anti-melanoma activities and inhibits
STAT3 signaling pathway.

In this study Gu Y et al. explored the effects of oleocanthal (OC) on the three
processes in melanoma and investigated underlying mechanisms. In vitro, OC
suppressed proliferation, migration, invasion, in melanoma and human umbilical
vascular endothelial cells, and additionally induced apoptosis and suppressed the
tube formation, respectively. In vivo studies showed potent activity in suppressing
tumor growth. Furthermore, OC suppressed proliferation and angiogenesis. In
addition, OC was found to inhibit metastasis of melanoma in a lung metastasis
model. Mechanistically, OC significantly suppressed phosphorylation of the protein
signal transducer and activator of transcription 3 (STAT3), and, moreover, decreased
and inhibited STAT3 nuclear localization and transcriptional activity, respectively. OC
also downregulated STAT3 target genes, including Mcl-1, Bcl-xL, MMP-2, MMP-9,
VEGF, which are involved in apoptosis, invasion and angiogenesis of melanoma.
These results support further investigation of OC as a potential anti-melanoma drug.

H sAaokavOdin £xelL Spacelg £vavTl TOU UEAAV@OUATOC KoL
aQVaOTEALEL TO oNUato80TIKO povomdatt TG STAT3.

Y€ auth TN MEAETN oL Gu Y et al. peAétnoav Tig emidpaoelg g eAatokavBaing (OC)
o€ TPelg dladlkaoieg oTo peAAVWHA, Kol €PEVVNOOV TOUG UNXAVLOMOUG Toug. H
ehalokavBOaAn, in vitro, koataotéMeL tn Slaipeon, TN MUETOVACTEUCN KAl TNV
Slelobuon oto peldvwpa Kat oe opdaAlkd evboBnAlakd ayyelakd KUTTapa, Kol
ETUWNMPOCOETA TPONYAYE TNV QIMOMTIWON KOL KATECOTEAAE TO OXNUATIOMO ayyeiwv,
avtiotolya. MeAéteg in vivo €6el€av pia Loxupr 6paotnpLOTNTA 0TNV KOTAOGTOAN TNG
avantuéng tou oykou. EmutAéov, n OC katAoTelAE TOV TOAAQITAQGCLACUO KAl TNV
ayyeloyéveon, kabwg, emiong, PpéOnke NMwG aAVACTEAAEL TNV METAOTACH TOU
HEAQVWLATOC OE €VA LOVIEAO UETACTAONG TOU TIVEVOVA. 2€ EMIMESO UNXAVIOUOU N
OC avaoTtéAAel onuavtka t pwodopuliwon tng mpwteivng STAT3 Kkal emutAéov,
HELWVEL KOL OQVOOTEAAEL TOV KUTTOPLKO EVIOTIOMO KAl TN MeTaypadikn
Spaotnplotnta tng STAT3 avtiotowya. Emiong, n OC puBuilel apvntikd TNV Ekdpaon
yovidiwv otoxwv ¢ STAT3, petall twv omoiwv kat ta Mcl-1, MMP-2, MMP-9 kat
VEGF, ta omoia gumAékovtal otn anmontwaon, otnv €L0BOAR KAl 0TNV ayyELOYEVEDN
TOU PEAQVWHATOG. AUTA Ta amoteAéopata UTTOOTNPL{OUV UEANOVTIKEG UEAETEG TNG
OC w¢ dAappaKO EVAVTL TOU LEAOVWLOTOC.



MEPIAHWH

H eAalokavOain §pd eVEPYETIKA GTO HEAGVW Q.

Ye autn T UeEAETN ol Gu Y et al.. peAétnoav tic emdpaocelg tn¢ eAatokavOaAing (OC)
oc TPELG SLadlkaole¢ 0TO HEAAVWHA, Kol €pEVUVNOOV TOUG UNXAVIOMoUG Toug. H
e\alokavOaAn, os KUTTOPLKO eminedo, KataoTéAAEL T Slalpeon, TN HETAVAOTEUON
kat tnv Sleioduon oto peddavwpa. Emiong, oe melpapatolwa pavnke OTL n ouacia
gudpavilel Loxupn dpacTnPLOTNTA OTNV KATAOTOAN TNG AVAMTUENG TOU OYKOU, HECW
Sladopwv BloxnUlKwy povomatiwy. Autd ta amnoteAéopata  umootnpilouv
HeAAOVTIKEC peA€Teg TN OC we GAPHOKO EVAVTL TOU LEAOVWHLOTOC.

H gAatokavdaAn dpa Evavtt Tou ueAavwuatos, Kadwe UMopei va KataoteiAAgL Tnv
peraotraon oaAAd kot tnv avantuén TOU UEAQVWUATOS, EMIOPWVTAC OF
OUYKEKPIUEVES MPWTEIVEG OV Eival CNUAVTIKES yla TV avantuén Tou OYKoU Kal T
UETAOTAON TOU.

The beneficial effect of oleocanthal on melanoma

In this study Gu Y et. al explored the effects of oleocanthal (OC) on melanoma and
investigated the mechanisms. Experiments conducted in cells showed a suppression
of tumor growth, migration and penetration of melanoma. Furthermore, animal
treatment with oleocanthal led to significant inhibition of tumor growth, through
various biochemical pathways. These results support future studies of OC as a drug
against melanoma.

Oleocanthal is a potential anti-melanoma drug, as it showed potent activity in
suppressing tumor growth and inhibiting metastasis of melanoma, by affecting
specific proteins that are important for tumor growth and its metastasis.

Oncol Rep. 2017 Jan;37(1):483-491. doi: 10.3892/0r.2016.5270. Epub 2016 Nov 23.
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Gu Yl, Wanng, Peng L.

OLEACEIN - EAAIAXINH

1. Effects of olive oil polyphenols on erythrocyte oxidative
damage.

In this work, Pavla-Martins et al.. studied the capacity of oleacein to protect red
blood cells (RBCs) from oxidative injury. The in vitro oxidative stress of RBCs was
induced by the water-soluble radical initiator 2,2'azobis (2amidinopropane)
dihydrochloride and changes were evaluated either by optical microscopy or by the
amount of hemolysis. Oleacein was shown to significantly protect RBCs from
oxidative damage in a dose-dependent manner. Oleacein had the most powerful
effect at 20mM, within the other polyphenols. Even at 3mM, oleacein still had an
important protective activity. For the first time it was demonstrated that oleacine
may play a noteworthy protective role against ROS-induced oxidative injury in
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human cells since lower doses of this compound were needed to protect RBCs in
vitro from oxidative mediated hemolysis.

APACGELS TOV TTOAVPALVOA®YV TOV EANLOAGSOV o0&l wTikT) BAABN
TWV EPLOPOKVTTAPWV

Y& autn T MEAETN, N EpELVNTIKA opdda Tou Pavla-Martins epelvnoav tv Lkavotnta
™C¢ eAalacivng va mpootateVel Ta epuBpokuTtTapa amo tnv ofeldwtikn PAABN. To
0&elOWTIKO OTPEC TWV EPUOPOKUTTAPWY TIPOKAAELTAL HE XPION TNG USATOSLOAUTHG
ouclag 2-apdvomponavikou SwwdpoxAwpldiou kol ot aAlayég ota KUTTOpa
EKTIUAONKAV LE OTITLKA ULKPOOKOTILOL ] LECW TOU TTOOOOTOU TNE alpoAuonG. H pHeA£Tn
£€6elte Mwe n ehalacivn MPOOTATEVEL O TTOAU ONUAVTIKO BaBuod ta epuBpokuttapa
ano 1o ofeldwTkO otpeg pe Sooo-e€optwievo Tpomo. H elatacivn €ixe tnv Lo
Loxupn avtlofeldbwtikn dpdon avapeoa oe AAAeC moAudalvoleg ota 20mM. Akoun
Kol 0g cUYKEVTpwaon 3mM, n ehatacivn elxe MTOAU OnNUAVTLKN TTPOOTATEUTLKY dpaan.
Onote amodeixBnke mwg n ehatacivn pmopel va mailelt évav afloonpeiwto
TIPOOTOTEUTIKO POAO QTEVAVTL OTO OLELOWTIKO OTPEC TOU TPOKAAE(TOL OO TNV
npwteivn ROS, oe avBpwriva KUTTapa, £Ppocov akopa Kot XapnAég SO0eL NG
ouclag apkouoayv yla TNV TPOOTACLO TwV EPUBPOKUTIAPWY OO TNV ALUOAUCT TIOU
T(POKOAEL TO OEELOWTLKO OTPEG.

