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OestrogensOestrogens protectprotect women women againstagainst atherosclerosisatherosclerosis and and 
cardiovascularcardiovascular diseasesdiseases beforebefore the the ageage ofof menopause.menopause.

AfterAfter menopause the menopause the cardiovascularcardiovascular riskrisk ofof woman woman becomebecome
progressivelyprogressively closercloser toto thatthat ofof menmen, , renforcingrenforcing the the hypothesishypothesis ofof
anan atheroathero--protectiveprotective effecteffect ofof oestrogensoestrogens..

OestrogensOestrogens and and sexsex --specificspecific effectseffects

MeyerMeyer MR MR etet al., 2006al., 2006



OestrogensOestrogens

OestrogensOestrogens play play anan importantimportant protectiveprotective rolerole on the on the 
vascularvascular systemsystem, , exertexert theirtheir vasoprotectivevasoprotective propertiesproperties byby
increasingincreasing production production ofof nitricnitric oxideoxide and and reducingreducing the the 
production production ofof reactivereactive oxideoxide speciesspecies byby endothelialendothelial cellscells..

EndothelialEndothelial cellcell layerlayer isis a a directdirect
target target forfor thesethese hormoneshormones and and 
express at express at leastleast 2 2 oestrogenoestrogen
receptorsreceptors, , ERER--�� andand ERER--�� ..



Normal

Mild
atherosclerosis

Severe  
atherosclerosis

Endotelial
disfunction

artery

OestrogensOestrogens and and endothelialendothelial effectseffects

EndotheliumEndothelium representrepresent a major target a major target forfor oestradioloestradiol, , increasingincreasing NO and NO and 
prostacyclinprostacyclin production.production.

The The endothelialendothelial effecteffect ofof oestradioloestradiol couldcould representrepresent oneone key key mechanismsmechanisms
ofof the the atheroprotectiveatheroprotective effecteffect ofof oestradioloestradiol. . 

ArnalArnal JF JF etet al., 2007al., 2007



EndothelialEndothelial ProgenitorProgenitor CellCell (EPC)(EPC)

EPCEPC are a subset are a subset ofof bonebone marrowmarrow--derivedderived pluripotentpluripotent stemstem cellscells withinwithin
the the peripheralperipheral bloodblood capablecapable ofof differentiationdifferentiation intointo endothelialendothelial cellscells..
MarkerMarker: CD34+, CD133+, : CD34+, CD133+, KDR+KDR+



Hill JM et al. N Engl J Med. 2003;13:593-600.

Endothelial Progenitor CellsEndothelial Progenitor Cells
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Stromal Cells

Pluripotent Stem
Cell CD34

Hemangioblast

CD34  

Progenitor
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VEGF
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Distinguishing the Populations

JCO 2006; 24 (9): 1449-1453

Progenitors:

CD31+CD45dimCD34++AC
133+

Circulating ECs:

CD31++CD45-
CD34dimAC133-
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Advanced age

Low left ventricular ejection fraction

Low levels of EPCs

The only independent predictors of death from 

cardiovascular causes



HormonalHormonal cyclecycle

EndometrialEndometrial cyclecycle

EPC ??EPC ??



EPC in EPC in menstrualmenstrual cyclecycle

CD34+, CD133+, CD34+, CD133+, KDR+KDR+ cellscells show a strong show a strong increaseincrease duringduring
the the ovulationovulation ((estrogenicestrogenic spikespike ))

SubjectsSubjects

NormalNormal femalesfemales: 10: 10

MenopausalMenopausal femalesfemales: 10: 10

MalesMales: 50: 50

HypogonadicHypogonadic malesmales: 11: 11
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EPC in EPC in menstrualmenstrual cyclecycle

SubjectsSubjects

NormalNormal femalesfemales: 10: 10

MenopausalMenopausal femalesfemales: 10: 10

MalesMales: 50: 50
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EPC in EPC in menstrualmenstrual cyclecycle

SubjectsSubjects

NormalNormal femalesfemales: 10: 10

MenopausalMenopausal femalesfemales: 10: 10

MalesMales: 50: 50

HypogonadicHypogonadic malesmales: 11: 11

F
O

LL
IC

U
LA

R

M
E

N
O

P
A

U
S

E

M
A

LE

H
Y

P
O

G
O

N
A

D
A

L 
M

E
N

0
10
20
30
40
50
60
70
80
90

C
el

ls
/m

il 
o

f M
N

C

EPC (CD34+/CD133+/KDR+)

*
*

**:p<0.001



EstradiolEstradiol and EPCand EPC

EPC EPC modificationsmodifications duringduring the the menstrualmenstrual cyclecycle correlate correlate withwith 1717--beta beta 
estradiolestradiol plasmaticplasmatic concentrationsconcentrations
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OestrogenOestrogen receptorsreceptors

ERER--�� and and ERER--�� are are 
productedproducted byby distinctdistinct
genesgenes and share a and share a 
relativelyrelatively high high degreedegree ofof
homologyhomology in the in the DNADNA--
bindingbinding (95%) and (95%) and ligandligand--
bindingbinding (55%) domain. (55%) domain. 

ERER--�� and ERand ER--�� are are expressedexpressed on mature on mature endothelialendothelial cellscells
and and havehave a a rolerole in in mediatingmediating vascularvascular physiologyphysiology..



RoleRole ofof oestrogenoestrogen receptorsreceptors

RecentRecent studiesstudies, , usingusing a a varietyvariety ofof single and single and doubledouble ERER--�� and ERand ER--��
knockout knockout micemice, , havehave suggestedsuggested thatthat theirtheir activationactivation leadsleads toto
differentdifferent physiologicalphysiological effectseffects..

