
ȱ
ȱ

ȱ

ȱ
Int.ȱJ.ȱMol.ȱSci.ȱ2023,ȱ24,ȱ1080.ȱhttps://doi.org/10.3390/ijms24021080ȱ www.mdpi.com/journal/ijmsȱ

Articleȱ

TheȱPolymorphismȱAsn680SerȱonȱtheȱFSHȱReceptorȱandȱ ȱ
AbnormalȱOvarianȱResponseȱinȱPatientsȱwithȱNormalȱValuesȱ
ofȱAMHȱandȱAFCȱ
GiorgioȱMariaȱBaldiniȱ1,*,ȱAssuntaȱCatinoȱ1,*,ȱSimoneȱPaliniȱ2,ȱRomualdoȱSciorioȱ3,ȱDanieleȱFerriȱ1,ȱ ȱ
MarinaȱVinciguerraȱ4,5ȱandȱDomenicoȱBaldiniȱ1ȱ

1ȱ IVFȱCenter,ȱMomoȱFertilife,ȱ76011ȱBisceglie,ȱItalyȱ
2ȱ DepartmentȱofȱIVF,ȱ“SanȱGiorgio”ȱHospital—AUSLȱRomagna,ȱ47841ȱCervia,ȱItalyȱ
3ȱ EdinburghȱFertilityȱReproductiveȱCenter,ȱRoyalȱInfirmaryȱEdinburgh,ȱEdinburghȱEH16ȱ4SA,ȱUKȱ
4ȱ DepartmentȱofȱBiomedicalȱSciencesȱandȱHumanȱOncology,ȱObstetricsȱandȱGynaecologyȱSection,ȱ ȱ

UnivesityȱofȱBari,ȱ70121ȱBari,ȱItalyȱ
5ȱ ClinicȱofȱObstetricsȱandȱGynecologyȱ“SantaȱCaterinaȱNovella”,ȱHospitalȱGalatina,ȱ73013ȱGalatina,ȱItalyȱ
*ȱ Correspondence:ȱgbaldini97@gmail.comȱ(G.M.B.);ȱsissicatino04@gmail.comȱ(A.C.)ȱ

Abstract:ȱAfterȱtheȱcontrolledȱovarianȱstimulationȱ(COS),ȱtheȱnumberȱofȱcumulusȱoocyteȱcomplexesȱ
collectedȱisȱlowerȱthanȱpredicted.ȱTheȱaimȱofȱthisȱstudyȱisȱtoȱunderstandȱifȱthereȱisȱaȱpossibleȱreasonȱ
forȱthatȱdeficientȱovarianȱresponse.ȱItȱwasȱhypothesizedȱthatȱthisȱisȱassociatedȱwithȱtheȱSNPȱ(singleȬ
nucleotideȱ polymorphism)ȱ ofȱ theȱ FSHȱ receptorȱ (FSHr),ȱ specificallyȱ c.2039A>G,ȱ resultingȱ inȱ
Asn680Ser.ȱTwoȱgroupsȱofȱpatientsȱwereȱenrolledȱforȱthisȱpurpose:ȱtheȱnormalȱ(nȱ=ȱ36)ȱandȱabnormalȱ
responsesȱ(nȱ=ȱ31).ȱToȱpredictȱ theȱnumberȱofȱretrievableȱoocytes,ȱaccordingȱ toȱ theȱantiȬMüllerianȱ
hormoneȱ (AMH)ȱandȱ theȱantralȱ follicleȱcountȱ (AFC),ȱ theȱ followingȱ formulaȱwasȱappliedȱ inȱaȱ logȱ
scale:ȱtheȱnumberȱofȱoocytesȱretrievedȱ=ȱ2.584ȱƺȱ0.015ȱ×ȱ(age)ȱƺȱ0.035ȱ×ȱ(FSH)ȱ+ȱ0.038ȱ×ȱ(AMH)ȱ+ȱ0.026ȱ
×ȱ(AFC).ȱThen,ȱwhenȱtheȱnumberȱofȱoocytesȱcollectedȱwasȱlessȱthanȱ50%ȱofȱtheȱcalculatedȱvalue,ȱitȱ
wasȱproposedȱthatȱtheȱpatientsȱresultȱinȱanȱabnormalȱresponse.ȱDNAȱsampleȱbloodȱwasȱcollectedȱ
fromȱtheȱwomen,ȱandȱthenȱtheȱgeneticȱassessmentȱforȱtheȱAsn680SerȱofȱtheȱFSHrȱwasȱevaluatedȱinȱ
bothȱgroups.ȱTheȱdifferencesȱbetweenȱtheȱtwoȱcategoriesȱwereȱstatisticallyȱanalyzedȱwithȱanȱindeȬ
pendentȱsamplesȱtȱtest,ȱaȱMann–WhitneyȱUȱtestȱandȱaȱChiȬsquaredȱtest.ȱInȱaȱpatientȱwithȱanȱabnorȬ
malȱresponse,ȱaȱsignificantȱprevalenceȱofȱtheȱaminoȱacidȱserineȱatȱpositionȱ680ȱofȱtheȱFSHrȱcomparedȱ
toȱtheȱcounterpartȱgroupȱ(pȱ<ȱ0.05)ȱwasȱdetected.ȱInȱconclusion,ȱaccordingȱtoȱtheȱresults,ȱtheȱgeneticȱ
evaluationȱofȱtheȱFSHrȱcouldȱrepresentȱanȱaccurateȱandȱpredictiveȱfeatureȱforȱpatientsȱundergoingȱ
assistedȱreproductiveȱtechnologyȱtreatment.ȱ
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1.ȱIntroductionȱ
Inȱassistedȱreproductiveȱtechnology,ȱtheȱconcentrationsȱofȱtheȱserumȱAMHȱandȱAFCȱ

valuesȱhaveȱemergedȱasȱtheȱpreferredȱmethodsȱforȱassessingȱtheȱovarianȱreserveȱ [1–4].ȱ
Theyȱhaveȱbecomeȱindeedȱtheȱmostȱappliedȱmarkersȱtoȱpredictȱtheȱresponseȱtoȱcontrolledȱ
ovarianȱstimulationȱ[5,6].ȱAnȱAMHȱbetweenȱ0.1ȱandȱ1.26ȱng/mLȱisȱindicativeȱofȱpatientsȱ
withȱaȱreducedȱovarianȱreserve,ȱwithȱaȱsensitivityȱofȱ80–87%ȱandȱaȱspecificityȱofȱ64–93%ȱ
[7].ȱSeveralȱstudiesȱhaveȱshownȱaȱpositiveȱcorrelationȱbetweenȱhighȱ levelsȱofȱtheȱAMHȱ
(serumȱandȱfollicular)ȱandȱtheȱnumbersȱofȱmatureȱ(MII)ȱretrievedȱoocytes,ȱtheȱfertilizationȱ
rate,ȱasȱwellȱasȱtheȱembryoȱdevelopmentȱrateȱandȱpregnancyȱoutcomeȱ[8–10].ȱTheȱAFCȱ
consistsȱofȱaȱhighȬresolutionȱultrasoundȱevaluationȱofȱfolliclesȱwithȱdimensionsȱbetweenȱ
2ȱandȱ10ȱmmȱ[11],ȱassessedȱinȱtheȱfirstȱdaysȱofȱtheȱmenstrualȱcycle.ȱTheȱAFCȱisȱconsideredȱ
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normalȱifȱatȱleastȱ10ȱ±ȱ4ȱantralȱfolliclesȱareȱdetectedȱ[12,13].ȱTheȱliteratureȱseemsȱtoȱconfirmȱ
thatȱbothȱ theȱAMHȱandȱAFCȱareȱequallyȱeffectiveȱ inȱpredictingȱaȱpoorȱorȱanȱexcessiveȱ
ovarianȱresponse,ȱshowingȱoverlappingȱaccuracyȱ[14–17].ȱ ȱ

