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Ol ive oi l  is al l  h i tegral  ing red ien t  o f  the , ,Medi ler-  
I 'anean diet>> and acc t l ln t l l a l ing  ev idence  suggests  
(hal it may  have  a potent ia l  role in l ower ing  the risk 
o f  several  types o f  cance l , .  T h e  m e c h a n i s m s  I)y 
which tile c a r c e r i p r e v e n l i n g  effects of  olive oil can 
be perlTwmed, howeve i ;  are not k n o ~ n ,  lye  recent ly  
hYl)olhesized lhal  a novel  n lo l ecu l a r  exp lana t ion  
c o n c e r n i n g  the an t i - cance r  act ions  zip ol ive oil may  
relate to tile al)ility o f  its n l o n o u n s a t u r a l e d  Fatty 
a c i d  (M UFA) o l e i c  ac id  (OA; 18:1n-9)  to specif ical ly 
regula te  cancer - re la ted  oncogenes .  Suppor l ing  ou r  
hypolhesis ,  e x o g e n o u s  s u p p l e m e n l a l i o n  o l ' c u l l u r e d  

breast  c ance r  ceils wi th  physiological  c o n c e n l r a -  
l i o n s  o f  O A  w a s  r o u n d  t o  s u p p r e s s  t i l e  ()~i'el'i 

express ion o f  HER2 ( H e r - 2 / n e u ,  erbB-2) ,  a wel l -  

cha rac te r i zed  o n c o g e n e  p laying a key role in the 
etiology, progress ion  and  response  to c h e m o l h e  i 
rapy and  e n d o c n n e  therapy  in app rox ima te ly  20% 

of  breast  ca rc inomas ,  OA h 'ea tment  was  also f o u n d  
to synergis t ical ly  e n h a n c e  the efficacy o f  t r a s t uzu m -  
ab, a h u m a n i z e d  m o n o c l o n a l  an t ibody  b ind ing  

with h igh  affinity to the e c t o d o m a i n  (ECD) of  the 
Her2-coded p185 uEu~- o n c o p m t e i n .  Moreovei ,  CA 
exposure  s ignif icant ly  d imin i shed  the proteoly l ic  
c leavage  of  the ECD of  H ER2 and, consequent ly ,  its 
ac t ivat ion stalus, a crucia l  m o l e c u l a r  event  that de-  
t e rmines  both the aggress ive  h e h a v i o r  and the re-  
sponse  to t ras tuzumal)  o f  Helr 

breast ca rc inomas .  O u r  most  recent  f indings fur ther  
reveal that  CA exposure  may  suppresses  HER2 at 
the t ranscr ip t ional  level by u p - r e g u l a t i n g  the ex-  

pression of  the  Ets  protein P E A 5  -a D N A - b i n d i n g  
protein thai  specif ical ly blocks H ER2 p r o m o t e r  ac- 
tivity- in breast,  ovar ian and s tomach  cancer  cell 

lines. This  an t i -HER2 proper ty  o f  CA offers a previ -  
ously un recogn ized  m o l e c u l a r  m e c h a n i s m  by which  
olive oil may  regula te  the m a l i g n a n t  behav io r  of  

cance r  cells. F'rom a cl inical  perspective,  il cou ld  
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provide  an efl'ective m e a n s  oi" i n f l uenc ing  the Otll- 
come  of  Her -2 /neu-o~erexpress ing  h u m a n  ca rc ino-  

mas  with poor  prognosis .  Indeed.  CA- induced  t ran-  
scr ipt ional  repress ion of  HER2 o n c o g e n e  may  
represen t  a novel g e n o m i c  exp lana t ion  l ink ing  <<Me- 
d i t e r ranean  diet>>, olive oil and cance r  as it s eems  to 
equa l ly  opera te  in va r ious  types or  Her -2 /neu - re l a t -  

ed c a r c i n  o m  as.  

