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Estrogen leads to vasorelaxation



NO has a significant effect on 
vascular smooth muscle tone and
blood pressure - it is a  vasodilator.

NO protects against thrombosis and
atherogenesis (through the inhibition
of proliferation and migration of
vascular smooth muscle, and
inhibition of platelet aggregation).

NO may have an additional
inhibitory effect on blood coagulation
by enhancing fibrinolysis.

NO reduces endothelial adhesion of monocytes and leukocytes, due to the inhibitory effect of NO on 
the expression of adhesion molecules on the endothelial surface. 

NO may act as an antioxidant, blocking the oxidation of low-density lipoproteins and thus preventing
or reducing the formation of foam cells in the vascular wall. 



NeuroprotectiveNeuroprotective effectseffectsofof estrogensestrogens

EvidenceEvidenceinin vivitrtr oo

* * EstrogenEstrogenss inin vitrovitro upregulateupregulate expressionexpressionofof differentdifferent neurotrophicneurotrophic factorsfactors andand theirtheir
receptorsreceptors(e.g. (e.g. BDNFBDNF –– brainbrain derivedderived neurotrophicneurotrophic factorfactor, , NGFNGF –– neuroneneuronegrowthgrowth factorfactor)). . 

* * EstrogenEstrogenss increaseincrease expressionexpression ofof structuralstructural proteinsproteins ofof neuronsneurons ((proteinsproteins inin
neurofilamentneurofilamentss andand microtubulesmicrotubules, , TAU, GAP43TAU, GAP43 –– proteinsproteins necessarynecessaryfor for growthgrowth ofof axonsaxons))
andand activationactivation ofof nNOSnNOS. . 

* * HyperHyperphosphorylationphosphorylation ofof TAU TAU leadsleads to TAU to TAU dysfunctiondysfunction andand isis one one ofof thethe basicbasic
pathogenicpathogenic mechanismsmechanismsinin Alzheimer Alzheimer diseasedisease.. BothBoth inin vitrovitro andand inin vivo vivo thethe kinasekinase whichwhich
phosphorylatesphosphorylatesTAU TAU ((glycogenglycogenkinasekinase33ββββββββ, , GSK3GSK3ββββββββ) ) isis inhibitedinhibited by by estrogensestrogens..



Estradiol in the brain:

- induces the association of ERαααα with
IGFR

- increases IGFR phosphorylation

- modulates interaction between ERαααα
and p85 (PI3K)

- increases Akt phosphorylation

- decreases GSK3ββββ thereby decreases
Tau phosphorylation

- increases interaction of p85 and
ββββcatenin with Tau.

nNOS

NO



EvidenceEvidencein vivoin vivo

-- Rat Rat femalesfemalesareare much less much less sensitivesensitiveto to brainbrain ischemia, trauma ischemia, trauma oror somesomeneurotoxinsneurotoxins thanthan
malesmales. . AlsoAlso inin humanhuman thethe frequencyfrequency ofof strokestroke andand reperfusionreperfusion injuryinjury isis much much rarerrarer inin
premenopausalpremenopausalwomenwomenthanthan inin men men atat thethe same same ageage. . 

-- ExpressionExpression ofof aromatasearomatase andand productionproduction ofof estrogensestrogens isis inducedinduced inin thethe glialglial cellscells inin
responseresponseto to injuriesinjuries .  .  

-- EstrogenEstrogenss delivereddelivered justjust beforebefore oror soonsoonafterafter ((upup to 3 h) to 3 h) afterafter trauma trauma isis neuroprotectiveneuroprotective
((data data fromfrom ratsrats).).

-- EstrogenEstrogenss reducereducereperfusionreperfusion inducedinduced brainbrain injuryinjury via:via:
* upregulation * upregulation ofof Bcl2.Bcl2.
* upregulation * upregulation ofof caspasecaspaseinhibitorsinhibitors ..

-- EstrogenEstrogenss cancan actact as a as a neuronalneuronal growthgrowth factorfactor.. Rat Rat femalefemale havehave moremore newnew formedformed
neuronsneurons inin hippocamphippocamp thanthan malesmalesatat thethe same same ageage. . 