Moonȱetȱal.,ȱinȱ2016,ȱpublishedȱanȱarticleȱfocusingȱonȱhowȱtoȱpredictȱtheȱnumberȱofȱ
retrievableȱoocytes,ȱaccordingȱtoȱtheȱAMHȱlevelsȱandȱAFCȱnumberȱ[18].ȱDespiteȱtheȱvaȬ
lidityȱofȱ theȱAMHȱandȱAFC,ȱaȱsmallȱpercentageȱofȱhealthyȱpatientsȱundergoingȱaȱCOSȱ
withȱoptimalȱAMHȱandȱAFCȱvaluesȱshowedȱaȱpoorȱresponseȱwhenȱcomparedȱtoȱtheȱpreȬ
dictions.ȱInȱtheȱliterature,ȱnothingȱwasȱfoundȱthatȱcouldȱexplainȱthisȱkindȱofȱresponseȱinȱ
theseȱwomenȱandȱhenceȱitȱwasȱhypothesizedȱthatȱtheȱcauseȱcouldȱbeȱgenetic.ȱInȱtheȱDelphiȱ
consensusȱ[19],ȱaȱlinkȱbetweenȱsomeȱvariantsȱinȱtheȱgonadotropinȱreceptorȱgenesȱandȱovarȬ
ianȱstimulationȱoutcomesȱisȱsupported.ȱTheȱmostȱstudiedȱisȱtheȱFSHȱreceptorȱbecauseȱtheȱ
follicleȱstimulatingȱhormoneȱ isȱessentialȱ forȱovarianȱdevelopmentȱandȱ functionȱ [19].ȱ Inȱ
women,ȱtheȱFSHȱstimulatesȱtheȱgrowthȱandȱmaturationȱofȱtheȱantralȱfolliclesȱinȱtheȱovariesȱ
andȱpromotesȱovulationȱ[20].ȱFurther,ȱitȱincreasesȱtheȱestradiolȱproductionȱthroughȱbindȬ
ingȱtoȱtheȱFSHȱreceptor,ȱexpressedȱbyȱgranulosaȱcells.ȱTheȱFSHrȱbelongsȱtoȱtheȱfamilyȱofȱ
transmembraneȱGȱ proteinȬcoupledȱ receptors.ȱ TheȱNȬterminalȱ domainȱ comprisingȱ 349ȱ
aminoȱacidsȱisȱlocatedȱinȱtheȱextracellularȱportionȱandȱisȱresponsibleȱforȱbindingȱtheȱFSH.ȱ
Theȱtransmembraneȱdomainȱisȱcomposedȱofȱ264ȱaminoȱacidsȱandȱhasȱaȱstructureȱthatȱasȬ
suresȱtheȱstabilityȱofȱ theȱreceptorȱ[20].ȱTheȱ intracellularȱCȬterminalȱdomainȱcontainsȱ65ȱ
aminoȱacids;ȱitȱcomprisesȱseveralȱphosphorylationȱsitesȱthatȱareȱableȱtoȱtriggerȱtheȱtransȬ
ductionȱsignalȱfollowingȱbindingȱtoȱtheȱFSHȱ[21].ȱTheȱphosphorylationȱofȱtheȱintracellularȱ
domainȱactivatesȱtheȱadenylateȱcyclaseȱsystem,ȱinducingȱanȱincreaseȱinȱtheȱintracellularȱ
cyclicȱAMPȱlevel.ȱFurthermore,ȱtheȱreceptorȱtriggersȱtheȱmitogenȬactivatedȱproteinȬkinaseȱ
(MAPK)ȱpathway,ȱwithȱtheȱsynthesisȱofȱ intracellularȱcalciumȱandȱ inositolȱtriphosphateȱ
(IP3)ȱ[22].ȱFinally,ȱtheȱgeneȱthatȱcodesȱforȱtheȱFSHrȱisȱaboutȱ190ȱKbȱlongȱandȱisȱlocatedȱonȱ
chromosomeȱ2ȱinȱpositionȱp21Ȭp16;ȱitsȱcodingȱregionȱincludesȱ10ȱexonsȱandȱ9ȱintronsȱ[23].ȱ

VariousȱsingleȬnucleotideȱpolymorphismsȱwereȱidentifiedȱinȱtheȱFSHrȱcodingȱregion,ȱ
andȱtheȱmostȱstudiedȱtypesȱareȱThr307Alaȱ(rs6165)ȱandȱAsn680Serȱ(rs6166)ȱ[19–21,24].ȱTheȱ
presenceȱofȱbothȱpolymorphismsȱonȱexonȱ10ȱcausesȱaȱstrongȱlinkageȱdisequilibriumȱ(nonȬ
randomȱcombinationȱofȱalleles)ȱbetweenȱthemȱ[25].ȱTheȱtwoȱpolymorphismsȱareȱlocatedȱ
inȱ theȱ sameȱ exonicȱ region,ȱ andȱ itȱmeansȱ thatȱ combinationsȱofȱp.Thr307Ȭp.Asn680ȱ andȱ
p.Ala307Ȭp.Ser680ȱareȱinheritedȱtogether;ȱtherefore,ȱtheyȱbindȱtoȱeachȱotherȱduringȱrecomȬ
binationȱandȱdoȱnotȱshowȱrandomȱdistributionȱ[25].ȱHence,ȱweȱhaveȱfocusedȱonlyȱonȱtheȱ
Asn680Serȱpolymorphismȱinȱthisȱstudy.ȱTheȱAns680SerȱpolymorphismȱaffectsȱtheȱintraȬ
cellularȱdomainȱofȱtheȱreceptor,ȱwhereȱanȱasparagineȱresidueȱatȱpositionȱ680ȱisȱreplacedȱ
byȱaȱ serineȱ residue.ȱThisȱSNPȱmightȱ induceȱadverseȱeffectsȱonȱ theȱ functionalityȱofȱ theȱ
FSHr,ȱinvolvingȱtheȱfemaleȱreproductiveȱoutcomeȱ[21].ȱ ȱ

