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Steroid hormones, i.e., androgens, estrogens, glucocorticoids, mineralocorticoids, and

progestins,bindwithhighaffinitytotheirrespectivesteroidhormonereceptors(SR).SRsare

membersofafamilyofnuclearreceptors(NR).Ligand-activatedSRsdissociatefrom hsp90

chaperonecomplexesinthecytoplasm andenterthenucleuswheretheybindtospecificDNA

sequences:hormone response elements (HREs).SRs interactwith coregulatorproteins

(coactivatorsandcorepressors)aswellaschromatinremodelingcomplexestoregulatetarget

geneexpression.Inaddition,someSRsarealsoassociatedwiththeplasmamembrane(PM)

andPM proteins.HormonebindingtoPM-associatedSRsactivatesG-proteincoupledreceptors

(GPCR)andintracellularsignalingpathwaysultimatelyregulatinggenetranscriptionandother

downstream sequelae.Thischapterwillreview ofSR/NRincludingproteinstructure,ligand

activation,generegulation,examplesofrapid“non-genomic”signaling,andtherolesofthese

receptorsinhumanhealthanddisease.

Classicalsteroid hormones(SHs)-estrogens,androgens,progestins,glucocorticoidsand

mineralocorticoids-playcriticalrolesintheregulationofreproduction,metabolism andcancer.

SHs actvia theircognate steroid hormone receptors (SHRs)in multiple targettissues

throughoutthe body,exerting theirphysiologicaleffects through nuclearreceptor(NR)-

mediatedgenetranscription.SinceSHRsarethemediatorsofsteroidhormonesignallingin

cells,regulation oftheirexpression and function is criticalforappropriate physiological

responsesto SHs.CellsregulateSHRsbydetermining thecellularconcentration ofSHR

proteins in the celland by tightly regulating their activity through post-translational

modificationsandinteractionswithcoactivatorproteincomplexes.Inthischapterwewill

examineeachoftheseregulatorymechanismsandassesstheirfunctionalimpactonthe

activityofSHRs.

Hormonesexertpowerfuleffectsonreproductivephysiologybyregulatinggeneexpression.

Recentdiscoveriesinhormoneactionemphasizethatregulationofgeneexpressionisnot

restrictedtotheiralterationsoftherateofgenetranscription.Onthecontrary,hormonaleffects

onthestabilityofaspecificmRNAcanprofoundlyalteritssteady-stateconcentration.The

mRNAsencodinghormonereceptorsarecommonlyregulatedbytheirownhormonestocreate

autoregulatoryfeedbackloops.Negativeandpositiveautoregulatoryfeedbackloopsserveto

limitoraugmenthormonalresponses,respectively.AfterintroducingthetopicsofmRNA

degradationandregulatedstability,thisreview focusesonsteroidhormoneeffectsonmRNA

stabilities.Autoregulation ofthe mRNAs encoding estrogen,progesterone,androgen,and

glucocorticoid receptorsbythesteroid hormonesinreproductivetissuesisdiscussed.In

addition,steroidhormoneeffectsonthestabilitiesofmanyothermRNAsthatareimportantto

reproductivebiologyarereviewed.TheseincludemRNAsthatencodegonadotropinhormones,



integrins, growth factors, and inflammatory response proteins. Through these

posttranscriptionaleffects,steroidhormonesimpacttheexpressionofalargepopulationof

genes.StudiesofthemolecularmechanismsofhormonallyregulatedmRNAstabilitiescontinue

toidentifycriticalmRNA sequenceelementsandtheirinteractionswithproteins.Increased

understandingofhow hormonesaffectmRNA stabilitymayyieldnovelapproachestothe

therapeuticcontrolofhormoneeffects,includingthoseessentialtoreproductivephysiologyin

animals.

