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IMPLANTATION’S EVENTS

EMBRYO IMPLANTATION

Definition

It is the process by which the BLASTOCYST 
penetrates the superficial compact layer of 
the endometrium.

Site

The normal site of implantation is the 
posterior wall of uterus near the fundus. 

Time
It begins about the 6th day after fertilization, 

it is completed by the 11th or 12th day.

IMPLANTATION



Risultati immagini per endometrium

THE ACTORS OF HUMAN IMPLANTATION

The BLASTOCYSTThe ENDOMETRIUM

The crosstalk between the 
ENDOMETRIUM and the BLASTOCYST

EMBRYONIC

COMPETENCE
ENDOMETRIAL

RECEPTIVITY
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ENDOMETRIAL RECEPTIVITY

The uterus is receptive to blastocyst implantation during a spatiotemporally restricted
‘‘window’’ (Window of Implantation, WOI) when the uterine environment is favorable for
the blastocyst.

During the Secretory Phase, the uterus is considered
prereceptive for the first 5-6 days following ovulation (day 0).

The uterus becomes receptive during the Mid-Secretory
Phase, which spans 6–10 days after ovulation

The Non-Receptive Phase comprises
the rest of the secretory phase.



MOLECULES ASSOCIATED WITH ENDOMETRIAL RECEPTIVITY

THE PRE-RECEPTIVE: PRESENCE OF ANTIADHESIVE 

FACTORS (THE GLYCOCALYX, A POLARIZED EPITHELIUM 
AND LATERAL JUNCTIONS).

TO BECOME RECEPTIVE: EPITHELIAL AND BLASTOCYST-

SECRETED ENZYMES MODIFY THE GLYCOCALYX; 
PINOPODES APPEAR ON THE SURFACE OF THE LUMINAL 
EPITHELIUM.

DECIDUALIZATION: ENDOMETRIAL STROMAL FIBROBLATS 

SPONTANEOUSLY DIFFERENTIATE  TO SECRETORY 
‘EPITHELIOID’ CELLS. THEY WILL  PROMOTE THE INVASION 
OF FETAL TROPHOBLAST.



FAILURE OF ANY OF THESE STEPS 
DETERMINES NO PREGNANCY 

Fox et al., Fertility and Sterility, 2016

PLAUSIBLE CHARTING OF ADVERSE RIPPLE EFFECTS IN HUMAN PREGNANCY 

LIFESTYLES

BEHIND IMPLANTATION

FAILURE

i. Endocrine disruptors
ii. Obesity

iii.Alchool consumption

iv.Cigarette Smoking

v. …

CONTROLLED

OVARIAN

HYPERSTIMULATION

PATHOLOGIES

BEHIND IMPLANTATION FAILURE

i. Endometrial diseases
ii. Thyroid Dysfunction

iii. Genetic Causes

iv. Immune Problems

v. Blood Clotting

vi. Autoimmunity

vii.……….



THE EFFECT OF ENDOMETRIAL DISORDERS ON RECEPTIVITY: ENDOMETRIOSIS

INFLAMMATION is a typical feature of endometriosis, 

as the presence of ectopic tissue in the peritoneal 
cavity is associated with overproduction of 
prostaglandins, cytokines and chemokines. Vercellini et al., Nat. Rev. Endocrinol. 2014 

Endometriosis-associated 
INFERTILITY

Interference has been hypothesized with the complex 

mechanisms of:
✓ ovulation
✓ oocyte pick-up by the fallopian tubes

✓ spermatozoa function
✓ fertilization  process
✓ tubal transport of the embryos

✓ EMBRYO IMPLANTATION

Def: Endometriosis is defined as the presence of endometrial glands and stroma outside the uterine cavity, predominantly, but not exclusively, in the 
pelvic compartment. It is an estrogen-dependent chronic inflammatory condition that affects women in their reproductive period and is associated 
with pelvic pain and infertility.
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ADENOMYOSIS: WHAT ABOUT THE ENDOMETRIAL RECEPTIVITY?

ALTERED FUNCTION OF GENE FOR EMBRYONIC 
DEVELOPMENT.

LACK OF EXPRESSION OF ADHESION MOLECULES

REDUCED EXPRESSION OF IMPLANTATION 
MARKERS

Harada et al., Obstet Gynecol Surv. 2016 

Structural abnormality of the 
endometrium (increased endometrial 
stroma vascularization and thickness)

Altered expression of: 

✓Enzymes (cytochrome P450, aromatase activity), 
✓Cytokines (IL-6, IL-8, IL-10, IL-II, IL-8R, CXCR1, CXCR2), 
✓Growth factors (VEGF, TGF), 

✓Adhesion molecules (integrins, MUC1, selectin)
✓Matrix metalloproteinases (MMP2 and MMP9)

Adenomyosis is a benign condition of the uterus characterized by the presence of endometrial glands and stroma located deep within the 
myometrium and is associated with smooth muscle hyperplasia. It is a common disorder in the fourth and fifth decades of life. 