Basedȱonȱthisȱinformation,ȱitȱwasȱsupposedȱthatȱtheȱpolymorphismȱAsn680Serȱonȱtheȱ
FSHrȱhumanȱfemaleȱgeneȱcouldȱplayȱaȱroleȱinȱtheȱreductiveȱresponseȱtoȱtheȱexogenousȱ
gonadotropinȱadministeredȱduringȱtheȱCOS,ȱleadingȱtoȱaȱpoorerȱeggsȱretrievalȱthanȱpreȬ
dicted.ȱTheȱobjectiveȱofȱthisȱstudyȱwasȱtoȱclarifyȱaȱpossibleȱreasonȱforȱaȱdeficientȱovarianȱ
responseȱinȱhealthyȱpatientsȱwithȱoptimalȱAMHȱlevelsȱandȱAFCȱvalues;ȱasȱaȱconsequence,ȱ
weȱsuggestȱperformingȱaȱgeneticȱanalysisȱofȱAsn680SerȱtoȱpredictȱtheȱnumberȱofȱrecoverȬ
ableȱoocytesȱafterȱtheȱCOSȱandȱcustomizeȱtheȱstimulationȱprotocolȱforȱtheseȱpatientsȱwhoȱ
areȱlookingȱforȱaȱpregnancy.ȱ

2.ȱResultsȱ
TheȱpatientsȱwereȱdividedȱintoȱtwoȱgroupsȱaccordingȱtoȱtheȱresponseȱatȱtheȱCOS:ȱtheȱ

abnormalȱ respondersȱ (31/67)ȱ andȱ normalȱ respondersȱ (36/67).ȱ Theȱ geneticȱ analysisȱ ofȱ
Asn680SerȱonȱtheȱFSHrȱrevealedȱthatȱinȱtheȱabnormalȱgroup,ȱ23%ȱ(7/31)ȱofȱtheȱpatientsȱ
wereȱhomozygousȱforȱAsn,ȱ54%ȱ(17/31)ȱheterozygousȱandȱ23%ȱ(7/31)ȱhomozygousȱforȱSer.ȱ
Inȱtheȱgroupȱofȱ‘normalȱresponders’,ȱ64%ȱ(23/36)ȱofȱtheȱwomenȱwereȱhomozygousȱforȱAsn,ȱ
25%ȱheterozygousȱandȱ11%ȱ(4/36)ȱhomozygousȱforȱSer.ȱInȱtheȱabnormalȱrespondersȱgroup,ȱ
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thereȱwasȱaȱsignificantȱprevalenceȱofȱtheȱaminoȱacidȱSerȱatȱpositionȱ680ȱofȱtheȱFSHrȱcomȬ
paredȱtoȱtheȱnormalȱrespondersȱ(pȱ<ȱ0.01).ȱFurther,ȱinȱtheȱnormalȱrespondersȱgroup,ȱtheȱ
majorityȱofȱtheȱpatientsȱshowedȱtoȱbeȱhomozygousȱforȱasparagineȱatȱpositionȱ680ȱofȱtheȱ
FSHrȱ(Figureȱ1).ȱFinally,ȱtheȱpercentageȱofȱfertilizedȱoocytesȱwasȱsignificantlyȱhigherȱinȱ
theȱnormalȱresponderȱgroupȱ(pȱ<ȱ0.05)ȱ(Tableȱ1).ȱHowever,ȱnoȱdifferencesȱwereȱobservedȱ
onȱbothȱnumbersȱofȱmatureȱoocytesȱcollectedȱafterȱpickȬup,ȱembryoȱobtainedȱandȱembryoȱ
transferredȱbetweenȱtheȱtwoȱgroupsȱ(pȱǃȱ0.05;ȱTableȱ1).ȱ

ȱ
Figureȱ1.ȱPrevalenceȱbarȱplotȱofȱFSHrȱmutationȱwithinȱresponseȱgroups.ȱ

Tableȱ1.ȱPatients’ȱ (nȱ=ȱ67)ȱresultsȱofȱclinical,ȱbiochemicalȱandȱ ICSIȱcycles.ȱAllȱdataȱareȱshownȱasȱ
averageȱ(±)ȱandȱSDȱandȱmediansȱ(fromȱmin.ȱtoȱmax.)ȱorȱcontinuousȱvariablesȱandȱasȱn°ȱandȱproporȬ
tionsȱ(%).ȱMann–WhitneyȱUȱtestȱwasȱnotȱotherwiseȱspecified,ȱindependentȱsampleȱtȱtestȱandȱΛ2ȱChiȬ
squaredȱtest.ȱ1ȱBMIȱ=ȱBodyȱMassȱIndex;ȱ2ȱLHȱ=ȱLuteinizingȱHormone.ȱTheȱunderlinesȱhighlightȱtheȱ
statisticalȱsignificance.ȱ

ȱ AbnormalȱResponseȱ NormalȱResponseȱ pȱValueȱ ȱ
Proportionsȱ(%)ȱ 31ȱ(46.30)ȱ 36ȱ(53.70)ȱ ȱ
Ageȱ(years)ȱ 35.16ȱ±ȱ3.75ȱ 35ȱ(28ȱtoȱ42)ȱ 35.25ȱ±ȱ3.75ȱ 35.50ȱ(28ȱtoȱ42)ȱ 0.92ȱ
BMIȱ(Kg/m2)ȱ1ȱ 22.79ȱ±ȱ3.72ȱ 21.80ȱ(17.40ȱtoȱ34.10)ȱ 22.43ȱ±ȱ3.14ȱ 22.20ȱ(16ȱtoȱ29.40)ȱ 0.93ȱ
AMHȱ(ng/mL)ȱ 3.25ȱ±ȱ3.13ȱ 2.59ȱ(0.84ȱtoȱ17.60)ȱ 3.10ȱ±ȱ3.75ȱ 1.89ȱ(0.24ȱtoȱ18.09)ȱ 0.11ȱ
TotalȱFSHȱ(IU)ȱ 2464.96ȱ±ȱ1175.40ȱ 2100ȱ(1109ȱtoȱ5100)ȱ 2342.32ȱ±ȱ1139.76ȱ 2211ȱ(721.50ȱtoȱ5100)ȱ 0.26ȱ
FSHȱ(mIU/mL)ȱ 8.01ȱ±ȱ3.23ȱ 7.60ȱ(1.76ȱtoȱ15.7)ȱ 8.24ȱ±ȱ4.97ȱ 7.64ȱ(0.35ȱtoȱ26.28)ȱ 0.72ȱ
LHȱ(mIU/mL)ȱ2ȱ 5.57ȱ±ȱ2.56ȱ 4.84ȱ(2.29ȱtoȱ12.13)ȱ 6.08ȱ±ȱ2.74ȱ 5.80ȱ(0.83ȱtoȱ11.81)ȱ 0.30ȱ
AFCȱ(n)ȱ 12.7ȱ±5.31ȱ 13ȱ(3ȱtoȱ26)ȱ 12.30ȱ±ȱ5.69ȱ 11.50ȱ(3ȱtoȱ25)ȱ 0.76ȱ
E2ȱ(pg/mL)ȱ 1399.12ȱ±ȱ883.69ȱ 1130ȱ(423ȱtoȱ4433)ȱ 1466ȱ±ȱ952.40ȱ 1130ȱ(361ȱtoȱ4433)ȱ 0.85ȱ
Progest.ȱ(ng/dL)ȱ 0.86ȱ±ȱ0.38ȱ 0.78ȱ(0.2ȱtoȱ1.75)ȱ 1.00ȱ±ȱ0.89ȱ 0.81ȱ(0.3ȱtoȱ5.13)ȱ 0.90ȱ
LengthȱofȱTreatmentȱ(days)ȱ 11.32ȱ±ȱ1.92ȱ 11.00ȱ(7ȱtoȱ17)ȱ 10.97ȱ±ȱ1.54ȱ 11.00ȱ(8ȱtoȱ15)ȱ 0.41ȱ
InjectedȱOocytesȱ(n)ȱ 5.19ȱ±ȱ2.34ȱ 5.00ȱ(1ȱtoȱ10)ȱ 7.03ȱ±ȱ4.4ȱ 7.00ȱ(1ȱtoȱ17)ȱ 0.11ȱ
Fertil.ȱOocytesȱ(n)ȱ 4.03ȱ±ȱ1.72ȱ 4.00ȱ(1ȱtoȱ7)ȱ 5.81ȱ±ȱ3.75ȱ 6.50ȱ(1ȱtoȱ13)ȱ 0.03ȱ
Embr.ȱObtainedȱ(n)ȱ 3.00ȱ±ȱ1.26ȱ 3.00ȱ(1ȱtoȱ6)ȱ 3.94ȱ±ȱ2.68ȱ 3.50ȱ(0ȱtoȱ10)ȱ 0.29ȱ
Embr.ȱTransferredȱ(n)ȱ 1.74ȱ±ȱ0.82ȱ 2.00ȱ(0ȱtoȱ3)ȱ 1.64ȱ±ȱ0.64ȱ 2.00ȱ(0ȱtoȱ3)ȱ 0.32ȱ