NeuroprotectiveNeuroprotective effectseffectsofof estrogensestrogens

inhibitioninhibition ofof apoptosisapoptosis



ClinicalClinical andand epidemiologicalepidemiologicalevidenceevidence

-- DecreaseDecreaseinin estrogen estrogen levellevel leadsleadsto to decreasedecreaseinin verbalverbal memorymemory

-- NeurogenerativeNeurogenerativediseasesdiseaseshavehave lowerlower frequencefrequence, , laterlater timetime ofof onsetonset, , slowerslower progressionprogression, , 
andand betterbetter prognosesprognoses inin premenopausalpremenopausal womenwomen thanthan inin men. men. AfterAfter menopausemenopausethesethese
differencesdifferencesdisappeardisappear..

-- ProteProtectivective effecteffect ofof estrogensestrogensinin premenopausalpremenopausalwomenwomenwas was proposedproposedinin::
* * sscchizohizophphrenireniaa
* A* A lzheimer lzheimer DDiseaseisease(AD)(AD)
* Parkinson * Parkinson DiseaseDisease(PD)(PD)
* * StrokeStroke

-- PossiblyPossibly, , lowlow levelslevelsofof estrogen estrogen cancan be a be a riskrisk factorfactor inin AD, AD, whilewhile high high expressionexpressionofof one one ofof
ERERββββββββ isoformisoform maymay playplay a a protectiveprotective role. Data, role. Data, howeverhowever, , areare stillstill not not conclussiveconclussive. . 

NeuroprotectiveNeuroprotective effectseffectsofof estrogensestrogens



Estrogen'sEstrogen'srole role inin memorymemory maymay be be duedue to to itsits effecteffect on on thethe tinytiny knobsknobs calledcalled spinesspinesthatthat
protrudeprotrude fromfrom a a neuron'sneuron's dendritesdendrites. . SpinesSpinesareare formedformed atat thethe sitesite ofof connectionsconnections
betweenbetweenneuronsneurons. . 
TheThe imagesimagesdemonstratedemonstratethatthat estrogen estrogen resultedresulted inin a a twotwo--foldfold increaseincreaseofof thethe numbernumber ofof
spinesspinesinin rat rat embryoembryo brainbrain cellscellscomparedcomparedto to thosethosewithoutwithout thethe supplementssupplementsofof estrogen. estrogen. 

withwith estrogenestrogen withoutwithout estrogenestrogen



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

EffectEffect ofof estrogen on estrogen on hippocampalhippocampal neuronsneurons inin vitrovitro

CEECEE-- conjugatedconjugatedequineequineestrogen (estrogen (usedusedinin HRT) HRT) 



MechaniMechanismssmsofof neuroprotectiveneuroprotective activityactivity ofof estrogensestrogens::

GenomicGenomic((classicalclassical) ) pathwaypathway::

* Slow * Slow -- effectseffectsafterafter severalseveralhourshours

* * MediatedMediated by by ERERαααααααα andand ERERββββββββ

* ER * ER areare expressedexpressedinin differentdifferent cellscells ofof central central andand peripheralperipheral nervousnervous systemsystem. . In In thethe
brainbrain , , inin many many cellcell typestypes bothboth typestypes ofof receptorsreceptors areare coexpressedcoexpressed. . PossiblyPossibly bothboth areare
involvedinvolved inin neuroprotectionneuroprotection. . 

* * GenGeneseswithwith ER ER responseresponseelementselementsinin thethe promoterpromoter::
# # ooxitocinexitocine ((peptidepeptide hormonhormonee)), , apoEapoE ((neuroregenerationneuroregeneration, , clearenceclearenceofof ββββββββ--amyloidamyloid) ) 
# # somatostatsomatostatinin ((peptidepeptide hormonhormonee))
# BDNF# BDNF, NGF, , NGF, andand theirtheir receptorsreceptors
# TGF# TGFαααααααα (transforming growth factor(transforming growth factor --αααααααα))
# # IGFIGF --I (I (antianti--apoptoticapoptotic protein)protein)
# # BCLBCL --2 (2 (antantii--apoptotapoptoticic proteinprotein))
# # cholinecholine acetyltransferaacetyltransferasese((produproducescesAChACh))
# # tyrosinetyrosine hydrohydroxxylaylasese((produproducescesdopamindopaminee))

ERERαα -- amygdalaamygdala ERERββ -- cortexcortex



NonNon--genomicgenomicpathwaypathway (influence on (influence on otherother signalsignal transductiontransduction pathwayspathways):):

* * CanCan be be veryvery fastfast –– effectseffectsafterafter minutesminutes..