THE EFFECT OF ENDOCRINE DISRUPTORS ON IMPLANTATION



CONTROLLED OVARIAN STIMULATION INDUCES MORPHOLOGICAL, BIOCHEMICAL, 
AND FUNCTIONAL GENOMIC MODIFICATIONS OF THE HUMAN ENDOMETRIUM

DURING THE WOI

THE EFFECT OF CONTROLLED OVARIAN STIMULATION ON 
IMPLANTATION

2-d delay in the 

activation/repressi
on of two clusters 
composed by 218 

and 133 genes, 
respectively, on 
day hCG+7 vs LH+7. 

Many of these
delayed genes
belong to the class

window of 
implantation genes
affecting basic

biological
processes in the 
receptive

endometrium.

Horcajadas et al., 2008



Main alterations:

➢ Asynchronous stromal and 

glandular development

➢ Reduced endometrial

thickness

➢Modulation of endometrial

gene expression, 

particularly those involved

in immunoregulation

suggesting shifts in the 

WOI

➢ Altered recruitment, 

activation, and localization

of immune cells.

OOCYTES, CUMULUS CELLS, AND ENDOMETRIUM ARE ALTERED BY

CONVENTIONAL OVARIAN STIMULATION

Volume 123, Issue 1, January 2025

https://www.sciencedirect.com/journal/fertility-and-sterility/vol/123/issue/1




EVALUATION OF ENDOMETRIAL 
RECEPTIVITY:

FACTORS AFFECTING
ENDOMETRIAL
RECEPTIVITY

FUTURE
PERSPECTIVES

Embryo implantation and endometrial receptivity

EMBRYO IMPLANTATION AND
ENDOMETRIAL RECEPTIVITY

STRATEGIES TO MEASURE 
ENDOMETRIAL RECEPTIVITY
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✓ISTHOLOGIC  TECHNIQUE 
✓ULTRASOUND TECHNIQUE

 

INNOVATIVE STRATEGIES TO MEASURE

ENDOMETRIAL RECEPTIVITY

✓DOPPLER  TECHNIQUE 

✓PROGESTERONE LEVEL

 

ERA test

Be Ready

ER Map

ReceptivaDX

ALICE

EMMA

EndomeTRIO



The ERA is a genetic test that evaluates the expression of genes to estimate 
whether the endometrial lining is properly developed to accept an embryo.

ENDOMETRIAL  RECEPTIVITY  ARRAY:  THE ERA TEST A

2013



It cannot be performed in the implantation
cycle because it requires an endometrial
biopsy specimen, as well as time to
complete the analysis.

PERSONALIZED EMBRYO TRANSFER (PET)

Invasive approach!!

IR: 11% (7/65)  vs  40% (14/35) 

Clinical Pregnancy: 19%(7/36)  vs  60% (12/20)

Ongoing pregnancy:  0% (0/7)   vs 75% (9/12)



“Here, we present our case to suggest that Cho et al. have 
misinterpreted their own data and suggested that the ERA test is not 
accurate nor is it reproducible. We have pointed out a number of 
questionable clinical decisions made by the Cho team which led them to 
perform four different endometrial biopsies in one patient after 
receiving a recommendation for the best way forward in this case. “

“Although this study is based on a single patient, the lack of consistency is 
intriguing. Hopefully, this report may lead to more researchers without a 
direct financial benefit to publish their experience with the ERA test.”

“In conclusion, this case clearly demonstrates inconsistencies in two ERA results in 

the same patient performed 4 months apart, both in 2017.”



2023 8 studies and over 2,000 patients, determining the optimal endometrial

receptivity time using the ERA test does not appear to improve overall 
pregnancy outcomes. This may indicate that other immunological and 
etiological factors are involved in successful embryo implantation.



BE READY RECEPTIVITY TESTB



ER MAP TEST

ER MAP TEST CAN PREDICT ENDOMETRIAL RECEPTIVITY STATUS BY RT-qPCR USING A NEW PANEL OF 184 GENES 

96 fertile women and 120 assisted reproduction treatment (ART) patients: 85 out of 184 selected genes SHOWED A
SIGNIFICANTLY DIFFERENT EXPRESSION when comparing LH+2 and LH+7 RELATED TO ENDOMETRIAL PROLIFERATION

and MATERNAL IMMUNE RESPONSE ASSOCIATED TO EMBRYONIC IMPLANTATION

C



ReceptivaDx  Predicts Chances for a Successful Transfer and Successful Pregnancy

WOMEN TESTING POSITIVE FOR RECEPTIVADX:
• Less than 18% Pregnancy rate in next transfer attempt

• Less than 11% Success rate resulting in live birth

WOMEN TESTING NEGATIVE FOR RECEPTIVADX:

• More than 70% Pregnancy rate in next transfer attempt
• More than 59% Success rate resulting in live birth

RECEPTIVADX TEST

% pregnant women according to BCL6 
expression: 

D



ERT TEST: endometrial biomarker test based on the progesterone response

It can be considered an improvement over the ERA test because it focuses on fewer, more specific
biomarkers, making the analysis faster, more streamlined, and easier to interpret

E



COMBINED ENDOMETRIAL  RECEPTIVITY  TEST: EMMA & ALICE



EMMA: ENDOMETRIAL MICROBIOME METAGENOMIC ANALYSIS 
   ALICE: ANALYSIS OF INFECTIOUS CHRONIC ENDOMETRITIS 

A multicenter cohort (527 women with RIF/RPL) showed higher ongoing

pregnancy rates after microbiome-guided therapy based on EMMA/ALICE 
results.
•Identifies microbial imbalance that can impair implantation.