Key  u 'ords:  olive oil, oleic acid, Her2, erbB-2,  mediter-  

Fa nea i1 diet, can cer. 
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I N T R O D U C T I O N  

C a n c e r  inc iden  ce, g e o g r a p h y  an d n u t r i l ion  

Several epidemiological  studies in humans  and ani- 

mal exper iments  ha~e implicated directly specific di- 
etary cmnponents  with a higher incidence of several  
human cancers.  It is currently accepted that more 
than one third of h t l lna i l  cai lcers can be rehlted di- 
rectly w i lh  a oo inponen l  of the diel i-2, 
Et l ropeal l  Ul l iOl l  Calloer data h ighl ight  the heteroge- 
neous d is l r i l )u ihm of cancer an lo i lg  countries. The in- 
cidence of calloel's of t i le col()ll and tile breasl (which 
al'e more sensil i~e Io dietary chan~.es) is lower  in 
COtllltries Stlch as Italy, Greece, Porltlgal alld Spat 13. In 

part icular,  i l l  re la l ion w i th  ti le median of  ti le Etiro- 
pean Union, Spain presents a redt lc i ion o f  2S% (breast 
cancer) arid 42010 (co]oll cancer) 5, This might be relat- 
ed, ~lnl() l ]~ other I 'e;ISOnS, with s o l l ] e  o [  t i l e  COlll l)O- 

nents of  Ihe so-called Medi ler ranean diet*. 
Allhough Iolal Pal has shown fill association with an 
increased risk to develops cancers  of the breast, colon 
and prostale, it is now known thai rather than the to- 
tal amounl ,  it is tile type offal  that has a major  inl]u- 

ence on cancer  incidence ~. This is specially signifi- 
cant when we consider  l]lat, ill absohlle terms, lhe 
mean tht intake is often higher in the medi le r ranean 
cotllltl'ies, 111 sotitherll  Europe,  tile ma jo r  tht is pre- 
dominant ly  monounsa tura te  (olive oil), and has a 
i l igh content in ant ioxidants, contrasl ing wi th  tile pre- 
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chm]inance ( , t 'p(dyunsaturate  lid, essent ia l ly  n-6 (seed 

oils), in n(u'l]lern E u r o p e a n  count r ies .  
The re  are imp(wlanl  di t l 'e rences  in e a n e e r  m(u'tality 
even  an]r dill 'erent Spanish. p(q)ttlati(ms. I)3 tile 

years  1978-199.  ~ the ad jus ted  breas t  c a n c e r  morta l i ty  
rate per 100.000 (e tn 'opean  standard p(q)ulati(m) was 
24.39 it] Girona and 15.28 i)l ,]a6n, respectively, ac- 
curd ing  to data frc, m the Cent ro  Nacic)nal de Ep idemi -  
oh )gia (h tl p ://re ww2.tt ea.es/h ospi ta I/at las9 2/w ~v~v/M a- 

)na.pdl'). This sig)l i l ica)It trend can l)e (,l)sel'ved very 
gral)hical ly  in f igure 1. The  d i f fe rences  in m,_)rtaliLy 
can t)e related t() dill 'e)'ent reas( ,ns,  a m o n g  wlfich are 
p()ssibly ditl'erences in nulrJlJ(ul and lifestyle I)ut n(d 
t r e a t m e n t  d i f ferences ,  s ince  med ica l  and su rg ica l  

i)r()cedures a re  very  s i m i l a r  th()ugh()ut Spain.  In i 'ela- 
lion t() nu t r i t iona l  contras ts ,  it is i n t e re s t ing  t() s tate 
two nut r i t iona l  studies I'r()m Catalonia and .~ndalu- 
sia",L hi these sttndies, tile c()nst)inption ()f unon()in- 
salt)rate fatty acids was 49.65 ~/day I'm" a) ldahlsial l  
i )opulat inn, vrhi le it ~',as 38.6 g/day in Catalonia (20% 
Jess, approx imate ly) .  Nl l t r i t im] can have an imp(n'tant 
r()le not only in c a r e e r  risk I)t)l also ill ell)ICe)' pro-  
g)'essi(H1 s. 