Paiva-Martins F et al.., Mol Nutr Food Res. 2009

MEPIAHWH
H mpootatsvtikny 8paon TG sclawxoivig £vavtt TG
KATAOTPOPTC TWV EPLOPOKVTTAPWV

H epeuvntikn opada tou Pavla-Martins epelvnoe tnv Lkavotnta tng eAatacivng va
TPOOTATEVEL T €puBpokuTrapa amd tnv ofelbwon kal Kat'eméktaon TNV
kataotpodn Toug. H peAétn €6el€e OtL n avilofeldbwtiky Spdon ¢ eAatacivng ota
epubpokUTTapa ATav TOAU Loxupr Otav xopnyouvtav oe LPNAEC O0oelg, alid
QaKOUN Kol 0€ XapnAotepeg 800el epdavile afloonUeiwTn MPOCTATEUTIKO POAO yLa
Ta avBpwriva kUTTOPA.

H eAauacivn, akoun kai oc xaunAéc 500eLg, mPooTATEUEL Ta EPUTPOKUTTAPA ATTO
TNV oéeibwon Kal KAT'EMEKTAON QIO THV KATAOTPOPH TOUG.

Oleacein protects red blood cells (RBCs) from oxidative injury



In this work, Pavla-Martins et al.. studied the capacity of oleacein to protect red
blood cells (RBCs) from oxidative injury. Oleacein was shown to significantly protect
RBCs from oxidative damage in a dose-dependent manner. Even at low dosages
exhibited a remarkable protective role for RBCs.

Oleacein protects red blood cells from oxidative mediated hemolysis, even at low
dosages.

2. Oleacein. Translation from Mediterranean Diet to Potential
Antiatherosclerotic Drug

Oleacein, due to its abundance, in olive oil, it may play a special role in decreasing
the progression of atherosclerosis. Some bioactivities of oleacein, such as
antioxidant, anti-inflammatory, anti-proliferative and antimicrobial, were
documented. There is also evidence of the bioavailability of oleacein in humans as
well. However, due to the lack of clinical data, further studies are needed to provide
information about the usefulness of this compound in antiatherosclerotic therapy.

EAaiacivn: ATIO TN pEGOYELAKTY] Slatpo@n ot £va vTOYm@Lo
aQVTLAONPOKANPWTIKO @APUAKO

H elatacivn, Aoyw tn¢ adBoviag tng oto gAatdAado, pnopel va mailel onuavtko
POAO PELWVOVTAG TNV TPO0So TNG abnpookAnpwong. Kamoleg BloAoyikég SpAceLg
™G €Aalaoivng £€xouv TeKUNPwOel, OmMwg avtlofeldwtikn, avitidAeyuovwon,
QVTIKOPKLVLKA, KOL OVTLUKpoBLakr. Aoyw €Aewpng KAWKwWV  Sedopévwv
QTIALTOUVTAL TIEPLOCOTEPECG MEAETEC YLO TNV XPNOLUOTNTA TNG ouciag otn Bepameia
NG aBnpookAnpwong.

Marek Naruszewicz et al, Current Pharmaceutical Design, 2015

MEPIAHWH
H eAawxoivn onda otnv avTipeTOTLON TG A0 POCKAT)PWOTG

H elatacivn pmopel va maifel onuavtikd poAo otn Helwon TNG MPoodou NG
aBnpookApwong, TOU QmoTeEAEL TNV ONUAVIIKOTEPN altia eykedaAlkol R
eudppayuatog. ‘HOn melpuatikad €xouv e€akplPwbBel oL Spdoelg tng — OMWG
avTloeldwTikn, avtibAeypovwdn, aVTLKOPKLVLKY, KOl  avilpkpoBlakr, oAAd
amaltoLVTaL TEPETALPW UEAETEG 600 adopd tn Beparmeia tng aBnpookAnpwong.



H eAawaocivn nailst onuavtiko poAo otn ueiwon ¢ mpPoodou NG
a9npookANpwong, moU omOoTEAEL TNV ONUAVTIKOTEPN ouTiat EYKEQPAALKOU N

EUPPAYUATOS.

Oleacein: a potential Antiatherosclerotic Drug

Oleacein may play a special role in decreasing the progression of atherosclerosis, the
most important cause of stroke or heart attack. Some bioactivities of oleacein have
been already documented, further studies are needed about the usefulness of this
compound in antiatherosclerotic therapy.

Oleacein plays a special role in decreasing the progression of atherosclerosis, the
most important cause of stroke or heart attack.

3. Oleacein enhances anti-inflammatory activity of human
macrophages by increasing CD163 receptor expression.

Filipek et al.. examined whether oleacein could increase CD163 and IL10 receptor
expression as well as intracellular secretion of protein heme oxygenase 1 (HO1) in
human macrophages. Effect of oleacein (10 and 20 umol/I) or oleacein together with
complexes of haemoglobin (Hb) and haptoglobin 11 (Hp11) or haptoglobin 22 (Hp22)
on expression of IL10 and CD163 receptors was determined by Flow Cytometry. HO1
intracellular secretion in macrophages was investigated by enzyme-linked
immunosorbent assay (ELISA). Oleacein together with complexes HbHp11 or HbHp22
stimulated the expression of CD163 (30-100 fold), IL10 (170-300 fold) and HO1
secretion (60-130 fold) after 5 days of co-incubation. Our results suggested that
oleacein enhances anti-inflammatory activity of complexes haemoglobin with
haptoglobin 11 and 22 and could play a potential role in the prevention of
inflammatory disease related to atherosclerosis.

H slawacivny svioyver ™v avti@isypovwdn 8paon Ttwv
HAKPO@AY®WV TOU avOpwTov auidvovtag tTnv £K@pPact Tov
vnodoysa CD163



O Filipek kal oL cuvepydteg Tou e€€Taicay TNV duvatotnTa TNG EAALACivVNG VoL auEAveL
v ékdpaon twv umodoxéwv twv mpwteivwv CD163 kot IL10, kabBwg Kat Tnv
evbokuTtaplky €kkplon NG mpwteivng ofuyevaong tng aipung 1 (HO1), ota
avBpwriva pakpodaya kuttapa. H emidpaon tn¢ EAALOGIVNG OE CUYKEVIPWOELG, TWV
10 kot 20 umol/L, pévn ¢ A o cOUMAoKa Pe TNV atpoyAoBivn kat tnv amtoyAofivn
11 A tnv amntoyAoBivn 22 otnv ékppaon Twv urtodoxewv CD163 kal IL10 epeuvnBnke
LE TNV TEXVLKN KUTTAPOUETPLaG pong. H evdokuttaplkr €kkplon tng OH1 éywve péow
™¢ texvikng ELISA. H eAatacivn poall pe ta cupmAoka tn¢ antoyAofivng 11 kat 22
Sunyelpe tnv ékdppaon ¢ mpwteivng CD163 kata 30 pe 100 dpopég, ¢ IL10 katd
170-300 ¢popéc kat tng HO1 kata 60-130 ¢popéc. Ta amoteAéopata Seixvouv mwe n
gehataoivn evioyVel TNV avtipAeypovwdn Spdcn Twv CUUMAOKWV TNG atpoyAoBivng
pe tnv amtoyAofivn 11 kot 22 kot duvatal va maifel éva onUOVIIKO pOAo otnVv
gunodion TG PAEYHOVWEOUC KATAOTOONG TTOU OXETL(ETAL PE TNV ABnNPOCKANpwON.

