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Production:Production:

Sertoli cellsSertoli cells





Holstein AFHolstein AF et al. Reprod Biol Endocrinol 1:107, 2003et al. Reprod Biol Endocrinol 1:107, 2003



Sertoli cell functionsSertoli cell functions

1.1. SupportiveSupportive andand trophictrophic functionsfunctions for the cells of for the cells of 

the seminiferous epitheliumthe seminiferous epithelium

2.2. TransportTransport ofof maturemature spermatidsspermatids towards the towards the 

lumen of seminiferous tubuleslumen of seminiferous tubuleslumen of seminiferous tubuleslumen of seminiferous tubules

3.3. SecretionSecretion of Aof Androgen ndrogen BBinding inding PProtein rotein ((ABP)ABP)

4.4. InteractionInteraction withwith LeydigLeydig cellscells

5.5. Production of substancesProduction of substances withwith endocrineendocrine oror

paracrineparacrine action for spermatogenesis controlaction for spermatogenesis control





Leydig Leydig -- Sertoli cell interactionSertoli cell interaction

Holstein AFHolstein AF et al. Reprod Biol Endocrinol 1:107, 2003et al. Reprod Biol Endocrinol 1:107, 2003



Sertoli cell productsSertoli cell products

�� Transport proteinsTransport proteins and enzymesand enzymes
�� AAndrogen ndrogen BBinding inding PProtein rotein ((ABPABP))

�� Transferrin / CeruloplasminTransferrin / Ceruloplasmin

�� Plasminogen ActivatorPlasminogen Activator ((PAPA))

�� Growth factorsGrowth factors�� Growth factorsGrowth factors
�� ΤGFΤGF--αα

�� TGFTGF--ββ

�� IGFIGF--II

�� ILIL--11

�� HormonesHormones
�� Inhibin BInhibin B

�� AntiAnti--Müllerian Hormone Müllerian Hormone (ΑΜΗ)(ΑΜΗ)



Leydig cell productsLeydig cell products

�� Endocrine actionEndocrine action
�� TestosteroneTestosterone

�� NeuroNeuro--endocrineendocrine actionaction
�� SerotoninSerotonin

�� IGFIGF--II

�� TGFTGF--ββ�� TGFTGF--ββ

�� PDGFPDGF

�� SubstanceSubstance PP

�� Atrial nartiuretic peptideAtrial nartiuretic peptide typetype CC

�� Enzymes for catecholamine synthesisEnzymes for catecholamine synthesis

�� NeuropeptidesNeuropeptides andand receptorsreceptors

�� Cell adhesion moleculesCell adhesion molecules

�� Elements of Elements of NO / cGMPNO / cGMP systemsystem

�� ElementsElements of reninof renin / / angiotensin systemangiotensin system

�� ProteinsProteins of neurofilamentsof neurofilaments
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Inhibin B and AMH:Inhibin B and AMH:

Structure and FunctionStructure and Function



Classic hormone functionClassic hormone function



Inhibin familyInhibin family

Class Activity Complex

Dimer subunits

1 2

Inhibin
inhibits 

Inhibin A α βA

Inhibin
inhibits 

FSH secretion
Inhibin B α βB

Activin
stimulates 

FSH secretion

Activin A βA βA

Activin AB βA βB

Activin B βB βB



Inhibin familyInhibin family



PituitaryPituitary

Inhibin B functionInhibin B function

Inhibin BInhibin BFSHFSH

Sertoli cellsSertoli cells

++++ ----

TestesTestes



Inhibin B biosynthesisInhibin B biosynthesis

Andersson AAndersson A--MM. Bailliere Clin Endocrinol Metab 14:389, 2000. Bailliere Clin Endocrinol Metab 14:389, 2000



AdulthoodAdulthoodChildhoodChildhood

Ray RRay R. Bailliere Clin Endocrinol Metab 14:399, 2000. Bailliere Clin Endocrinol Metab 14:399, 2000



A
M

H
A

M
H

Teixeira J et alTeixeira J et al..