PregnancyȱStatusȱ AbnormalȱResponseȱ NormalȱResponseȱ ȱ
Yesȱ 7ȱ(22.6)ȱ 10ȱ(27.80)ȱ

0.62Λ2ȱ
Noȱ 24ȱ(77.4)ȱ 26ȱ(72.2)ȱ
PolymorphismȱofȱFSHȬRȱ AbnormalȱResponseȱ NormalȱResponseȱ ȱ

Asn/AsnȱAbsentȱPolymorphismȱ 7ȱ(22.6)ȱ 23ȱ(63.9)ȱ
<0.01Λ2ȱAsn/SerȱHeterozygoteȱ 17ȱ(54.8)ȱ 9ȱ(25)ȱ

Ser/SerȱHomozygoteȱ 7ȱ(22.6)ȱ 4ȱ(11.1)ȱ
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3.ȱDiscussionȱ
TheȱresultsȱobtainedȱshowȱthatȱinȱhealthyȱpatientsȱundergoingȱaȱCOSȱwithȱanȱabnorȬ

malȱovarianȱresponse,ȱthereȱ isȱaȱprevalenceȱofȱaminoȱacidȱserineȱatȱpositionȱ680ȱonȱtheȱ
FSHrȱgene,ȱcomparedȱtoȱnormalȱrespondersȱwhereȱtheȱasparagineȱinȱtheȱsameȱpositionȱ
prevailsȱ(pȱ<ȱ0.05).ȱInȱaddition,ȱaȱstatisticallyȱsignificantȱdifferenceȱ(pȱ<ȱ0.05)ȱinȱtermsȱofȱtheȱ
fertilizationȱrateȱbetweenȱtheȱnormalȱandȱabnormalȱrespondersȱpatientsȱfollowingȱaȱCOSȱ
isȱfoundȱ(Tableȱ1).ȱ ȱ

Theȱabnormalȱresponseȱobtainedȱcorrespondsȱtoȱaȱpoorȱoocytesȱrecoveryȱcomparedȱ
toȱthatȱexpectedȱaccordingȱtoȱtheȱAMHȱandȱAFC.ȱThisȱeventȱcouldȱbeȱexplainedȱbyȱtheȱ
roleȱofȱ theȱFSHrȱduringȱtheȱCOS:ȱtheȱadministrationȱofȱ theȱFSHȱexogenousȱ inducesȱanȱ
increaseȱ inȱ theȱ estradiolȱ throughȱbindingȱ toȱ theȱFSHȱ receptor.ȱDifferentȱ authorsȱhaveȱ
demonstratedȱthatȱtheȱSer680ȱcausesȱaȱpartialȱresistanceȱofȱtheȱreceptorȱtoȱgonadotropin;ȱ
therefore,ȱtheȱbasalȱlevelsȱofȱtheȱFSHȱwillȱbeȱhigherȱinȱtheseȱpatientsȱthanȱinȱthoseȱwithȱ
Asn680ȱ[25–27].ȱIndeed,ȱconsideringȱtheȱhigherȱdoseȱofȱexogenousȱFSH,ȱwomenȱwithȱaȱ
homozygousȱSer680ȱgenotypeȱshowȱlowerȱestradiolȱ(E2)ȱlevelsȱandȱrequireȱaȱhigherȱdoseȱ
ofȱ exogenousȱFSHȱ toȱ achieveȱ theȱ sameȱE2ȱ levelsȱ asȱwomenȱwhoȱ areȱhomozygousȱ forȱ
Asn680ȱorȱheterozygousȱ[28–31].ȱTheseȱfindingsȱagreeȱwithȱaȱstudyȱthatȱfoundȱthatȱtheȱ
sameȱdoseȱofȱFSHȱcorrelatesȱwithȱlowerȱlevelsȱofȱE2ȱinȱpatientsȱhomozygousȱforȱSer680ȱ
whenȱcomparedȱwithȱwomenȱhomozygousȱ forȱAsn680ȱ [26].ȱOnȱ theȱotherȱhand,ȱanȱ inȬ
creasedȱsensitivityȱtoȱtheȱexogenousȱFSHȱinȱpatientsȱcarryingȱtheȱAsn680ȱvariantȱ(particȬ
ularlyȱ ifȱhomozygous)ȱwasȱ observed.ȱTherefore,ȱ theseȱwomenȱmightȱ beȱ exposedȱ toȱ aȱ
higherȱriskȱofȱdevelopingȱovarianȱhyperȬstimulationȱsyndromeȱ(OHSS)ȱcomparedȱtoȱpaȬ
tientsȱcarryingȱtheȱSer680ȱalleleȱ[32,33].ȱIndeed,ȱpatientsȱhomozygousȱforȱAsn680ȱareȱparȬ
ticularlyȱreactiveȱtoȱtheȱFSH,ȱandȱfollowingȱaȱCOS,ȱtheyȱproduceȱaȱrelevantȱnumberȱofȱ
follicles,ȱasȱwellȱasȱhighȱlevelsȱofȱE2ȱinȱtheȱcirculationȱ[34].ȱInstead,ȱtheȱheterozygousȱpaȬ
tientsȱareȱthoseȱwhoȱrespondȱinȱaȱmoreȱactive,ȱbalancedȱwayȱtoȱcontrolledȱovarianȱstimuȬ
lationȱ[35].ȱ