* * mediatedmediatedby:by:
# # activationactivation ofof adenylyladenylyl cyclase, cyclase, elevationelevationofof cAMP, cAMP, inductioninduction ofof PKA, CREB, PKA, CREB, andand APAP--11
# # elevationelevationofof CaCa2+2+ andand ststymulacja PLCymulacja PLC
# # activationactivation ofof PI3K PI3K andand Akt Akt kinaseskinases((ERERαααααααα maymay directlydirectly bind to bind to PI3KPI3K ))..
# # activationactivation ofof ERK1/2ERK1/2 ((survivalsurvival signalingsignaling)). . 
# # activationactivation ofof SrcSrc kinasekinase((andand therebythereby MAP MAP kinakinasesses). ). 

* * ActivationActivation ofof PI3K PI3K andand Akt Akt kinasekinase increaseincreaseactivityactivity ofof nNOSnNOS andand eNOSeNOS ((neuronalneuronal andand
endothelialendothelial nitricnitric oxideoxide synthasesynthase) ) –– itit cancan be one be one ofof thethe mechanismsmechanisms ofof neuroneuro-- andand
cardioprotectioncardioprotection..

* * InhibitionInhibition ofof NFNFκκκκκκκκBB attenuatesattenuatesinflammatoryinflammatory responseresponse

MechaniMechanismssmsofof neuroprotectiveneuroprotective activityactivity ofof estrogensestrogens::



NO NO inin thethe central central nervousnervoussystem:system:

-- NO NO isis anan importantimportant neurotransmitterneurotransmitter . . UnlikeUnlike
classicclassic transmitterstransmitters NO NO isis not not storedstored, but , but 
synthesizedsynthesizedon on demanddemand andand immediatelyimmediately diffusesdiffuses to to 
neighboringneighboring cellscells. NO . NO synthesissynthesis isis inducedinduced atat
postsynapticpostsynaptic sitessites inin neuronsneurons, most , most commonlycommonly uponupon
activationactivation ofof ofof glutamateglutamate receptor, receptor, whichwhich resultsresults inin
calciumcalcium influxinflux andand activationactivation ofof nNOSnNOS..

-- NO NO synthesizedsynthesizedpostsynapticallypostsynaptically maymay functionfunction as a as a 
retrograderetrograde messengermessenger..

-- NO NO playsplays a major role a major role inin thethe regulationregulation ofof synapticsynaptic
plasticityplasticity, , thethe processprocessofof synapsesynapsestrengtheningstrengthening thatthat
underliesunderlies learninglearning andand memorymemory..

http://www.abcam.co.jp/ps/datasheet/images/ab6175_1.jpg

NO NO inin thethe peripheralperipheral nervousnervoussystem:system:

-- NO NO actact as a mediator as a mediator ofof certaincertain nonadrenergicnonadrenergic, , noncholinergicnoncholinergic (NANC) (NANC) neuronsneurons. . 

-- NO NO isis a major mediator a major mediator ofof penilepenile erectionerection.. rat rat brainbrain -- nNOSnNOS



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroprotectiveNeuroprotective effecteffect ofof CEE CEE againstagainstglutamateglutamate--inducedinduced toxicitytoxicity
((HippocampalHippocampalneuronsneuronsculturedculturedinin vitrovitro))

platingplating thethecellscells

4 4 daysdays

supplementationsupplementationwithwith CEECEE

4 4 daysdays

exposureexposureto to glutamateglutamate(5 min)(5 min)

24 h24 h

analysisanalysis



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroprotectiveNeuroprotective effecteffect ofof CEE CEE 
againstagainstglutamateglutamate--inducedinduced toxicitytoxicity



AntioxidativeAntioxidative activityactivity ::

* Estrogen * Estrogen hashassimilarsimilar activityactivity to to vitaminvitamin E E andand maymay inhibitinhibit lipid lipid peroxidationperoxidation. . ThisThis effecteffect
isis independent independent ofof ER.ER.

* * EstrogenEstrogenss protectprotect neuronsneuronsagainstagainstOO22
--, , HH22OO22, , andand HOHO ••..