Endocr Rev 22:657, 2001Endocr Rev 22:657, 2001



ΑΜΗ ΑΜΗ actions in malesactions in males

�� DifferentiationDifferentiation ofof urogenital ridge urogenital ridge toto testistestis

�� Regulation of transabdominalRegulation of transabdominal testicular descenttesticular descent

�� InhibitionInhibition ofof aromatase actionaromatase action inin Sertoli cellsSertoli cells

�� Inhibition ofInhibition of differentiationdifferentiation ofof precursor formsprecursor forms toto Leydig Leydig �� Inhibition ofInhibition of differentiationdifferentiation ofof precursor formsprecursor forms toto Leydig Leydig 

cells cells 

�� Inhibition ofInhibition of steroidogenesissteroidogenesis in Leydig cellsin Leydig cells

�� Higher concentration ofHigher concentration of ΑΜΗ ΑΜΗ inin semensemen as compared to as compared to 

plasmaplasma after pubertyafter puberty maymay reflectreflect its roleits role in in 

spermatogenesisspermatogenesis as well asas well as sperm motilitysperm motility

Teixeira J et alTeixeira J et al. Endocr Rev 22:657, 2001. Endocr Rev 22:657, 2001
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The role of basal levelsThe role of basal levels

of Inhibin B and AMHof Inhibin B and AMH





Aim of the studyAim of the study

�� The aim of this study was to determine The aim of this study was to determine 
basal serum Inhibin B levels basal serum Inhibin B levels in fertile in fertile 
and subfertile menand subfertile men of various of various and subfertile menand subfertile men of various of various 
etiologiesetiologies..



Men studiedMen studied

�� Subfertility group Subfertility group (n=(n=6767) ) 

�� Age 3Age 322..88 ±± 0.0.66 yearsyears

�� Basal Inhibin B estimationBasal Inhibin B estimation

�� Control group Control group (n=(n=2929))

�� Age 30.3 Age 30.3 ±± 5.15.1 yearsyears

�� Basal Inhibin B estimationBasal Inhibin B estimation



Subfertile men diagnosisSubfertile men diagnosis

�� INOAINOA 3131

�� varicocelevaricocele 1414

�� Rare causes:Rare causes:
�� Kallmann syndrome    Kallmann syndrome    33
�� Klinefelter syndrome   Klinefelter syndrome   22varicocelevaricocele 1414

�� cryptorchidismcryptorchidism 1010
�� Klinefelter syndrome   Klinefelter syndrome   22
�� Congenital aplasiaCongenital aplasia 22
�� Testicular dysgenesis  Testicular dysgenesis  11
�� 46,XX male46,XX male 11
�� Sickle cell anemiaSickle cell anemia 11
�� Vanishing testesVanishing testes 11
�� Testicular feminizationTesticular feminization 11

INOA: INOA: Idiopathic NonIdiopathic Non--Obstructive AzoospermiaObstructive Azoospermia



ResultsResults

Controls:   Controls:   115115..7373 ±± 1010.0.0 pg/mlpg/ml

Subfertile:   Subfertile:   5555..88 ±± 6.6.33 pg/mlpg/ml (1)(1)
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Subfertile:   Subfertile:   5555..88 ±± 6.6.33 pg/mlpg/ml (1)(1)

Varicocele:  Varicocele:  84.0 84.0 ±± 15.8 pg/ml15.8 pg/ml (1)(1)

INOA:           INOA:           5050..11 ±± 77..22 pg/mlpg/ml (2)(2)

Cryptorchidism:Cryptorchidism: 28.1 28.1 ±± 3.6 pg/ml3.6 pg/ml (2)(2)

(1)(1) MannMann--Whitney U, Whitney U, pp = 0.03= 0.03
(2)(2) MannMann--Whitney U, Whitney U, pp < 0.001< 0.001
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CorrelationCorrelation

�� PositivePositive
�� ΑΜΗ ΑΜΗ vs.vs. testicular volumetesticular volume

((rr = 0= 0..456, 456, pp < 0< 0..05)05)
�� ΑΜΗ ΑΜΗ vs.vs. ΙΙnhibin Bnhibin B�� ΑΜΗ ΑΜΗ vs.vs. ΙΙnhibin Bnhibin B

((rr = 0= 0..528, 528, pp < 0< 0..05)05)

�� NegativeNegative
�� ΑΜΗ ΑΜΗ vs.vs. FSHFSH

((rr = = -- 00..378, 378, pp < 0< 0..05)05)
�� ΑΜΗ ΑΜΗ vs.vs. LHLH

((rr = = -- 00..451, 451, pp < 0< 0..05)05)



Conclusion Conclusion -- 11

�� Serum Inhibin B and AMH levels seems Serum Inhibin B and AMH levels seems 
to constitute important diagnostic to constitute important diagnostic 
parameters in male subfertilityparameters in male subfertility, , as they as they parameters in male subfertilityparameters in male subfertility, , as they as they 
reflect reflect Sertoli cell statusSertoli cell status..
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The role of stimulated levelsThe role of stimulated levels

of Inhibin B and AMHof Inhibin B and AMH



Stimulated Inhibin B levelsStimulated Inhibin B levels

Adamopoulos D et alAdamopoulos D et al. Int J Androl 26:215, 2003. Int J Androl 26:215, 2003



