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Different epigenetic
Chromatin Methylation 

5mcytosine

Different Sperm Head Morphology

Same genetic information
Double helix DNA sequency

Different Outcome



In reproductive physiology many abnormalities may occur during 
spermatogenesis and spermiogenesis, resulting in spermatozoa defects.

These disorders may concern:
Sperm morphology
Numerical or structural chromosomes abnormalities
Abnormal chromatin
Sperm DNA defects

Why it is Important to investigate the sperm DNA ?

Resulting in oocyte activation failure, 
No fertilization or zygote blocking, (Shaoqin et al 2014)
Chaotic early embryo development, 
Negative blastocyst culture
Miscarriage
Birth defects 

(Schagdarsurengin et al 2012; Cassuto et al 2014)
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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



Strict morphological criteria for sperm head
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Morphological criteria are used to score spermatozoa at high magnification 
(6100x) and to assess expended good blastocyst quality 

Cassuto et al., 2021



High-magnification in translocation carriers cannot be used 

to select sperm cells with a balanced chromosomal content  

Chelli MH. J A Rep Gen 2013



Perdrix A HR 2013
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HR 2013
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Score 0 higher inter-telomeric
distances
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Score 0 higher chromosomal 
territory areas

.
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A Score 0 spermatozoa exhibit significantly higher inter-telomeric distances
B Score 0 spermatozoa exhibit significantly higher chromosomal territory areas

for chromosome 1.



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.



Morphology and Gene Expression



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

Gene_Name Pvalue 
AURKA 0.004316 

CACNA1C 0.3057 
CACNA1H 0.6764 
CARHSP1 0.4697 
CCDC60 0.09758 

CCDC88B 0.1028 
CFAP46 0.01651 
DNAH2 0.1815 
HDAC4 0.07368 
HMGB4 0.3814 

SPATA18 0.6764 

 



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 



Genome-wide microRNA expression profiling in human 
spermatozoa and its relation to sperm quality

NG. CASSUTO , L. RUOSO , G. KEROMNES , L. PRAT-ELLENBERG , N. LEDEE , C. CHAO , H. MOUIK , S. ASSOU 

P-029

Score 0

Score 6

The relevance of sperm 
morphology in male infertility

Integration with Omics approaches

MicroRNA?

Gene expression profile 

Methylation portrait

Regulation

Epigentic pattern 

DNA analysis



Microarray analysis of microRNA expression patterns in 
the spermatozoa with good and poor morphology 

Data analysis
 

Spermatozoa at HM 
Morphology Score 0 

N=5

microRNA Expression 
Profiles

Small RNA  
Extraction

microRNA
Microarray Chips

RNA Labeling and 
Hybridization

Experimental Design
N=5

Spermatozoa at HM 
Morphology Score 6



Heat map. Dendrogram 
The 5 samples Score 6 clustered in 1 Red branch  
The 5 samples Score 0 samples in 1 Blue branch 
The molecular signatures of Score 6 and Score 0 were 
visualized by a hierarchical clustering diagram by the 
algorithm based on the differential expression genes. 
The 10 samples are arranged in columns 
Genes are arranged in rows 

Differences in the global miRNA expression profiles of sperm 
samples with good and poor morphology

Principal Component Analysis (PCA) in 3-dimensional 
plots represents the different sample’s gene 

expression patterns (Score 0 and Score 6)
Each dot represents a sample. 

10 samples can be divided into 2 distinct groups based 
on their gene expression profiles

Score 6 Score 0

Genes



miR34b
miR342

miR-100a miR2
5miR1973
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Score 6 (log2) Vs Score 0 (log2)

Differential microRNA expression in Score 6 and Score 0

Two-dimensional Scatter plots representing the top miRNAs that are differentially expressed in Score 6 and Score 0     
Each dot represents a sample: Red=Score 6 and Blue= Score 0. 

miR30
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Violin plot - Box-and-whisker plots – comparing microRNAs that are 
differently expressed in Score 6 and Score 0 

(FC >2 and p-value ≤0.05)

Differential microRNA expression in Score 6 and Score 0
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Filter criteria:
Fold Change: > 2 or < -2
P-value: < 0.05

Genes passed filter criteria: 
107 

Up-Regulated in Score 6: 
86 miRNAs

Up-Regulated in Score 0:
21 miRNAs



Potential S6-miRNA targets involved 
in sperm quality 

mTOR signaling

Oxydative stress

miR-16 

miR-10a 
miR-30c 

miR-125b 

miR-122a 

miR-532 

miR-184 
miR-31 

Top ten miRNA overexpressed in S6 Vs. S0

Regulatory roles of the identified miRNAs in S6

Violin plot comparing the top ten microRNAs that
are differently expressed in Score 6 (n = 5) and
Score 0 samples (n = 5). The key miRNAs overexpressed in

S6 are predicted to target messenger
RNA involved in biological functions
of the spermatozoa, mTOR signaling,
and oxydative stress.



Using the GeneChip miRNA array technology, we dissected the miRNAome of ten semen
samples scored according to their high-magnification morphology (score 6 versus score 0).
The correlation between spermatozoa-miRNAs and their corresponding mRNA targets was
analyzed using in silico prediction algorithms. The spermatozoa methylome was studied in
score 6 samples using DNA sequencing method.

