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Spermatozoa over the time

50 Millions / ml decrease in 50 years  
Human Reproduction Update November 2017

1951    100 Millions/ ml

1970      90 Millions/ ml

1974      75 Millions/ ml

1998      55 Millions/ ml

2005      51 Millions/ ml



Infertility distribution

15% couples are infertile

80 million couples worldwide

>30 million men worldwide
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Total Fertility Rate TFR, globally and by Global Burden of Diseases GBD 
1950 – 2100

Lancet March 2024



ASRM Denver 2018 US Geographic Trends in Semen Quality From 2007 to 2017

City Change P Value

Total sperm count (millions) 
Boston –2.35 .1069

Los Angeles –3.73 .0001

New York City +2.75 .3369

Palo Alto –3.97 .0003

All four cities –2.94 <.0001

Sperm concentration (millions/ml) 
Boston –1.41 .0006

Los Angeles –2.08 <.0001

New York City –0.17 .8984

Palo Alto –1.57 <.0001

All four cities –1.76 <.0001

Total motile sperm (millions) 
Boston –2.58 .0155

Los Angeles –3.11 <.0001

New York City +3.39 .1500

Palo Alto –2.96 .0004

All four cities –2.45 <.0001



Membranes

Mitochondria
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The Sperm

The smallest cell 3µ / 5μ
Course 20 cm in the female genital tract
20 000 times its size to reach the oocyte in the oviduct

But is Sensitive to Oxidative Reaction, ROS
Sensitive to its environment: Temperature, Infection

Spermatozoa survival 3 to 4 days in cervical crypts
Oocyte 1 day post-ovulation then it degenerates



The Sperm

Quality Control DNA repair DNA abnormalities in sperm 

But is terminated; transcription and translation stops 
post-spermiogenesis!!!

These spermatozoa have no mechanism to repair the 
damage occurred during their transit through the 
epididymis and post-ejaculation

Gonzàlez-Marin C, Gosàlvez J
Int J Mol Sci Oct 2012
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Genetic

Hormonal

Varicocele

Systemic DiseaseLifestyle

Male 
Infertility

Idiopathic Infertility 
50%

Causes of Male Infertility



Potential effects of exposure to environmental factors on declining fertility rates 

ESHRE March 2024





Rôle du stress oxydatif : dérivés réactifs de l’oxygène
Les dérivés réactifs de l’oxygène (ROS) sont l'une des principales causes 
de l'infertilité masculine et causent des dommages aux spermatozoïdes





Example of Bisphenol A
• Bisphenol A (BPA) is an industrial 

manufacturing monomer used in the 
polymerization of plastics, specifically 
polycarbonate plastics, and as an additive in 
epoxy resins.

• The main route of exposure to Bisphenol 
A (BPA) is through food consumption. 
BPA can be found in serum, urine, breast 
milk, amniotic fluid, and other biological 
fluids, indicating its presence in the human 
body as a result of dietary intake.

• Bisphenol A (BPA) is a weak agonist 
of estrogen that can bind to both 
estrogen receptors (ERα and ERβ) and 
activate a response that has been widely 
considered as the source of its adverse 
effects in some animal studies. 

• It can also bind to androgen receptors (in 
vitro).



Distribution of Sperm Anomalies

Azoospermia No Obstructive: NOA 6%
Azoospermia Obstructive: OA 3%
Tératozoospermia 10%
Oligozoospermia 2%
Asthénozoospermia 16%
OAT 28%
ACAS 2%

Normal 40%



Score = Head x2  +  Vacuole x3  +  Base x1 = 6
Vanderzwalmen P. RBMO 2008      Balaban B. RBMO 2011      Knez K. Rep Bio Endoc 2011 and RBMO 2012      
Setti AS. J A Rep Gen 2012              Tanaka A. F S 2012               El Khattabi L. F S 2013   
Greco E. F S 2013
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BioMed Research International Volume 2016, Article ID 6372171
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This data showed a clear significant correlation between the sperm head 
morphology at high magnification and the DNA methylation profile

The overall sperm DNA methylation patterns from the 10 patients
according to the Score 6 and the Score 0.



