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Course coordinators 
 
Sheena E.M. Lewis (United Kingdom) and Rafael Oliva (Spain) 
  
 

Course description 
 
This course will  
 i) present the latest research on male reproductive health from the Reprotrain Consortia  
 ii) give overviews of endocrine disruption and male reproduction 
 iii) consider the latest evidence for genetic tests‐how does male karyotyping impact on ART 
outcomes 
 
 

Target audience 
 
Clinicians, paramedical staff, embryologists and andrologists with an interest in extending their 
knowledge of male reproduction and the training of research andrologists 
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Scientific programme 
 
 
Chairman:  Sheena E. M. Lewis ‐ Ireland      
 
09:00 ‐ 09:30  Training tomorrows research andrologists to embrace 21st century investigative  
  techniques: the promise of the Reprotrain network   
  Rafael Oliva ‐ Spain      
09:30 ‐ 09:45  Discussion   
09:45 ‐ 10:15  Sperm RNA as a diagnostic resource; what can it tell us that a standard test cannot  
  and does it matter?   
  David Miller ‐ United Kingdom      
10:15 ‐ 10:30  Discussion   
10:30 ‐ 11:00  Coffee break   
   
Chairman:  Rafael Oliva ‐ Spain      
 
11:00 ‐ 11:30  Molecular messages in the ejaculate remain an underestimated resource for  
  understanding male fertility   
  Sophie Pison ‐ Rousseaux ‐ France      
11:30 ‐ 11:45  Discussion   
11:45 ‐ 12:15  Steroidogenesis in the fetal testis and its susceptibility to disruption‐ the latest  
  advances   
  Richard Sharpe ‐ United Kingdom      
12:15 ‐ 12:30  Discussion   
 
12:30 ‐ 13:30  Lunch   
         
Chairman:  Jackson Kirkman‐Brown ‐ United Kingdom      
 
13:30 ‐ 14:00  Antiestrogens for treatment of male infertility or hypogonadism    
  Michael Zitzmann ‐ Germany      
14:00 ‐ 14:15  Discussion   
14:15 ‐ 14:45  Genetic tests‐how does male karyotyping impact on ART outcomes?   
  Elsbeth Dul ‐ The Netherlands      
14:45 ‐ 15:00  Discussion   
   
15:00 ‐ 15:30  Coffee break   
   
Chairman:  Willem Ombelet ‐ Belgium      
 
15:30 ‐ 16:00  Dietary supplements‐ are they any help?   
  Jackson Kirkman‐Brown ‐ United Kingdom      
16:00 ‐ 16:15  Discussion   
16:15 ‐ 16:45  Preserving fertility before puberty: what should the clinician know?   
  Herman Tournaye ‐ Belgium      
16:45 ‐ 17:00  Discussion   
   
17:00 ‐ 18:00  SIG Andrology Annual General Meeting   
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Training tomorrows research Andrologists to embrace 21st century 
investigative techniques: the promise of the Reprotrain network 

Rafael Oliva
Human Genetics Laboratory, Faculty of Medicine and Hospital Clínic

University of Barcelona, Barcelona, Spain.  roliva@ub.edu

Pre-congress Course. 30th Annual Meeting of ESHRE
Munich, Germany, 29 June July 2014

UNIVERSITAT DE BARCELONA

I have no conflict of interest on any 
potential commercial relationships or other 
activities related to the current talk.

PCC Learning objectives. Attendant to the course will be expected to be 
learn:

•About current European training initiatives in andrology.

•Frontier knowledge and research on components of the sperm cell (sperm 
RNA, epigenetics, proteome) and their potential involvement in male 
infertility or usefulness as diagnostic tools.

•The potential threads of endocrine disruptors to male fertility and related 
pathogenic mechanisms in the testis.

•Therapeutic strategies (pharmacological) for the treatment of infertility or 
hypogonadism.

•Potential benefits of dietary supplements in male fertility.

•Relevance of genetic testing and its impact on ART outcomes.

•Controversial detrimental effects and the consequences of ICSI.

Page 9 of 124



•Reprotrain training network

•Methodological approaches to study the sperm cell proteome

Training tomorrows research Andrologists to embrace 21st century 
investigative techniques: the promise of the Reprotrain network 

www.reprotrain.eu

Reprotrain: 

Reproductive Biology Early Research Training Network

EU FP7 Mari Curie Early Research Training Network
2012-2014

3,6 Million Euro

Train 10 Early Stage Researchers (PhDs)
4 Experienced Researchers (early postdocs)

Develop joint Reproductive Biology projects and objectives 
in reproductive biology
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Reprotrain idea: 

Idea started in 2009

Motivated by the lack of projects on reproductive biology 
funded by the EU

Follow up of the FP7 calls evidenced a total lack of 
reproduction, andrology, fertility/infertility as priority areas.

The only chance was to apply for non-directed (bottom-up) 
calls for collaborative research: 

Marie Curie Initial Training Networks: 
Joint project common to different  labs
Mainly funds salaries of ESRs and ERs
Some funds for training and laboratory expenses

Mari Curie InitialTraining Networks funding rate: 7,4%

We applied 3 times. Successful in our third application.

Kick-off meeting (march 2012):
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The overall objectives of Reprotrain are the following: 

•To provide an interdisciplinary training programme for ESRs in state-of-the-art 
male Reproductive Biology and Andrology allied to Medicine. 

•To overcome historical fragmentation in the field of spermatogenesis and 
Andrology research by integrating and implementing different disciplines in our 
ongoing research projects. 

•To develop and implement systems biology based approaches (genomic, 
proteomic, transcriptomic, epigenetic and metabolomic) to boost the 
acquisition of fundamental knowledge in the field of male Reproductive Biology 
and Medicine. 

•To develop novel applications of this knowledge by potentiating the synergies 
between consortium members and private sector partners.

•To consolidate (or initiate) scientific collaborations among groups and to 
potentiate our respective synergies.