Nuh' i t i on  in p a t i e n t s  with c a n c e r  

A recen t  r ev iew r the nu t r i t i -n - r eh t t ed  issues  t -  the 
breast  canoe) '  survix(u '"  h ighl ights  tile scarcity o|" re -  

search  e x p l o r i n g  diet c(mqlos i t i (m and t r ea tmen t  end-  

points  such  as r e c u r r e n c e  or  su rv iva l .  R e m a r k a b l y ,  
n(me of  tile publ ished studies has been c-nducted in 
M e d i t e r r a n e a n  c~,untl'ies. Alth()ugh there  exists  a cer-  

tain pe r cep t i on  that a currec t  nu t r i t ion  can  a m e l i o -  
)71re tile quality (d' life o)' tile ot)te(H]les (],[' ca)ICe)" [)~)- 
tients, the r~de of chemotherapy or surgery have not 

been evaluated un uxidative stress and diet, two para- 

meters that are  highly related. .-%m(mg cant.'er t reat-  

ments ,  chemothera l )Y plays a pivotal  r(,le. I))'tlgs 
such  as doxm 'ub ic in ,  c isplat in ,  oxal ip la t in ,  m" paoli-  

taxel a re  wide ly  used For a wide  w~riety of 'ne(H]lasms. 
In gene ra l ,  chem(~therapy agents  induce  a substantial 
oxidati  ve s tress  m. 
Since many ant ieaneer agents can produce ox idat ive 
stress in I)icdogical sys tems ,  tile reactive ()xygen 
spec ies  gene ra t ion  d u r i n g  c h e m o t h e r a p y  might  inter-  
/~'re ~vith the e/ 'ficaey (d ' t i 'eal) l]ent  ~. For e x a m p l e ,  ox- 
idat ive s tress  inhib i t s  e h e m o t h e ) ' a p y - i n d l l e e d  apupto-  
s i s  I'-'. 15. 

O b e s i t y  a n d  c a n c e r  

Obesi ty  is a r isk  fac tor  fur breas t  c a n c e r  in pos t -me-  
) ] ( ) p a L ) S l t ]  ' W ( ) ) l l e ) l ,  n)ld obese  V V ( H I ] e ) ]  ) 'egal '(lless ill' 
t l ]eir tnem)pausa l  s ta tus  are  i)al ' t ieularly likely to 
have  metas ta t i c  breast  cttllcel" vchell they a re  |]l,sl. di- 
ngl losed,  and to have  a d i sease  wi th  a p(]'()l' ol)tetHlle. 
Inc reased  produet i (ul  (d' estr()g-ens assoc ia ted  with 
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Fig. 1. Breast cancer mortality in women by province. 

,)besity has been  c l a imed  to med i a t e  part of  these as- 
socia t ions .  Besides  es t rogens ,  hype r in su l i nen ] i a ,  as 

seen  in obesi ty ,  has  been  s h o w n  to be a r isk  fitctor for 

breast  c a n c e r  r e g a r d l e s s  o f  es t rogen  recei:)tm' status.  
Insulin exer t s  a mi togen ic  ell'eel on both mwmal  and 

neuplas t ic  breast  ep i the l ia l  cells,  and the h y p e r i n s u -  
l inemia  and the insul in  res i s tance  s y n d r o m e  are  l ike- 
ly cand ida t e s  For a m e c h a n i s m  by vvllich obesi ty  af- 

fects breas t  c a n c e r  r isk 0.1v.I prugl losis .  
A )'ece)lt stLidy has sllo~.v)] that o v e r w e i g h t  ntld L)ll- 
dervvei~,ht ch i ld ren  and ado le scen t s  witll acu te  
m y e h d d  l eukemia  were  less likely to s u r v i v e  than pa-  

t ients �9 with RMI in the 11 th thnul~',h 94 n' percent i les .  
[llFeri(u" sLzrvival in both ex t r en le  BMI gr(mps was  at- 
tribLJtable t(J ear ly  t r ea tmen t - r e l a t ed  morta l i ty ,  and 

t r ea tmen t - r e l a t ed  rnru'tality was  most ly  /'r(Ull in | 'ec- 

lion. '] 'his v,as  the first s tudy to s h o w  exces s  mor ta l i ly  
in over 'weight  pedia t r ic  cance r  pa t ien ts  z4". In most  
adult  cance r s ,  oversveigl ' | t  pa t ients  have  exeess  can-  
cer - re la ted  death  r a lhe r  than dea lh  I'ron] e x c e s s i v e  

toxicity I~ms. 

