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Importance of Male Fertility 
Determination

• ApproximatelyApproximatelyApproximatelyApproximately 15151515%%%% ofofofof allallallall couplescouplescouplescouples areareareare infertileinfertileinfertileinfertile,,,, andandandand 50505050%%%% ofofofof

disintegrationdisintegrationdisintegrationdisintegration ofofofof fertilizationfertilizationfertilizationfertilization comescomescomescomes fromfromfromfrom malemalemalemale factorfactorfactorfactor....

• MaleMaleMaleMale infertilityinfertilityinfertilityinfertility leadleadleadlead totototo largelargelargelarge economiceconomiceconomiceconomic losseslosseslosseslosses inininin AnimalAnimalAnimalAnimal

industryindustryindustryindustry....industryindustryindustryindustry....

• InInInIn bovinebovinebovinebovine,,,, moremoremoremore thanthanthanthan 70707070%%%% ofofofof cowscowscowscows areareareare bredbredbredbred bybybyby artificialartificialartificialartificial

inseminationinseminationinseminationinsemination,,,, butbutbutbut onlyonlyonlyonly 50505050%%%% ofofofof successfulsuccessfulsuccessfulsuccessful fullfullfullfull----termtermtermterm pregnancypregnancypregnancypregnancy

ratesratesratesrates perperperper inseminationinseminationinseminationinsemination

• ThereforeThereforeThereforeTherefore,,,, thethethethe abilityabilityabilityability totototo predictpredictpredictpredict fertilityfertilityfertilityfertility potentialpotentialpotentialpotential inininin bothbothbothboth

humanshumanshumanshumans andandandand animalsanimalsanimalsanimals isisisis ofofofof criticalcriticalcriticalcritical importanceimportanceimportanceimportance....
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Importance of Male Fertility 
Determination

• InInInIn lastlastlastlast decadesdecadesdecadesdecades,,,, severalseveralseveralseveral semensemensemensemen analysesanalysesanalysesanalyses havehavehavehave beenbeenbeenbeen

developeddevelopeddevelopeddeveloped asasasas malemalemalemale fertilityfertilityfertilityfertility evaluationevaluationevaluationevaluation....

– SpermSpermSpermSperm morphologymorphologymorphologymorphology,,,, motilitymotilitymotilitymotility,,,, cervicalcervicalcervicalcervical mucusmucusmucusmucus penetrationpenetrationpenetrationpenetration testtesttesttest,,,,

spermspermspermsperm----zonazonazonazona interactioninteractioninteractioninteraction etcetcetcetc........---- ........

• WhileWhileWhileWhile thesethesethesethese toolstoolstoolstools essentialessentialessentialessential totototo provideprovideprovideprovide initialinitialinitialinitial quantitativequantitativequantitativequantitative

informationinformationinformationinformation onononon semensemensemensemen,,,, theirtheirtheirtheir clinicalclinicalclinicalclinical valuevaluevaluevalue ofofofof predictingpredictingpredictingpredicting

fertilityfertilityfertilityfertility isisisis debateddebateddebateddebated....
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• FirstFirstFirstFirst,,,, anananan accurateaccurateaccurateaccurate assessmentassessmentassessmentassessment isisisis thethethethe keystonekeystonekeystonekeystone ofofofof malemalemalemale

fertilityfertilityfertilityfertility andandandand allallallall effortseffortseffortsefforts shouldshouldshouldshould bebebebe mademademademade totototo improveimproveimproveimprove standardstandardstandardstandard

ofofofof assessmentassessmentassessmentassessment....

• SecondlySecondlySecondlySecondly,,,, comprehensivecomprehensivecomprehensivecomprehensive genomicgenomicgenomicgenomic andandandand proteomicproteomicproteomicproteomic

What’s the Future for the Diagnosis of 
Sperm Dysfunction and Male Infertility? 

• SecondlySecondlySecondlySecondly,,,, comprehensivecomprehensivecomprehensivecomprehensive genomicgenomicgenomicgenomic andandandand proteomicproteomicproteomicproteomic

approachesapproachesapproachesapproaches onononon malemalemalemale fertilityfertilityfertilityfertility areareareare timelytimelytimelytimely andandandand nownownownow requiredrequiredrequiredrequired....