Stress oxydatif : conséquences épigénétiques
Les dérivés réactifs de l’oxygène (ROS) induisent des déméthylations



Morphology and Gene expression



Methylated CpG Sites
>25%

DNA methylation

Gene Ontology, pathway enrichment 
and networks
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Genes selected by differential methylation level and sperm morphology 
with Gene Ontology

Graphical representation of the 10 genes differentially expressed
in score 0 and score 6 spermatozoa.

AURKA, HDAC4, CFAP46, SPATA18, 
CACNA1C, CACNA1H, CARHSP1, 
CCDC60, DNAH2, and CDC88B

September 2021



Biological process
Biological adhesion
(GO:0022610)
Biological regulation
(GO:0065007)
Cell population proliferation
(GO:0008283)
Cellular component organization 
(GO:0071840)
Cellular process
(GO:0009987)

Immune system process
(GO:0002376)

Localization
(GO:0051179)
Locomotion 
(GO:0040011)
Metabolic process
(GO:0008152)
Multi-organism process
(GO:0051704)

Developmental process
(GO:0032502)

Response to stimulus 
(GO:0050896)

Multicellular organismal process
(GO:0032501)

Signaling
(GO:0023052)

Binding
(GO:0005488)
Catalytic activity
(GO:0003824)
Molecular function regulator
(GO:0098772)
Molecular transducer activity
(GO:0060089)
Transcription regulator activity
(GO:0140110)
Transporter activity
(GO:0005215)

Molecular function

Functional classification of methylated genes 



Expression in various human tissues

Testis

Testis



AURKA CACNA1C CACNA1H CARHSP1 CCDC60 CCDC88B CFAP46 DNAH2 HDAC4 SPATA18
Score 0 0,4 0,4 0,8 0,7 0,5 0,3 0,3 0,6 0,3 0,7
Score 6 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
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Differential Gene Expression between 
Low Score 0 and High Score 6 

Descriptive results show a general trend for under expression for 10 genes in blue bar

for the score 0



Top-ranked functional protein 
interaction network

Aurora kinase A 

Histone deacetylase 4

Dynein Axonemal Heavy Chain 2

Calcium Regulated Heat 
Stable Protein 1 

CFAP46 Cilia And Flagella Associated Protein 46 



Epigenetic regulation
Orchestrates genes expression

Because epigenetic regulation is not only on a specific-site event 
but also spans along stretches of chromosome regions consisting 
of clusters of contiguous CpG islands



F S September 2023

H R December 2023



Surrounding Response Sperm Epigenome Signatures

Ettore Caroppo and Michael K. Skinner 2023



Study Design 



La hauteur de chaque histogramme reflète le niveau d’expression du marqueur considéré.

SCORE 6 SCORE 0

Expression Génique   AURKA / SCORE

Sperm epigenome becomes a diagnostic tool for the evaluation 
of male infertility 



p<0.01



p<0.01



p<0.01



Score 6

Results obtained with the quadruplex final kit: 
EBX 100 Sperm Messenger 4 Fertility kit

qPCR profile obtained:

n = 100 samples n = 100 samples n = 100 samples

Methylation profiles evaluated by mRNA augment the predictive ability of
semen analysis and outcome in term of pregnancy
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3 genes

Combined expression of the 3 target genes

Index Expression > 320
Normal expression 

Index=290 < Expression < 320
Intermediate expression 

Index Expression < 290
Under-expression 



Spécificité - Sensibilité : 89%

Sensibilité du test : 88% (73/83)
Spécificité du test : 84.5% (39/46)

Concordance du test avec la méthode visuelle : 86.8% (112/129)



Résultats - Biostatistiques 

- Index : > 320 : Expression normale des gènes 

- Index : > 290 < 320 : Expression intermédiaire des gènes

Index : < 290  Sous expression des gènes 



ESHRE 40th Annual Meeting 2024

Diagnostic male infertility is largely based on semen parameters
according to the World Health Organization (WHO) reference values.
While these parameters assess sperm quality, they do not provide
insights into sperm quality and have a limited predictive value on natural
fecundity, fertilization rates, and assisted reproductive technology (ART)
outcomes

Gene expression in human sperm as biomarkers and tools for the assessment of male infertility

Score 0

Score 6

We proposed a scoring scale for sperm morphology at high
magnification, useful for ICSI protocol, with a score of 6 points for a
good spermatozoon to assess expended good blastocyst and a score
of 0 for a bad spermatozoon with an altered nucleus. The sperm were
ranked according to their scoring and ability to reach blastocyst stage.