•Set up the basis for subsequent collaborative EU funded projects.
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Specific 
projects:

2012 2013 2014 2014

Sperm Phenotypic assessment, Proteomics, Transcriptomics, Epigenetics 
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Setting up the basis for subsequent collaborative EU funded projects

•Reprotrain training network

•Methodological approaches to study the sperm cell proteome

Training tomorrows research Andrologists to embrace 21st century 
investigative techniques: the promise of the Reprotrain network 
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Oliva R, de Mateo S, Estanyol JM (2009) Sperm cell proteomics. Proteomics 9: 1004–1017.

Oliva, R. (2006) Protamines and male
infertility. Human Reproduction Update.
12: 417-435.

Seminal fluid 

Digest with trypsin
Peptides

Protein identified as 
Cytochrome c oxidase 
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Database search
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Oliva et al (2008) Proteomics in the Study of the Sperm Cell Composition, Differentiation and Function. Systems Biology in Reproductive Medicine
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de Mateo et al. Proteomic characterization of the human 
sperm nucleus. Proteomics. 2011 Jul;11(13):2714-26

Sperm cell Nuclei

Protein extraction

Peptides

LC-MS/MS

408 proteins identified

Sperm cell nuclear proteome

Dr.  Sara de Mateo

Tubulin

TailsHeads

α-
Tubulin

DAPI DAPI

α-Tubulin

1049

537

0 200 400 600 800 1000

Total

No previous descriptions

Baker et al, 2007

de Mateo et al, 2011

Others

Martínez-Heredia et al, 2006

Siva et al, 2010

1049 proteins identified

Dr.  Alexandra Amaral

Sperm tail proteome

LC-MS/MS

Amaral et al. Human sperm tail proteome suggests new endogenous metabolic pathways. Mol Cell Proteomics. 2013 Feb;12(2):330-42 

Compilation of published proteomes: 6198 proteins

Predicted to exist from the pathway analysis: ~1800 proteins
Estimation of the complete proteome : ~8000 proteins

Dr.  A. Amaral

How many proteins in the mature 
normal human sperm cell?
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Patients / Controls
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MW 
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•We are developing the European Reprotrain collaborative ITN with
the goals to train next generation of researchers in reproductive
biology while developing joint collaborative projects.

•The mature sperm cell delivers to the oocyte chromatin associated
proteins in addition to protamines and histones, with the potential of
delivering a wealth of epigenetic information.

•In the Proteomic analysis of the sperm cell we are identifying
proteins increased or decreased in different types of infertile
patients and in different conditions in animal models, with a
potential to be useful as diagnostic or prognostic markers.
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•The analysis of the sperm proteome and the compilation has
resulted in the identification of 6198 proteins, and from pathway
analysis we predict that the complete human sperm proteome will
be composed of around 8000 proteins.

•A lot still needs to be done: Relationship between the sperm
proteome, transcriptome, chromatin structure, epigenome,
metabolome in health and disease. Exploitation of the synergies
among labs and collaboration necessary. Future joint projects in the
context of the EU Horizon 2020 calls needed.

Summary

Selected references related to the proteomic study of the sperm cell (from recent to oldest):

Azpiazu R, Amaral A, Castillo J, Estanyol JM, Guimerà M, Ballescà JL,  Balasch J, Oliva R. High throughput sperm differential proteomics 
suggest that epigenetic alterations contribute to failed assisted reproduction. Human Reproduction 2014, in press.

Amaral A, Castillo J, Ramalho-Santos J, Oliva R. 2014. The combined human sperm proteome: cellular pathways and implications for basic 
and clinical science. Human Reproduction Update 2014 Jan-Feb;20(1):40-62.

Jodar M, Oliva R. Protamine alterations in human spermatozoa. Adv Exp Med Biol. 2014;791:83-102. 

de Mateo S, Estanyol JM, Oliva R. Methods for the analysis of the sperm proteome. Methods Mol Biol. 2013;927:411-22

Castillo J, Amaral A, Oliva R. Sperm nuclear proteome and its epigenetic potential. Andrology. 2013 Dec 10. 

Amaral A, Castillo J, Estanyol JM, Ballesca JL, Ramalho-Santos J, Oliva R. Human sperm tail proteome suggests new endogenous metabolic 
pathways. Mol Cell Proteomics. 2013 Feb;12(2):330-42 

Oliva R. SBiRM: Focus on proteomics and reproduction. Preface. Syst Biol Reprod Med. 2012 Aug;58(4):177-8.

de Mateo S, Castillo J, Estanyol JM, Ballescà JL, Oliva R. Proteomic characterization of the human sperm nucleus. Proteomics. 2011 
Jul;11(13):2714-26. 

Oliva R and Castillo J. Proteomics and the genetics of sperm chromatin condensation. Asian Journal of Andrology (2011) Asian J Androl. 2011 
Jan;13(1):24-30. 

Rafael Oliva and Sara de Mateo. Medical Implications of Sperm Nuclear Quality. En S. Rousseaux and S. Khochbin (eds.), Epigenetics and 
Human Reproduction, Epigenetics and Human Health, Springer-Verlag Berlin Heidelberg 2011.

Oliva R and Casillo J (2011) Sperm Nucleoproteins. In: A. Zini and A. Agarwal (eds.), Sperm Chromatin: Biological and Clinical Applications in 
Male Infertility and Assisted Reproduction, DOI 10.1007/978-1-4419-6857-9_3.

Oliva R, de Mateo S, Castillo J, Azpiazu R, Oriola J, Ballesca JL. Methodological advances in sperm proteomics. Human Fertility, December 
2010; 13(4): 263–267.

Oliva R, de Mateo S, Estanyol JM (2009) Sperm cell proteomics. Proteomics 9: 1004–1017.

Martínez-Heredia J, de Mateo S, Vidal-Taboada JM, Estanyol JM, Ballescà JL and Oliva R (2008) Identification of proteomic differences in 
asthenozoospermic sperm samples. Human Reproduction 23(4):783-91.

Oliva R, Martínez-Heredia J, Estanyol JM (2008)  Proteomics in the Study of the Sperm Cell Composition, Differentiation and Function. 
Systems Biology in Reproductive Medicine  54, 23-36.

de Mateo S, Martínez-Heredia J, Estanyol JM, Domíguez-Fandos D, Vidal-Taboada JM, Ballescà JL and Oliva R (2007) Marked correlations in 
protein expression identified by proteomic analysis of human spermatozoa. Proteomics 2007;7:4264-77.