B.egulat ion  o f  g, e n e  e x p r e s s i o n  m e d i a t e d  b.v filtty 
ac id s  

Altllmt~h it has been as sun led  thai ~,ene express i (m is 
not ail"ected direct ly by nutrients, in contrast to hm'- 
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lllones, growth factors and cyt(~kines ~r, it has recently 
been described that lipids can regulate gene expres- 
sion "s, and also the expression of oncogenes "). These 
direct effects of clietary fats on gene expression open 
tile door to a whole new line of research. Fatty acids 
interact with the human  g.enome by regulat ing the 
activity (,r the a mount  of transcription lhctors such as 
PPAR alfa, beta anti g.amma, or tile sterol response el- 
ement binding' protein (SREBP) 2~176 
A recent report describes thai n-5 PUb'As can inl- 
prove tile efficacy of t reatment  and ameliorate tile 
quality of lit> of cancer patients e~. 'We haxe reported 
several in ritro studies in which the elt]eacy of 
chemotherapy can be synergistically improved ex- 
perimental ly by adding' laity acids 2*-2r. Oleic acid can 
decrease the expression of c-fos and cox-2 2s, PGb; ~,e", 
can enhance  apoplosis ~~ and increase phoslalidyli- 
nosilol 5 kinase in cancer cell lines. Recently pub-  
lished experiments  fl'om our laboratory show that 
oleic acid recluces the lexels oFtlle HER2 oncog'ene 
and increases the ant icancer  elI'ect of the anti-HER2 
monoch)nal  anlibocty t ras tuzunlab hs. 

O l i x e  oil, oleic acid a n d  c a n c e r  

Tile relationship between the (dive oil intake and 
cancer risk has become an issue for h u m a n  health. 
Difl'erent studies have shown that the c(msulnption of 
(dive oil may haxe a potential role in lowering the 
risk of lnal igna nt neopla sins, esp ecially b feast can cer 
(s tonlach,  ovary ,  colon and endon le t r i t l l n  c a n c e r  
too) "il4~ However, the mechan i sms  by which the ef- 

fects of olive oil can be perf(.,rnled are not well under-  
stood. One of the remain ing  concerns,  bef'ore g.oing. 
fi)r a cat, sal interpretat ion of the inverse relation be- 
tween olive oil intake and cancer  risk, is to definitely 
establish whether  the olive oil-related ant i -cancer  el: 
Dots can I)e explained th rough either the mon()unsat-  
urated fatty acid (MUFA) content  (i.e., high levels of 
the (0-9 MUFA oleic acid) or the anl ioxidant  compo- 
nents of the u nsaponifia hie fraction*L 
Since cancer development  and progression is be- 
lieved to be a multi-step process involving tile ex- 
pression of several oncogenes, we recently hypothe- 
sized that a novel naolecular explanation concerning 
the ant i -cancer  actions o|" olive oil may relate to the 
ability of oleic acid (OA; 18:In-D) to specifically regu- 
late cancer-related oncogenes such as HF, R2 ~*'-'. 