* * EffectiveEffective concentrationsconcentrations ofof estrogensestrogens to to obtainobtain antioxidativeantioxidative effecteffect areare withinwithin
micromolarmicromolar rangerange, much , much aboveabove physiologicalphysiological concentrationsconcentrations. . HoweverHowever, , thethe levellevel ofof
estrogensestrogensmaymay varyvary. . AlthoughAlthough usuallyusually thethe levellevel ofof estrogensestrogenscancan reachreach onlyonly lowlow nanomolarnanomolar
levelslevels, , locallocal accumulationaccumulation to to micromolarmicromolar concentrationsconcentrationscannotcannot be be excludedexcluded..

* * NoteworthyNoteworthy, , effectiveeffective concentrationconcentration ofof estrogensestrogens maymay be much be much lowerlower ((withinwithin
physiologicalphysiological rangerange), e.g. ), e.g. inin thethe presencepresenceofof glutathioneglutathione. . 

MechaniMechanismssmsofof neuroprotectiveneuroprotective activityactivity ofof estrogensestrogens::



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroproteictiveNeuroproteictive effecteffect ofof CEE CEE againstagainstHH22OO22--induced induced toxicitytoxicity
((HippocampalHippocampalneuronsneuronsculturedculturedinin vitrovitro))

platingplating thethecellscells

4 4 daysdays

supplementationsupplementationwithwith CEECEE

4 4 daysdays

exposureexposureto Hto H22OO22 (20 min)(20 min)

24 h24 h

analysisanalysis



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroprotectiveNeuroprotective effecteffect ofof CEE CEE 
againstagainstHH22OO22--induced induced toxicitytoxicity



Dhandapani KM and Brann DW Biol Reprod 2002.



Amyloid precursor protein cleavage by ββββ- and γγγγ–secretases leads to the 
production of amyloid-ββββ, the primary component of senile plaques in AD.

Spires and Hyman 2005



Jacobsen et al. 2005

The neuropathological steps of Alzheimer’s disease



GroupsGroups ofof drugsdrugs for for treatmenttreatment ofof AD:AD:

-- AcetylcholinesteraseAcetylcholinesteraseinhibitorsinhibitors (e.g. (e.g. tacrinetacrine, , donepenezildonepenezil, , galantaminegalantamine))

-- BlockersBlockers ofof NMDA NMDA receptorsreceptors -- major major excitatoryexcitatory glutamateglutamate receptorsreceptors inin thethe brainbrain (e.g. (e.g. 
memantinememantine))

-- Metal Metal chelatorschelators((disruptiondisruptionofof structurestructureofof amyloidamyloid--ββ). ). 

-- BACEBACE--1 (1 (ββ--amyloidamyloidsecretasesecretase--1) 1) inhibitorsinhibitors

-- IntrabodiesIntrabodies((singlesingle--chainchainantibodiesantibodies) ) blockingblockingthetheββ--secretasesecretasecleveagecleveagesitesiteofof APPAPP

-- γγ--secretasesecretaseinhibitorsinhibitors

-- activeactive oror passivepassiveimmunizationimmunization againstagainstββ--amyloidamyloid11--42 42 (not (not onlyonly slowerslower progressionprogressionbut but alsoalso
reductionreductionofof existingexistingplaquesplaques))



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroprotectiveNeuroprotective estrogensestrogensmodifymodify multiplemultiple
aspectsaspectsofof Alzheimer Alzheimer DiseaseDisease

-- decreasedecreasethethe generationgenerationandand toxicitytoxicity ofof ββββββββ--amyloidamyloid

-- decreasedecreasethethe damagedamageinducedinduced by by freefree radicalsradicals generatedgeneratedby by ββββββββ--amyloidamyloid

-- protectsprotects againstagainst thethe secondarysecondaryinsultinsult inducedinduced by by excessiveexcessiveleakageleakageofof glutamateglutamate fromfrom
damageddamagedneuronsneurons

-- augmentsaugmentsexpressionexpressionofof antianti--apoptoticapoptotic genesgenes, , suchsuchas Bclas Bcl--2 2 oror caspasecaspaseinhibitorsinhibitors

-- increaseincreaseexpressionexpressionofof cholinecholine acetyltransferaseacetyltransferase



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

platingplating thethecellscells

4 4 daysdays

supplementationsupplementationwithwith CEECEE

4 4 daysdays

exposureexposureto to ββ--amyloidamyloid

24 h24 h

analysisanalysis

NeuroproteictiveNeuroproteictive effecteffect ofof CEE CEE againstagainstββββββββ--amyloidamyloid--inducedinduced toxicitytoxicity
((HippocampalHippocampalneuronsneuronsculturedculturedinin vitrovitro))