Human sperm microRNA profiling correlated with head morphology
NG. CASSUTO 1, L. RUOSO 1, D. BOURET 1, C. CHAO 1, N. LEDEE 2, L. PRAT-ELLENBERG 1, S. ASSOU 3

1 ART Unit Drouot Laboratory, Paris, France
2 Bluets Hospital, Paris, France

3 IRMB, University f Montpellier, INSERM, Montpellier, France

This study confirms the links between different OMICS patterns;
like epigenome, methylome, transcriptome, miRNAome,
and sperm head morphology at high magnification.

Today only one tool; the morphology permit in real-time to avoid  
the wrong epigenetic spermatozoa profile before injection in ICSI.

Reveals that microRNA profiling of good spermatozoa morphology 
may provide biomarkers reflecting sperm function to investigate 
its quality. 

This opens new perspectives to explore male infertility; in addition 
to basic semen analysis information with new diagnostic tests 
particularly during ART procedures

RESULTS

CONCLUSIONS

Differences in the global miRNA expression profiles of sperm samples with 
good and poor morphology

PURPOSE & OBJECTIVES
Male infertility research to understand the physiology of sperm has improved and more
sophisticated techniques to identify high quality sperm function. We previously published a
scoring scale where the spermatozoa with a total score of 6 points (Good spermatozoon
morphology) displays normal head shape with symmetrical nuclear no extrusion and/or no
invagination of the nuclear membrane, without any vacuole and normal base. The
spermatozoa with a score 0 displays a nuclear-shape disorder with an abnormal base and
at least one large vacuole (Bad spermatozoon). The objective of this study is to analyze
microRNA (miRNA) profiles according to different morphological scoring (score 6 versus
score 0) and to identify the keys regulators involved in sperm quality.

MATERIAL & METHODS

Differential microRNA expression in Score 6 and Score 0

Target prediction and functional annotations of overexpressed miRNAs in
Score 6

RESULTS

*Cassuto N.G et al. Biomed Res Int.
2021 Sep 18;2021:1434546 (PMID:
34604380). *Cassuto N.G et al. Biomed
Res Int. 2016;2016:6372171 (PMID:
27148551). *Cassuto N.G et al. Reprod
Biomed Online. 2012 Feb;24(2):211-8
(PMID: 22227364). *Cassuto N.G et al.
Fertil Steril. 2009 Nov;92(5):1616-25
(PMID: 18990390).
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Ø

Ø Experimental design:

Ø

Ø

Score 0

Score 6

MiRNAome
s

New players and new links who interfere in the sperm quality

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

Good blastocyst 

Bad blastocyst 

Principal Component Analysis (PCA) in 3-dimensional
plots represents the different sample’s gene
expression patterns (Score 0 and Score 6). Each dot
represents a sample. 10 samples can be divided into
two distinct groups based on their gene expression
profiles

The molecular signatures of Score 6 and
Score 0 were visualized by a hierarchical
clustering diagram based on the differential
expression genes.
- The 5 samples Score 6 clustered in 1 Red
branch
- The 5 samples Score 0 samples in 1 Blue
branch

Two-dimensional Scatter plots
representing the top miRNAs that are
differentially expressed in Score 6 and
Score 0. Each dot represents a sample:
Red=Score 6 and Blue= Score 0.

Violin plot - Box-and-whisker plots –
comparing microRNAs that are differently
expressed (FC >2 and p-value ≤0.05) in
Score 6 (n = 5) and Score 0 samples (n = 5)

From the 910 genes targeted by Score6-
microRNAs, we found that 372 genes have
roles in Cell death regulation, Response to
stimulus, Apoptotic process, and
Phosphorylation

Cell Morphology, Cell-
To-Cell Signaling and
Interaction

Cellular Development, 
Cellular Growth and 
Proliferation

Morphology at 
High Magnification

Genes passed filter
criteria = 107

S6 = 86 miRNAs

S0 = 21 miRNAs

mailto:guycassuto@labodrouot.com


ESHRE 40th Annual Meeting 2024

G
R

B2

PDGF
A

TestisTestis

miR-
16 

miR-
30c 

We previously introduced a strict scoring scale for the morphology of
spermatozoa, where a total score of 6 points indicates good morphology.
This is characterized by a normal head shape with symmetrical nuclei, no
extrusion or invagination of the nuclear membrane, no vacuoles, and a
normal base. Such spermatozoa are capable of reaching an expanded
blastocyst stage. Conversely, spermatozoa scoring 0 exhibit nuclear shape
abnormalities, an abnormal base, and at least one large vacuole,
categorizing them as poor quality. This study aims to analyze microRNA
(miRNA) profiles according to different morphological scoring (score 6
versus score 0) and identify the key regulators involved in sperm quality.