• ThirdlyThirdlyThirdlyThirdly,,,, functionsfunctionsfunctionsfunctions ofofofof novelnovelnovelnovel genomesgenomesgenomesgenomes andandandand proteomesproteomesproteomesproteomes relatedrelatedrelatedrelated

withwithwithwith malemalemalemale fertilityfertilityfertilityfertility needneedneedneed totototo bebebebe elucidatedelucidatedelucidatedelucidated....

• FinallyFinallyFinallyFinally,,,, rapidrapidrapidrapid developmentdevelopmentdevelopmentdevelopment ofofofof microarraymicroarraymicroarraymicroarray andandandand proteomicproteomicproteomicproteomic chipchipchipchip

basedbasedbasedbased diagnosticsdiagnosticsdiagnosticsdiagnostics willwillwillwill bebebebe mademademademade....

((((ModifiedModifiedModifiedModified fromfromfromfrom CornerCornerCornerCorner andandandand BarrattBarrattBarrattBarratt                , , , , 2006200620062006).).).).
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Development of Male Fertility Prediction 
Tools: Sperm Penetration Assay I

EN

CorrelationCorrelationCorrelationCorrelation betweenbetweenbetweenbetween SpermSpermSpermSperm FertilityFertilityFertilityFertility IndexIndexIndexIndex andandandand LitterLitterLitterLitter sizesizesizesize ofofofof 24242424 BoarBoarBoarBoar

Litter size≥ 1

0
Litter size < 10

SFI ≥ 2.5 6 0

SFI < 2.5 1 17

Sensitivity 85.71%Sensitivity 85.71%

Specificity 100.00%

Positive predictive valu  

e
100.00%

Negative predictive valu  

e
94.44%

OverallOverallOverallOverall accuracyaccuracyaccuracyaccuracy    95959595....83 83 83 83 %%%%
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Development of Male Fertility Prediction 
Tools: Sperm Penetration Assay I

PB

MPNAT

EN

CorrelationCorrelationCorrelationCorrelation betweenbetweenbetweenbetween SpermSpermSpermSperm FertilityFertilityFertilityFertility IndexIndexIndexIndex andandandand 46464646 BullBullBullBull FFFFertilityertilityertilityertility

NRR ≥70% NRR < 70

SFI ≥ 2.55 21 1

SFI < 2.55 1 23

Sensitivity 95.46%

Specificity 95.83%

100 µm

 95.83%

Positive predictive val  

ue
95.46%

Negative predictive va  

lue
95.83%

OverallOverallOverallOverall accuracyaccuracyaccuracyaccuracy    95.65%
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• AlthoughAlthoughAlthoughAlthough thisthisthisthis systemsystemsystemsystem isisisis highlyhighlyhighlyhighly accurateaccurateaccurateaccurate inininin determiningdeterminingdeterminingdetermining malemalemalemale                                    

fertilityfertilityfertilityfertility thethethethe methodologymethodologymethodologymethodology isisisis complicatedcomplicatedcomplicatedcomplicated timetimetimetime, , , ,             , , , , ----consumingconsumingconsumingconsuming, , , , 

andandandand    expensiveexpensiveexpensiveexpensive....

Development of Male Fertility Prediction 
Tools: Sperm Penetration Assay II

• ThusThusThusThus newnewnewnew methodsmethodsmethodsmethods willwillwillwill needneedneedneed totototo bebebebe developeddevelopeddevelopeddeveloped totototo ensureensureensureensure, , , ,                                     

easiereasiereasiereasier andandandand moremoremoremore accurateaccurateaccurateaccurate assessmentsassessmentsassessmentsassessments                ....
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• ProteomicProteomicProteomicProteomic analysisanalysisanalysisanalysis usingusingusingusing spermatozoaspermatozoaspermatozoaspermatozoa isisisis acceptableacceptableacceptableacceptable totototo                            

understandunderstandunderstandunderstand comprehensivecomprehensivecomprehensivecomprehensive processprocessprocessprocess ofofofof spermspermspermsperm molecularmolecularmolecularmolecular                        

functionfunctionfunctionfunction relatedrelatedrelatedrelated withwithwithwith fertilityfertilityfertilityfertility            . . . . 