MEPIAHWH

H avtigieypovwdng 8pacn ¢ eAalacivii KAl oL UnYaviopol
8paong g

O Filipek kal oL cuvepyaTteg Tou e€€Taicay TNV duvaToTNTA TNC EAALACIVNG VO AUEAVEL
TV Tapaywyn €KWV TPWTIEWVWY Tou oxetilovial HMe TNV €UnOdlon tng
dAeypovwdoug  katdaotaong. Ewdkotepa, n  ehalooivn  elte  evwvetalL Ue
OUYKEKPLUEVO. CUOTATIKA TOU aipatog kot TpokaAel Oitéyepon mapaywyng Suo
€L8IKWV avTLPAEYHOVWEWY TPWTEVWY, ELTE MPOKAAEL HEOQ OTOL KUTTOPA TIAPAYWYH
HLag GAANG TPWTEivng mou oxetiletal pe tnv ¢dAeypovn. Etol daivetal mwg n
elatacivn Suvatatl va naifel Eéva onUavtikd poAo otny epunodion tng pAeypuovwdoug
KQTAOTOONG MOV OXETIZETAL PE TNV aBnpookAnpwon.

H eAawacivn npokaAsi avénon tng napaywyng eldkwv MPwTeivwy mov oxetifovral
UE TNV EUNOSLON PAEYUOVWOOUG KATAOTAONG Kail £TOL UTTOPEL va IaiéelL onNUAVTIKO
POAo otnv eunodion e§€AEneg tng adnpookinpuvong.

The anti-inflammatory effect of oleacein and mechanisms of
action

Filipek et al. examined the ability of oleacein to increase the production of specific
anti-inflammatory proteins. In particular, oleacein is either associated with specific
blood components and induces the production of some anti-inflammatory proteins
or inflammatory-related proteins. Thus it seems that oleacein may play an important
role in the prevention of inflammatory disease related to atherosclerosis.



Oleacein enhances anti-inflammatory activity of specific complexes and could play
a potential role in the prevention of inflammatory disease related to

atherosclerosis.
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Fig. Influence of oleacein together with complexes of haemoglobin and haptoglobin on increases
CD163 mRNA transcription. Quantification of CD163 mRNA expression by real-time RT-PCR in human
monocytes/macrophage cells. mRNA levels are shown as arbitrary units normalized to GAPDH
expression.Data from 24 experiments +SEM. Statistical significance *P<0.05,**P<0.005 compared to

control.

Filipek A et al., Phytomedicine. 2015

4. Oleuropein and oleacein may restore biological functions of
endothelial progenitor cells impaired by angiotensin II via
activation of Nrf2 /heme oxygenasel pathway.

Oleacein was examined if is able to protect Endothelial progenitor cells EPCs against
impairment of their functions due to angiotensin-induced cell senescence.
CD31(+)/VEGFR2(+) cells were cultured with angiotensin in presence or absence of
increasing concentrations (from 1.0 to 10.0 uM) of oleacein. As compared to
angiotensin ll-treated cells, EPCs exposed to oleacein prior to angiotensin Il showed
a significant increase of proliferation and telomerase activity, and a decrease in the
percentage of senescent cells and intracellular ROS formation. Oleacein restored
migration, adhesion and tube formation of EPCs diminished by angiotensin Il in a



concentration-dependent manner. This effect was related to NFE2-related factor 2
(Nrf2) transcription factor activation and the increase of heme oxygenasel (HO1)
expression.

H gAevpwmaivny Kat 1) EAdacivy Hmopovv va amoKATAGTI|COVV
TIg AavBavovoeg ano tTnv ayyelotevoeivn I Bloroyikég §pacelg
TV TPOYOVIK®WV evéonAlakwv KUTTAP®WV TR
gvepyomoinong tov povomatiov Nrf2 /heme oxygenasel

Ye autn TNV gpyaocia twv Parzonko kat tng opadag Tou HEAETHONKE TO KOTA OGO N
gehataoivn elval Lkavr va PooTatEPEL Ta PoYoVvika eveoBnAlakad KUTtapa Evavtl
™¢ AavBaopévng Asttoupylag toug e€attiag Tou ynpacopol Tou MPOoAyeTal and to
€vlupo ayyslotevaivn. N auTto, €ylve KOAALEPYELD TWV ELSIKWV KUTTAPLKWY OELPWV
CD31(+)/VEGFR2(+), upe ayyeslotevoivn, mapoucia 1 amouciot elalacivng e
KUUOLVOUEVN OUYKEVTPpWON (1-10uM). Ta evéoBnAlakd KUTTOPA TTOU EKTEBNKAY OTNV
ghataoivn mpwv amd tnv ayyewotevoivn Il €dsl€av pla onupavtikny avénon tou
TIOAATTAQGLO.O OV KL TNG SpacTnpLOTNTOC TNG TEAOUEPACNC KAl LELWON OTO TOCOOTO
YNPAOUEVWY KUTTAPWV Kol €vOOKUTTOPLKOU oxnuatiopol tng mpwteivng ROS. H
g\alaoivn QMEKATECTNOE TNV METOVAOTEUGH, TNV TPOCKOAANGH KOl OXNHUOTIOUO
OCWANVWV TWV EMONALOKWY KUTTAPWVY TIOU EAQTTWVETOL Ao TNV ayyelotevaoivn I, pe
€va 8000-e€aptwpevo Tpomo. Autr n dpdon oxeTileTal Pe TNV EVEPYOTOLNCON TOU
petaypadikol mapayovta Nrf2 kot tnv avénon tng €ékdpaong Tng ofuyevaong Tng
aipng (HO1).

MEPIAHWH
H eAaiaxoivn TPOooTATEVEL TA KUTTAPA ATIO TV Y1]pAVGT)

TNV HeAETN Twv Parzonko Kal TG opadag Tou HEAETHONKE KATA MOCO N €Aalacivn
elval kav va mpootateloel Ta KUTTAPA oo TNV yHPaAveon Kal KAT eMEKTACN OO
Tov BAvato Toug. AMO TMELPAMOTO TIOU Tpaypatonowndnkav oe eidika KuTtapa
dAavnke OTL autd TOU €KTEBNKav otnv €lalacivn mopouciocav To HEYAAO
oA amAaclacpd Kal peiwon Bavatou, pe Tpomo e€aptwievo amnd tnv §0on mou Tou
xopnyoutav.

H gAaiacivn nmpootatevel Ta KUTTAPA amo TNV ynpavon Kat tov davarto toug UE
doooeéaptwuevo Ttpono.

Oleacein protects cells from aging



Oleacein was examined if it is able to protect cells from aging and hence from their
death. Endothelial progenitor cells exposed to oleacein showed a significant increase
of proliferation in a dose-dependent manner.

Oleacein protects cells from aging and death in a dose-dependent manner

Fig. Effects of tested compounds on the angiogenesis in vitro. Representative micrographs are
presented: (a) control-untreated cells; (b) angiotensin lI-treated cells (1 M) (d) cells treated with
oleacein (10 M) and angiotensin.

Parzonko A, Czerwiriska ME, Kiss AK, Naruszewicz M. Phytomedicine. 2013

5. One-step semisynthesis of oleacein and the determination as a
5-lipoxygenase inhibitor.

5-lipoxygenase is a direct target for oleacein with an inhibitory potential (IC50: 2 uM)
more potent than oleocanthal and oleuropein. This enzyme catalyzes the initial steps
in the biosynthesis of pro-inflammatory leukotrienes. This investigation presented
here an alternative solution to isolation or total synthesis for the procurement of
oleacein, thus facilitating the further development as a potential anti-inflammatory
agent.

HuiovvOeson sdaiaocivng o éva Brjpa KoL TPpocSLopLlonog TG we
aQVaOoTOAEQC TNG 5-Aitooéuyevaong



H 5-Autoofuyevaon eivat éva €viupo TOU AmoTeEAEL AUECO OTOXO TNG €AaLacivng,
avaotéAovtag t Spdong tng, IC50 2uM, mou TNV Kablotd mo Loxupn amod tnv
ehalokavlaAn katl tnv eAeupwmnaivn OTO CUYKEKPLUEVO OTOXO. To €viupo tng 5-
Autouyevaong KaTaAUEL Ta apXIk& oTtadla Tou povomatiou Tng BloolvBeong twv
npo-dAeypuovwdwy Asukotpleviwv. H Suvatotnta evaAANAKTIKNG amopovwong i
OALlkN¢ ouvBeong tnG eAatacivng, ival éva yeyovog mou Kablotd tnv TEPALTEPW
avamntuén tng wg avitpAeypovwdeg pappako.