•Facilitates tailored treatments improving uterine environment.

ALTERED GENITAL TRACT AND ENDOMETRIAL 

MICROBIOTA MAY NEGATIVELY AFFECT 

IMPLANTATION AND ART SUCCESS.

LIMITS

• Does not assess antibiotic resistance.
• Normal microbiota thresholds (e.g., % Lactobacillus) are still under 
investigation.

•Not a direct test of endometrial receptivity (ERA is used for that).



E

ENDOMETRIO: EMMA & ALICE & ERA 

THE BIOPSY IS PERFORMED AT A SPECIFIC MOMENT IN

THE CYCLE (OFTEN 5 DAYS AFTER STARTING
PROGESTERONE ADMINISTRATION IN A REPLACEMENT
CYCLE), SIMILAR TO WHAT HAPPENS WITH THE ERA

TEST ALONE.

➢ HOLISTIC APPROACH: PROVIDES A MORE 

COMPREHENSIVE DIAGNOSIS COMPARED TO 
EVALUATING ONLY THE WOI GENE EXPRESSION.

➢ TARGETED TREATMENT: THE RESULTS GUIDE 
SPECIFIC THERAPY FOR THE DAY OF THE TRANSFER 
AND FOR TREATING ANY INFECTIONS/DYSBIOSIS.

A



There are still no definite 

indications on whether its

inclusion in the study of 

the infertile couple or the 

study of patients with 

repeated implantation

failure is essential.



https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Addons



FUTURE PERSPECTIVES IN MEASURING ENDOMETRIAL

RECEPTIVITY & EMBRYO IMPLANTATION

From omics to systems biology in deciphering the complexity of 
biological systems. 

Hum Reprod Update, Volume 26, Issue 2, March-April 2020, Pages 264–301

FACTORS AFFECTING
ENDOMETRIAL
RECEPTIVITY

FUTURE
PERSPECTIVES

Embryo implantation and endometrial receptivity

EMBRYO IMPLANTATION
AND ENDOMETRIAL

RECEPTIVITY

STRATEGIES TO MEASURE 
ENDOMETRIAL RECEPTIVITY

1
• OMICS

2

• Extracellular
vesicles

3
• 3D in vitro model



THE ‘OMICS’ CASCADE DESCRIBES THE FLOW OF BIOLOGICAL INFORMATION IN AN ORGANISM.

Hum Reprod Update, Volume 23, Issue 6, November-December 2017, Pages 723–736

25,000



✓ ENDOMETRIAL BIOPSIES OR ENDOMETRIAL 
FLUID help identify the MOLECULAR 
SIGNATURE OF ENDOMETRIAL RECEPTIVITY, 
allowing prediction of the optimal window 
for embryo transfer.

✓ OMICS TECHNOLOGIES APPLIED TO EMBRYOS 
(via biopsies or lysates) and to clinically 
discarded samples — such as follicular fluid, 
somatic follicular cells, or embryo culture 
media — reveal gene expression profiles 
linked to embryo viability.

✓ These invasive and non-invasive 
assessments can provide objective 
biomarkers and may be used alone or 
combined with traditional methods to select 
the best embryo for single embryo transfer 
(SET).



THE ROLE OF UTERINE EVs IN PATHOLOGICAL CONDITIONS AND ASSOCIATED INFERTILITY. 



A B

C D

Menstrual Blood

(A-B-C) Epithelial (CK19) Stromal cells (Vimentin) 

(D-E-F) Epithelial and Stromal Nuclei (DAPI)
Scale bar 25 µm

Endometrial Biopsy

E F

3D MODEL SUCCESSFULLY GENERATED WITH STROMAL AND EPITHELIAL PRIMARY CELLS: static conditions

Luongo et al., Unpublished

Organoids Formation and characterization



Droplets with stromal and epithelial cells→ THESC´s + EM42: dynamics conditions

Nuclei

2D

Cytokeratin 8/18 Vimentin

Epithelial cells Stromal cells

3D

Scale 200µm

EM42 ThESC MIXED

Section 2



✔ There are some ready approaches to measure endometrial receptivity

✔ Others –OMICS strategies are far from the clinical practice

✔ Uterine extracellular vesicles in pathological conditions and associated infertility
✔ 3D Organoids/Assembloids in static or dynamic conditions

THEIR EFFECTIVENESS IS TO DATE STILL DEBATED

THEY RECAPITULATE FEATURES OF UTERINE 

MICROENVIRONMENT AND REPRESENT A POWERFUL TOOL FOR 

ENDOMETRIAL EVALUATION



6 – 8 May
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