Inȱthisȱstudy,ȱaȱstatisticalȱsignificanceȱ(pȱ<ȱ0.05)ȱinȱtermsȱofȱtheȱfertilizationȱrateȱbeȬ
tweenȱtheȱtwoȱgroupsȱwasȱfound:ȱaȱhigherȱfertilizationȱrateȱwasȱobtainedȱfromȱtheȱnormalȱ
group,ȱprobablyȱdueȱtoȱtheȱpresenceȱofȱatȱleastȱoneȱSerȱinȱpositionȱ680ȱinȱtheȱFSHr.ȱFurtherȱ
studiesȱneedȱtoȱbeȱperformedȱtoȱclarifyȱthisȱresult.ȱMoreover,ȱinȱtheȱliterature,ȱnoȱinforȬ
mationȱwasȱrecovered.ȱ

RegardingȱtheȱrateȱofȱmatureȱoocytesȱfollowingȱpickȬup,ȱtheȱresultsȱobtainedȱshowȱ
thatȱthereȱisȱnotȱaȱsignificantȱdifferenceȱbetweenȱtheȱtwoȱgroups.ȱHowever,ȱinȱtheȱliteraȬ
ture,ȱitȱwasȱdemonstratedȱthatȱwomenȱcarryingȱtheȱSer680ȱvariantȱ(homozygousȱspecially)ȱ
yieldȱaȱlowerȱnumberȱofȱmatureȱoocytesȱrecoveredȱcomparedȱwithȱpatientsȱwhoȱhaveȱatȱ
leastȱoneȱAsn680ȱresidueȱ[36].ȱNevertheless,ȱotherȱauthorsȱfoundȱthatȱinȱpatientsȱhomozyȬ
gousȱforȱAsn680,ȱtheȱnumberȱofȱmatureȱoocytesȱisȱreducedȱcomparedȱtoȱhomozygotesȱforȱ
Ser680ȱ[37].ȱAlthough,ȱtheȱabsenceȱofȱaȱrelationshipȱbetweenȱtheȱFSHrȱAsn680SerȱgenoȬ
typeȱandȱtheȱnumberȱofȱrecoverableȱmetaphaseȱIIȱoocytesȱwasȱalsoȱreportedȱ[38,39].ȱTheȱ
debateȱinȱtheȱliteratureȱonȱthisȱconcernȱisȱstillȱveryȱactive,ȱandȱitȱisȱcurrentlyȱnotȱpossibleȱ
toȱdrawȱaȱfirmȱconclusion.ȱ ȱ

Accordingȱtoȱtheȱresultsȱobtained,ȱitȱcouldȱbeȱpossibleȱthatȱtheȱpresenceȱofȱSer680ȱorȱ
Asn680ȱinȱtheȱFSHrȱgeneȱdoesȱnotȱaffectȱtheȱvaluesȱofȱbothȱtheȱAMHȱandȱAFC.ȱIndeed,ȱitȱ
wasȱdemonstratedȱthatȱthereȱisȱnoȱrelationshipȱbetweenȱtheȱAsn680Serȱpolymorphismȱofȱ
theȱFSHrȱandȱAMHȱ levelsȱ [40].ȱToȱpredictȱ theȱovarianȱ responseȱ followingȱaȱCOS,ȱ itȱ isȱ
recommendableȱtoȱdeterminateȱtheȱgenotypeȱofȱtheȱFSHr,ȱespeciallyȱwhenȱtheȱpatientsȱareȱ
healthyȱandȱwithȱanȱoptimalȱAMHȱlevelȱandȱAFCȱvalue.ȱTheseȱfindingsȱsupportȱtheȱinitialȱ
hypothesisȱthatȱdespiteȱtheȱoptimalȱvaluesȱofȱtheȱAMHȱandȱAFC,ȱtheȱcauseȱofȱanȱabnormalȱ
oocyteȱresponseȱmayȱbeȱrelatedȱtoȱtheȱaminoȱacidȱsubstitutionȱinȱpositionȱ680ȱofȱtheȱFSHȱ
receptor.ȱ ȱ

Oneȱofȱtheȱmainȱchallengesȱofȱthisȱstudyȱwasȱunderstandingȱhowȱtoȱdetermineȱwhenȱ
theȱovarianȱresponseȱwasȱabnormal.ȱForȱthisȱpurpose,ȱtheȱmostȱrecentȱliteratureȱwasȱanaȬ
lyzedȱ andȱonlyȱoneȱarticleȱ investigatedȱ theȱ relationshipȱbetweenȱ theȱpredictionȱofȱ theȱ
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numberȱofȱoocytesȱretrievedȱafterȱaȱCOSȱandȱtheȱovarianȱreserveȱbiomarkersȱ[18].ȱInȱadȬ
dition,ȱthereȱisȱaȱlackȱofȱdataȱinȱtheȱliteratureȱexploringȱtheȱcorrelationȱbetweenȱtheȱoocyteȱ
numberȱpredictedȱandȱobtained.ȱForȱthisȱreason,ȱweȱsetȱthisȱvalueȱasȱtheȱfollowing:ȱwhenȱ
theȱoocyteȱretrievalȱnumberȱisȱlessȱthanȱ50%ȱofȱtheȱpredictedȱvalue,ȱtheȱresponsesȱwereȱ
consideredȱpoor.ȱFurthermore,ȱwhenȱtheȱformulaȱsuggestedȱitȱwasȱapplied,ȱweȱnoticedȱ
abnormalȱresultsȱinȱtheȱpatientsȱwithȱveryȱhighȱlevelsȱofȱAMHȱandȱAFCȱvalues.ȱOnȱtheȱ
otherȱhand,ȱwhenȱtheȱAMHȱandȱAFCȱareȱdeficient,ȱtheȱclinicalȱeffectsȱcouldȱbeȱalreadyȱinȱ
anȱadvancedȱstage.ȱThisȱconditionȱcouldȱexposeȱtheȱpatientsȱtoȱtheȱprematureȱdepletionȱ
ofȱtheȱovarianȱreserve.ȱNevertheless,ȱfurtherȱinvestigationȱwhichȱincludesȱaȱhigherȱnumȬ
berȱofȱpatientsȱisȱneededȱtoȱconfirmȱtheȱresults.ȱOurȱstudyȱrepresentsȱaȱnoveltyȱbecauseȱ
thereȱisȱstillȱlittleȱliterature,ȱandȱtheȱopinionsȱareȱcontroversial.ȱThisȱisȱnotȱaȱrandomizedȱ
controlledȱtrial;ȱitȱisȱaȱcomparativeȱandȱretrospectiveȱstudy.ȱTherefore,ȱourȱfindingsȱshouldȱ
beȱvalidatedȱwithȱaȱprospectiveȱtrial.ȱ