H ER2(erbB-2) o n c o g e n e  a n d  c a n c e r  

At present,  tile HER2 oncogene (also called neu and 
erbB-2) represents one of the most commonly  ana-  
lyzed oncogenes in breast cancer  studies. HER2 
codes lbr a t r a n s m e m b r a n e  tyrosine kinase orphan 
receptor p185 HER2 that regulates biological functions 
as diverse as cellular proliferation, t ransformation,  
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differentiati(m, motility and apopt(~sis **-*'~. Therefi)re, 
modulat ion of HER2 levels must  be tightly regulated 
for normal  cellular  function. Accordingly, in vitro 
and an imal  studies clearly demonstrate  that deregu- 
lated HEIq.2 overexpression plays a pivotal role in 
mal ig l l an t  I ransf 'ornlal ion,  t u m o r i g e n e s i s  and me tas -  
tasis. For instance, HER2 gene amplification alld 
overexpression occurs ill -- 50% of breast carc inomas 
and is ass(related with unfavoral)le clinical outcome 
and resistance to some chemo- and endocr ine- thera-  
pies*7-55. 

On the offmr hand, HER2 also represents a successful 
therapeulic target of tile biotechnology era as exem- 
plified by tile drug t ras tuzumab (Hercept in")  5~. Tras- 
tuzunaab is a humanized  mon()clonal antibody binct- 
ing with high afthlity t(, tile ECD o1"p185 no:"2 that has 
clinical activity ill a subset  of Her-2/neu-overexpress- 

ing breast cancer patients, tiros c(mfirming the active 
role of HER2 in the aggressive behavior  of breast 
Callcer d i sease  57-50. H o w e v e r ,  the benet] ts  of  t ras tuzu-  

mab are modest and usually do not represent a cure. 
Mt)reover, not all Her-2/neu-overexpressing cancer 
tumors respond to treatment with trastuzumab and its 
clinical benefit is limited by the fact that resistance 
develops rapidly in virtually all treated patients(~~ 
Unfortunately, there are no data concerning strateg.ies 
able to sensitize breast cancer cells to the growth-in- 
hibitory activity of trastuzumab. 
XYe recently observed, to the best ()1" our  knowledge 
for tile first tinae, that OA, tile main MUFA of olive oil, 
specifically suppresses HER2 overexpression,  which, 
in turn,  interacts synergistically with anti-HER2 im- 
n lunotherapy by promot ing  cell death of cancer cells 
with amplification of the HER2 gene "~. Vfe now sum-  
nlar ize  ou r  obse rva t ions .  

E X O G E N O U S  S U P P L E M  E N T A T I O N  W I T H  OA 
D O ~ V N - R E G U  L A T E S  H E R 2 0 N C O G E N E  
E X P R E S S I O N  

To assess the effects of 'OA on HER2 expression we 
used BT-474 and SK-Br5 lmman breast cancer  cells, 
two in vitro models that natural ly exhibit HER2 gene 
amplification and are Her-2/neu-depenclent6L Using 
flow cytometry, i n ln l t lnob lo t t ing  and i m m u n o t ] t l o r e s -  
cence microscopy techniques we found a significant 
decrease of p l85 HF'w2 expression levels (56% to 460/0 
reduction when comparecl to untreated control cells) 
folhm'ing a 48 h incubat ion period with physiological 
concentrat ions (10 l-tiM) of exogenously supplemented 
OA (fig'. 2A). Remarkably,  this dox~ n-regulatory eft~ct 
was comparable  to that tbund following exposure to 
optimal concentrat ions of the anti-HER2 antibody 
h'astuzunaab (up to 48% reduction at 20 Hg/ml trastu- 
zumab;  fig. 2A). Moreover, the concurrent  combina-  
tion of OA and trastuzunaab redu ted p 1 85 HER2 expres- 
sion more than when either agent was achninistered 
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Fig. 2. Effects of exogenous supplementation with OA on p185 Her2/neu concentrations in human bre- 
ast cancer cells bearing Her-2/neu gene amplification. A) To assess the effects of OA treatment on 
Her-2/neu expression, BT-474 (left panel) and SK-Br3 (right panel) breast cancer cells, following a 24 
h starvation period in media without serum, were incubated for 48 h with 0.5% BSA FA-free BSA 
(controls = 100%) or 10 HM OA complexed to BSA in low-serum (0.1% FBS) conditions.The cell sur- 
face-associated expression of Her-2/neu-coded p185 Her'21neu oncoprotein was then determined by 
measuring the binding of a mouse monoclonal antibody directed against p185 Her2meu using flow cy- 
tometry techniques as described elsewhere ~3. B) To assess whether OA co-treatment may enhance 
the well-known down-regulatory actions of trastuzumab on Her-2/neu expression 42,4a, cell surface- 
associated p185 Her-2/nou was measured by flow cytometry following treatment of BT-474 (left panel) 
and SK-Br3 (right panel) cells with sub-optimal doses of trastuzumab (5 Hg/ml) and/or OA (5 DM). 

