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Analysis of the cumulus cells and beyond
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Why cumulus cells?

2 S.M. Hawkins, M.M. Marzuk / Annales d'Endocrinalogie xxx (2010) xxx—xxx

Table 1

Mouse models with defects in cumulus expansion. For more detailed information, refer to reference [4].

Gene (symbaol) Fertility status
Prostaglandin-endoperoxide synthase 2 (Prgs2: Cox2) Mostly infertile
Prostaglandin E receptor 2, subtype EP2 (Piger2) Subfertile
Pentraxin 3 (Prx3) Subfertile
Tumor necrosis factor e induced protein 6 (Tnfaipo) Infertile
Sulfotransferase family 1E, member 1 (Sultiel) Subfertile
Alpha 1 microglobulin/bikunin {Ambp) Subfertile
Amphiregulin (Areg) Subfertile
Bone morphogenetic protein 15 (Bmpi 5) Subfertile
Bone morphogenetic protein receptor, type IB (Bmprib) Subfertile
Epiregulin (Ereg"@a2; hypomorph) Subfertile
Mitogen-activated protein kinases 3 and 1 (Mapk3 - Mapk! cKO) Infertile
Nuclear receptor subfamily 5, group 2. member 1 (Nr3al: 511, steroidogenic factor 1) (cKO) Infertile
Nuclear receptor subfamily 5, group 2, member 2 (Nr5a2: Lrh1, liver receptor homolog 1) (¢KQ) Infertile

cKO: conditional knockout.

What are the cumulus cells?

Where ?
Surrounding oocyte cells

When ?
During oocyte maturation and
first embryo cleavage

What role ?
Bi-directional communication /

the human-cumulus oocyte complex
gene expression profile
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CC mirror of oocyte quality and competence
Assou....Hamamah, 2006 HR




Why cumulus cells?

Cumulus cells as biomarker for oocyte quality,
embryo and pregnancy outcomes

e
clftneone | | * Coordinates follicle development
7 vl

with oocyte maturation

e Provides energy substrate for oocyte
meiotic resumption

e Regulates oocyte transcription

e Promotes nuclear and molecular
maturation of the oocyte
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Oocyte developmental Q
—

Assou...Hamamah et al. 2010, MHR

Knowledgment on human CCs
The oocyte-niche relationships
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MicroRNAs: new candidates for
the regulation of the human
cumulus—-oocyte complex

S. Assou'2, T. Al-edani'-2, D. Haouzi?, N. Philippe?, C.-H. Lecellier?,
D. Piquemalt, T. Commes?4, O. Ait-Ahmed?, H. Dechaud "%,
and S. Hamamah 25

MicroRNA expression in CCs and oocyte
Important facts

3 miRNAs in MIl oocytes

MIR 184 (1988 reads) } most
MIRI0A (555 reads) abundant

Mir-184
Mir-10A
32 miRNAs in cumulus cells oocyte
LET7b (51 reads) most
MIR21 (28 reads) abundant

Assou...Hamamah et al. 2013, HR




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

224 genes that are potential targets of
the identified miRNAs
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Cumulus cells |! Mlloocg ) - Hierarchical Clustering

Genes miRNAs

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

cumulus cells oocyte - - MIR29
DHMTL <‘ ------- aaadsar ) 1

DNMT3B

MIR21
MIR424
LET7b

1

CDC25A

this suggests a dialogue between the cumulus cells and the
oocyte through microRNA action




Genes involved in a crosstalk between CCs and oocyte
are predicted targets of CC-miRNAs

GDF9

-
g

CTGF
BMPR1B

T T

miR542 MIR21

PTGS2

Cumulus cells

GDF9is known as a regulator of PTGS2, CTGF, BMPR1B and to be essential in oocyte-
cumulus cells crosstalk

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

e 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.

e CC-miRNA may be regulators of mRNAs over-expressed
in the oocyte, illustrating the dialogue between cumulus
cells and oocyte trough miRNA action.




The impact of female aging on gene expression in human CCs
e 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 these modifications affect

Reduction of oocyte metabolic function oocyte competence and quality

Increase of oxidative stress and apoptosis
Increase of oocyte aneuploidy

Bentov et al., 2011; Fragouli et al., 2010

.

Question: which molecular changes account for these physiological changes ?