Vougogiannopoulou K et al., J Nat Prod. 2014

MEPIAHWH
H eAawxoivn Kawn loxvpr) avti@ieypovmdng 8pact g

H eAalacivn amotedel €vav amd TOuG LOXUPOTEPOUG OVOOTOAE(C TNC 5-
Autouyevaong, evog eviUMOU TIOU OXETL(ETAL ME TO TipwTto otadla epdpaviong
dAeypovng. H dpacn tng elval 1o toxupn amd auth tng eAalokavOaAng Kal Tng
€\EVUPWTAIVNG OTO CUYKEKPLUEVO OTOXO, YEYOVOC Ttou Kablota mibavr) tnv avamtuén
avtipAeypovwdoug papudkou pe Baon tnv eAalaoivn.

H eAaiaoivn éxel 1oxupn avtipAsyuovwdn dpdon, yeyovog nou kadhota mdavi
v avantuén avtipAsyuovwdous wapuakou ue Baon tnv ovoia auti.

6. Oleacein may inhibit destabilization of carotid plaques from
hypertensive patients. Impact on high mobility group
protein-1.

The aim this study was to investigate a potential role of oleacein in attenuation of
carotid plague destabilization ex vivo. Oleacein at the concentrations of 10 and 20
UM significantly (P < 0.001) decreased secretion of HMGB1 (up 90%), MMP-9 (up to
80%) proteins, MMP-9/NGAL complex (up to 80%) and TF protein (more than 90%)
from the treated plaque, as compared to control. At the same time IL-10 and HO-1
release increased by more than 80% (P < 0.001).

Those results indicate that oleacein possess ability to attenuate the destabilization of
carotid plaque and could be potentially useful in the reduction of ischemic stroke
risk.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vougogiannopoulou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24568174

H edaiacivn pmopel va avaoTEALEL TNV ATOGTAOEPOTOLN 6T TWV
TAQK®V TG KapwTiSag amd aocbsveic pe viépraon. Enintwon
otV mpwteivi HMGB1.

O 0TOX0G QUTAG TNG UEAETNG ATOV VA EPEUVAOEL £va SuvnTikd poAo TnG eAatacivng
otnv e€aoBévnon ¢ anootabepomnoinong Twv MAAKWY TNG Kapwtidag ex vivo. H
ehataoivn, og ouykevtpwoelg Twv 10 kat 20 uM, peiwoe onuavtika (P < 0.001) tnv
£€KKpLoN Twv nMpwteivwv HMGB1 (éwg 90%), MMP-1 (Ewg 80%), kat TF (>90%) ko
TOU CUMITAOKOU TpwTeivwwv MMP-9/NGAL (¢wg 80%). MapdAAnAa, n aneAsuBépwon
Twv mpwteivwy IL-10 kat HO-1 au€nbnke mavw amnd 80% (P < 0.001). Auta ta
anoteAéopara deiyvouv mwc n ehatacivn €xel tnv duvatotnta va e€oobevel tnv
anootabepornoinon Twv MAAKWY TNG Kapwtidag kal propel va eival duvntikd
XPNOLUN 0T Lelwon Tou Kvduvou eykedallkol amo Loyatuia.

MNEPIAHWH
H eAdiaxoivn pTopel va TPooTATEVEL ATO LOXALULKO EYKEQPAALKO.

H ehataocivn mapouotalel po §pacn £vavtl otV omootabeponoinon Twv MAAKWY
™C KopwTtidac, emnpealovtag TNV EKKPLoN ELSIKWV TPWTEIVWVY Tou oxeilovtal Pe TV
afnpwpdtwon tNe Kopwtidog, ¢dawvopevo to omoio eival umevbuvo ylwa TRV
Snuoupyla  eykedpaAlkol  emelcodiou  TMpoKaAoUpEvVo amd  loyxalpio.  Ta
QTOTEAECUATA €X ViVO TIELpAPATWY Selxvouv mwe n ehatacivn €xeL tnv Suvatotnta
va e€aoBevel Tnv amootabepomnoinon Twv MAOKWY TG KAPWTiSag Kal Umopel va
elval SuvnTika XpAoLUn otn Helwon Tou KvdUVou gykePaAlkoU oo LoXaLpia.

H gAaiacivn pmopei va mpootatevel amo LOXALULKO EYKEPAALKO, KABwWG EXEL TNV
duvarotnta va eéaodevei tnv anootadspornoinon Twv NAaKwV tn¢ Kapwtidac Kat
EtoL unopei va givat duvntika xprolun oty peiwon Tou KivéUvou eYyKe@aALKOU amo

Loyawuia.
Oleacein reduces the ischemic stroke risk.

Oleacein has an effect against the destabilization of carotid plaques, by affecting the
production of specific proteins associated with atherosclerosis. Ex vivo experiments
showed that oleacein has the potential to attenuate the destabilization of carotid
plagues and may be useful in reducing the risk of ischemic stroke.

Oleacein possess ability to attenuate the destabilization of carotid plaque and
could be potentially useful in the reduction of ischemic stroke risk.



Phytomedicine. 2017 Aug 15;32:68-73. doi: 10.1016/j.phymed.2017.06.004. Epub 2017 Jun 13.

Filipek A1, Czerwiriska ME1, Kiss AK1, Polanski JA2, Naruszewicz M3.

LIGSTROSIDE AGLYCONE - ATAYKO TOY AI'KXTPOXIAH

1. Olive secoiridoids and semisynthetic bioisostere analogues
for the control of metastatic breast cancer.

In the study of Busnena et al., ligstroside aglycone showed the best antimigratory
activity against the highly metastatic human breast cancer cell line MDAMB231.
Generally, tyrosol esters showed better activities versus carbamate analogues.
Tyrosol esters with a phenolic acid containing hydrogen bond donor and/or acceptor
groups at the para-position have better anticancer and c-MET protein inhibitory
activities. Olive oil secoiridoids, like ligstroside aglycon, are excellent scaffolds for the
design of novel c-MET inhibitors.



Lekoipldoeld1] Tou €AaoAGSov Kot NUOULVVOETIKA avaloya
BloicooTEp®WV Y TOV £AEYX0 TOVU HETAOTATIKOU KAPKIVOL TOV
HaGTOV

It UEAETN Twv Busnena Kal ouvepyatwy, TOo AyAUKO Tou Alykotpooidn €6elée tnv
KOAUTEPN QVTL-PETAOTATIKA Spdon €vavtl Twv UPNAA HETACTATIKWY KUTTAPWVY TOU
KOPKIVOU TOU PHaOTOU OTNV KUTTAPLKN oelpd MDAMB231. MeviKOTEPQ, OL EOTEPEC TNG
TUPOOOANG e €va PpalvoAlkd ofU Tou TeplEXouv opadeg deopol udpoyodvou otnv
B€on mapa- €Xouv KAAUTEPN OVTIKOPKLVIKA OVOOTOATIKY &pAdcn, OMwe £miong Kot
avaotaAtiki dpaon NG mpwteivng c-MET, ou oxeTiletal pe KakonBelg ekGnAWOoELC.
Yekoiplboeldn, Onwe to AyAuKo TOUu ALYKOTpooidn eival TEAEla mpoTUMA yla TO
oXeSLA0UO VEWV AVOOTOAEWV TNC MPWTELvVNC c-MET.

Busnena BA, Bioorg Med Chem. 2013

MEPIAHWH
To &yAvko TOv ALYKOTPOOiSN £vavtL TG METAGTAGNG TOV
KOPKLVOU TOU HAGTOU

JUpudwva pe TN HEALTN TwV Busnena Kol cUVEPYATWY, TO AYAUKO TOU ALyKOTpoaoidn
EUPAvVLOE TIOAU KON OVTLUETAOTATIKY) SpAON O TELPAUATA TIOU £YLVOV OE KOPKLVLKA
KOTTapa pootol. Elsikdtepa, Aoyw TG L&Laitepng XNULKAG SOUNG TOU, AVOOTEANEL TN
O6paon pag €ldkng mMpwteivng, TG mpwteivng c-MET, mou oxetiletat pe TNV
avamntuén kakondlag.