Martínez-Heredia J, Estanyol JM, Ballescà JL and Oliva R (2006) Proteomic identification of human sperm proteins. Proteomics 6, 4356-4369.

For more information see: www.reprotrain.eu and www.ub.edu/humangen
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The author and presenter confirms that he 
has no conflict of interest with regard to 

collaborations with any industrial or 
pharmaceutical organisation

David Miller (University of Leeds, UK)  

Sperm RNA as a diagnostic 
resource; what can it tell us 

that a standard test cannot and 
does it matter?

David Miller, BSc, PhD
University of Leeds

At the end of this lecture, you should be more aware of the following:

• The presence of RNA in sperm.
• The unexpected complexity of sperm RNA.
• Sperm RNA as a non-invasive proxy for testicular gene expression.
• The relationship between sperm RNA and sperm phenotypes.
• Comparison with proteomics.
• Targeted approaches to using sperm RNA as a predictor of phenotype and 

of fertility.
• Microarray and sequencing based approaches to investigating sperm 

RNA.
• Existing and potential clinical applications.
• Ongoing research into understanding why sperm RNA  exists.
• Overcoming barriers to using sperm RNA diagnostically. 

Learning Outcomes
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1 in 6 couples experience infertility problems

Estimates of male involvement range from 30-50% with ~10% understood cause

Obstructive azoospermia ~ 5%

Non obstructive azoospermia / severe oligozoospermia ~ 5%

Structural and numerical chromosomal abnormalities  ~15%

Deletions in the Y  ~ 15%

Rare metabolic disorders (Spino-Bulbar, PAI etc)  < 5%

All other infertility / subfertility  ~90%

Abnormal semen profiles  ~ 40%

Apparently normal  semen profiles  ~ 60%

Unknown others  > 50%

Environmental impact?

Male Infertility: the scale of the 
problem.

Identifying genetic/epigenetic effects linked to male 
fertility

Traditional gene discovery strategies? Because different mutations may cause similar
effects, TGCS’s are unsuitable.

Stigma of male infertility makes recruitment
of consanguineous subjects very difficult.

Testicular biopsy? Only reasonable with clear phenotypes (azoospermia / 
severe oligozoospermia)

Spermatozoa as a proxy of the testis?

Spermatogenic Developmental Programme

64 Days in Humans
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Control of gene expression in spermatogenesis

Sgnia 1°Sc 2°Sc rSt eSt Sz

Testis

Diagnostic potential of
of existing sperm function applications

Embryo quality

p < 0.004 p < 0.007

r = -0.421 r = -0.421

Embryo quality

p < 0.05 p < 0.05

r = -0.223 r = -0.332

Tomsu et al, Hum Rep, 2002

DNA Fragmentation
Lower sperm DF: better embryo quality
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DNA Fragmentation
Lower sperm DF: more pregnancies 

Simon et al, Fert Steril, 2012
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Intracytoplasmic morphologically selected sperm injection 
(IMSI)

• Semen sample processed.

• Sperm imaged using Nomarski
interference contrast microscopy.

• Images captured by HD camera
and displayed on HD monitor.

• >6000 x magnification (compared
with typical 600 x)

• Each sperm examined by two
embryologists.

Antinori et al., RBM Online, 2008

Clinical pregnancy rate (%)
ICSI

58/219 (26.5%)
IMSI

89/227 (39.2%)

Implantation rate (%) 59/521 (11.3%) 97/560 (17.3%)

Proteomics

MW 

Sperm cell

Wash seminal fluid (density gradient) 

800g

Protein extraction
(Several options)

Semen

Proteins
1D- PAGE

Proteins

LC-1D
(HPLC C18 )

Peptides

DIGEST

Peptides

DIGEST

Excise

PROTEIN IDENTIFICATION

DIGEST

MS/MSMS (MALDI-TOF)

Proteins

2D-PAGE

7

10

15

20

25

37

50

5 8pI

75

6

Excise LC-2D
(HPLC SCX/C18 )

1 2 3

de Mateo et al. 2013. 

Sperm Proteomics
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Tubulin

TailsHeads

α-Tubulin

DAPI DAPI

α-Tubulin

1049

537

0 200 400 600 800 1000

Total

No previous descriptions

Baker et al, 2007

de Mateo et al, 2011

Others

Martínez-Heredia et al, 2006

Siva et al, 2010

1049 proteins identified

Dr.  Alexandra Amaral

Sperm tail proteome

LC-MS/MS

Amaral et al.  2013

Transcriptomics

Proteomics

Complex repertoire of sperm RNAs (>3000)

• mRNA

• sncRNA

• lncRNA

• antisense 
transcripts

• etc....
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Origins of male infertility

Miller & Ostermeier, 
2006

1 - 4 highly motile spermatozoa
1’ – 4’ poorly motile spermatozoa
5 granulosa cell cDNA
6 water blank

Lambard et al, 2004

Good versus poor forward progressive motility in human 
spermatozoal sub-populations

eNOS and nNOS levels

TaqMan low density array (TLDA) workflow for assessing sperm 
RNA expression profile in relation to (IUI) pregnancy rate 

Bonache S et al., 2012

Phase 1 (training)

Phase 2 (testing)

Donors classified into three groups 
(tertiles) according to the PR obtained 
after IUI: low (0 to 15.70% PR: Group 
1); medium15.71 to 23.00% 
PR:Group 2);high (23.01 to 45.0% 
PR: Group 3).
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Expression ratios of target genes according to the IUI PR. 

Bonache S et al. 2012 (p < 0.05, Kruskal–Wallis test)

IUI significant differences 

IUI insignificant differences 

Grp1(L)

Grp2 (M)

Grp3 (H)

* *

*
*

ROC curves for predictive classification of donors (sperm RNA 
expression superior to semen profiling) 

Bonache S et al, 2012

Semen profiling (AUC 0.729)

Sperm RNA Expression (AUC 0.910)

Early macroArray profiling of sperm and testis RNA
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Sperm RNA profiling corresponds to phenotypes

Platts et al, 2007

García-Herrero ,et al, 2009

Assessment of sperm using mRNA microarray 
(Affymetrix U133 plus 2) platform

DET Differentially Expressed Transcript
EET Exclusive Expressed Transcript

Garrido et al, 2013 (meta 
study)

Assessment of sperm using mRNA microarray 
technology

IVF

IUI

ICSI

NC
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Interspecies comparison and characterisation of sperm 
RNA 

 development of optimized RNA extraction of spermatozoa from each species
 issue: femtograms of RNA in each spermatozoon.