R.D. Brinton et al. / Neurobiology of Aging 21 (2000) 475–496

NeuroprotectiveNeuroprotective effecteffect ofof CEE CEE againstagainstββββββββ--amyloidamyloid--inducedinduced toxicitytoxicity
((HippocampalHippocampalneuronsneuronsculturedculturedinin vitrovitro))



-- II soflavonoidssoflavonoids (one (one ofof fourfour classesclasses ofof phytophyto--
estrogensestrogens) ) activateactivate ER ER inin vitrovitro , , 

-- TheirTheir activityactivity isis, , howeverhowever, , veryvery differentdifferent rangingranging
usuallyusually fromfrom 1/1000 to 1/500 1/1000 to 1/500 ofof estradiol estradiol activityactivity ))

PhytoestrogensPhytoestrogens

-- PhytoestrogensPhytoestrogens areare nonnon--steroid steroid polyphenolspolyphenols
presentpresent inin many many plantsplants, , includingincluding edibleedible plantsplants..

-- PlantsPlants produceproduce phytoestrogensphytoestrogens e.g. as e.g. as 
chemoatrachemoatractantsctants forfor RhizobiumRhizobium, as , as thethe protectiveprotective
compountscompounts againstagainst bacteriabacteria andand fungifungi, , andand as a as a 
repellentrepellent againstagainstplantplant--eatingeating animalsanimals..



GenisteinGenistein

-- PartialPartial agonistagonistofof ER ER withwith 30 x 30 x higherhigher effinityeffinity to to ERERββββββββ thanthan toto ERERαααααααα. . 

-- ReversedReversed correlationcorrelation betweenbetween genisteingenistein concentrationconcentration inin thethe bloodblood andand frequencyfrequency ofof
breastbreast cancercancer, , cardiovascularcardiovascular diseasesdiseases, , menopausemenopause disordersdisorders andand osteoporosisosteoporosis werewere
reportedreported. . 

-- ProposedProposedas as anan alternativealternative ofof supplementarysupplementary hormonehormone therapytherapy, as , as menopausemenopausedisordersdisorders
areare less less pronouncedpronounced inin thethe countriescountries withwith a high a high consumptionconsumptionofof soyasoya((hot hot flushesflushes: : 80% 80% inin
EuropeEurope, 18, 18% % inin ChinaChina)). . In In ChinaChina andand JapanJapan thethe biggerbigger problemsproblems areare headacheheadacheandand
backachebackache. In . In ChineseChinese medicinemedicine, to , to relieverelieve thesethese symptomssymptoms, , thethe plantsplants reachreach inin
phytoestrogensphytoestrogensareare recommendedrecommended..

-- SomeSomedata data suggestsuggestthatthat soyasoya--reachreach diet diet maymay decreasedecreasethethe hot hot flushesflushes, , 
but but dosesdosesrequiredrequired areare veryvery high. high. 

-- ClinicalClinical trialstrials diddid notnot confirmedconfirmed anyany beneficialbeneficial effectseffectsofof soyasoya. . 

GenisteinGenistein isis anan inhibitor inhibitor ofof tyrosinetyrosine kinaseskinases



ERR ERR -- estrogen estrogen relatedrelated receptorreceptor

•• StillStill orphansorphans, but , but waitingwaiting for for adoptionadoption ((perhapsperhapswill be will be adoptedadoptedsoonsoon).).

•• ERR ERR familyfamily , , closelyclosely relatedrelated to estrogen to estrogen receptorsreceptors (ER), (ER), containscontains threethree similarsimilar
membersmembers: : ERRERRαααααααα, , ERRERRββββββββ, , ERRERRγγγγγγγγ..

•• ERRsERRs bind to DNA as bind to DNA as monomersmonomers ((thenthen recognizerecognize thethe same same sequencesequenceas SFas SF--1 1 orphanorphan
nuclearnuclear receptor, receptor, steroidogenicsteroidogenic factorfactor--1) 1) oror as as homodimershomodimers ((thenthen itit recognizerecognize estrogen estrogen 
receptor receptor responseresponseelement). In element). In thethe cytoplasmcytoplasmtheythey areare connectedconnectedto Hsp90.to Hsp90.