Genome-wide microRNA expression profiling in human spermatozoa and its relation to sperm quality

A Transcriptome Analysis Console (TAC) Software with a 2-fold change cutoff
and FDR <5% identified 107 differentially expressed miRNA that significantly
distinguished S6 from S0 samples. Among which only 21 miRNAs were
upregulated in the S0 samples, whereas the number of known miRNAs
increased to 86 in the S6 samples. The miRNAs overexpressed in Score 6 are
predicted to target 910 messenger RNA involved in biological functions of the
spermatozoa and several signaling pathways, such as MAPK signaling
pathways, as well as cell apoptosis and cellular stress. Whereas genes
targeted by score 0-miRNAs were implicated in the regulation of cellular
growth and proliferation.

Ø Experimental design:

Ø Differences in the global miRNA expression profiles of 
sperm samples on S6 Vs. S0

Ø Top ten miRNA overexpressed in S6 Vs. S0

(A) Principal Component Analysis (PCA) in 3-dimensional plots represents
the different miRNA expression patterns from the 10 samples. Two distinct
groups were obtained based on their miRNA expression profiles. (B) The
dendrogram shows that the 5 samples S6 clustered in 1 Red branch. The 5
samples S0 samples in 1 Blue branch.

Ø Functional properties of the 86 miRNAs significantly 
over-expressed in the S6

(A) Violin plot comparing the top ten microRNAs that are differently expressed
in Score 6 (n  = 5) and Score 0 samples (n  = 5). (B) The heat map showed a
molecular signature based on the 10 selected microRNAs upregulated in S6
Vs. S0.

Molecular 
functionp-value

ØPotential S6-miRNA targets involved in sperm qualitymTOR 
signaling

Oxydative stress

ØConclusions
The profiling of miRNAs repertoire in scored spermatozoa morphology
opens new perspectives to explore male fertility status and provides a
biomarker panel for sperm analysis during the ART procedure.

The key miRNAs overexpressed in Score 6 are predicted to target messenger
RNA involved in biological functions of the spermatozoa, mTOR signaling,
and oxydative stress.

We used a miRNA
microarray chip to
analyze the miRNA
profile (Score 6 Vs Score
0). We only consider
miRNA profiles that have
a Fold change>2 and p-
value ≤ 0.05.

Ø Background

NG. CASSUTO 1, L. RUOSO 1, G. KEROMNES 2, L. PRAT-ELLENBERG 3, N. LEDEE 4, C. CHAO 5, H. MOUIK 6, S. ASSOU 7

1 ART Unit Drouot Laboratory, Paris, France, 2 Diaconesses Hospital, Île-de-France, Paris, France, 3 ART Bluets Hospital, Île-de-France, Paris, France, 4 Matricelab innove, Île-de-France, Paris, France, 
5 Centre hospitalier de Saint-Denis, Saint Denis, Paris France, 6 University of Hassan II, Casablanca, Morocco, 7 IRMB, University of Montpellier, INSERM, Montpellier, France
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Ø Target-miRNAs acquired by score 6 are downregulated 
in testis

Pathway analysis for the targets common to the S6-miRNAs revealed that key
genes in the PDGF, EGF and MAPK signaling pathways, such as PDGFA and
GRB2 and MAP2K are regulated by miR-30c, miR-16 and miR-92a. The
analysis of the expression of these target in normal tissues using RNA-seq
data for 30 tissue types from the Genotype-Tissue Expression repository
showed that these genes are strongly under-expressed in testis tissue
compared to other tissues.
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Artificial Intelligence and Subjectivity 

WHAT INFLUENCES SUBJECTIVITY ???



All data we generate remains stored and used for a decision 
no operator-dependent









All these papers confirm the presence of different sperm epigenetics 
profiles in the same ejaculate. 

Which tool is today more appropriate, and more accurate than AI 
to sort, identify, and select them between millions?



What’s AI Technology ?



ARTIFICIAL NEURAL NETWORKS

IMAGE RECOGNITION



AI needs huge data! It's a hungry giant!!!

Data: 800 hours of videos: 
More than 3 months in continued vision 

Sorted:15 000 frames were randomly 
captured 

Arranged: by embryologist experts 
labeling and classified

Presented visually on the screen
Machine learning / Deep learning
Teach the machine to do the job   



How It Works – AI Classification

AI classifies sperm cells’ morphology
at high magnification

• Proprietary algorithm processes the video stream of 
“live” sperm in real time

• Autonomously classifies sperm cells based on their 
morphology & motility at high-magnification 
(×6,100)  30 frames /Seconds

• Proprietary BAIBYS’ algorithm controls the 
motorized X-Y stage in real time to maintain the 
selected sperm cell in the middle of the field of view 
to allow reviewing the cell from all sides



HOW IT’S WORK

Control Panel of the system and Codes for all the system generated by AI





Positive correlation between the Fertilization Rate and the cumulative live birth 
rate suggesting Fertilisation Rate is a key performance indicator.

Fertilization Rate: Novel Indicator 
for Cumulative Live Birth Rate



2019



2019



2020



Conclusions

Autonomous sperm selection system;

based on DNA quality and epigenetic profiles.

Morphology is correlated with the DNA quality; 

Sperm selection before ICSI is a crucial step;

because we are at the beginning of the process.

Using AI combined with Micro Robotic.