ERER--�� mediatesmediates the the effectseffects ofof
oestrogensoestrogens in the vessel in the vessel wallwall, , 
includingincluding accelerationacceleration ofof rere--
endothelializationendothelialization, , increaseincrease ofof
endothelialendothelial nitricnitric oxideoxide (NO)(NO)
production and production and modulationmodulation ofof
the the responseresponse toto vascularvascular injuryinjury
((IwakuraIwakura etet al., 2006al., 2006).).

The The rolerole ofof ERER--�� on on vascularvascular
physiologyphysiology seemsseems toto bebe relatedrelated
toto the the controlcontrol ofof bloodblood
pressurepressure. . ERER--betabeta seemsseems toto
mediate the mediate the gender gender 
differencesdifferences’’ protectionprotection forfor
cardiovascularcardiovascular diseasesdiseases ((ZhuZhu
etet al., 2002al., 2002).).



ER in ER in EndothelialEndothelial ProgenitorProgenitor CellsCells (EPC)(EPC)

OneOne ofof the the mechanismsmechanisms byby whichwhich oestrogensoestrogens influenceinfluence rere--
endothelializationendothelialization seemsseems toto bebe a a directdirect effecteffect on on mobilizationmobilization and and 
proliferationproliferation ofof bonebone--marrowmarrow EPCsEPCs and and theirtheir incorporationincorporation intointo the the 
recoveringrecovering endotheliumendothelium at the site at the site ofof injuryinjury ((IwakuraIwakura etet al., 2003al., 2003).).



ER in ER in EndothelialEndothelial ProgenitorProgenitor CellsCells (EPC)(EPC)

RTRT--PCR PCR analysisanalysis ofof ERER--�� and ERand ER--�� expressionexpression in EPC in manin EPC in man

Foresta C et al., 2007



ER in EPCER in EPC

Western Western blotblot analysisanalysis ofof ERER--��
expressionexpression in EPC in manin EPC in man

ImmunohistochemistryImmunohistochemistry on EPC  on EPC  
in man in man performedperformed usingusing ERER--��
antibodyantibody

A: Negative A: Negative controlcontrol
BB--D: D: EPCsEPCs show a strong show a strong 
stainingstaining forfor ERER--��

Foresta C et al., 2007



ERER--alphaalpha in EPCin EPC

RealtimeRealtime ofof ERER--alphaalpha gene gene performedperformed on on inin--vitrovitro colturedcoltured EPC EPC fromfrom man man 
and woman and woman 

ERER--alphaalpha isis wellwell expressedexpressed bothboth in male and in male and femalefemale
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ERER--betabeta in EPCin EPC

RealtimeRealtime ofof ERER--betabeta gene gene performedperformed on on inin--vitrovitro colturedcoltured EPC EPC fromfrom man man 
and woman and woman 

ERER--alphaalpha isis littlelittle expressedexpressed bothboth in male and in male and femalefemale
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ERER--alphaalpha in EPCin EPC

Blu: Blu: nucleusnucleus

Red: Red: ERER--alphaalpha

ERER--alphaalpha isis uniformelyuniformely
expressedexpressed in EPCin EPC

CD34+ CD34+ cellscells, , selectedselected byby CD34CD34--beads, positive beads, positive forfor ERER--alphaalpha



ERER--betabeta in EPCin EPC

Blu: Blu: nucleusnucleus; Red: KDR; Green: ; Red: KDR; Green: ERER--betabeta; Yellow: ; Yellow: mergedmerged

nucleusnucleus

ERER--betabeta

KDRKDR

mergedmerged

EPC (CD34+, EPC (CD34+, KDR+KDR+), ), selectedselected byby CD34CD34--beads, positive beads, positive forfor ERER--betabeta

ERER--betabeta isis expressedexpressed in in 
a low a low numbernumber ofof EPC EPC 



ER ER stimulationstimulation in EPCin EPC

EPC EPC colturedcoltured in vitro and in vitro and stimulatedstimulated byby EstradiolEstradiol forfor 2424--4848--72h: si vede 72h: si vede 
comparsa di comparsa di ERER--betabeta (figura (figura cDNAcDNA))

ERER--betabeta isis expressedexpressed afterafter 48 h 48 h ofof simulationsimulation
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ER in EPCER in EPC

OestrogenOestrogen--stimulatedstimulated wellswells showedshowed a a significantsignificant increaseincrease in in cellcell
populationpopulation and and numbernumber ofof coloniescolonies comparedcompared toto controlscontrols, in a , in a dosedose--
dependantdependant mannermanner

Foresta C et al., 2007
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WhatWhat ’’s happen in male?s happen in male?
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PCs in Hypogonadic beforeand                          
after 6 months testosterone gel treatment (50 

mg)

Controls PCs Basal PCs Testosterone  PCs

Cells/Mln
MNC
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Ubiquitous AR Expression (in 
particular on CD34-positive cells
Precursors of EPCs)

AR is strongly expressed by endothelial 

cells lining the walls of blood vessel
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Western-blot of AR expression
in EPCs
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IHC of cultured EPCs for AR
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Laser Confocal Microscope 
of cultured EPCs for AR

��



Functional capacity evaluation of circulating 
endothelial progenitor cells (EPC)

Number of colony-forming units(CFU): 

Marker of the clonogenic potential of formerly circulating EPC

40X 100X



*P< 0.05 and **P<0.001 with respect to controls.

CFU assay of EPC in controls and in presence of CFU assay of EPC in controls and in presence of 
R1881 at serial concentrationR1881 at serial concentration
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