Leucine-richrepeatreceptorkinasesinplants:structure,function,andsignaltransduction

pathways

Transmembranereceptorkinases(RKs)mediatesignaltransductionpathwaysleadingtocell

proliferation,growth,anddiVerentiationinanimals.ThecrucialfunctionofRKsisrecognitionof

an extracellularligand,which leads to activation ofthe intracellularkinase domain and

subsequenttransductionofdownstream signalingpathways.ThecompletionofArabidopsis

genomesequencingrevealedasurprisinglyhighnumberofgenes(atleast610members)

encodingputativereceptorkinases,whichstronglysuggeststhattheplantcellspredominantly

useRKsforsensingexternalsignalsandregulatinggeneexpression.PlantRKscomprisea

monophyleticgrouprelatedtoanimalRKs.AlmostallplantRKsphosphorylateserine/threonine

residues,unlikeanimalRKs,arepredominantlyligand-activatedtyrosinekinases(Shiuand

Bleecker,2001a,b). The plant RKs are often referred to as ‘‘receptor-like kinases

(RLKs),’’becausetheircorrespondingligandshaveyettobeidentifiedwiththeexceptionofa

few.

PlantRKsareclassifiedintoseveralgroupsbasedonthestructureoftheextracellulardomains.

RKscontaininganextracellularleucine-richrepeat(LRR)motifcomprisebyfarthelargest

subfamilyofplantRKs,with$222membersintheArabidopsisgenome(Fig.1)(Shiuand

Bleecker,2001b;Yinetal.,2002b).Consistently,LRR-RKsaresomeofthemostextensively

studiedandwell-understoodsignalingmoleculesinplants.Forinstance,growingnumbersof

LRR-RKswhoseloss-of-functionmutationsconferphenotypesconvincinglyshowthattheyplay

fundamentalroles in development,steroidhormone response,stress response,disease

resistance,andsymbiosis(BishopandKoncz,2002;Gomez-GomezandBoller,2002;Jonesand

Jones,1997;Kistnerand Parniske,2002;Torii,2000;Toriiand Clark,2000).Furthermore,

identification of ligand molecules for severalLRR-RKs led to breakthroughs in our

understanding ofpeptide and steroid hormone signaltransduction in plants.Thisreview

providesanupdated,comprehensiveview ofstructure,function,modesofaction,andsignal

transductionpathwaysmediatedbyplantLRR-RKs,includingthenatureofligandmolecules,

factorsthatmodifyligands,anddownstream components,fortheaim ofdecipheringtheir

conservedandspecificrolesindevelopmentandenvironmentalresponse.



Peptidehormonesreleasedfrom theanteriorpituitarybindtospecificreceptorsonalimited

numberofcelltypes(steroidogeniccells).Signalsresultingfrom thisbindingareamplified

throughtheproduc-tionofsteroidhormones,leadingtotheregulationoftranscriptionofgenes

inallcells.Amajoradvancementinbiologyhasbeentheidentificationandcharacterizationof

nuclearreceptorsthatbindspecificligands,formingcomplexesthatbindtospecificDNA

sequences through theirzinc fingermotifs and thereby regulating transcription ofthe

associatedgenes.Levelsofoneclassofligands,thesteroidhormones,arecontrolledbythe

actionofpeptidehormonesfrom theanteriorpituitary.Overthesameperiodoftimethatthe

nuclearsteroidhormonereceptorshavebeencharacterized,anunderstandingoftheregulatory

processesleadingtoproductionofthesesteroidalligandshasemerged.Consequently,wenow

haveagoodview ofhow thesepeptidehormonesexerttheiractions.Adrenocorticotropin

(ACTH)receptorsarefoundintheadrenalcortex,luteinizinghormone(LH)receptorsinthe

testisandovary,andfollicle-stimulatinghormone(FSH)receptorsintheovary.Eachofthese

endocrinetissuesisafactoryforproductionofaspecificsubsetofsteroidhormones.Inthis

waytheendocrinerolesoftheadrenalsandgonadsservetoamplify

Thesubstrate-specificproteinchaperoneHsp90(heatshockprotein90)from Saccharomyces

cerevisiaefunctionsindiversesignaltransductionpathways.AmutationinYDJ1,amemberof

theDnaJchaperonefamily,wasrecoveredinasynthetic-lethalscreenwithHsp90mutants.In

anotherwisewild-typebackground,theydj1mutationexertedstrongandspecificeffectson

threeHsp90substrates,derepressingtwo(theestrogenandglucocorticoidreceptors)and

reducingthefunctionofthethird(thetyrosinekinasep60v-src).Analysisofoneofthese

substrates,theglucocorticoidreceptor,indicatedthatYdj1exertsitseffectsthroughphysical

interactionwithHsp90substrates.