 Issue: Difficulty of RNA extraction from sperm varies with each species (human easier than bull, 
for example).

 Issue: How to get rid of the rRNA (>80% of total RNA)?

 next‐generation RNA sequencing based on total RNA, less rRNA to maximise RNA information. 

 Total RNA approach: four species

counts symbol counts symbol

157078RN7SL1 745BCL2L11

3024CABS1 738OSBP2

2302PRM1 733PRKCD

1977TUBA3E 729HEATR8

1584C25H16orf82 722CCDC181

1448HMGB4 690CRIP2

1348SPEM1 679PLXNB2

1291TBC1D5 672 LOC524676

1244KIF17 639 SUGP1

1236GOLGA4 623TTC7A

1134SF3B1 608 LTN1

1124ODF2 600RAD21

1061BRCA1 594QSER1

1011LPIN1 582 SSRP1

898CHMP5 569APOPT1

893TCP11 563ADAM32

887OAZ3 558 ZMIZ2

847BAZ2B 557MGC134473

841ANKS3 545RANGAP1

806HDAC11 545HSPB9

803ADAMTS6 507BRWD1

752ZCCHC6 505REEP6

First look: Bull

Sperm: RN7SL1: 
Full name: signal recognition particle (SRP)
Gene type: ncRNA

CABS1
Full name: calcium-binding protein, 

spermatid-specific 1
Gene type: protein coding

PRM1:
Full name: protamine 1
Gene type: protein coding

SPEM1:
Full name: spermatid maturation 1
Gene type: protein coding

Protamines and Transition 
Protein 2

TNP2

PRM3
PRM2

PRM1

Sperm

Testis

First look: Sheep
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Sendler et al, 2013

Assessment of sperm using NGS technology (many RNAs are fragmented)

Jodar et al, 2012

RNA
DNA

Nucleosomes including
modified histones

Nuclear envelope

Acrosomal cap

Nucleoprotamine

Sperm RNA:  the zygote and beyond

Miller 2011

Invading sperm RNA ♂ / ♀ RNA 
interaction
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EPIGENETICS
Parental olfactory experience influences behavior and neural 

structure in subsequent generations

Dias and Ressler, Nat NeuroSci 2013; commentary by Moshe Szyf

Conclusions

• It is >50 years since sperm RNA (transcription) was first reported 
(Bhargava, 1957)

• The presence of the RNA transcription was considered surprising 
in view of the dormancy of the sperm nucleus and originally 
dismissed as an artefact (Markewitz et al, 1967).

• Residual RNA reported in human and rat sperm nuclei (Pessot et 
al, 1985).

• RNA reported in sperm and pollen of all species studied to date.

• Sperm RNA is complex but mainly comprises degraded rRNAs

• Sperm RNA has excellent diagnostic potential in assessing male 
fertility but tests should probably target 5' ends of mRNA.

• Sperm RNA has excellent prospects for assessing male fertility 
more accurately than WHO criteria.

• NGS is poised to transform sperm RNA based diagnostics.

• NGS will help illuminate functional aspects of sperm RNA
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Steroidogenesis in the fetal testis and 
its susceptibility to disruption

The latest advances

Richard M Sharpe
E-mail: r.sharpe@ed.ac.uk

The Queen’s Medical Research Institute            Medical School          Main Hospital

Why should we be interested in fetal 
testis steroidogenesis in humans?

1. Because it determines if you become a 

phenotypic male

2. Because growing evidence indicates 

that subtle deficiency in early gestation 

androgen exposure may underlie most 

(common) male reproductive disorders

Fetal masculinisation
Its all down to androgens, not the Y chromosome

• Inactivating mutation of AR

• Phenotypically normal female 

• Testes (abdominal) are present and 
are hormonally functional

• Testosterone levels are elevated

• Fallopian tubes, uterus and top part 
of vagina missing

• Body fat distribution is female

• Brain is female

XY XY
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Prevalence data for reproductive disorders
in newborn or young adult males

Parameter Prevalence Evidence

Cryptorchidism 6-9% Prospective EU studies

Hypospadias 0.4-0.9% Prospective EU studies

Low sperm counts 16-20% Prospective EU studies 

Testis germ cell cancer 0.45% Registry data (reliable)

Low adult Testosterone >10% Cross-sectional studies
(Compensated Leydig cell failure)

Environmental/lifestyle factors are clearly implicated in the high/increasing
prevalence of these disorders. How this occurs is unknown

The masculinization programming window 
(MPW) in humans

From Dean & Sharpe (2013) J Clin Endocrinol Metab  98: 2230-2238

The commonest reproductive disorders of 
the developing and young adult male
‘Testicular dysgenesis syndrome’

Cryptorchidism
Hypospadias

Testis GC cancer
Low sperm counts
Low-normal T levels

? 
Subnormal

T production
or action
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Sometimes inspiration comes from
unexpected sources

As it turns out, the answer 
is literally staring him in 
the face!