EFSERTEFSERT

�� Exogenous FSH SErtoli Reserve TestExogenous FSH SErtoli Reserve Test

�� Serum Inhibin B and AMH Serum Inhibin B and AMH levels before levels before 
and 24 h and 48 h and 24 h and 48 h after after administration of administration of 
300 300 IU hrFSH subcutaneouslyIU hrFSH subcutaneously300 300 IU hrFSH subcutaneouslyIU hrFSH subcutaneously

300 IU hrFSH sc300 IU hrFSH sc

0 h0 h 24 h24 h 48 h48 h



Aim of the studyAim of the study

�� The aim of this study was to determine The aim of this study was to determine 
stimulated serum Inhibin B and AMH stimulated serum Inhibin B and AMH 
levels levels in fertile and subfertile men.in fertile and subfertile men.levels levels in fertile and subfertile men.in fertile and subfertile men.



Men studiedMen studied

�� Subfertility group Subfertility group (n=64) (n=64) 

�� Age 31.5 Age 31.5 ±± 0.0.66 yearsyears

�� Basal and stimulated Inhibin B and AMH Basal and stimulated Inhibin B and AMH 
levelslevelslevelslevels

�� Control group Control group (n=12)(n=12)

�� Age 31.3 Age 31.3 ±± 44..5 years5 years

�� Basal and stimulated Inhibin B and AMH Basal and stimulated Inhibin B and AMH 
levelslevels



ResultsResultsResultsResults

Tsametis Ch et alTsametis Ch et al, 2009 (submitted for publication), 2009 (submitted for publication)Tsametis Ch et alTsametis Ch et al, 2009 (submitted for publication), 2009 (submitted for publication)



ResultsResultsResultsResults

Tsametis Ch et alTsametis Ch et al, 2009 (submitted for publication), 2009 (submitted for publication)Tsametis Ch et alTsametis Ch et al, 2009 (submitted for publication), 2009 (submitted for publication)



Conclusion Conclusion -- 22

�� Stimulated levels of serum Inhibin B Stimulated levels of serum Inhibin B 
and AMH levels and AMH levels do not add clinically do not add clinically 
relevant information relevant information in subfertile men in subfertile men relevant information relevant information in subfertile men in subfertile men 
compared to basal levels of these compared to basal levels of these 
hormoneshormones..
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Inhibin B and AMHInhibin B and AMH

as predictors of sperm retrievalas predictors of sperm retrieval



Diagnostic approachDiagnostic approach

HormonalHormonal ImagingImaging SpermSperm GeneticGenetic CytologyCytology

InvestigationsInvestigations

ClinicalClinical

SpermSperm CytologyCytology

DiagnosesDiagnoses

ClinicalClinical

ClassificationClassification



Sperm retrievalSperm retrieval

Testicular FNATesticular FNATesticular Sperm Extraction Testicular Sperm Extraction 
(TESE)(TESE)



Testicular FNA classificationTesticular FNA classification

1.1. NormalNormal

2.2. Hypospermatogenesis, mildHypospermatogenesis, mild

3.3. Hypospermatogenesis, severeHypospermatogenesis, severe3.3. Hypospermatogenesis, severeHypospermatogenesis, severe

4.4. Maturation arrest, incompleteMaturation arrest, incomplete

5.5. Maturation arrest, completeMaturation arrest, complete

6.6. SCOS, incompleteSCOS, incomplete

7.7. SCOS, completeSCOS, complete



Normal spermatogenesisNormal spermatogenesis

TESETESE FNAFNA



Sertoli CellSertoli Cell--Only SyndromeOnly Syndrome

TESETESE FNAFNA





Aim of the studyAim of the study

�� The aim of this study was to The aim of this study was to correlate correlate 
serum Inhibin B levels serum Inhibin B levels in in subfertile mensubfertile men
with with cytological testicular findingscytological testicular findings..with with cytological testicular findingscytological testicular findings..