Impact of aging on gene expression in the CCs




Molecular signature of cumulus cells according to female age
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Rt in the 3 age groups of

cumulus cells
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Hierarchical Clustering

. CCoider CC >37 years

. CCriedian CC 31-34 years

O Ccyounger CC <30 years

Blue: Up-regulated genes

Pink: Down-regulated genes

Al-Edani ....Hamamah et al, 2014

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

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

and oocyte quality are down-regulated in older CCs
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Apoptosis

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

Al-Edani ....Hamamah et al, 2014




Genes impacted by aging in relation to CC-miRNAs

CC <30 years CC 31-36 years

F

MIR744 I / D
-| TGFB1 q ¢ I_ R —
VO)F Insulin signaling

pathway

TGF-B signaling
pathway

Angiogenesis

CC >37 years

CC-miRNAs are validated regulators of the genes involved in pathways altered with aging

These miRNAs are potential biomarker candidates of follicle aging

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




Identification of new biomarkers for
embryo quality
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CCs Gene expression profile as non invasive
test to predict embryo as well pregnancy
outcomes




Cumulus cells predictive value

Oocyte
Cumulus cells
(CO)
As biomarker
of oocyte
potential and
pregnancy
outcome
Diagnostic tool in
CIVF/ICSI Assou ....Hamamah et al, 2008, 2010 MHR
A meta analysis was performed on 27 studies
7 genes stand out as common biomarkers through different studies
(HAS2, SERPIN2, PTGS2, PTX3, GREM1, VCAN, RGS2)
Oocyte maturation Embryo quality and competence Pregnancy Live birth
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A meta analysis was performed on 27 studies
7 genes stand out as common biomarkers through different studies

(HAS2, SERPIN2, PTGS2, PTX3, GREM1, VCAN, RGS2)
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A meta analysis was performed on 27 studies
7 genes stand out as common biomarkers through different studies

(HAS2, SERPIN, PTGS2, PTX3, GREMA, VCAN, RGS2)
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LIMITS

META-ANALYSIS

Comparaison of 26 studies

— .

No common gene 9 genes in common
in microarray in RT-qPCR analysis
analysis
n
7 genes

| Oocyte maturation

Common
genes

between
different

Live birth Embryo competence

end
point

1 gene 2 genes

1 gene
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Cell-free DNA in human follicular fluid

as abiomarker of embryo quality
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Cell-free DNA in Human Follicular
OPEN Circulating microRNAs infollicular Microenvironment: New Prognostic
: Biomarker to Predict in vitro
fluid, powerful tools to explore Fertiliation Outcomes
invitrofertilization process

Sabine Traver, Elodie Scalici, Tiffany Mullet, Nicolas Molinari,
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Cell-free DNA Circulating microRNAs

» Double-stranded molecules * Smgle-strandgd molecules

- Short or long fragments *  19-25 nucleotides

e Apoptotic or necrotic origine © Two mechanlsms of release
» No identified physiological role *  Degradation of target mRNA

and translation inhibition

Cell death Active secretion
Apoptotic cell Necrotic cell Cell
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Schwarzenbach et al., Nature Reviews Clinical Oncology, 2014
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as a biomarker of embryo quality
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Microenvironment: New Prognostic
Biomarker to Predict in vitro Fertilization
Outcomes

Sabine Traveri@, Elodie Scalici1,2,3@, Tiffany Mullet2,3, Nicolas Molinari4,
Claire Vincens3, Tal Anahory3, Samir Hamamahi,2,3*
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Normal ovarian Ovarian reserve
reserve disorders
Ovarian reserve status
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ROC curve for obtaining a clinical pregnancy according
to cfDNA level in FF
ROC curve to evaluate the predictive value of follicular
s 1 fluid cfDNA level for clinical pregnancy outcome in a
£ multivariate model (including the rank of IVF/ICSI
[ attempts and the number of embryos):
b area under the curve = 0.73 [0.66-0.87], sensitivity =
5 60%, specificity = 88%.

Traver....Hamamah et al, Plos One 2015
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Figure 4. (A) ROC analysis Lo evaluate FF let-7b expression predictive value for blastocyst formation. (B) ROC
analysis to evaluate FF let-7b expression predictive value for expanded blastocyst development. These analyses
included only the group of women with normal ovarian reserve (n=91).

Scalici, ...Hamamah et al, 2016
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Figure 5. (A) ROC analysis to evaluate FF miR-29a expression predictive value for clinical pregnancy outcome.
(B) Comparison of the ROC curves showing the predictive value of FF miR-29a expression and top quality
embryo proportion for clinical pregnancy outcome. These analyses included only the group of women with
normal ovarian reserve (n=91).

Scalici, ...Hamamah et al, 2016

Effect of gonadatropin treatment
for wamen with tormal
ovarian reserve

HP-hMG versus r-FSH:
* FF miR-20
7 FF miR- 140
= 3N versus <3000 1UA:
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 FF miR-320
\ IVF outcome prediction / 3 " "

far wimen with normal | —— Embryo development
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A FF miR-2%

Figure 6. Schematic model showing that miRNA expression profiling in FF samples provides powerful
tools to efficiently discriminate women with polycystic ovary syndrome (PCOS) and to predict IVF
outcomes. The expression of some FF miRNAs varies according to the gonadotropin treatment. HP-hMG,
highly purified human menopausal gonadotropin; r-FSH, recombinant follicle-stimulating hormone.

Scalici, ...Hamamah et al, 2016
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Conclusions

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

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.

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

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

21
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