To dyAuko tou Alykotpooién eu@dviose moAU kaAn avtiuetaotatiky épdcn oe
TIELPAUATA TIOU EYLVAV OE KOPKLVIKA KUTTOPO UAOTOU.

Ligstroside aglycone against metastatic breast cancer

In the study of Busnena et al., ligstroside aglycone showed the best antimigratory
activity in experiments performed in highly metastatic human breast cancer cells.
Due to its particular chemical structure, it inhibits the activity of a specific protein,
the c-MET protein, associated with the development of malignant tumor.

Ligstroside aglycone showed the best antimigratory activity against the highly
metastatic human breast cancer cells.



2. tabAnti-HER2 (erbB-2) oncogene effects of phenolic
compounds directly isolated from commercial Extra-Virgin
Olive 0Oil (EVOO)

Menendez et al. in their study explored the ability of ligstrocide aglycone to
modulate HER2 tyrosine kinase receptor-induced in vitro transformed phenotype in
human breast epithelial cells. Using MCF10A normal breast epithelial cells it was
further determined the relationship between chemical structure of ligstrocide
aglycone and its inhibitory activities on the tyrosine kinase activity of the HER2
oncoprotein. When compared with untreated cells, MCF10A/HER2 cells, treated with
ligstroside aglycone, grew less dense, were significantly bigger in volume and
showed a profound reorganization of cell-cell contacts with the appearance of
multiple extrusions. Ligstroside aglycone was one of the most active inhibitors of
HER2 expression in MCF10A/HER?2 cells, with a reduction 68%, and IC50 10uM. HER2
overexpression further promoted an exacerbated sensitivity to the apoptotic effects
of ligstroside aglycone. These findings molecularly support epidemiological evidence
revealing that lingstrocide aglycone anti-breast cancer effects primarily affect the
occurrence of breast tumors overexpressing the type | receptor tyrosine kinase HER2
but further suggest that its stereochemistry might provide an excellent and safe
platform for the design of new HER2 targeted anti-breast cancer drugs.

ETUSPAGEL @UIVOALKOV EVWOEWV QAMOUOVWUEVEG AMEVOELNG
amo eUMOPIKO £EAPETIKA TTAPOEVO EAALOAAS0 6TO 0YKOYOViSLO
tabAnti-HER2 (erbB-2)

OL Memendez kaL n opoda TOUG OTN €PEUVA TOUG HEAETNOAV TNV LKAWVOTNTO TOU
ayAukou Ttou Alykotpooibn va puBuilel To HETOOXNUATIOUEVO GALVOTUTIO TOU
urmodoxéa kwvaong tupooivng HER2 mou mpodyetal in vitro oe avBpwriva
emOnALoKa KUTTAPA TOU pHootol. Me tn xprion TG GUOLOAOYLKAG KUTTOPLKAG OELPAG
MCF10A tou eniBnAiou Tou HAOTOU, ETULITAEOV, SLEUKPLVIOTNKE N OXECN QVALECO OTN
XNHLIKA Soun Tou AyAukou Tou ALYKOTPooidn Kal TwV aVOOTOATIKWY TOU EMLOPACEWV
évavil tng Spdong kwdong tupooivng tng oykoyovou mpwteivng HER2. Otav
ouykpiBnkav pe pucloloyika kUTTapa, ta KUTtapa tng oslpag¢ MCF10A/HER2, pe tnv
xopnynon AayAukou ALyKoTpooidn, HEyGAWvVOV UE UKPOTEPN TUKVOTNTA, aufavotav
ONUAVIIKA O€ OyKOo Kol Tapoucialav €va avaoXNUOTIOMO TwV SLOKUTTAPLKWV
ETULKOWVLWV TOUG, HE TNV epdavion TmoAlamAwv ekBoAwv. To AyAuko Tou
Alykotpoaoidn ftav évag amod toug o Suvatoug avaoTtoleic tng Ekbpaong tng HER2
npwteivng ota. MCF10A/HER2 kUttapa pe pelwon katd 68% kat IC50 10uM. H
unepekdpaon tng HER2 mpowBouoe pia emumAéov emdelvwUEVn gvaloBnaoia oTLg
QTMOMTWTLKEG OpACEL TOU AyAUKOU TOU AlykoTtpooidn. Autd Tta eupruota



UTIOOTNPLIOUV HOPLOKA ETILONULOAOYLKEG HEAETEC TTOU Selyvouv TwWCE oL SpATELS TOU
AyAUKOU TOU ALlyKOTpOoidn é£vavil Tou Kapkivou TOu paoToU emnpedlouv ta
TIEPLOOTATIKA TIou odeilovtal oe umepékdpaon tou umodoxéa HER2 pe dpdon
KLvAong tupooivng, aAAd Kal ETITAEOV TIPOTELVOUV TTWE N OTEPEOXNUELD TOU AYAUKOU
TOU AlyKoTpooidn pmopel va mopéxel pa téAewo kot aflomiotn Bdaon yla TO
oXESLAOUO QVTIKAPKLVIKWY GapUAKWYV TTou otoxelouv otnv HER2.

NEPIAHWH
H eni8pacn Tou dyAukov TOU ALYKGTPOGLdN 6& PNYAVIGHOVG
OV oY ETI{OVTAL HE TNV AVATITVEN KAPKIVOU TOV HAGTOV

Ot Memendez kat n opada Toug HEAETNOAV TNV LKAVOTNTA TOU AYAUKOU TOU ALYKOTpooidn va
ennpealel Tov umodoxéa Kwvaong tupooivng HER2, ou umapxeL Og PeyAAa TTOCOOTA OTA
KOPKLVIKA KUTTOPO TOU HOOTOU Kol TPOKAAEl Tov aveEéAeykto MOAAQMAACLAOUO TOUG. To
AyAUKO TOU ALYKOTpOGiSn TpokaAéL pelwon Tou aplBpol Twv UTIoSoxEwV Kata 68%, aKoun
KOL O TIOAU HLKPEG BOOELG KAl TEALKA TA KOPKLWVIKA KUTTOpO 0dnyouviav O KUTTAPLKO
Bavaro. TéAog, Ta otolxeia autd umootnpilovtal anod MOAAEG ETULONLOAOYLKEG MEAETEG Ko
OUVLOTOUV TNV Snuloupyia dapudKou €vavil Tou KOPKIivou ToU HaoToU amapaitnth.

To ayAuko tou Aykotpooidn avaotéAdel tnv avantuén Kopkivou ToU HOOTOU
KkaBwc¢ mpokaAéL ueiwon tou aptduol twv unodoyéwv kwvaong tupooivne HER2,
TIOU UTTAPXEL OE UEYAAN TOCOOTAH OTO KAPKIVIKA KUTTOAPO TOU UAOTOU KAt odnyei
otov aveé€Aeykto noAAanAaoilaocuo Toug.

The effect of Ligstroside aglycone on breast cancer

Menendez et al. in their study explored the ability of ligstroside aglycone to
modulate HER2 tyrosine kinase receptor-induced, which is present in large amounts
in breast cancer cells and causes their uncontrolled proliferation. Ligstroside
aglycone was one of the most active inhibitors of HER2 expression in cells, with a
reduction 63%, even in very small doses and eventually the cancer cells were led to
programmed cell death. These findings provide an excellent and safe platform for the
design of new anti-breast cancer drugs