alone (fig. 2B). These findings clearly demonstra te  
thai CA, similarly to t rashizumab,  selectively dc>wn- 
regulates p185 HER~ overexpress ion in breast cancer  

cells ha rbo r i ng  ampl i f i ca t ion  of`the HER2 onctlgene. 

EXOGENOUS SUPPLEMENTATION %YITH OA 
REGU LATES TH E ACTI~i~kTION STATUS 
OF P 185 H ~:u-~/,,~,, 
The activation status of  H e r - 2 / n e u ,  and not just its 
overexpression,  is a crucial event  that de termines  
both the aggressive biological behavior  of  breast car- 
c inomas and the i r  response to c l lemot l le rapy ,  ant i-es- 

h'ogens and the anii-HP, R2 ant ibody l ras tuz t lmab t~*,a~. 
HER2 act ivat ion seelns to ocoul" as a consequence  of, 
proteolylic cleavage (if its extraeelhihu" doma in  

(EC[)),  thereby rest l l l i  n g in lhe p rod uot ion of  l r t ln  eal- 
ed n lembrar ie -bour id  t ' raginenl w i t h  kinase act i~i ly,  a 
key event  for down-st reanl  aclivalion of ' the prolif`era- 
live and ani i-apoptot ic- transduction cascades Ras 
R a f ~  MEKl/2  ~ MAPK E R K 1 / 2  and Pl-5'K ---) ANT, 
respectively. In this regard, exogenous  supplementa-  

tion w i t h  OA was found to s ign i f icant ly  enhance the 
abi l i ty of  h 'as iuzunlab to h lh ib i t  Her-2/ / leu-dependenl  
hyperact iva i ion  (if" M APK EBK 1/2 and AKT is. More-  

over, w h e n  we assessed the effects ot' CA in HEB.2 
ECD concentrat ion,  exposure oF BT-474, cells to 10 
IJM OA reduced HER2 ECD levels by 510/o, while OA- 

treated SK-Br5 cells denlonstrated a less pronounced,  
but s igni f icant  58% reduct ion rehit ive to untreated 
controls .2 (fig. 5), 
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Fig. 3. Effects of exogenous supplementation with OA on 
the activation status (ECD concentrations) of p185 H~ 
in human breast cancer cells bearing Her.2/neu gene am- 
plification. To assess the effects of OA on Her-2/neu ECD 
concentration, BT-474 (left panel) and SK-Br3 (right panel) 
breast cancer cells, following a 24 h starvation period in 
media without serum, were incubated for 48 h with 0.5% 
BSA FA-free BSA (controls = 100%) or 10 pM OA comple- 
xed to BSA in low-serum (0.1% FBS) conditions. For deter- 
mination of Her-2/neu ECD levels, a human Her-2/neu quan- 
titative ELISA (Her-2/neu Microtiter ELLS& Oncogene 
Science) was used according to the manufacturer's ins- 
tructions. 
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EXOGENOUS S U P P L E M  ENTATION ~u OA 
SYNERGISTICALLY E N H A N C E S  
THE G ROVCTH-I N H 1B ITORY ACTIVITY 
OF TH E ANTI-H ER2 ANTIBODY 
TRASTUZUMAB ( H E R C E P T 1 N  TM) 