• InInInIn lastlastlastlast fewfewfewfew yearsyearsyearsyears proteomicsproteomicsproteomicsproteomics andandandand genomicsgenomicsgenomicsgenomics werewerewerewere appliedappliedappliedapplied totototo            , , , ,                         

Development of Male Fertility Prediction 
Tools: Proteomic Approaches I

• InInInIn lastlastlastlast fewfewfewfew yearsyearsyearsyears proteomicsproteomicsproteomicsproteomics andandandand genomicsgenomicsgenomicsgenomics werewerewerewere appliedappliedappliedapplied totototo            , , , ,                         

identifyidentifyidentifyidentify thethethethe proteinsproteinsproteinsproteins relatedrelatedrelatedrelated totototo malemalemalemale fertilityfertilityfertilityfertility                        ....

• DespiteDespiteDespiteDespite thesethesethesethese recentrecentrecentrecent effortseffortseffortsefforts itititit isisisis difficultdifficultdifficultdifficult totototo definedefinedefinedefine thethethethe            , , , ,                         

relationshiprelationshiprelationshiprelationship betweenbetweenbetweenbetween proteomeproteomeproteomeproteome andandandand spermspermspermsperm fertilityfertilityfertilityfertility afterafterafterafter                            

proteomicproteomicproteomicproteomic studystudystudystudy    ....
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• Bovine spermatozoa are an ideal model for male fertility         

– Good breeding records, fertility data, and progeny records

– Ample semen sample 

• Semen source and classification of fertility     

– Six frozen  Hanwoo semen were obtained from    Hanwoo Improvement in  

Development of Male Fertility Prediction 
Tools: Proteomic Approaches II

– Six frozen  Hanwoo semen were obtained from    Hanwoo Improvement in  

NACF. 

– NonNonNonNon----returnreturnreturnreturn raterateraterate NRRNRRNRRNRR        (((( ) ) ) ) was determined as the ratio of the number of         

cows that did not show any      estrusestrusestrusestrus gaingaingaingain upupupup totototo daysdaysdaysdays postpostpostpost                60 60 60 60     ----

inseminationinseminationinseminationinsemination divided by total number of cows inseminated       .
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Development of Male Fertility Prediction 
Tools: Proteomic Approaches III

pH 3pH 3pH 3pH 3 pH 11pH 11pH 11pH 11

Isoelectric focusing 

(IEF)

IEF

pH 7pH 7pH 7pH 7 pH 11pH 11pH 11pH 11

Molecular Molecular Molecular Molecular 

weight (KDa)weight (KDa)weight (KDa)weight (KDa)

200

6.5

Protein IdentificationProtein IdentificationProtein IdentificationProtein Identification

Liquid Chromatography – Mass 

spectrometry/Mass spectrometry

(LC/ESI(LC/ESI(LC/ESI(LC/ESI----MS/MS)MS/MS)MS/MS)MS/MS)

. The marked difference in 

spot intensity was 

arbitrarily set as a >3a >3a >3a >3----fold fold fold fold 

difference.difference.difference.difference.
Western blottingWestern blottingWestern blottingWestern blotting

With spermatozoa from 

20bulls
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Differentially Expressed Proteins of Spermatozoa 
from High and Low Fertility Bulls I

Experimental 
comparison

Total No of spot .  
s 

detected in 
reference gel

No of spots.   with
increased 

expression on on 
e 

gel compared wit 
h 

No of spots.   with
decreased expres

sion 
on one gel compa  

red reference gel
h 

the other 

red 
with the other

Low fertility 287.56 ±20.07 14 5

High fertility 301.43 ±25.33 5 14
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Development of Male Fertility Prediction 
Tools: Proteomic Approaches IV

pH 3 pH 11

MW
(KDa)

200

pH 3 pH 
11High Low 

CCCC

AAAA BBBB

CCCC
AAAA BBBB

AAAA pH 3 pH 7
MW 

(KDa)