Ligstroside aglycone inhibits the growth of breast cancer. It causes a reduction in
the number of HER2 tyrosine kinase receptors, which are presented in large
amounts in breast cancer cells and lead to their uncontrolled proliferation.
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Figure. Effects of the EVOO polyphenols on the transforming ability of HER2. MCF10A/HER2 and
MCF10A/pBABE matched control cells (10,000 per well) were seeded in 35-mm multi-well plates in
culture medium containing 0.35% low-melting agarose over a 0.7% agarose basal layer and incubated
for 14 days at 37°C in a humidified 95% 02 5% CO2 atmosphere in DMEM/F12 medium supplemented
with 10% horse serum + 20 ng/ml EGF in the absence or presence of 50 uM ligstroside aglycone and
50 uM 1-(+)-acetoxypinoresinol. Colonies were then stained with p-iodonitrotetrazolium violet (1
mg/ml stock diluted 1:500) for 18 h. Colonies >50 um in diameter were counted (see representative
microphotographs).
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Figure. Effects of EVOO secoiridoids (c) on the activation status of HER2 tyrosine kinase. Overnight
serum-starved MCF10A/HER2 cells were cultured in DMEM/F12 medium- 0.1% horse serum in the
absence or presence of increasing concentrations of EVOO phenolics for 6 and 24 h. Assessment of
the active/inactive status of the HER2 tyrosine kinase receptor was performed by semi-quantitatively
determining the degree of degree of phosphorylation of the 1248 tyrosine residue (Tyr1248) of HER2
by using the FACE ErbB-2 (Y1248) kit as described in ‘Materials and methods’. The total HER2 antibody
supplied in the FACE ErbB-2 kit allows determining HER2 phosphorylation relative to the total HER2
protein found in the cells. Data were plotted after correction for cell number (performed through use
of crystal violet staining) and the measurement of phosphor-HER2 (Y1248) in untreated HER2-
negative MCF10A cells was arbitrarily designed as 1.0-fold. Data are the mean (columns) and 95%
confidence intervals (bars) of three independent experiments performed in duplicate. One-factor



ANOVA was used to analyze differences in the relative levels of phosphor-HER2 (Y1248) in MCF10A/
HER2 cells following 6 h treatment with EVOO phenolics. Statistically significant differences (one-
factor ANOVA analysis) between experimental conditions and unsupplemented control cells are
labeled. All statistical tests were two-sided. N.S, Not statistically significant. Figure also shows the
impact of exogenous supplementation with EVOO phenolics on cell morphology of MCF10A/HER2
cells as assessed by phase contrast microscopic analysis.

Javier A Menendez et al., BMC Cancer 2008

OLEUROPEIN AGLYCONE - ATAYKO THX EAEYPQIIAINHE

1. The Polyphenol Oleuropein Aglycone Protects TgCRND8 Mice
against Af3 Plaque Pathology

In their research, Grossi et al. used the double transgenic TgCRND8 mice, which
overexpressing the Swedish and Indiana mutations in the human amyloid precursor
protein, to examine in vivo the effects of 8 weeks dietary supplementation of
oleuropein aglycone at the dose of 50 mg/kg. The dietary supplementation of
oleuropein aglycone strongly improves the cognitive performance of young/ middle-
aged TgCRND8 mice. Immunofluorescence analysis of cerebral tissue in these mice
showed remarkably reduced R-amyloid levels and plaque deposits. Moreover,
microglia migration to the plaques for phagocytosis and a remarkable reduction of
the astrocyte reaction were evident. Finally, oleuropein aglycone-fed mice brain
displayed an astonishingly intense autophagic reaction, as shown by the increase of
autophagic markers expression and of lysosomal activity. Data obtained with
cultured cells confirmed the latter evidence, suggesting mTOR regulation by
oleuropein aglycone. These results support, and provide mechanistic insights into,
the beneficial effects against Alzheimer-associated neurodegeneration of oleuropein
aglycone.



H ToAv@avOAN AYAUKO TNG EAEVPWTAIVIIC TPOCTATEVEL T
movtikia TgCRNDS8 évavtt ¢ maforoyiag Twv A TAaKwv

Ol Grossi Kal CUVEPYATEG OTNV EPEUVA TOUC YLa VA LEAETAOOUV TNV in vivo dpdcn Tou
ayAukou Tn¢ eAeupwmnoaivng xpnoldomoinocav ta SuTAd SloyoviSlakd ToVTiKLa
TgCRNDS, ta omoia unepekdppalouvv dUo pHeTaAAGEelG otnv TTPpoSpopn apUAOELSN
npwtelvn Tou avBpwmou, ota omoia xopriynoav yia 8 £BSouddeg AyAuko NG
e\evpwraivng, os 66on 50mg/kg. H xopriynon tou @yAUKOU NG EAEUPWIAIVNG HEOW
™¢ Statpodng BeAtiwvel epdavéotata tnv anodoon tng aviiAnyPng ota TgCRNDS
TIOVTIKLO VEQPAG Kal HEoNnG NALkiag. H avaAuon pe avoocodpBoplopd Twv eykepalwv
TWV TIOVTIKLWV auTtwV €delée afloonueiwtn pelwon ota emnineda kat TNV evanobeon
Twv B-apurostdwv mAakwv. EmutAéov, amobeixbnke n  PETAVAOTEUON TNG
HLKpOoyAolOoC OTIC TAGKEC yla ¢GayoKUTIWON KOl ML CNUAVTLKA HElwon otnv
avTidpoon TWV QOTPOKUTTAPWY Tou eykepalou. Ev TEAEL, TA TOVTIKLOL TIOU
npooéafav ayAuko Ttng elevpwmaivng emédelfav pla évtovn autodaylkn
avtidpaon, adol Bpédnke pla avénon Ekppaong Twv delktwv autodayiag Kot tng
Avocoowuikng Opaotnpotntag. To &edopéva amd  TIC  KUTTAPOKOAAALEPYELEC
emBePaiwoav TIg teAeutaleg evdeifelc mwe to AyAuko ¢ eAsupwraivng pubuilet
™V pwtelvn MTOR. AuTa Ta amoteAéopata UtooTnPi{ouv TOV EVEPYETLKO POAO TOU
AayAukou TnG eAeupwraivng Evavtl Tng vooou Alzheimer.

MEPIAHWH
MMepapata 6 mMOVTIKIX Selyvouv TNV gVEPYETIKY Spdon Tov
AYAVKOV TNG EALVPWTAIVNG 6TV £EEALEN TN G vOoov Alzheimer

21N MEAETN TwWV Grossi Kal CUVEPYATWY, XPNOLUOMoLOnKay €L8LKA TTOVTIKLA Ta omola
TapayouV PeTaAAayUEVN pLa eL8IKN TpWTElvn Tou avBpwrou, n onola oxetiletal pe
™ vooo Alzheimer. Ita movtikia autd, xopnynbnke péow OSlatpodng yia 8
eBbopadeg ayhuko tnNg eleuvpwraivng, oe 6d6on 50 mg/kg kol mapatnprnbnke
afloonueiwtn BeAtiwon tng avtiAnyng toug. Emiong, n dpdon tou AyAukou NG
e\evpwrelvng otn otabepomoinon ¢ €€EAENG TNG VOOOU €EETAOTNKE KOL ME
BLOXNUIKEG avaAUOELG OTOV €yKEDOAAO TWV TOVIKIWY, gudaviloviag moAU BeTikd
anoteAéopata. AuTd Ta OMOTEAECUOTA UTIOOTNPI{OUV TOV EUEPYETIKO pOAO TOU
ayAukou Tng eAeupwraivng Evavtl Tng vooou Alzheimer.

Xoprjynon dyAukou eAevpwnaivng oe mnovtikia pe vooo Alzheimer, péow
dlatpown, eupavioe aflodoyn BeAtiwon tng avrtiAnyng yeyovog mou Seixvel tnv
evepyetTikny dpacon tou ayAukou otnv e§EALEN tn¢ vooou.



Experiments in mice show the beneficial effect of oleuropein
aglycon on the progression of Alzheimer's disease

In their research, Grossi et al. used special mice, which produce a special mutant
human protein, which is associated with Alzheimer's disease. The dietary
supplementation of oleuropein aglycone for 8 weeks at the dose of 50 mg/kg
showed a remarkable improvement of the cognitive performance of mice. The effect
of oleuropein aglycone on the stabilization of disease progression was also examined
by biochemical analysis of mouse brains, showing significant results. These results
support the beneficial role of oleuropein aglycone against Alzheimer's disease.

The dietary supplementation of oleuropein aglycone strongly improves the
cognitive performance of young/ middle-aged mice, fact that indicates the
beneficial effect of oleuropein aglycone on the progression of Alzheimer's Disease.
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Figure. OLE modifies Ab plaque load and morphology in the brains of TgCRND8 mice. Representative

photomicrographs of Thioflavin S histochemistry (green) (n = 4/group) and OC immunolabeling (red)
(n = 5/group) of amyloid plaques in the cortex of untreated and OLE-fed Tg mice. In the OLE-fed Tg
mice of 6 months of age several radiating plaques with ribbon-like/diffuse core and fluffy deposits
(arrow) are present. Arrowhead indicates dense core amyloid plaques. Scale bars = 25 mm.