The masculinization programming window 
(MPW) in humans: reproductive influences

From Dean & Sharpe (2013) J Clin Endocrinol Metab  98: 2230-2238

An animal model for human TDS?
Effects of fetal DBP exposure in the rat

•Gestational exposure (E13-E21) of the rat to high 
doses of certain phthalate esters (eg dibutyl phthalate 
(DBP)) results in:

Dose-dependent induction in male offspring of: 

•Cryptorchidism

•Hypospadias

•Low testis weight/sperm production/subfertility

•Compensated adult Leydig cell failure (High LH/T)

•Focal testicular dysgenesis 

•Suppression of fetal testosterone and Insl3

•Reduction in anogenital distance (AGD)
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The ‘masculinisation programming 
window’ (MPW)

Adapted from M Welsh et al (2008) J Clin Invest 118: 1479-1490

Testosterone production

Anogenital distance (AGD) 
~Twice as long in males as in females (rats and humans)

AGD

crotum

Penis

Anus

Testosterone production

The ‘masculinisation programming 
window’ (MPW)

Adapted from M Welsh et al (2008) J Clin Invest 118: 1479-1490

DBP
Treatment 
windows

Full window (FW)

Late window (LW)

MPW

ITT
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Effect of different DBP treatment windows on 
intratesticular testosterone (ITT) at e21.5

Adapted from Van den Driesche et al. (2012) PLoS One e30111

Effect of DBP-induced reduction in fetal testis
testosterone in different time windows: Adult phenotype

Van den 
Driesche et al 
(unpublished 
data)

Effect of fetal DBP exposure window on
phenotype of male rats in adulthood

Van den Driesche et al (unpublished data)
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Measuring anogenital distance in boys
A read-out of fetal androgen exposure?

Male-female difference in AGD in human
in the first two years from birth

Means ± 95% CI
N=137-285 per age

From: Thankamony et al 2009 Environ Health Perspect 117:1786-1790

AGD is positively related to sperm count
in adult men

From: Eisenberg et al (2011) PlosOne e18973

AGD is the most important 
predictor of sperm count
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AGD in normal boys and boys with 
cryptorchidism at <2 years of age

From: Thankamony et al (2014) Environ Health Perspect - online

P<0.0001 for 
mean AGD 
SDS in boys 
with 
cryptorchidism 
compared with 
normal 
population

Age in months

AGD (mm)

Female mean AGD runs roughly 
along the lowest percentile

AGD in normal boys and in boys with 
hypospadias at age <2years

From: Thankamony et al (2014) Environ Health Perspect - online

Age in months

P=0.005 for mean 
AGD SDS in boys 
with hypospadias 
compared with 
normal population

Female mean AGD runs roughly 
along the lowest percentile

The commonest reproductive disorders of 
the developing and young adult male
‘Testicular dysgenesis syndrome’

Cryptorchidism
Hypospadias

Testis GC cancer
Low sperm counts

Low-normal/compensated T levels

? 
Subnormal

T production
or action
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Altered testosterone/LH* ratios in adult men 
with infertility/low sperm counts
*lower testosterone/LH ratio = ‘compensated Leydig cell failure’

From: Andersson et al (2004) JCEM

Red columns = idiopathic infertility
Green columns =  fertile men

Effect of in utero exposure of rats to DBP
Induction of compensated adult Leydig cell failure

From K Kilcoyne et al (2014) Proc Natl Acad Sci USA

Compensated adult Leydig cell failure in rats
originates in the masculinization programming window

van den Driesche et al – unpublished data

How can adult 
Leydig cell function 
be altered by fetal 
events when adult 
Leydig cells do not 
appear until 
puberty?
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Birth weight is positively associated with 
adult testosterone levels (independent of adult bodyweight)

Red = fetal LC
Green = COUP-TFII
Blue = SMA

* = seminiferous 
cords

Green cells = stem cells for adult Leydig cells

From K Kilcoyne 
et al (2014) 
Proc Natl Acad 
Sci USA
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The masculinization programming window 
(MPW) in humans

From Dean & Sharpe (2013) J Clin Endocrinol Metab  98: 2230-2238

What environmental/lifestyle
factors could potentially disrupt

the MPW in man?

The three test ‘endocrine disruptors’

• Dibutyl phthalate (500mg/kg/day)

• Diethylstilboestrol (potent oestrogen)

• Paracetamol (Acetaminophen)

In rat studies all of the above have been shown to 
reduce fetal intratesticular testosterone levels in vivo: 
DES by >90%, DBP by 50-80%, Paracetamol by 10-
20%

Rodent-human differences in regulation 
of fetal testis steroidogenesis

Human fetal
Testis

xenografts

Rats & Mice

Fetal testis
steroidogenesis

is LHR-
independent

Fetal testis
steroidogenesis
Is CG(LHR)-
dependent

LHR =
LH Receptor

8-12 weeks’ gestation
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Rodent-human differences in regulation 
of fetal testis steroidogenesis

Human fetal
Testis

xenografts

Rats & Mice

Fetal testis
steroidogenesis

is LHR-
independent

Fetal testis
steroidogenesis
Is CG(LHR)-
dependent

LHR =
LH Receptor

Human fetal testis xenografts 
Testosterone production is hCG-dependent 

3-HSD

Host mice are injected every 3 days with hCG

From: Mitchell et al. Human Reproduction. 2010

Human fetal testis xenografts
Exposure protocol – DBP (+hCG) 

0 1 2 3 4 5 6

Grafted

DBP 500mg/kg/day 
or

Vehicle (oral)

hCG 20IU subcutaneous

Week
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Exposure of human fetal testis xenografts to 
500mg/kg/day DBP has no steroidogenic effects

Adapted from: Mitchell et al 2012 J Clin Endocrinol Metab 97: E341-E348

Data show Means ± SEM for N=8 fetuses (14-20 weeks’ gestation)
Statistical analysis was by 2-factor ANOVA

Xenografts recovered + 6 weeks; hCG treatment from 1-6 weeks

Each bar 
represents 
data for 2-3 

mice

The three test ‘endocrine disruptors’

• Dibutyl phthalate (500mg/kg/day)

• Diethylstilboestrol (potent oestrogen)

• Paracetamol (Acetaminophen)

In rat studies all of the above have been shown to 
reduce fetal intratesticular testosterone levels in vivo: 
DES by >90%, DBP by 50-80%, Paracetamol by 10-
20%

Lack of effect of DES on fetal human testis T 
production after xenografting into castrate nude mice

From Mitchell et al (2013) PLoS One 8: e61726

Host blood testosterone level

Each bar 
represents 
data for 2-3 

mice
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The three test ‘endocrine disruptors’

• Dibutyl phthalate (500mg/kg/day)

• Diethylstilboestrol (potent oestrogen)

• Paracetamol (Acetaminophen)