In the light of the abcwe results, we hyp(~thesized that 
exogenous supplementat ion with OA may enhance  
the efficacy of t ras tuzumab towards H e r - 2 / n e u - o v e r -  

expressing breast cancer  cells. As expected, the in- 
crease in t rastuzumab-i  nduced inhibitit ,n of cell pro- 
liferation with the concomitant  addition of OA over 
that of t ras tuzumab itself" was statistically significant. 
The most signiticant changes were seen in BT-474 
cells, in which co-exposure to 10 plXl OA increased by 
40 times the cytotoxic activity of t ras tuzumab ~s. For 
SK-Br5 cells, OA co-treatment enhanced by 27 times 
tile efficacy of trastuzunlab'S. Remarkably,  H e r - 2 / n e u -  

induced anchorage- independent  growth in soR-gar, 
which is considered to be an  in v i t ro  property closely 
associated with the ability of colonization of metastat- 
ic tumor  cells at a distant site, was cmnpletely abol- 

ished following co-exposure to OA and t ras tuzumab is. 
~,hen we finally assessed if the synergistic interac- 
lion between OA and t ras tuzumab represented cell 
death, there was an impressive increase in apoptosis 
when Her-2/neu-overexpressing breast cancer cells 
were treated s imul taneously  with I)oth agents ts. 

i M P H C A T I O N  S 

The strongest evidence that MUFAs such as OA may 
influence breast cancer risk comes fi'om studies of  

southern European populations,  in whom intake of' 
OA sources, part icularly olive oil, appears to be pro- 
tective. However, little is known about tile ult imate 
bicmhemical and cellular pathways through which 
OA may m(~dulate breast cancer development  and/or  
progression. Our recent findings demonstrating that 
OA can repress HER2 oncogene overexpression rep- 
resent a previously unrecog.nized mechanism through 
which the main  MLIFA of olive oil may reguhtte both 
the etiology and the aggressive behavior  of breast 

Human Her-2/neu promoter ZONAB PEA3 regulatory site 

OAI O EnhancedHer-2/neugenetranscription 

Repressed Her-2/neugenetranscription 

Human Her-2/neu promoter 

-217 -30 TATA 

ZOHAB 

Fig. 4. Working model of OA-regulated Her-2/neu gene expression via up-regulation of the Her-2/neu 
transcriptional repressor PEA3. Although overexpression of Her-2/neu both in tumors and in deri- 
ved cell lines was originally attributed solely to amplification of the erbB-2 gene (usually 2- to 10- 
fold), an elevation of Her-2/neu mRNA levels per gene copy is also observed in all the cell lines exa- 
mined exhibiting gene amplification 44. Indeed, an increase in transcription rate sufficient to account 
for the degree of overexpression has been shown in a number of Her-2/neu-overexpressing breast 
cancer cell lines. Recent experiments in our laboratory established the ability of OA to specifically 
repress the transcriptional activity of the human Her.2/neu gene promoter in tumor-derived cell li- 
nes naturally exhibiting Her-2/neu gene amplification and overexpression (SK-Br3 breast, SK-OV3 
ovarian and NCI-N87 stomach cancer cells) but not in cancer cells expressing physiological levels 
of Her-2/neu (data not shown). OA treatment was also found to induce the up-regulation of the Ets 
protein PEA3 (a transcriptional repressor of Her.2/neu promoter), solely in Her-2/neu-overexpres- 
sing cancer cells, whereas a Her-2/neu promoter bearing a PEA3 site-mutated sequence was not 
subjected to negative regulation by OA (data not shown). These findings, altogether, strongly sug- 
gest that OA-induced formation of inhibitory ,PEA3 protein-PEA3 DNA binding site,, complexes at 
the human Her-2/neu promoter may represent a novel genomic explanation l inking, Mediterranean 
diet,,, olive oil and cancer as it seems to equally operate in various types of Her-2/neu-related hu- 
man cancer cells including breast, ovarian and stomach. 
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c a n c e r .  \ Y e  f ( m n d  t h a t  e x o g e n < m s  s t i p l ) l e n l e n t a t J t m  

