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Why cumulus cells?

the human-cumulus oocyte complex 
gene expression profile

Where ?
Surrounding oocyte cells

When ?
During oocyte maturation and 
first embryo cleavage

What role ?
Bi-directional communication 

CC mirror of oocyte quality and competence
Assou….Hamamah, 2006 HR

What are the cumulus cells?
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� Coordinates follicle development 
with oocyte maturation

� Provides energy substrate for oocyte 
meiotic resumption

� Regulates oocyte transcription

� Promotes nuclear and molecular 
maturation of the oocyte

Assou…Hamamah et al. 2010, MHR

Why cumulus cells?

• EP09305331.2

• EP10306132.1 

• EP10306293.1

• EP11305918.2

The oocyte-niche relationships

Oocyte and Cumulus cells

miRNome
Transcriptome

•Ouandaogo et al. HR. 2011
Oocyte nuclear 

maturation stages

• Ouandaogo et al. HR. 2012
In vivo and in vitro 
maturation impact

• Haouzi et al. HR. 2012PCOS patients 

• Assou et al. B. Res Int. 2013
Stimulation 
protocols

Biomarkers

• Assou et al. MHR 2008

• Assou et al. MHR 2010

• Assou et al. HRU 2011

Oocyte competence, 
embryo potential and 
pregnancy outcomes

Assou et al. HR. 2013Assou et al. HR. 2006

Knowledgment on human CCs
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Mir-100 

Mir-184 

Mir-10A 

MicroRNA expression in CCs and oocyte
Important facts

3 miRNAs in MII oocytes

32 miRNAs in cumulus cells

MIR184 (1988 reads)    
MIR10A (555 reads)

LET7b (51 reads) 
MIR21 (28 reads)

most 
abundant

most 
abundant

Assou…Hamamah et al. 2013, HR
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224 genes that are potential targets of 
the identified miRNAs 

Hierarchical Clustering 

Differentially expressed genes in oocyte and CCs are 
predicted targets of oocyte and CC-miRNAs

Important genes for chromosome or chromatin functions 
are up-regulated in the MII oocyte and are predicted 

targets of CC-miRNAs 

this suggests a dialogue between the cumulus cells and the 
oocyte through microRNA action 
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Genes involved in a crosstalk between CCs and oocyte 
are predicted targets of CC-miRNAs

GDF9 is known as a regulator of PTGS2, CTGF, BMPR1B  and to be essential in oocyte-
cumulus cells crosstalk

Cumulus cells 

PTGS2 

miR542 

CTGF 
BMPR1B 

MIR21 

GDF9 

• We have reported the first sequencing data of small non 
coding RNAs in the human cumulus cells and oocyte.

• Our results illustrate the cellular specificity of the 
microRNAs. Some miRNAs are highly abundant in the 
oocyte and not even detected in the cumulus cells.

• CC-miRNA may be regulators of mRNAs over-expressed 
in the oocyte, illustrating the dialogue between cumulus 
cells and oocyte trough miRNA action.
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The impact of female aging on gene expression in human CCs

• Molecular signature according to female age

• Pathways significantly affected by female aging

• Predicted miRNAs that target genes impacted by female age

Al-Edani ….Hamamah et al, 2014 

Impact of female aging on oocyte quality

Decrease of proteins stored in the oocyte

mtDNA damage, reduction  of ATP production

Increase of oxidative stress and apoptosis

Increase of oocyte aneuploidy

Reduction of oocyte metabolic function
these modifications affect 

oocyte competence and quality

Question: which molecular changes account for these physiological changes ?

Impact of aging on gene expression in the CCs

Bentov et al., 2011; Fragouli et al., 2010
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Blue: Up-regulated genes 

Pink: Down-regulated genes

Molecular signature of cumulus cells according to female age

Molecular signatures reveal that CC >37 years are distantly located from the other groups

CC <30 years

CC 31-34 years

CC >37 years 

Identification of genes 
differentially expressed 
in the 3 age groups of 
cumulus cells

20 genes of each class
with highest expression

Hierarchical Clustering

Al-Edani ….Hamamah et al, 2014 

Genes that play an essential role in the CCs-oocyte dialogue 

and oocyte quality are down-regulated in older CCs

Many genes of the TGF-b pathway are down-
regulated (green), a few of them are up-regulated 
(red)

AMH

Oocyte 

INHA  

CD200  

IL6ST  

Cumulus  
cells 

Al-Edani ….Hamamah et al, 2014 
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CC-miRNAs are validated regulators of the genes involved in pathways altered with aging

These miRNAs are potential biomarker candidates of follicle aging

Genes impacted by aging in relation to CC-miRNAs

Oocyte 

IGFBP3   

IGFBP5  

FGF2  TGFBR3   

CC <30 years 

MIR140 

MIR210 

CC 31-36 years 

CC >37 years 

MIR21 MIR424 

TGFB1   MIR744 

LEPR   MIR21 

Insulin signaling 
pathway 

Angiogenesis 

TGF-β signaling 
pathway 

Al-Edani ….Hamamah et al, 2014 

Transcriptomic data show 

• aging widely impacts gene expression

• the decrease in fertility that occurs at 37 is supported by a dramatic molecular

change after the age of 36

• the physiological impact of aging is underlied by an alteration of expression of 

genes and pathways that are critical for oocyte quality and competence

(insulin,TGF-beta etc)