In rat studies all of the above have been shown to 
reduce fetal intratesticular testosterone levels in vivo: 
DES by >90%, DBP by 50-80%, Paracetamol by 10-
20%

Effect of xenograft (host) exposure to 
paracetamol on fetal human testis T production

Rod Mitchell – unpublished data

P<0.0001 by 2-factor ANOVA

Each bar 
represents 
data for 2-3 

mice

Conclusions

• Testosterone (T) production by the fetal testis 

during the MPW* is critical for normal development 

and later function of the testis

• Deficiencies in (T) production during the MPW can 

alter adult T levels (which may have wider health 

implications)

• The rodent and human fetal testis are different in 

their regulation, and in their response to some, but 

not all, ‘endocrine disruptors’
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Thank you for your attention
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Antiestrogens for treatment of male 
infertility or hypogonadism 

Prof. Dr. Michael Zitzmann
Andrologist, Endokrinologist, Diabetologist
Sexual Medicine (FECSM)

Clinical Andrology / 
Centre for Reproductive Medicine and Andrology,
University Clinics Muenster
Germany 

WHO Collaborating Centre for Research in Human Reproduction
Training Centre of the European Academy of Andrology

Disclosures

I have nothing to disclose in the

context of this lecture

Kim et al, Fertil Steril 2013 epub

Treatment of hypogonadism and/or
infertility with clomiphen citrate or tamoxifen
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οἶστρος

oístrŏs / oestrus

Thorn 

Passion

DHTT

LDL
HDL

E2

Target organs of testosterone 
and its metabolites
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Bones

Bone density of WT and ARKO mice
Kawano et al. 2003 PNAS 100:9416

Bone density of WT and ARKO mice
Kawano et al. 2003 PNAS 100:9416
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Bone density of WT and ARKO mice
Kawano et al. 2003 PNAS 100:9416

Bone density of WT and ARKO mice
Kawano et al. 2003 PNAS 100:9416

All with GnRH agonist

Bone metabolism – studies in humans

No further treatment, n = 25
Non-scrotal patch 5mg / d n = 22
Patch 5mg /d + aromatase n = 23

inhibitor            

Leder et al. 2003 J Clin Endocrinol Metab 88:204-210
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Bone metabolism – studies in humans

n = 25
n = 22
n = 23

Leder et al. 2003 J Clin Endocrinol Metab 88:204-210

Resorption

Bone metabolism – studies in humans
Falahati-Nini et al. 2000 J Clin Invest 106:1553–1560

Bone metabolism – studies in humans
Falahati-Nini et al. 2000 J Clin Invest 106:1553–1560

Resorption
Formation
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Bone density in 18 women 46,XY 
with CAIS after gonadectomy
Marcus et al. 2000 J Clin Endocrinol Metab. 85:1032-7 

FEMORAL NECK

No estrogen replacement 

CAIS

Androgen-Receptor-Mutations
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Amin et al. Am J Med 2006 119:426 

Fracture Risk / Femur
Men > 70 years

AR CAG repeats, estrogens and bone density

n = 110, age 20 – 50 years

Zitzmann et al. 2001 Clin Endodrinol 55:649-657

Orchiectomized male mice, with or without
ER-alpha AF-1 dysfunction

Treatment with various SERMS

Raloxifene (Ral), Lasofoxifene (Las), Bazedoxifene (Bza) or vehicle

Börjesson et al, J Bone Min Res 2012 epub
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Viani et al Int J of Radiation 2012

Treatment of gynecomastia induced
by GnRH-antagonist therapy for PCa: Tamoxifen

Viani et al Int J of Radiation 2012

Treatment of gynecomastia induced
by GnRH-antagonist therapy for PCa

Effect on gynecomastia by TMX

Katz et al. BJU 2011

Clomiphene citrate for treatment of hypogonadism

N=86
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Clomiphene citrate for treatment of hypogonadism

Katz et al. BJU 2011

Clomiphene citrate for treatment of hypogonadism

Katz et al. BJU 2011

Moscovic et al BJU 2012

N=46

Clomiphene citrate for treatment of hypogonadism
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Clomiphene citrate for treatment of hypogonadism

Moscovic et al BJU 2012

Subfertility: 
enhancement of 
positive outcome

Adamopoulos et al. 2003

Using Tamoxifen 20 mg/d and
Andriol 120 mg/d

vs.

Placebo

Each group n= 106

Use of aromatase inhibitors for treatment male 
infertility is under discussion and seems to 
have rare side effects
Schlegel Fertil Steril 2012 epub
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Progression of
intima-media-
thickness
in 195 men aged
73 to 94 years in a 4 
– year period

Muller M et al. Circulation 2004 109:2074

Total testosterone 

Total estradiol 

3

Testosterone and Estradiol in Obesity

160 obese Men

Hofstra et al. 2009
Neth J Med 66: 103

Total-Testo

Total-Estradiol free-Estradiol

free-Testo

Wang, Jackson, Jones, Matsumoto, Swerdloff, Zitzmann, Cunningham Diabetes Care 2011
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3

Loves et al. Eur J Endocrinol 158: 741-747 (2008)

Increase of LH and Testosterone in obese men
receiving an aromatase inhibitor

Total-TestoTotal-Estradiol

free-Estradiol free-Testosterone

LH

FSH
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Genetic tests

how does male karyotyping 

impact on ART outcomes?

Elsbeth C. Dul, MD
Department of Obstetrics and Gynaecology

University Medical Center Groningen
The Netherlands

Conflict of interest

Our department received research grants 
from MSD, Ferring Pharmaceuticals, and 

Merck, the Netherlands.

Learning Objectives

• Prevalence of chromosomal abnormalities 
in different subgroups of infertile men

• Relation between chromosomal 
abnormalities and adverse pregnancy 
outcomes 

• Strategy based on NNS to prevent one 
adverse pregnancy outcome
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Dul et al, 2010; Nielsen et al, 1991

Introduction

Prevalence of chromosomal abnormalities
3-19% in infertile men

1% in newborns

Association with sperm parameters?