SFSF--responsiveresponsiveelementelement ERER--responsiveresponsiveelementelement



ERR ERR -- estrogen estrogen relatedrelated receptorreceptor

•• ERR ERR generallygenerally repressrepress transcriptiontranscription ofof targettarget genesgenes, but , but theythey cancan alsoalso activateactivate
transcriptiontranscription ..

•• PerhapsPerhaps inin vivo vivo theythey cancan be be constitutivelyconstitutively activeactive, as , as eveneven withoutwithout anyany ligand ligand theythey cancan
interactinteract withwith coativatorscoativators..

•• ERR ERR cannotcannot bind bind estrogensestrogensinin vitrovitro , , despitedespite somesomehomologyhomology inin LBD (35% LBD (35% aminoacidaminoacid
similaritysimilarity ).).

•• HomodimersHomodimers maymay recognizerecognizeestrogen estrogen responsiveresponsiveelementselements(67% (67% aminoacidaminoacid similaritysimilarity inin
DBD). DBD). ThereforeTherefore theythey cancan possiblypossibly targettarget allall genesgenesregulatedregulated by by estrogensestrogens..

•• TheyThey werewere shownshown to to modulatemodulate thethe expressionexpressionofof genesgenesregulatedregulated by estrogen by estrogen receptorsreceptors
inin bonesbonesandand breastbreast tissuestissues..





•• ERRERRαααααααα expressionexpressionisis foundfound inin embryoembryo inin::

* * trophoblasttrophoblast,,
* * visceralvisceral yolkyolk sacsac,,
* * primitiveprimitive heartheart
* * neuralneural tubetube andand thenthen inin brainbrain andand spinalspinal cordcord
* * bonesbones

•• ERRERRββββββββ inin embryoembryo::

* * earlyearly chorion chorion -- playplay a role a role inin earlyearly placenta placenta formationformation

•• ERRERRγγγγγγγγ inin embryoembryo::

** brainbrain andand alsoalsokidneykidney, , lunglung, , liverliver

•• ERRERRγγγγγγγγ inin adultsadults::

* * brainbrain , , spinalspinal cordscords, , andand alsoalso lunglung, , bonebonemarrowmarrow , , adrenaladrenal andand thyroidthyroid glandsglandsetc.etc.

ExpressionExpressionofof ERRERR



FunctionFunction ofof ERRERR

•• ERR play aERR play a role in role in boneboneformationformation ::

* * TheyThey areare expressed in ossification zones of the mouse embryoexpressed in ossification zones of the mouse embryoand upand up--regulates theregulates the
expression of the expression of the osteopontinosteopontingene.gene.

** TheyThey playplay a role in a role in in vitro in vitro osteoprogenitorosteoprogenitorcell proliferationcell proliferation and differentiation. and differentiation. 

•• In In adipose tissuesadipose tissues, ERR participate in the control of, ERR participate in the control of energy expenditure energy expenditure andand fatfat
metabolismmetabolism through the regulation of thethrough the regulation of the expression of the MCADexpression of the MCAD(medium (medium chainchain acyl acyl 
CoACoA dehydrogenasedehydrogenase)) gene. gene. 

•• In the In the central nervous systemcentral nervous system, ERR , ERR areare highlyhighly expressedexpressedbut but theirtheir role role isis stillstill unknownunknown..

•• ERR is mainly expressed during ERR is mainly expressed during early early embryonicembryonic developmentdevelopmentwhere where theythey areare necessary necessary 
for proper for proper trophoblastictrophoblastic cell proliferationcell proliferation and differentiationand differentiation..



•• No No naturalnatural ligandsligands areare knownknown sosofar. far. 

•• SyntheticSynthetic ligandsligands::

* * DiethylstilbestrolDiethylstilbestrol (DES, bind to (DES, bind to ERRERRαααααααα, , ERRERRββββββββ, , andand ERRERRγγγγγγγγ)  )  

* * 44--hydroxytamoxifenhydroxytamoxifen (4(4--OHT,   OHT,   bindsbinds to   to   ERRERRββββββββ andand ERRERRγγγγγγγγ)   )   repressrepress theirtheir
constitutiveconstitutive transcriptionaltranscriptional activityactivity . . RaloxifenRaloxifen doesdoesnot bind to ERR.not bind to ERR.