Inȱ conclusion,ȱ despiteȱ thatȱ theȱAMHȱ andȱAFCȱ areȱ theȱmostȱ reliableȱ ovarianȱ biȬ
omarkers,ȱoccasionallyȱtheyȱmightȱbeȱnotȱableȱtoȱpredictȱanȱaccurateȱresponseȱafterȱaȱCOS.ȱ
Probablyȱtheȱovarianȱresponseȱinȱtermsȱofȱtheȱoocytesȱcollectedȱdependsȱonȱtheȱgenotypeȱ
ofȱ theȱ FSHȱ receptor,ȱ andȱ inȱ thisȱ study,ȱ itȱwasȱ focusedȱ onȱ onlyȱ oneȱ polymorphism:ȱ
Asn680Serȱ(theȱmostȱstudiedȱandȱcitedȱfromȱtheȱliterature).ȱTheȱpolymorphismȱdoesȱnotȱ
affectȱtheȱ levelsȱofȱtheȱAMHȱandȱAFC,ȱbutȱadditionalȱstudiesȱareȱneededȱ toȱclarifyȱtheȱ
detailsȱofȱ thoseȱmechanismsȱandȱ toȱhelpȱunderstandȱ theȱreasonȱwhyȱsomeȱpatientsȱreȬ
spondȱtoȱaȱCOSȱdifferentlyȱthanȱtheȱprediction.ȱMoreover,ȱtoȱincreaseȱtheȱpregnancyȱoutȬ
comesȱforȱinfertileȱpatients,ȱaȱtoolȱtoȱestablishȱwhenȱaȱCOSȱresultsȱinȱanȱabnormalȱoocyteȱ
responseȱwillȱallowȱcliniciansȱtoȱcustomizeȱtheȱstimulationȱprotocol.ȱ ȱ

4.ȱMaterialsȱandȱMethodsȱ
4.1.ȱPatientsȱ

ThisȱisȱaȱcaseȬcontrolȱstudyȱconductedȱatȱtheȱIVFȱMOMO’ȱFertiLifeȱCentreȱ(Bisceglie,ȱ
Italy),ȱfromȱJanuaryȱ2012ȱtoȱDecemberȱ2021ȱ(Figureȱ2).ȱDuringȱthisȱtime,ȱ4987ȱARTȱtreatȬ
mentsȱwereȱperformedȱusingȱtheȱintracytoplasmicȱspermȱinjectionȱ(ICSI)ȱasȱinseminationȱ
method.ȱOutȱofȱ4987ȱtreatments,ȱ31ȱpatientsȱwereȱretrospectivelyȱselectedȱandȱallocatedȱtoȱ
theȱ‘abnormalȱresponder’ȱgroup,ȱwho,ȱdespiteȱnormalȱAMHȱandȱAFCȱvalues,ȱshowedȱaȱ
lowȱnumberȱofȱMIIȱoocytesȱretrieved.ȱ ȱ

TheȱAsn680SerȱgenotypicȱanalysisȱofȱFSHrȱwasȱexaminedȱinȱthisȱgroupȱofȱselectedȱ
patients.ȱItȱwasȱcomparedȱtoȱtheȱcontrolȱgroupȱofȱ ‘normalȱresponder’,ȱ includingȱ36ȱpaȬ
tientsȱwithȱsameȱcharacteristicsȱofȱage,ȱBMIȱorȱcauseȱofȱinfertilityȱandȱshowingȱaȱnumberȱ
ofȱoocytesȱretrievedȱconcordantȱwithȱtheȱAMHȱandȱAFCȱvalues.ȱTheȱpatientsȱenrolledȱinȱ
theȱ ‘normalȱresponders’ȱgroupȱwereȱrandomlyȱselectedȱthroughȱtheȱMedITEXȱsoftwareȱ
versionȱnumberȱ2.8.7.4.ȱAllȱpatientsȱrecruitedȱinȱtheȱstudyȱwereȱheathy,ȱwithȱregularȱmenȬ
strualȱcycleȱofȱ25–35ȱdays,ȱageȱǂȱ45ȱyearsȱandȱatȱleastȱ1ȱyearȱofȱinfertility.ȱTheȱpatientsȱwithȱ
theȱcharacteristicsȱreportedȱinȱTableȱ2ȱwereȱexcluded.ȱTheȱreceptorȱpolymorphismȱanalyȬ
sisȱwasȱalsoȱinvestigatedȱinȱtheȱcontrolȱgroup.ȱ
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Figureȱ2.ȱStudyȱdesign.ȱ

Tableȱ2.ȱExclusionȱcriteria.ȱ

TriggerȱTimeȱLessȱthanȱ34ȱhȱandȱGreaterȱthanȱ37ȱhȱ[41,42];ȱ
Eggȱretrievalȱperformedȱbyȱaȱnewȱdoctorȱtoȱavoidȱemployeeȱoperatorȱerrors;ȱ
Errorsȱinȱtheȱadministrationȱofȱtheȱtrigger;ȱ
Unreachableȱovariesȱ[43];ȱ
Progesteroneȱǃȱ1.6ȱng/mLȱonȱtheȱdayȱofȱtheȱtriggerȱ[44];ȱ
BMIȱǃȱ30ȱkg/m2ȱ[45];ȱ
Cyclesȱstimulationȱ<ȱ8ȱdaysȱ[46];ȱ
PCOSȱ[47];ȱ
Endometriosisȱ[47];ȱ
Patientsȱundergoingȱovarian,ȱtubalȱpelvicȱorȱotherȱsurgery;ȱ
Patientsȱwithȱendocrineȱdisorders;ȱ
PatientsȱwithȱpreviousȱfailureȱinȱIVFȱcycles;ȱ
Patientsȱwithȱmaleȱfactorȱ[48].ȱ

ȱ ȱ
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4.2.ȱEthicsȱApprovalȱandȱConsentȱtoȱParticipateȱ
TheȱLocalȱEthicsȱCommitteeȱ(LEC)ȱofȱtheȱMOMO’ȱFERTILIFEȱCenterȱbelievesȱthatȱ

theȱaboveȱresearch,ȱforȱtheȱpurposeȱofȱtheȱstudy,ȱteachingȱandȱtrainingȱindicatedȱinȱtheȱ
project,ȱ isȱ ethicallyȱ justified,ȱ recommendingȱ thatȱ theȱ followingȱ conditionsȱ toȱbeȱdocuȬ
mentedȱandȱguaranteed:ȱ
x Thatȱcouplesȱsignedȱtheȱinformedȱconsentȱforȱtheȱpurposeȱstudy,ȱresearchȱandȱtraining;ȱ
x Thatȱtheȱinformedȱconsentȱhasȱbeenȱexpressedȱbyȱanȱadult,ȱawareȱandȱinȱtheȱabȬ

senceȱofȱanyȱformȱofȱmaterialȱorȱpsychologicalȱcoercion.ȱ
Theȱopinionȱinȱresponseȱtoȱtheȱquestionȱonȱtheȱethicalȱaspectsȱconcerningȱtheȱaboveȱ

researchȱwasȱdiscussedȱinȱtheȱLEC,ȱsessionȱofȱ18ȱDecemberȱ2017,ȱandȱapprovedȱunaniȬ
mouslyȱ(prot.ȱN.ȱ0718).ȱ