Introduction of ICSI: international guidelines

Karyotyping is costly and time-consuming

NVOG Guideline, 1999

Content of Dutch guideline

Recommendation for karyotyping

• Male partners of ICSI couples, irrespective 
of sperm quality

• Azoospermic men

Research questions

• Prevalence of chromosomal abnormalities

• Association with sperm parameters or 
other patient characteristics

• Consequences for the offspring

• Who should be screened for chromosomal 
abnormalities before ICSI treatment?
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Materials & methods

Cohort 1223 men eligible for ICSI

1994-2007 UMCG

Retrospective data collection
Sperm analyses

Hormonal analyses

Medical and reproductive history

Karyotype

Pregnancy outcome

Baseline characteristics

Male age (yrs) 34.6 (22-63.6)

Duration of infertility (yrs) 2.9 (0-17.6)

Primary infertility 85%

Sperm parameters

Parameter Median Interquartile 
range

Volume (ml) 3.7 2.4

Concentration 
(106/ml)

5.0 11.4

Motility (%) 18 23

TMSC 2.2 8.2
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Karyotype

Number

Normal karyotype 1185

Abnormal karyotype 38 (3.1%)

Gonosomal

Autosomal

19

19

Translocation 12

Inversion 7

Karyotype

Karyotype
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Karyotype

Association with sperm parameters

Abnormal 
karyotype 

(n=38)

Normal 
karyotype 
(n=1185)

OR p

TMSC (106) 0.2 2.2 0.98 0.35

Concentration

(106/ml)

0.2 5.0 0.98 0.15

Association with sperm parameters

Sperm concentration 
(106/ml)

Prevalence abnormal 
karyotype (%)

0 15.2

0-1 3.1

1-5 1.2

5-10 1.4

10-20 3.1

>20 2.3
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Prevalence abnormal karyotype

Abnormal 
karyotype 

(n=38)

Normal 
karyotype 
(n=1185)

OR p 

Azoospermia

Non-azoospermia

15.2

2.3

84.8

97.7

7.7

1.0

<0.001

Association with patient 
characteristics

Azoospermic men

Abnormal 
karyotype 

(n=12)

Normal 
karyotype 

(n=67)

OR p 

Elevated 
gonadotrophins

82% 52% 4.20 0.08

Association with patient 
characteristics

Azoospermic men

Abnormal 
karyotype 

(n=12)

Normal 
karyotype 

(n=67)

OR p 

Elevated 
gonadotrophins

82% 52% 4.20 0.08

Positive 
andrologic 
history

50% 78% 0.28 0.047
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Association with patient 
characteristics

Non-azoospermic men

Abnormal 
karyotype 

(n=26)

Normal 
karyotype 
(n=1118)

OR p 

Elevated 
gonadotrophins

42% 32% 1.50 0.49

Positive 
andrologic 
history

31% 50% 0.46 0.07

Cohort
(1223)
3.1%

Azoospermia
(79)

15.2%

Non-azoospermia
(1144)
2.3%

Gonadotrophins
normal
6.7%

Positive
history
10.5%

Gonadotrophins
elevated
23.1%

Negative
history
30.0%

Prevalence of chromosomal
abnormalities

Classification of chromosomal 
abnormalities

– Risk of miscarriages and/or children with 
congenital anomalies increased

– Risk of miscarriages and children with 
congenital anomalies equal to population risk
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Pregnancy outcome

Population risk Increased risk of miscarriages 
and/or children with CA

Number of men 24 14

Live born 
normal child

64% 45%

Abnormal child 7% 5%

Miscarriage 14% 45%

Number needed to screen

• Number of persons that need to be 
screened to prevent one adverse event

• Method to evaluate screening stategies

• Calculation based on absolute risk 
reduction:

NNS = 1 / absolute risk reduction

NNS - Example
HIV screening in pregnancy

Prevalence 
0.15%

Prevalence 
5%

Women screened 10 000 10 000

HIV positive women 15 500

Rate of transmission in 
absence of interventions

14-25% 14-25%

Infected children prevented 
by screen and treat

0.8-2.9 27-95

NNS 3500-12 170 105-365
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NNS in infertile men

For azoospermic and non-azoospermic men

Risk of miscarriage and child with congenital 
anomalies based on incidence in cohort

Absolute risk reduction based on 
comparison with population risk

Number needed to screen

1144 non-azoospermic

12 chromosomal abn.

3 chromosomal abn. with 
increased risk

1 with increased 
risk of 
miscarriage only

2 with increased 
risk of CA and 
miscarriage

79 azoospermic

26 chromosomal abn.

11 chromosomal abn.
with increased risk

2 with increased 
risk of 
miscarriage only

9 with increased 
risk of CA and 
miscarriage

Number needed to screen

NNS for 
miscarriage

NNS for             
child with CA

Azoospermic 80 - 88 790 - 3951

Non-azoospermic 315 - 347 2543 - 12723
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Conclusion

Prevalence of chromosomal abnormalities in infertile men

Azoospermia 15.2%

Non-azoospermia 2.3%

Conclusion

NNS for 
miscarriage

NNS for             
child with CA

Azoospermia 80 - 88 790 - 3951

Non-azoospermia 315 - 347 2543 - 12723

Recommendations

Karyotype all azoospermic men

Karyotype non-azoospermic infertile men in case 
of:
Recurrent miscarriage

Positive family history
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Future research

Cost-effectiveness studies
Costs of screening

Costs of adverse pregnancy outcomes

Impact of prenatal diagnosis and 
preimplantation diagnosis

Societal willingness to pay

Genetic tests
how does male karyotyping impact on 

ART outcomes?

Karyotyping all infertile men will have little influence on 
ART outcome due to

- Low prevalence of chromosomal abnormalities 
(3.1%)

- Low risk for adverse pregnancy outcome

Karyotyping selected subgroups can benefit ART 
outcome due to

- High prevalence of chromosomal abnormalities 
(15.2% in azoospermic men)

- Low numbers needed to screen for adverse 
pregnancy outcomes
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Dietary Supplements
Are they any help?

Jackson C Kirkman-Brown
Birmingham Women’s NHS Foundation Trust

Overview

• Why consider supplements

• Rationale for using antioxidants

• Evidence in relation to value of 

antioxidants

• Risks

• Conclusions

Why supplement?