w i t h  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  o f  O A  s i g n i f i c a n t l y  

down-regulates the expression levels <+if Her-2/neu- 
coded p185 HER'' oncoprotein in BT-474 and SK-Br5 
cells, two human breast cancer models  naturally 
bearing amplification of  the HF, R2 oncogene.  Since 
he) toxicities have been rep(irted or suspecled with 
OA, it is reasonable to suggest that supplementat ion 
with OA may represent a promising dietary interven-  
tion for the prevention and/or  managemen t  of Her- 
2/neu-overexpress i l ]g  breast carcinonlas.  Moreover, 
(mr current  findings suggest fttrther that dietary in- 
terventions based ()n OA may be even more benefi- 
cial when  given in combinat ion  with novel therapies 
directed against HER ~ such as the monoch)nal  anti- 
body t ras tuzumab (Herceptinr"~). 
The l indings that we have shown have generated an 

intense public interest as they could be helpfill in the 
design o|'filture epidemi(dogical studies and, eventtlally, 
dietmw COLtnseling to delay or prevent trastuzumab re- 
sistance in Her-2/neu-pc)sitive breast cancer patients muir. 
T W O  i 1 ] a i l l  i s s u e s ,  h o w e v e r ,  r e l l l a i l l  t o  b e  a d d r e s s e d :  

which is the ultimate molecular  mechanism linking 
tumor cells' response to OA and HER2 oncogene ex- 
pression, a n d  whether  the ability ot'OA to down-regu- 
late HER2 is a c o m m o n  mechanism o|'OA's action to- 
wards other types of cancer or it is restricted to breast 
cancer. The specific mechanism throu~-h which OA 
molecularly modulates HER2 expression certainly 
merits further investigation. Preliminary results in our 
laboratory strongly suggest that OA exposure signifi- 
canl]y reduces the transcriptional activity of HER2 
gene by up-regulating the expression of the Ets protein 
Polyomavirus la;nhancer Activator 5 (PEAS) -a  DNA- 

binding protein that has been shown to inhibit Her- 
2/neu-pr(mmted tumorigenesis  by blocking HER2 pro- 
moler activity (*a(m- in SK-BrS, SK-O\5 and NCI-N87 
I)reast, ( - ) v a r i a l l  a n d  s t o m a c h  ctlncer cell lines, respec- 
tively (data not shown; fig. 4). 

C O N C L U S I O N  

The previously unrecognized ant i -HER2 properties of 
OA will  help its to understand the ultimate molecular  
m e c h a n i s m s  by which  individual FAs such as OA 
may regulate the mal ignant  behavior of cancer cells. 
Moreover, they may be helpfifl in the design of['ttlure 
epidemiological  studies and, e~entually,  dietary 
coun se ling to m anage H er-2/neu-overexp ressing ca r- 
cin()mas. Although caution mLtst be applied when  ex- 
trapolating in r i t ro  resu Its into clinical practice, ou r 
current  tinding's also reveal a valuable approach to 
delay or prevent h 'as luzunlab resistance in Her- 
2/neu-positive cancer because: a) Exogenous  supple- 
reel]ration with OA diminishes  the proteolytic cleav- 
age ()t'the HER2 ECD, a crucial event de termining  
cancer cell response to trastuzunaab*'-'. (+5 and b) OA 
appears to mitigate HER2 overexpression r ia  PEA5 
binding to the HER2 promoter  (fig. 4), a mechan i sm 
of action that shc)uld not be aft~'cted by the mechani sins 
of resistance recently described for trastuzumab-based 
anli-HER2 immunotherapy ~".r~ Nevertheless, it is rea- 
sonable to suggesl that OA-induced transcriptional re- 
pression of HER2 oncogene  may represent a novel  
genomic  explanation l inking Mediterranean diet, 
olive oil and cancer  as it seems to equally operate in 
various types of Her-2/neu-related h u m a n  cancer 
cells it] eluding breast, ova ria n an  d stoma oh. 
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