Small signaling molecules that mediate cell–cell communication are essential for

developmentalregulationinmulticellularorganisms.Amongthem arethesteroidsandpeptide

hormonesthatregulategrowthinbothplantsandanimals.Inplants,brassinosteroids(BRs)are

perceivedbythecellsurfacereceptorkinaseBRI1,whichisdistinctfrom theanimalsteroid

receptors.IdentificationofcomponentsoftheBRsignalingpathwayhasrevealedsimilaritiesto

otheranimalandplantsignaltransductionpathways.Recentstudiesdemonstratedthattomato

BRI1(tBRI1)perceivesbothBRandthepeptidehormonesystemin,raisingnewquestionsabout

themolecularmechanism andevolutionofreceptor–ligandspecificity.

Mechanisms of ovarian steroid regulation of norepinephrine receptor-mediated signal

transductioninthehypothalamus:implicationsforfemalereproductivephysiology
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Inmanymammalianspecies,theovariansteroidhormonesestradiol(E2)andprogesterone(P)



actinthehypothalamusandpreopticareatocoordinatethetimingoffemalesexualreceptivity

withovulation.Westudylordosisbehavior,animportantcomponentofsexualreceptivityinrats,

anditsregulationbyE2andPasamodelsystem forunderstandinghowhormonalmodulation

ofsynapticneurotransmissioninfluencesreproductivephysiologyandbehavior.Ourfindings

suggestthatE2andPextensivelyregulatesynapticcommunicationinvolving..

Membranereceptorsforsteroidhormonesaffectsignalingpathwaysthatmodulatenuclear

function,influenceneuronalactivity,ionflow,andthecirculatorysystem.Indeed,‘new’steroid

hormoneshavebeenidentifiedbytheirinteractionwithmembrane‐initiatedsignalingsystems.

A briefsummaryoftheFASEB SummerResearchConferencedevotedto thesetopicsis

presentedinthismini‐review.Inaddition,attendeesofthemeetingproposeintroductionofthe

followingterminology:membrane‐initiatedsteroidsignaling(MISS)andnuclear‐initiatedsteroid

signaling(NISS)toreplacemoreinaccuratetermsincurrentuse.©2002Wiley‐Liss,Inc.

Foradiseasesuchascancer,whereanumberofalterationstonormalcellfunctionaccumulate

overtime,thereareseveralopportunitiestoinhibit,slow downorevenreversetheprocess.

Manyofthechangeswhichdrivethediseaseprocessoccurincell-signallingpathwaysthat

regulate proliferation and apoptosis.As ourknowledge ofthese complicated signalling

networks improves,itis becoming clearthatmanymolecules,both drugs and naturally

occurringdietaryconstituents,caninteractbeneficiallywithderegulatedpathways.Aspirinand

othernon-steroidalanti-inflammatorydrugs,aswellasnaturalcompoundspresentinplants

suchasgreenvegetablesandtea,canmodulatesignallingbyaffectingkinaseactivityand

thereforephosphorylationofkeymolecules.Examplesofpathwayswhichcanbemodulatedby

these agents include activation ofthe transcription factornuclearfactorκB bytumour

promoters or cytokines, signalling by growth factors through the growth-factor

receptor/extracellular-regulatedproteinkinasepathwaysandbyanumberofothermolecules

through the stress-activated c-Jun N-terminalkinase and p38 pathways.These mitogen-

activatedproteinkinasepathwaysregulateanumberoftranscriptionfactorsincludingc-Fos

andc-Jun.Evidenceexists,atleastfrom invitroexperiments,thatbytargetingsuchpathways,

certaindietarycompoundsmaybeabletorestoreabnormalratesofapoptosisandproliferation

tomorenormallevels.