4.3.ȱStimulationȱandȱPredictionȱofȱtheȱOvarianȱResponseȱ ȱ
AllȱpatientsȱundergoingȱARTȱtreatmentȱperformedȱtheȱAMHȱtestȱtoȱassessȱtheȱovarȬ

ianȱreserve.ȱTheȱdosageȱwasȱperformedȱwithȱaȱchemiluminescenceȱimmunometricȱsystemȱ
(MAGLUMIȱ800,ȱSnibe,ȱShenzhen,ȱChina).ȱTheȱAFCȱevaluationȱwasȱcompletedȱonȱtheȱfirstȱ
dayȱofȱtheȱcycleȱwithȱaȱGEȱVolusonȱS8ȱultrasoundȱsystemȱ(GEȱHealthcare,ȱChicago,ȱIL,ȱ
USA).ȱTheȱexaminationȱwasȱalwaysȱperformedȱbyȱ theȱsameȱdoctor.ȱThereafter,ȱ theȱpaȬ
tientsȱunderwentȱCOSȱusingȱ theȱGnRHȬantagonistȱprotocol.ȱTheȱ recombinantȱ follicleȬ
stimulatingȱhormoneȱ(FSH;ȱGONALȬf,ȱMerckȱSerono,ȱWeiterstadt,ȱGermany)ȱwasȱadminȬ
isteredȱfromȱtheȱsecondȱdayȱofȱmenstruation;ȱtheȱstartingȱdoseȱwasȱdeterminedȱalwaysȱ
usingȱLaȱMarcaȱnomogramȱ[49].ȱFollicularȱmaturationȱwasȱmonitoredȱthroughȱserumȱesȬ
tradiolȱ(E2)ȱandȱprogesteroneȱ(P)ȱlevelsȱandȱinȱparallel,ȱalsoȱwithȱtransvaginalȱfollicularȱ
ultrasound,ȱrespectively,ȱonȱdaysȱ5,ȱ7,ȱ10ȱandȱ12ȱfromȱtheȱstartȱofȱtherapy.ȱWhenȱoneȱorȱ
moreȱfolliclesȱreachingȱ13–14ȱmmȱsize,ȱ0.25ȱmgȱofȱCetrotideȱ(MerckȱSerono,ȱWeiterstadt,ȱ
Germany)ȱwasȱadministeredȱdailyȱtoȱavoidȱovulation.ȱUponȱreachingȱatȱleastȱ3ȱfolliclesȱ
withȱaȱsizeȱǃȱ18ȱmmȱinȱdiameter,ȱaȱdoseȱofȱ10,000ȱIUȱofȱchorionicȱgonadotropinȱ(hCG)ȱwasȱ
administeredȱtoȱinduceȱovulationȱ(GONASI,ȱIBSA,ȱLugano,ȱSwitzerland).ȱTheȱpredictionȱ
ofȱtheȱovarianȱresponseȱwasȱcalculatedȱusingȱtheȱequationȱ(logȱscale)ȱstatedȱabove:ȱ(numȬ
berȱofȱoocytesȱretrieved)ȱ=ȱ2.584ȱƺȱ0.015ȱ×ȱ(age)ȱ–ȱ0.035ȱ×ȱ(FSH)ȱ+ȱ0.038ȱ×ȱ(AMH)ȱ+ȱ0.026ȱ×ȱ
(AFC)ȱ[18].ȱAtȱtheȱtimeȱofȱtheȱoocyteȱretrieval,ȱifȱtheȱnumberȱofȱMIIȱoocytesȱrecoveredȱwasȱ
50%ȱlowerȱthanȱtheȱvalueȱcalculatedȱbyȱtheȱequation,ȱweȱthenȱclassifiedȱtheȱovarianȱreȬ
sponseȱasȱ‘deficient’ȱ(Tableȱ3).ȱ ȱ

Tableȱ3.ȱExampleȱofȱtheȱequationȱ[18]ȱtoȱpredictȱtheȱnumberȱofȱoocytesȱretrievableȱatȱtheȱpickȬupȱ
accordingȱtoȱtheȱage,ȱFSH,ȱAMHȱandȱAFC.ȱPatientȱ ‘ABNORMALȱRESPONSEȱ(31/67)’ȱshowingȱaȱ
deficientȱresponseȱandȱPatientȱ‘NORMALȱRESPONSEȱ(36/67)’ȱshowingȱaȱnormalȱresponse.ȱTheȱreȬ
sponseȱwasȱclassifiedȱasȱabnormalȱ ifȱtheȱnumberȱofȱmatureȱMIIȱoocytesȱcollectedȱwasȱ50%ȱ lowerȱ
thanȱtheȱvalueȱpredictedȱbyȱtheȱequation.ȱ

ABNORMALȱRESPONDERSȱ(31/67)ȱ NORMALȱRESPONDERSȱ(36/67)ȱ

Age:ȱ33ȱ Age:ȱ34ȱ
FSH:ȱ7.3ȱ FSH:ȱ5.9ȱ

AMH:ȱ4.76ȱ AMH:ȱ10.6ȱ
AFC:ȱ14ȱ AFC:ȱ21ȱ

nȱoocytesȱretrievalȱ(logȱscale)ȱ=ȱ2.584ȱƺȱ
0.015ȱ×ȱ(Ageȱ=ȱ33)ȱƺȱ0.035ȱ×ȱ(FSHȱ=ȱ7.3)ȱ+ȱ
0.038ȱ×ȱ(AMHȱ=ȱ4.76)ȱ+ȱ0.026ȱ×ȱ(AFCȱ=ȱ14)ȱ

nȱoocytesȱretrievalȱ(logȱscale)ȱ=ȱ2.584ȱƺȱ
0.015×ȱ(Ageȱ=ȱ34)ȱ–ȱ0.035ȱ×ȱ(FSHȱ=ȱ5.9)ȱ+ȱ
0.038ȱ×ȱ(AMHȱ=ȱ10.6)ȱ+ȱ0.026ȱ×ȱ(AFCȱ=ȱ21)ȱ

EXPECTEDȱRESPONSE:ȱ10ȱMIIȱ
OBTAINEDȱRESPONSE:ȱ3ȱMIIȱ ȱ

3ȱ<ȱ50%ȱ(10)ȱĺȱDEFICITARYȱRESPONSEȱ

EXPECTEDȱRESPONSE:ȱ16ȱMIIȱ
OBTAINEDȱRESPONSE:ȱ14ȱMIIȱ

14ȱǃȱ50%ȱ(14)ȱĺȱNORMALȱRESPONSEȱ
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4.4.ȱHormonalȱAssaysȱ
SerumȱAMHȱwasȱmeasuredȱusingȱaȱspecificȱimmunometricȱassayȱMAGLUMIȱ800ȱkitȱ