Men studiedMen studied

�� Subfertility group Subfertility group (n=(n=6767) ) 

�� Age 3Age 322..88 ±± 0.0.66 yearsyears

�� Basal Inhibin B estimationBasal Inhibin B estimation

�� Testicular FNATesticular FNA



ResultsResults

1.1. normalnormal

2.2. hypohypo--, mild, mild

FNA classificationFNA classification

2.2. hypohypo--, mild, mild

3.3. hypohypo--, severe, severe

4.4. arrest, incompletearrest, incomplete

5.5. arrest, completearrest, complete

6.6. SCOS, incompleteSCOS, incomplete

7.7. SCOS, completeSCOS, complete

Kendall’s tauKendall’s tau--b, b, 

rr = = --0.25, 0.25, pp = 0.04= 0.04



ResultsResults
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AUC Inhibin B / FSH: 0.716AUC Inhibin B / FSH: 0.716
AUC FSH:   AUC FSH:   0.6630.663

Inhibin BInhibin B
threshold:    54 pg/mlthreshold:    54 pg/ml
sensitivity:   59%sensitivity:   59%
specificity:   8specificity:   866%%Inh-β

1/FSH

Inh-β/FSH



ResultsResults

�� Dependent variableDependent variable

�� FNA findingsFNA findings

�� Independent variablesIndependent variables�� Independent variablesIndependent variables

RR22 pp

AgeAge excludedexcluded 0.9120.912

Testicular volumeTesticular volume excludedexcluded 0.8120.812

FSHFSH excludedexcluded 0.6710.671

Total testosteroneTotal testosterone excludedexcluded 0.8380.838

Inhibin BInhibin B 0.3080.308 0.0010.001







ROC curvesROC curves

Inhibin BInhibin B

ΑΜΗΑΜΗ

Testicular volumeTesticular volume

11/ FSH/ FSH

AUC AUC 

11/ FSH:/ FSH: 0.7140.714

Inhibin B: Inhibin B: 0.0.630630

ΑΜΗΑΜΗ:  :  0.0.565565

Testicular volumeTesticular volume:: 00..693693

1 1 -- specificityspecificity
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Testicular volume / Testicular volume / 

FSHFSH

Testicular volume x Testicular volume x 

Inh B x AMH / FSHInh B x AMH / FSH

ROC curvesROC curves

AUC: AUC: 

00,,773636

0,6670,667
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Conclusion Conclusion -- 33

�� Serum Inhibin B and AMH levels Serum Inhibin B and AMH levels 
correlate with correlate with testicular cytology testicular cytology but but 
are are not superior to FSH not superior to FSH as predictors of as predictors of are are not superior to FSH not superior to FSH as predictors of as predictors of 
the presence of sperm in FNA in men the presence of sperm in FNA in men 
with azoospermiawith azoospermia..



MetaMeta--analysisanalysis

�� Predictors of sperm retrieval in TESEPredictors of sperm retrieval in TESE

�� Inhibin B, serumInhibin B, serum

�� Inhibin B, semenInhibin B, semen

�� AMH, serumAMH, serum

�� AMH, semenAMH, semen

Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)



MetaMeta--analysis characteristicsanalysis characteristics

�� Number of studies: Number of studies: 88

�� Number of patients: Number of patients: 587587

�� Time interval: Time interval: 1999 1999 -- 20082008�� Time interval: Time interval: 1999 1999 -- 20082008

�� Sperm retrieval method: Sperm retrieval method: TESETESE

Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)



MetaMeta--analysisanalysis

Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)

sensitivity: 67%sensitivity: 67%sensitivity: 67%sensitivity: 67% specificity: 84%specificity: 84%specificity: 84%specificity: 84%



Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)



Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)



Toulis K, Iliadou PK et alToulis K, Iliadou PK et al, 2009 (submitted for publication), 2009 (submitted for publication)
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Conclusion Conclusion -- 11

�� Serum Inhibin B and AMH levels seems Serum Inhibin B and AMH levels seems 
to constitute important diagnostic to constitute important diagnostic 
parameters in male subfertilityparameters in male subfertility, , as they as they parameters in male subfertilityparameters in male subfertility, , as they as they 
reflect reflect Sertoli cell statusSertoli cell status..



Conclusion Conclusion -- 22

�� Stimulated levels of serum Inhibin B Stimulated levels of serum Inhibin B 
and AMH levels and AMH levels do not add clinically do not add clinically 
relevant information relevant information in subfertile men in subfertile men relevant information relevant information in subfertile men in subfertile men 
compared to basal levels of these compared to basal levels of these 
hormoneshormones..



Conclusion Conclusion -- 33

�� Serum Inhibin B and AMH levels Serum Inhibin B and AMH levels 
correlate with correlate with testicular cytology testicular cytology but but 
are are not superior to FSH not superior to FSH as predictors of as predictors of are are not superior to FSH not superior to FSH as predictors of as predictors of 
the presence of sperm in TESE / FNA in the presence of sperm in TESE / FNA in 
men with azoospermiamen with azoospermia..
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