200

pH 3 pH 7

High Low 

E E

BBBB

Park et alPark et alPark et alPark et al. . . . (J Proteome Res, 2012)(J Proteome Res, 2012)(J Proteome Res, 2012)(J Proteome Res, 2012)

6.5

DDDD
DDDD 6.5

pH 7 pH 11

200

6.5

pH 7 pH 11

High Low 

HHHH

FFFF

GGGG
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FFFF
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C
MW
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FigureFigureFigureFigure    1111. . . . 2222----DimensionalDimensionalDimensionalDimensional electrophoresiselectrophoresiselectrophoresiselectrophoresis analysisanalysisanalysisanalysis ofofofof thethethethe                    
proteinsproteinsproteinsproteins associatedassociatedassociatedassociated withwithwithwith fertilityfertilityfertilityfertility inininin bovinebovinebovinebovine spermatozoaspermatozoaspermatozoaspermatozoa                        . . . . 
ProteinProteinProteinProtein expressionexpressionexpressionexpression patternspatternspatternspatterns ofofofof            
spermatozoaspermatozoaspermatozoaspermatozoa fromfromfromfrom thethethethe highhighhighhigh leftleftleftleft andandandand lowlowlowlow fertilityfertilityfertilityfertility bullsbullsbullsbulls                (((( ) ) ) )                 
rightrightrightright inininin pHpHpHpH AAAA pHpHpHpH BBBB andandandand pHpHpHpH CCCC(((( ) ) ) )         3333××××11 11 11 11 (((( )))), , , ,     3333××××7 7 7 7 (((( )))), , , ,         7777××××11 11 11 11 (((( ) ) ) ) 
isoelectricisoelectricisoelectricisoelectric----focusingfocusingfocusingfocusing conditionsconditionsconditionsconditions TheTheTheThe    . . . . 
blackblackblackblack circlecirclecirclecircle representsrepresentsrepresentsrepresents thosethosethosethose proteinsproteinsproteinsproteins thatthatthatthat hadhadhadhad atatatat leastleastleastleast aaaa                                        
3333----foldfoldfoldfold differencedifferencedifferencedifference inininin expressionexpressionexpressionexpression pppp betweenbetweenbetweenbetween thethethethe                ((((     < < < < 0000....01010101) ) ) )         
highhighhighhigh andandandand lowlowlowlow fertilityfertilityfertilityfertility groupsgroupsgroupsgroups                . . . . 
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Differentially Expressed Proteins of Spermatozoa 
from High and Low Fertility Bulls II

ProteinProteinProteinProtein descriptiondescriptiondescriptiondescription    SymbolSymbolSymbolSymbol NCBINCBINCBINCBI NoNoNoNo    SpotSpotSpotSpot NoNoNoNo    
MASCOTMASCOTMASCOTMASCOT    
scorescorescorescore aaaa))))

ATPATPATPATP synthasesynthasesynthasesynthase HHHH transportingtransportingtransportingtransporting mitochondrialmitochondrialmitochondrialmitochondrial FFFF complexcomplexcomplexcomplex    , , , , + + + + , , , ,     1 1 1 1 , , , , 
betabetabetabeta subunitsubunitsubunitsubunit    

ATPATPATPATP BBBB5555 28461221284612212846122128461221 AAAA 612612612612

EnolaseEnolaseEnolaseEnolase 1111 ENOENOENOENO1111 87196501871965018719650187196501 BBBB 208208208208

VoltageVoltageVoltageVoltage dependentdependentdependentdependent anionanionanionanion channelchannelchannelchannel                2222 VDACVDACVDACVDAC2222 62177148621771486217714862177148 CCCC 138138138138

RopporinRopporinRopporinRopporin----1111 RopporinRopporinRopporinRopporin----1111 115495919115495919115495919115495919 DDDD 183183183183

ApoptosisApoptosisApoptosisApoptosis----stimulatingstimulatingstimulatingstimulating ofofofof pppp proteinproteinproteinprotein        53 53 53 53     2222 ASPPASPPASPPASPP2222 33860140338601403386014033860140 EEEE 48484848