Desire to offer ‘something’ to men in ART

Likelihood of ‘improving’ idiopathic male 
parameters / ART outcome (majority)

Known problem that might be assisted 
(minority)
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Having something to 
offer……..

Anti-oxidants
“… because there might be 

excessive ROS in subfertile men”

Gharagozloo P , and Aitken R J Hum. Reprod. 
2011;26:1628-1640

© The Author 2011. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oup.com
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Conventional criteria of semen quality 
in the patient and donor populations

Aitken R J et al. Hum. Reprod. 2010;25:2415-2426

© The Author 2010. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oxfordjournals.org

Antioxidant ‘power’ of semen

Osman et al., Human Reproduction 2013, Vol 28 (S1), i9: O-021.

Effects of sperm DNA damage on ART 
outcome

25 Studies
3360 couples 

TUNEL
8 (1233 couples) 

IVF                   5                          6                               2

ICSI                  8                          4                                2

IVF + ICSI         6                          1                               1

SCSA
14 (1621 couples) 

COMET
3 (506 couples) 
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Summary from the SR
CPR SCSA COMET TUNEL COMBINED

IVF S S S S

ICSI NS NS S S
IVF + ICSI NS NS NS NS

TOTAL S S S S

LBR SCSA COMET TUNEL COMBINED

IVF NS S S S

ICSI NS NS NS NS

IVF + ICSI NS NS - NS

TOTAL NS S S S
Osman et al., Human Reproduction 2013, Vol 28 (S1), i9: O-021
Thanks to Tarek El Toukhy

Conclusions from the SR

1- Sperm DNA damage appears to influence IVF and 
possibly ICSI outcome by  17-21%

2- Need large prospective studies

• LBR as primary outcome

• Agreed test threshold level

• Standardized inclusion and exclusion criteria

3- Need to study interventions e.g. supplements!

Osman et al., Human Reproduction 2013, Vol 28 (S1), i9: O-021
Thanks to Tarek El Toukhy

ROS & Risk of Miscarriage

• 20 men with iRPL and 20 control
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Robinson L et al. Hum. Reprod. 2012;27:2908-2917

© The Author 2012. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oup.com

Sperm DNA damage affects miscarriage

Robinson

Anti-oxidants
“…should be an effective 

therapeutic modality”

ROS do seem to be a problem as 
is sperm DNA damage

What is the state of evidence
Two systematic reviews, 2010 & 2011
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Summary of Results

• Moderate motility ↑ at 3, 6 and 9 m
• Limited concentration ↑ at 9 months

MANY study design issues
• Variable methodology

• Extensive clinical heterogeneity & often no 
female partner data

• Different treatment regimens 
• Combinations & ‘Reductive Stress’ (Gharagozloo & Aitken, 2011)

• Different measures (e.g. DNA damage)

• Often no ongoing, live birth or miscarriage 
rates

Conclusions from the SRs

• Oral antioxidant supplementation may improve 
pregnancy rate in male subfertility

• DO NOT expect WHO 2010 improvements

• Impossible from current literature to provide 
evidence-based recommendations

• Well-designed RCTs are needed
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Anti-oxidants
HARMLESS?”

“You said it may help if we took 
them, I want to do something and 

aren't

Which one?!

Which one?!
• They vary between 0mg and way above 

tested levels

• Have differing combinations / levels

• Difficult to assess any robustly on current 
evidence

• Properly organized, independent trials of 
specific formulations needed
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Why not prescribe antioxidants to 
all subfertile men anyway?

• Lack of effectiveness

• Waste valuable ♀ reproductive time 

• Waste of resources

• Potential for harm

Potential for harm
• Wrong (high) doses might have opposite 

effects
• Selenium and vitamin E cancer prevention trial 

(SELECT) indicated that for certain 
populations, supplement increased prostate 
cancer risk & severity 

• beta-carotene is strongly counter-indicated as 
a lung cancer risk for smokers

Other warning statements!
• Long term intake of 20mg Vitamin B6 may lead to 

mild tingling and numbness.

• Long term intake of 5mg of manganese may lead to 
muscle pain and fatigue. 

• Long term intake of 30mg zinc may lead to anaemia.

Men will tend to not read these ….. Often thinking 
taking two is even better
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Conclusions
• There is good evidence that ROS / DNA 

damage detrimental to male fertility 

• Shortage of well-conducted trials to 
demonstrate the effectiveness of antioxidant 
therapy – so requires a risk-balance

• Need to guide patient expectations

• Need to know which supplement and why

• High-quality trials are urgently needed

Perhaps the advice of 
lifestyle change and 
healthy balanced diet 
is still the best, there 
are no quick 
solutions…
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Prepubertair – referentie
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Adapted transplantation

protocol
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testicular 
tissue

stem cell 
grafting

stem cell 
infusion
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Example:
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www.brusselsoncofertility.be
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UPCOMING ESHRE EVENTS
// ESHRE CAMPUS EVENTS

ESHRE’s 30th Annual Meeting

  www.eshre2014.eu

Endoscopy in reproductive medicine
  www.eshre.eu/endoscopyoct

From gametes to blastocysts –  
a continuous dialogue

  www.eshre.eu/dundee

Bringing evidence based early pregnancy 
care to your clinic

  www.eshre.eu/copenhagen

Munich, Germany
29 June - 2 July 2014

Leuven, Belgium
15-17 October 2014

Dundee, United Kingdom
7-8 November 2014

Copenhagen, Denmark
11-12 December 2014

Epigenetics in reproduction
  www.eshre.eu/lisbon

Making OHSS a complication of the past:  
State-of-the-art use of GnRH agonist 
triggering    www.eshre.eu/thessaloniki 

Controversies in endometriosis and  
adenomyosis

  www.eshre.eu/liege

Lisbon, Portugal
26-27 September 2014

Thessaloniki, Greece
31 October-1 November 2014

Liège, Belgium
4-6 December 2014

For information and registration: www.eshre.eu/calendar
 or contact us at info@eshre.eu

An update on preimplantation genetic 
screening (PGS)

  www.eshre.eu/rome

Rome, Italy
12-13 March 2014
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