• Genes that are essential to buffer the effect of hypoxia (angiogenic genes), which

is linked with aging, are up-regulated in older CCs
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Target: follicular
fluid

Identification of new biomarkers for 
embryo quality

Assou ….Hamamah et al, 2011 HRU

CCs Gene expression profile as non invasive 
test to predict embryo as well pregnancy

outcomes

CCs Gene expression profile as non invasive 
test to predict embryo as well pregnancy

outcomes
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Diagnostic tool in 
cIVF/ICSI

As biomarker 
of oocyte 

potential and 
pregnancy 
outcome

Cumulus cells
(CC)

Oocyte

Cumulus cells predictive valueCumulus cells predictive value

Assou ….Hamamah et al, 2008, 2010 MHR
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OOCYTE MATURATION

EMBRYO OUTCOME

PREGNANCY

LIVE BIRTH

13 STUDIES

12 STUDIES

11 STUDIES

3 STUDIES

STATE OF THE ARTSTATE OF THE ART



14

LIMITS

Comparaison of 26 studies

No common gene 
in microarray 

analysis
!!

9 genes in common 
in RT-qPCR analysis

Common Common 
genes

between
different

end 
point

Oocyte maturation

Embryo competence

Pregnancy

Live birth

7 genes

2 genes

1 gene

1 gene

META-ANALYSISMETA-ANALYSIS
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RESEARCH ARTICLE

Cell-free DNA in Human Follicular
Microenvironment: New Prognostic

Biomarker to Predict in vitro 
Fertilization Outcomes

Sabine Traver, Elodie Scalici, Tiffany Mullet, Nicolas Molinari, 
Claire Vincens, Samir Hamamah

2014

2013

2015

2014

2016

Cell-free DNA

• Double-stranded molecules
• Short or long fragments 
• Apoptotic or necrotic origine
• No identified physiological role

• Double-stranded molecules
• Short or long fragments 
• Apoptotic or necrotic origine
• No identified physiological role

• Single-stranded molecules
• 19-25 nucleotides
• Two mechanisms of release
• Degradation of target mRNA

and translation inhibition

• Single-stranded molecules
• 19-25 nucleotides
• Two mechanisms of release
• Degradation of target mRNA

and translation inhibition

Schwarzenbach et al., Nature Reviews Clinical Oncology, 2014

Circulating microRNAs
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RESEARCH ARTICLE

Cell-free DNA in Human Follicular
Microenvironment: New Prognostic
Biomarker to Predict in vitro Fertilization 
Outcomes

Sabine Traver1☯, Elodie Scalici1,2,3☯, Tiffany Mullet2,3, Nicolas Molinari4, 
Claire Vincens3, Tal Anahory3, Samir Hamamah1,2,3*

Scalici et al, 
2014

PLoS ONE 10(8): e0136172. doi:10.1371/journal. 
pone.0136172

Traver et al, 
2015

Scalici….Hamamah et al, HR 2014
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Traver….Hamamah et al, Plos One 2015

Traver….Hamamah et al, Plos One 2015
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Traver….Hamamah et al, Plos One 2015

ROC curve for obtaining a clinical pregnancy according 
to cfDNA level in FF

ROC curve to evaluate the predictive value of follicular 
fluid cfDNA level for clinical pregnancy outcome in a 
multivariate model (including the rank of IVF/ICSI 
attempts and the number of embryos):
area under the curve = 0.73 [0.66–0.87], sensitivity = 
60%, specificity = 88%.

Traver….Hamamah et al, Plos One 2015
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Traver….Hamamah et al, Plos One 2015

2016

Scalici, …Hamamah et al,  2016
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Scalici, …Hamamah et al,  2016

Scalici, …Hamamah et al,  2016
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miRNA expression profiling in human FF might provide biomarkers to 
efficiently discriminate women with PCOS and to predict blastocyst 

development and clinical pregnancy outcomes. 

However, their specific role in the oocyte micro-environment, their 
regulation by gonadotropins and their involvement in female

infertility should be further investigated. 

These new potential biomarkers could be used in the daily practice to 
improve personalized IVF strategies and to identify new therapeutic 

targets in female infertility management.

Conclusions

This is a novel concept, providing a new potential strategy for
competent oocyte and embryo selection

Analysis of CC surrounding the oocyte can be a non-invasive
approach for oocyte, embryon selection and pregnancy outcome

Conclusions

Omics provides opportunity to analyse human oocytes and CCs 
expression profiles on a genome scale and permitted significant 
progress in the understanding of the molecular events involved in the 
processes governing oocyte maturation. 

Many of the genes described here are biomarkers to monitor health, 
viability and competence of oocytes. 
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