Cristina Grossi et al., 2013



2. Oleuropein aglycone prevents cytotoxic amyloid aggregation
of human amylin

Here, Rigacci S. et al. investigated the effects on amylin aggregation and cytotoxicity
of the oleuropein aglycon. It was showed that oleuropein, when present during the
aggregation of amylin, consistently prevented its cytotoxicity to RIN-5F pancreatic B-
cells, as determined by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide test and caspase-3 activity assay. A lack of interaction with the cell
membrane of amylin aggregates grown in the presence of oleuropein was shown by
fluorescence microscopy and synthetic lipid vesicle permeabilization. Moreover, the
ThT assay, circular dichroism analysis and electron microscopy images suggested that
oleuropein interferes with amylin aggregation, resulting in a different path skipping
the formation of toxic prefibrillar aggregates. These results provide a molecular basis
for some of the benefits potentially coming from extra virgin olive oil consumption
and pave the way to further studies on the possible pharmacological use of
oleuropein to prevent or to slow down the progression of type Il diabetes.

To dyAvko TNG EALVPWTAIVNG EUMOSI{EL TNV KLTTAPOTOELKY)
OUYKEVTP®WOT) AUUAOELS0UG TNG AUUALVIC TOV avOpwTov

ITN OUYKEKPLUEVN UEAETN HeEAETHONKav amo Toug Rigacci Kol Toug CUVEPYATEC TNG oL
OpAcel; TOU AyAUKOU TNG €AEUpWMAivNG OTn OUCCWPEUCH KAl TNV
KUTTAPOTOELKOTNTA TNG AMUAIvNG. H peAétn £€6ele mwg oOtav To AYAUKO TNG
eAevpwmaivng, UTHPXE KOTA TN OUCOWPEUON TNG OUAlvNG mapeunddile tnv
KUTTAPOTOELKOTNTA TNG OTLG KUTTAPLKEG OELPEG RIN-5F B-KUTTAPWY TOU TIOYKPEQATOC
pue Baon Tt Sokipaocieg tou 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide kat tng SpaoctikdTNTAG TNG MPWIEIVNG Kaomaong 3. To AyAuko TtNng
eAevpwmnaivng eunodilel tnv aAnAenidpaon TNG CUGCWPEUUEVNG QUUALVNG PE TNV
KUTTAPLKN HEUBPAVN, OMWE GAVNKE ATIO TIELPAUATA HE UIKpOooKoTia pBoplopol Kat
SloAutotntag twv ouvBeTikwy Autdiwy. EmumtAéov, n ehevpwnaivn pe Paon Tig
HeBOdoug ThT, KUKALKOU SLXpWIOHOU KOl OIELKOVIONG NAEKTPOVIKNG ULKPOOKOTILOG
daivetal mwg aAAnAemdpA PE TN CUCCWPEUCHN TNG AMUALVNG LE QIMOTEAECUA TNV
arnoduyn oxNUATIONOU TOELKWY TIPOIVWOWY CUCCWPEVCEWV. AUTA TO AMOTEAECUATA
TLAPEXOUV HLO HopLaKn Baon yla karmola arnod ta opEAN mou ev SUVAUEL TiPOEPYOVTOL
amno Vv KatavaAwon tou eatpetikol nmapbevou eAatoAdadou kat avoiyouv to 6poo
yla TIEpALTEPW UEAETEC otnV TBavr dappakoAoyLlky Xpnot ¢ eAeupwnaivng otnv
napeunodion n tnv emBpaduveon tng mpooddou tou dtafntn Tumovu .



NEPIAHWH
H gvepysTikn Spdon Tov AyAVKOU TG EALUPWTAIVIG £VAVTL TOV
SwaBnn tomov II

ITN OUYKEKPLUEVN UEAETN PEAETAONKAV oL pAcELS TOU AYAUKOU TNG EAEUPWTAIVNG
OTNn CUCOWPEUON KOL TNV TOEKOTNTA TNG AUUALVNG OTa KUTTAPA TOU TTAYKPEATOC, TA
orola eAéyxouv Ta €TMimeda TOU COKXAPOU TOU aipatoC. H apuAivn gival pia ovoia
TIOU MOLAEL OPKETA UE TNV LVOOUALVN KoL OTAV OUCOWPEVETAL OTO KUTTOPA TOU
TLOYKPEATOC SNULOUPYEL TO AUUAOELSEC, TTOU €XEL Aueon oxéon UE tnv maboyévela
tou SaPntn tomou Il. Zuykekplpéva dailvetal OTL To AYAUKO TNG €Asupwmaivng
napeunodilel tTnv ocuocowpeuon TNG OUUAIvNG Kkat tnv Ttoflkn tng dpdcn ota
TIOYKPEQTIKA KUTTAPO. AUTA TA ONMOTEAECHATA TOPEXOUV ML HOPLOKH Bdaon yla
Karmola. and ta odpEAn TMou eV SUVAMEL TIPOEPXOVTOL QMO TNV KATAVAAWGON TOU
g€alpetikol mapBévou eAaloAddou Kol avolyouv To SpOUO yla TIEPALTEPW UEAETEC
otnv mBavr GapUakoloyLKr) Xpron TnG eAsupwmnaivng otnv mapepmodion | v
emBpaduvon tne npoodou tou StaBrtn tumou Il.

To ayAuko tn¢ eAsupwnaivne unopei va nopeunodiocel B va emBpaduvel v
npoodo tou StaBrtn tumou I, kadw¢ mapeunodilet tn cuoowpPEUON KAl THV
toikotnTa NG AQUUAIVNC OTA KUTTOPO TOU TOYKPENRTOC, OUCIO TTOU EXEL QUEON
OXEon UE THV MadOYEVELN TNG VOOOU.

The beneficial effect of Oleuropein aglycone against type Il
diabetes

Here, Rigacci S. et al. investigated the effects on amylin aggregation and cytotoxicity
of the oleuropein aglycon. Amylin is a substance that is quite similar to insulin. When
amylin aggregates in pancreatic cells, it generates amyloid, which is directly related
to the pathogenesis of type Il diabetes. Specifically, oleuropein aglycone inhibits the
aggregation of amylin and its toxicity action on pancreatic cells. These results
provide a molecular basis for some of the benefits potentially coming from extra
virgin olive oil consumption and pave the way to further studies on the possible
pharmacological use of oleuropein to prevent or to slow down the progression of
type Il diabetes

Oleuropein aglycone inhibits or slows down the progression of type Il diabetes, by
inhibiting the aggregation and toxicity of amylin in pancreatic cells, a substance
that is directly related to the pathogenicity of the disease
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Fig. Immunofluorescence analysis of RIN-5F cells treated with hIAPP aggregates. The cells were
treated with 30 min-aged hIAPP aggregates (final concentrations: 200 nM hIAPP, 1.8 uMoleuropein).
After 5 h, the cells were fixed and stained with rabbit anti-amylin and Alexafluor 488-labeled anti-
rabbit antibodies. Nuclei were stained with propidium iodide. (A) Cells treated with hIAPP. (B) Cells
treated with hIAPP incubated with oleuropein. (C) Control, untreated cells. (D) Cells treated with
hIAPP that was aged without oleuropein and given to cells together with oleuropein.
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Stefania Rigacci et al., 2009

3. Extra-virgin olive oil polyphenols inhibit HER2 (erbB-2)-
induced malignant transformation in human breast epithelial
cells: Relationship between the chemical structures of extra-
virgin olive oil secoiridoids and lignans and their inhibitory
activities on the tyrosine kinase activity of HER2

Menendez et al. in their study explored the ability of oleuropein aglycone to
modulate HER2 tyrosine kinase receptor-induced in vitro transformed phenotype in
human breast epithelial cells. Using MCF10A normal breast epithelial cells it was
further determined the relationship between chemical structure of oleuropein
aglycone and its inhibitory activities on the tyrosine kinase activity of the HER2
oncoprotein. When compared with untreated cells, MCF10A/HER2 cells, treated with
oleuropein aglycone, grew less dense, were significantly bigger in volume and
showed a profound reorganization of cell-cell contacts with the appearance of
multiple extrusions. Oleuropein aglycone was one of the most active inhibitors of
HER2 expression in MCF10A/HER?2 cells, with a reduction 63%, and IC50 64uM. HER2
overexpression further promoted an exacerbated sensitivity to the apoptotic effects



of oleuropein aglycone. These findings molecularly support epidemiological evidence
revealing that oleuropein aglycon anti-breast cancer effects primarily affect the
occurrence of breast tumors overexpressing the type | receptor tyrosine kinase HER2
but further suggest that its stereochemistry might provide an excellent and safe
platform for the design of new HER2 targeted anti-breast cancer drugs.