•• TheseThese drug moleculedrug moleculess hahaveve a long history ofa long history of use in womenuse in women’’ s health, through theirs health, through their
opposing effectsopposing effectson the activity of the classical ER. on the activity of the classical ER. 

•• ItIt hashasbeenbeensuggestedsuggestedthatthat ERR ERR regulatorsregulators maymay be be usedused
for for treatmenttreatment ofof breastbreast cancercancer..

LigandsLigands ofof ERRERR

breastbreast epitheliumepithelium
stainedstainedfor for ERRERRγγγγγγγγ



ERR and breast cancer

ERRαααα ERRββββ ERRγγγγ



ER ER andand ERR ERR ligandsligands

ESTRADIOL ESTRADIOL DES DES 44--OHT OHT RALOXIFEN RALOXIFEN 

ERERαα AgonistAgonist AgonistAgonist AntagonistAntagonist//AgonistAgonist AntagonistAntagonist

ERERββ AgonistAgonist AgonistAgonist AntagonistAntagonist//AgonistAgonist AntagonistAntagonist

ERRERRαα —— AntagonistAntagonist —— —

ERRERRββ —— AntagonistAntagonist AntagonistAntagonist —

ERRERRγγ —— AntagonistAntagonist AntagonistAntagonist ——



DiethylstilbestrolDiethylstilbestrol (DES)(DES)

•• DES, a synthetic estrogen, was widely usedDES, a synthetic estrogen, was widely usedbetween the 1940s and the 1970s to preventbetween the 1940s and the 1970s to prevent
spontaneous abortion in women. However, spontaneous abortion in women. However, patientspatients exposed exposed in in uteroutero to high doses of DESto high doses of DES
have a rangehave a rangeof gynecological troubles, including a of gynecological troubles, including a higherhigher incidence of vaginal cancersincidence of vaginal cancers
and and malformations ofmalformations of the reproductive tractthe reproductive tract..

•• DES is aDES is apotent potent estrogenestrogenreceptorreceptor agonistagonist, it can therefore be, it can therefore be intuitively thought to act intuitively thought to act 
through ER and mimicthrough ER and mimic the broad spectrum of E2 action. the broad spectrum of E2 action. RRecentecentdata data evidenceevidencethat DESthat DES
also also represses the molecular activities of represses the molecular activities of ERRsERRs. . 

•• However, it should be noted thatHowever, it should be noted thatthe DES concentration necessary to achieve athe DES concentration necessary to achieve ahalfhalf--
maximal inhibition of ERR activities is maximal inhibition of ERR activities is much much higherhigher compared with its ERcompared with its ER--activating activating 
potential.potential.



TamoxifenTamoxifen (TAM) and 4(TAM) and 4--OH OH tamoxifentamoxifen (4(4--OHT)OHT)

•• TAM TAM andand 44--OHT OHT areare selective selective ER modulatorER modulator,, and as such displays and as such displays estrogenic or estrogenic or 
antiestrogenicantiestrogenic actionsactions according to the target tissue. In particular, TAM acts as an according to the target tissue. In particular, TAM acts as an 
estrogenestrogen antagonist in the mammary gland and is clinicallyantagonist in the mammary gland and is clinicallyused for the treatment of used for the treatment of 
breast cancer. breast cancer. 

•• TAM and 4TAM and 4--OHT OHT disrupt the interactions betweendisrupt the interactions betweenERR and a SRCERR and a SRC--11 activatoractivator peptidepeptide
in vitroin vitro. . 

•• Much Much higherhigher concentrationsconcentrations (but (but stillstill pharmacologicallypharmacologically relevantrelevant) ) areare necessary to necessary to 
obtainobtain inhibitioninhibition ofof ERR ERR thanthan ER.ER.

•• ItIt could could be be suggestsuggesteded that some of the that some of the antitumorantitumor effects of TAMeffects of TAM might be mediated by might be mediated by 
ERR.ERR.





Phytoestrogens and ERRs

α  β  γα  β  γα  β  γα  β  γ

0,  1,  5, 10, 20 [µΜ]



•• ERRsERRs and ERs share common transcriptional targetand ERs share common transcriptional targetgenesgenes, such as , such as lactoferrinlactoferrin , , oror
osteopontinosteopontin, on, on which they can either synergize or compete withwhich they can either synergize or compete withone another.one another.