UbiquinolUbiquinolUbiquinolUbiquinol----cytochromecytochromecytochromecytochrome----cccc reductasereductasereductasereductase complexcomplexcomplexcomplex corecorecorecore proteinproteinproteinprotein                    
2222

UQCRCUQCRCUQCRCUQCRC2222 PPPP23004230042300423004 FFFF 145145145145

PhospholipidPhospholipidPhospholipidPhospholipid hydroperoxidehydroperoxidehydroperoxidehydroperoxide glutathioneglutathioneglutathioneglutathione peroxidaseperoxidaseperoxidaseperoxidase            , , , , 
mitochondrialmitochondrialmitochondrialmitochondrial

GPxGPxGPxGPx4444 QQQQ NNNN JJJJ9999 2222 2222 GGGG 315315315315

AlphaAlphaAlphaAlpha----2222----HSHSHSHS----glycoproteinglycoproteinglycoproteinglycoprotein AHSGAHSGAHSGAHSG PPPP12763127631276312763 HHHH 59595959

a) MASCOT score is −10 log (p), where p is the probabi lity that the observed match is a random event. 
Scores >55 indicate identity or extensive homology (p < 0.05).

Park et alPark et alPark et alPark et al. . . . (J Proteome Res, 2012)(J Proteome Res, 2012)(J Proteome Res, 2012)(J Proteome Res, 2012)
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Marked correlation between protein expression 
and fertility : ENO1

y = 5.2823x - 8.0317
R = 0.517
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y = 5.9646x - 6.2251
R = 0.1
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Marked correlation between protein expression 
and fertility: ATP5B 
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y = 1.8737x + 3.3831
R=0.053
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Marked correlation between protein expression 
and fertility : GPx4
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y = -5.296x + 10.722
R= -0.503
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Marked correlation between protein expression 
and fertility: UQCRC2
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y = -2.7852x + 5.6973
R = -0.475
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Marked correlation between protein expression 
and fertility: VDAC2
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And Then What are the True Fertility Markers??

RepresentativeRepresentativeRepresentativeRepresentative SampleSampleSampleSample
High and Low fertility   

OptimizationOptimizationOptimizationOptimization ofofofof ProteomicProteomicProteomicProteomic AnalysisAnalysisAnalysisAnalysis            
ComprehensiveComprehensiveComprehensiveComprehensive ProteomicProteomicProteomicProteomic& & & &         

ApproachesApproachesApproachesApproaches        

19

ApproachesApproachesApproachesApproaches        

ValidityValidityValidityValidity
Individual test using Protein Markers    

StatisticStatisticStatisticStatistic AnalysisAnalysisAnalysisAnalysis        
Correlation between Protein Expression    

and 
in vivo Fertility   



And Then What are the True Fertility Markers??
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• DifferenceDifferenceDifferenceDifference ofofofof proteinproteinproteinprotein expressionexpressionexpressionexpression inininin capacitatedcapacitatedcapacitatedcapacitated spermspermspermsperm cellscellscellscells

fromfromfromfrom highhighhighhigh andandandand lowlowlowlow fertilityfertilityfertilityfertility....

• UnderstandingUnderstandingUnderstandingUnderstanding ofofofof thethethethe mechanismsmechanismsmechanismsmechanisms ofofofof fertilityfertilityfertilityfertility----relatedrelatedrelatedrelated proteinproteinproteinprotein

markersmarkersmarkersmarkers....

What is the Further Strategies?

....

• DevelopmentDevelopmentDevelopmentDevelopment ofofofof proteomicproteomicproteomicproteomic chipchipchipchip andandandand microarraymicroarraymicroarraymicroarray....

• AnimalAnimalAnimalAnimal industryindustryindustryindustry

• NewNewNewNew targetstargetstargetstargets forforforfor malemalemalemale contraceptivescontraceptivescontraceptivescontraceptives....

NetNetNetNet ProfitProfitProfitProfit WonWonWonWon    (((( ))))

PorcinePorcinePorcinePorcine:::: MSY ≥ 20 million2,440,000 

BovineBovineBovineBovine: improve the Fertility10%    million70,000  
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