Good blastocyst 

Bad blastocyst 

The selected genes involved
in mitosis, epigenetic
regulation, and early embryo
development interact with
each other

Receiver operating characteristic (ROC) curve analysis was
conducted to assess the quality of spermatozoa for three
biomarkers by analyzing their mRNA expression levels. The AUC
score (0.891) was achieved by the combination of the 3
biomarkers.

This study's results highlight understanding a chaotic early
embryo development in ART and used to explore male infertility;
particularly in unexplained infertility. Furthermore, even in cases
with normal sperm parameters, there may be an under-expressed
index, indicating lower functionality in terms of fertilization and
early embryo development.

Biomarkers

Ø Top network of selected biomarkers

NG. CASSUTO 1, L. RUOSO 1, L. PRAT-ELLENBERG 2, N. LEDEE 3, G. KEROMNES 4, C. CHAO 5, S. ASSOU 6

1 ART Unit Drouot Laboratory, Paris, France, 2 ART Bluets Hospital, île de France, Paris, France, 3 Matricelab innove, île de France, Paris, France, 4 Diaconesses Hospital, île de France, Paris, France, 5 

Centre hospitalier de Saint-Denis, Saint Denis, Paris France, 6 IRMB, University of Montpellier, INSERM, Montpellier, France

ØAURKA, HDAC4, and CARHSP1 are used for the diagnosis              
of sperm quality exploring male infertility

HDAC4 

AURKA CARHSP1 

Ø What is known already?

ØAnalyzing the mRNA expression levels of the three biomarkers 
between Score 6 and Score 0

The thresholds for the spermatozoa function index were established by
assessing the combined expression of these target genes, considering the
morphology and the capability to reach a blastocyst stage:

• > 320 for an "over-index value" spermatozoa with a normal capacity
• < 290 for an "under-index value"
• 290 < index < 320 for an "intermediate-index value".

ØEvaluation of potential sperm quality markers

CARH
SP1

HD
AC4

AUR
KA

Combination 
of the 3 

biomarkers 

m
RN

A 
ex

pr
es

si
on

 
le

ve
l

ØConclusion

Over Index 
ValueUnder Index 
ValueIntermediate Index 

Value

ØAmong the 129 samples with the three normal WHO
parameters, we show that 82 (63.5%) have an over-index
value, 44 (34.1%) have an under-index value, and 3 (2.3%)
display an intermediate-index value

Ø Among the 277, we find 112 (40.4%) have an over-
expression index; 161 (58.1%) have an under-expressed
index and 4 (1.4%) have an intermediate-index.

Over Index 
ValueUnder Index 
ValueIntermediate Index 

Value

All population

Population with the three normal 
WHO parameters 



Population with 3 normal WHO parameters 

All population

Over Index Value

Under Index Value

Intermediate Index Value

Study Results 

112 (40%) have an over-expression index
161 (58%) have an under-expressed index  

4   (2%) have an intermediate-index

82 (64%) have an over-index  
44 (34%) have an under-index 

3  (2%) have an intermediate-index 







Conclusions
In one ejaculate all the spermatozoa have the same DNA 
sequence, but different epigenetics profiles and different 
genes expression!!! 

Methylation Genes profiles evaluated by mRNA augment 
the predictive ability of outcome in term of fertilization and 
pregnancy

Epigenetic disorders are linked with changes in methylation 
profiles, controlling gene expression, as well the offspring 
malformations

Some of these disorders are impacted by ROS:

Treatment and lifestyle or ICSI program