•• HHumanuman ERR interact with human ERERR interact with human ER at least at least in vitroin vitro through proteinthrough protein––protein contactsprotein contacts, , 
whatwhat possiblypossibly increasesincreasesactivityactivity ofof ERER. . 

•• TThehe aromatasearomatase genegene, encoding the enzyme catalyzing, encoding the enzyme catalyzingthe conversion of androgens to the conversion of androgens to 
estrogens, estrogens, is ais a positivepositive transcriptional target of ERR.transcriptional target of ERR.

•• Altogether, these finding have raised the possibilityAltogether, these finding have raised the possibilitythat the that the ERRsERRs might directly andmight directly and
indirectly modulate the estrogenic responseindirectly modulate the estrogenic response..

ER ER andand ERR ERR interactioninteraction



CAD – coronary artery disease; VTE – venous thromboenbolism

RecentRecentdata data suggestsuggestdecreaseddecreasedriskrisk ofof Alzheimer Alzheimer diseasedisease(by 67%) (by 67%) andandotherotherformsformsofof dementiadementiaas as wellwell as as 
preservationpreservationofof cognitivecognitivefunctionfunction inin womenwomensubjectedsubjectedto a to a longlong--termtermHRT (not HRT (not conlusivelyconlusivelyconfirmedconfirmed).).

WHI WHI trialtrial

PParticipantsarticipants had a 23had a 23%%
increase in cardiovascularincrease in cardiovascular
disease disease 

(37 vs. 30 cases per (37 vs. 30 cases per 
10,000 person10,000 persons/s/years)years)

and a 38and a 38%% increase in increase in 
strokesstrokes

(29 vs.(29 vs. 21 cases per 21 cases per 
10,000 person10,000 persons/s/years).years).

HormoneHormone
replacementreplacementtherapytherapy

0.34% v 0.30%0.34% v 0.30%

0.29% v 0.21%0.29% v 0.21%



WHI - not easy for interpretation (?)
The mean agein WHI study, it was 63 yearsin the
E+P subgroup. 

The WHI subjects started the hormone therapy at 
an average of 12 years postmenopause(in clinical
practice: supplementation in the perimenopausal
and early postmenopausal periods).

WHI studies combined a small (less than 20% of the 
study population) healthy group of patients in their 
early 50s at the start of the study with a much 
larger study group of patients in their late 50s to 
late 70s, many of whom can be assumed to have had 
advanced subclinical disease.

In the E+P arm of WHI study, only 33% of 
hormone-treated and control subjects were 50 to 59 
years old, and only 16% to 17% were within 5 years 
of menopause at the time of enrollment

Nodis HN. Clin Obstet Gynecol 2009.



NumberNumber ofof EventsEventsper 10,000 per 10,000 WomenWomen per per YearYear ofof ConjugatedConjugated EquineEquine Estrogen Estrogen TherapyTherapy
ComparedCompared to Placebo to Placebo inin thethe Women'sWomen's HealthHealth InitiativeInitiative Estrogen Estrogen TrialTrial by by AgeAge atat BaselineBaseline

Nodis HN. Clin Obstet Gynecol 2009.



The risks associated with estrogen alone appear to be quite
negligible (supported by approximately 40 observational
studies that also indicate that initiation of HT early in the
postmenopausal period and continued for a prolonged period 
of time results in a significant reduction of total mortality
and CHD).

The window of opportunity for maximal expression of the
beneficial effects of HT on CHD appears to be initiation of
HT within 6 years of menopause and/or by 60 years of age
and continued for 6 years or more.

Vitale et al. ATVB 2008
Nodis HN. Clin Obstet Gynecol 2009.



WhatWhat wouldwould be be profitableprofitable to to rememberremember inin JuneJune::

-- Role Role ofof ER ER inin neuroprotectionneuroprotection

-- LigandsLigands for ERR for ERR 

--ER ER andand ERR ERR interactionsinteractions

ThankThank youyou andand seeseeyouyou nextnext weekweek......

SSlideslides cancan be be foundfound inin thethe librarylibrary andand atat thethe
HemeHemeOxygenaseOxygenaseFan Fan ClubClub pagepage::

https://https://biotka.mol.uj.edu.pl/~hemeoxygenasebiotka.mol.uj.edu.pl/~hemeoxygenase