Ot TOAV@LVOAEG TOV €€TPA TAPOEVOU EANLOAASOV AVAGTEAAOLY
TO UETAGXNUATIONO TOV AVOPOTIV®WV ETMONALAK®OV KUTTAP®WV
Tov paotov mov smayetat amé tv HER2 (erbB-2): XIyxéom
HETHEY TWV YNUK®OV SOU®WV TWV OCEKOIPLEOESWV KAl TwV
Alyvavwv  Ttov  £€€tpa  mapBeévouv  eAdloAadov  kKat  TwV
QVAOTOATATIK®WV EMSPACEWY OGTNV Spacn Kwvaong TG
Tupooivng g HER2

OL Memendez kat n opoda TOUG OTN €PEUVA TOUG LEAETNOAV TNV LKAWVOTNTO TOU
AayAukou NG eAeupwmnaivng vo pubuilel To PETACKNUATIOMEVO PALVOTUTIO TOU
umodoxéa Kwvaong tupooivng HER2 mou mpodyetal in vitro og avBpwrmiva
€mONALOKA KUTTAPA TOU paoTtol. Me tn Xpron tTng GUOLOAOYLKNC KUTTAPLKAC OELPAC
MCF10A tou erBnAiou Tou paotou, eMMAEoV, SLEUKPLVIOTNKE N 0XECN AVAUECO OTN
XNULKN Sopn Tou AyAUKOU TNG EAEUPWTIOIVNG KoL TWV AVOOTAATIKWY TOU EMLOPACEWV
€vavil tng 8pacng KwAong Tupocivng tng oykoyovou mpwrteivng HER2. Otav
ouykpiBnkav pe pucloloyika kUTTapa, ta KuTtapa tng oelpag¢ MCF10A/HER2, pe tnv
xopnynon ayAukou eAeupwraivng, HeyaAwvay Pe PKPOTEPN TIUKVOTNTA, auiavotav
ONUAVTIKA O€ OYKO Kal Tmapoucialov €va avaoXnUOTIOMO TwV SLOKUTTOPLKWY
ETUKOWVWVLWV TOUG, HMe TNV eudavion moAlamAwv ekBoAwv. To AyAuko TnNg
eAevpwmaivng ATav €vag amd toug o duvatoUls avaoToAel TnNG €kdpaong NG
HER2 mpwrteivng ota MCF10A/HER2 kUttapa pe peiwon katd 63% kat IC50 10uM. H
unepékdpaon ¢ HER2 mpowBoloe pla emumAéov emdelvwpévn evatcbnaoia otig
QTOTTWTIKEG OpPACEL TOU QAYAUKOU TNG eAevpwmaivng. Autd Ta gupnuota
urnootnpilouv poplakd eTLONULOAOYLKEG LEAETEG TTOU Seiyvouv Mw¢ ol SpACELS TOU
AyAukou NG eAevpwrmaivng €vavil TOU KAPKIVvOU TOUu paoTtol emnpedlouv Tta
TIEPLOOTATIKA TIoU odeilovtal oe umepékdpacn tou umodoxéa HER2 pe dpdon
Klvaong tupooivng, aAAd Kal EMUITAEOV TIPOTELVOUV TTWE N OTEPEOXNUELD TOU AYAUKOU
™M¢ eAevpwmaivng umopel va mopéxel pla téEAewa kat aflémiotn Paon ywa TO
oXeSLAOUO QVTIKAPKLVIKWY GapuaKwV Tou otoxelouv otnv HER2.

MEPIAHWH
H 8pdot Tov dyAuKov TG EASVPWTAIVIG GE UNYXAVIGUOUE TIOU
oXETL{OVTAL UE TNV QVATITVEN KAPKIVOU TOV HaGTOV



Ot Memendez kat n opada TOUG UEAETNOAV TNV LKOVOTNTO TOU AYAUKOU TNG
e\evpwrnaivng va emnpedlel Tov umtodoxEa Kivaong tupooivng HER2, mou undpxel o
HEYAAQ TTOCOOTA OTA KOPKLVLIKA KUTTAPO TOU HOOTOU KOl TIPOKAAEL TOV aveEEAEYKTO
oA amAaclacpd Toug. To AyAuKo TnG eAsupwmaivng TPoKaAEL Helwon Tou aplBuou
TWV UTIOSOXEWV KaTa 63% aKOUN KOL O TIOAU JUKPEC SOOELG KOl TEALKA TA KAPKLVIKA
KUTTOpa 08NyouvVTaVv O€ MPOYPAUUATIOUEVO KUTTAPLKO Bdavato. TENOG, Ta oTolxEla
auta umootnpilovtal amo TOAAEG €TIONULOAOYIKEG UEAETEG KOL OUVLOTOUV TNV
Snuoupyia papudKou EVAVTL TOU KOPKIVOU TOU HOOTOU amapaitntn

To ayAuko tn¢ eAcupwnaivne avaotéAAel tnv avantuén Kapkivou tou paotou
kadw¢ npokaAéL psiwon tov aptduol twv unodoxéwv Kwvaong tupooivn¢ HER2,
TIOU UMIAPXEL OE UEYAAQ TTOCOOTA OTO KAPKIVIKA KUTTOPO TOU UOOTOU Kot odnyei
otov aveé€Aeykto noAAanAaoilacuo Toug.

The effect of oleuropein aglycone on breast cancer

Menendez et al. in their study explored the ability of oleuropein aglycone to
modulate HER2 tyrosine kinase receptor-induced, which is present in large amounts
in breast cancer cells and causes their uncontrolled proliferation. Oleuropein
aglycone was one of the most active inhibitors of HER2 expression in cells, with a
reduction 63%, even in very small doses and eventually the cancer cells were led to
programmed cell death. These findings provide an excellent and safe platform for
the design of new anti-breast cancer drugs.

Oleuropein aglycone inhibits the growth of breast cancer. It causes a reduction in
the number of HER2 tyrosine kinase receptors, which are presented in large
amounts in breast cancer cells and lead to their uncontrolled proliferation.
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Figure. Effects of EVOO secoiridoids (c) on the activation status of HER2 tyrosine kinase. Overnight
serum-starved MCF10A/HER2 cells were cultured in DMEM/F12 medium- 0.1% horse serum in the
absence or presence of increasing concentrations of EVOO phenolics for 6 and 24 h. Assessment of
the active/inactive status of the HER2 tyrosine kinase receptor was performed by semi-quantitatively
determining the degree of degree of phosphorylation of the 1248 tyrosine residue (Tyr1248) of HER2
by using the FACE ErbB-2 (Y1248) kit as described in ‘Materials and methods’. The total HER2 antibody
supplied in the FACE ErbB-2 kit allows determining HER2 phosphorylation relative to the total HER2
protein found in the cells. Data were plotted after correction for cell number (performed through use
of crystal violet staining) and the measurement of phosphor-HER2 (Y1248) in untreated HER2-
negative MCF10A cells was arbitrarily designed as 1.0-fold. Data are the mean (columns) and 95%
confidence intervals (bars) of three independent experiments performed in duplicate. One-factor
ANOVA was used to analyze differences in the relative levels of phosphor-HER2 (Y1248) in MCF10A/
HER2 cells following 6 h treatment with EVOO phenolics. Statistically significant differences (one-
factor ANOVA analysis) between experimental conditions and unsupplemented control cells are
labeled. All statistical tests were two-sided. N.S, Not statistically significant. Figure also shows the
impact of exogenous supplementation with EVOO phenolics on cell morphology of MCF10A/HER2
cells as assessed by phase contrast microscopic analysis.

JAVIER A. MENENDEZ et al., 2008