(SinbeȱDiagnostic,ȱShenzhen,ȱChina).ȱTheȱsensitivityȱandȱintra/interȬassayȱcoefficientsȱofȱ
variationȱ(CVs)ȱforȱAMHȱassayȱwereȱ0.08ȱng/mLȱandȱ4.2/5.7%,ȱrespectively.ȱE2ȱandȱproȬ
gesteroneȱwereȱalsoȱmeasuredȱbyȱcompetitiveȱimmunoassayȱusingȱtheȱMAGLUMIȱ800ȱkitȱ
(SinbeȱDiagnostic,ȱShenzhen,ȱChina),ȱwithȱintra/interȬassayȱCVsȱofȱ4.1/5.6ȱandȱ3.9/5.7%ȱforȱ
E2ȱandȱprogesterone,ȱrespectively.ȱTheȱsensitivityȱforȱE2ȱandȱprogesteroneȱwasȱ2ȱandȱ4.7ȱ
pg/mL,ȱrespectively.ȱ

4.5.ȱOocyteȱPickȬUp,ȱICSIȱandȱETȱ
TheȱultrasoundȬguidedȱtransvaginalȱoocyteȱretrievalȱwasȱperformedȱ(OPU;ȱVOLUȬ

SONȱS8,ȱGEȱHealthcare,ȱChicago,ȱIL,ȱUSA)ȱ[45].ȱForȱeachȱpatient,ȱtheȱtotalȱnumberȱofȱmaȬ
tureȱoocytesȱretrievedȱwasȱassessedȱusingȱaȱstereoȱmicroscopeȱ(NikonȱSMZȱ1500,ȱTokyo,ȱ
Japan).ȱWithȱtheȱuseȱofȱanȱinvertedȱmicroscopeȱandȱaȱmicromanipulator,ȱtheȱmatureȱMIIȱ
oocytesȱwereȱinjectedȱbyȱanȱembryologistȱwithȱtheȱICSIȱtechniqueȱselectingȱtheȱmorphoȬ
logicallyȱnormalȱ spermatozoaȱ throughȱ theȱhorizontalȱmigrationȱ techniqueȱ [42,50].ȱTheȱ
embryosȱwereȱculturedȱinȱaȱsingleȬstepȱmediaȱ(GȬTLTM,ȱVitrolife,ȱGothenburg,ȱSweden)ȱ
usingȱaȱtimeȱlapseȱincubatorȱ(GERITM,ȱGeneaȱBiomedx,ȱSydney,ȱAustralia),ȱadoptingȱaȱ
preȬmixedȱgasȱwithȱ5%ȱO2ȱandȱ6%ȱCO2ȱandȱbalanceȱnitrogen.ȱAfterȱ16–19ȱhȱpostȱinjection,ȱ
fertilizationȱwasȱassessedȱwithȱtheȱpresenceȱofȱtwoȱpronucleiȱandȱtheȱsecondȱpolarȱbodyȱ
inȱtheȱperivitellineȱspace.ȱFurtherȱembryonicȱdevelopmentȱwasȱmonitoredȱdaily,ȱandȱonȱ
dayȱ5ȱatȱblastocystȱstage,ȱtheȱmostȱcompetentȱembryoȱselectedȱbyȱmorphologicalȱevaluaȬ
tionȱwasȱtransferredȱtoȱtheȱuterineȱcavityȱ[51].ȱTheȱΆȬhCGȱdosageȱtoȱdetermineȱtheȱoutȬ
comeȱofȱ theȱpregnancyȱwasȱ completedȱ12ȱdaysȱafterȱ theȱ embryoȱ transferȱ (ET).ȱSubseȬ
quently,ȱtheȱviableȱpregnancyȱwasȱconfirmedȱbyȱtransvaginalȱultrasound.ȱ

4.6.ȱDNAȱExtractionȱandȱPCRȬRFLPȱAnalysisȱforȱtheȱAsn680SerȱVariantȱ
Aȱbloodȱsampleȱofȱ1ȱmLȱwasȱcollectedȱfromȱeachȱpatient,ȱusingȱaȱcollectionȱtubeȱwithȱ

EDTAȱasȱanticoagulant.ȱGenomicȱDNAȱwasȱobtainedȱfromȱperipheralȱbloodȱleukocytesȱ
withȱtheȱWizardTMȱGenomicȱDNAȱPurificationȱKitȱ(Promega,ȱMadison,ȱWI,ȱUSA)ȱaccordȬ
ingȱtoȱtheȱmanufacturer’sȱinstructions.ȱTheȱpresenceȱofȱtheȱAsn680Serȱvariantȱintroducesȱ
aȱrestrictionȱsiteȱthatȱcanȱbeȱusedȱforȱtheȱPCR–RFLPȱ(PCR–restrictionȱfragmentȱlengthȱpolȬ
ymorphism)ȱtechnique.ȱTheȱregionȱofȱnucleotideȱnumberȱ1624ȱtoȱ2143ȱinȱtheȱFSHrȱgeneȱ
wasȱamplifiedȱbyȱPCRȱwithȱAppliedȱBiosystemsȱSimpliAmpȱThermalȱCyclerȱ (Thermoȱ
Fisher,ȱWaltham,ȱMA,ȱUSA)ȱusingȱgenomicȱDNAȱasȱtemplatesȱandȱaȱsetȱofȱprimersȱ[29]ȱ
(primerȬ1:ȱ 5ȝȬTTTGTGGTCATCTGTGGCTGCȬ3ȝ;ȱ andȱ primerȬ2:ȱ 5ȝȬ
CAAAGGCAAGGACTGAATTATCATTȬ3ȝ)ȱwhichȱamplifiedȱ theȱDNAȱ fragmentȱofȱ520ȱ
bpȱinȱsize.ȱFollowing,ȱtheȱPCRȱfragmentȱwasȱcutȱbyȱrestrictionȱenzymeȱ(BseNI)ȱapproach.ȱ
Standardȱelectrophoresisȱinȱ2%ȱagaroseȱgelȱandȱ0.5×ȱTrisȬborateȱEDTAȱbufferȱwasȱusedȱtoȱ
separateȱ theȱuncutȱPCRȱproductȱ (520ȱbp)ȱ representingȱ theȱAȱalleleȱ (Asn)ȱ fromȱ theȱ reȬ
strictedȱPCRȱfragmentsȱ(413ȱandȱ107ȱbp)ȱcorrespondingȱtoȱtheȱGȱalleleȱ(Ser).ȱ

4.7.ȱStatisticalȱAnalysisȱ
TheȱwholeȱsampleȱwasȱcategorizedȱaccordingȱtoȱtheȱovarianȱresponseȱafterȱCOS,ȱasȱ

describedȱ inȱMethodsȱsectionȱ(abnormalȱresponseȱasȱcomparedȱtoȱ theȱnormalȱresponseȱ
group).ȱTheȱShapiro–Wilkȱtestȱwasȱperformedȱtoȱassessȱtheȱnormalityȱofȱvariablesȱinȱeachȱ
group.ȱIndependentȱsamplesȱtȱtest,ȱMann–WhitneyȱUȱtestȱandȱChiȬsquaredȱtestȱwereȱperȬ
formedȱ toȱassessȱdifferencesȱbetweenȱgroups,ȱ forȱcontinuousȱandȱcategoricalȱvariables,ȱ
respectively.ȱTheȱstatisticalȱanalysisȱwasȱperformedȱwithȱRȱSoftwareȱVersionȱ1.4.1106.ȱ ȱ
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