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Sviluppo della blastocisti

Trofoectoderma

Inner Cell Mass



Metodi di valutazionedella qualita della
blastocisti
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Trofoectoderma

ICM (Inner Cell Mass)

Varie tipologie di
grading . ; - -
Gli attuali metodi non sono accurati,

una promettente possibilita potrebbe essere
1’utilizzo di marcatori molecolari non invasivi
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Table 1 Metabolites identified through RR-RP-HPLC-MRM-ESI/MS
PubChem Monoisotopic MS/ Retention Linearity: orders Linear correlation lon
Metabolite D mass MS  time/min Standard curves of magnitude  coefficient mode R S s S i)
Lactic acid 612 90.0317 428 Y = 5625136X + 140227 4 0.997532 - LOQ = 7.25 pmol
Glucose-6-phosphate 69507 260.0297 971 26 Y = 4374899X + 325442 4 0.994423 - LOD = 2.17 pmol
a-Ketoglutaric acid 164533 146.0215 57 3.0 Y = M133.18X + 479.082 4 0.996623 -
6-Phosphogluconic acid 91493 276.0246 7 31 Y = 793368Y + 572.385 4 0.995031 -
Glutamic acid 611 147.0532 128 25 Y = 2679.885% + 151267 5 0.999611 + = 5 & = = = e
ATP 5957 506.9957 410 35 Y = 9315.342X + 678455 4 0.995439 + . : 2 5 . ’ : e .
NAD* 5893 6631001 524 39 ¥ = 3512349 + 21776 4 0.996154 + Canpeted amalysin, ATE (A3, NAT>® (B s & phosphogiuconic acid (GPG) (C). In the right side of ach graph e MS and MS/NS sporton ave inchoaied
NADH 3687  665.1248 649 4.1 Y = 4399.545X + 135633 5 0.998344 + Fig. 1 Microscopic images of human blastocysts, according to for 6PG and ATP, NAD*, respectively. Limits of detection (LOD) and quantification (LOQ) are reported as total injected picomoles (injection volume =
NADPH 5884 454200 729 54 Y = S9788.351X + 121301 4 0.996572 + classification based on “Grading criteria for human blastocyst”.> 20 ). For cach metabolite, LOD was calculated as 3x standard deviation of 20 blank runs, while the LOQ as 10 standard deviation of the blank.
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Fig. 1. Cargos of extracellular vesicles released by the preimplantation embryo and by trophoblasts with reported effects on the local maternal
immune cells. PIBF = progesterone-induced blocking factor; ALB = albumin; ULBP1-5 = UL-16 binding proteins 1-5; PLAP = placental alkaline
phosphatase; PD-L1 = programmed death-ligand 1; MIC-A/B = major histocompatibility complex (MHC) class I-related protein; PAI-1=
plasminogen activator inhibitor-1; hCG = human chorionic gonadotrophin; CRH = corticotrophin-releasing hormone; HPL = human placental

lactogen; FN1 = fibronectin-1.
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MicroRNASs: regolatori dell’espressione

genica
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« Sono RNA non codificati

« Agiscono inibendo i mRNAtarget

« Sono coinvolti nella patogenesi dimolte
patologie neoplastiche

« Sono possibili bersagli farmacologici

* | miRNA circolanti sono possibilimarcato
ri di patologie

« Rivestono un ruolo importante nelle prime
fasi dell’embriogenesi
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mMiIiRNA control of tumor cell invasion and metastasis
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Figure 2. Role of miRNAs in metastasis

(A) EMT regulation by miRNAs: miRNAs such as miR-200 and miR-205, modulate the ZEB family of transcription factors and regulate epithelial-mesenchymal transition. miR-101
modulates E-cadherin expression epigenetically via targeting Zeste Homolog 2 (EZH2) in prostate cancer. miR-155 modulates TGFB pathway, which plays an important role in cancer
metastasis. (B) Suppression of metastasis by miRNAs:. miR-10b is the first miRNA identified to be upregulated in breast cancer that is mediated by Twistl, MMPs, urokinase plasminogen
activator(uPA), and various integrins. miR-373 and miR-520c are prometastatic miRNAs that serve as metastasis promoters (partly mediated by modulation of

CD44). miR-335, miR-206 and miR-31 are identified as antimetastatic miRNAs that target RhoA, Fzd3, RDX, and integrin a5. miR-146 and miR-98/let-7 are shown to be upregulated in
response to metastatic suppressor proteins BRMS-1 and RKIP respectively. miR-10b, miR-373, miR-520c and miR-21 are pro-metastatic miRNAs, while miRNAs such as

miR-335, miR-206 and miR-31 are anti-metastatic. Prometastatic miRNAs are depictedpink, dark green and red, while anti-metastatic ones are shown in violet, red and light green.
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Review
MicroRNAs in cancer metastasis and angiogenesis
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Figure 1: Biogenesis of miRNA. MiRNA is first transcribed by RNA Pol II. T‘;en, the pri-miRNA is processed by the
enzyme Drosha and Dicer. The mature miRNA is integrated into RISC, thereby leading to mRNA degradation,
translational repression or translational activation.
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Figure 2: The process of cancer angiogenesis. This process is usually activated in a low oxygen microenvironment. Cancer
angiogenesis involves multiple steps, including degradation of vascular basement membrane and extracellular matrix,
proliferation and migration of vascular endothelial cells, formation of a new vessel lumen and vessel branches, and maturation

of the new vessels.
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Figure 3: The process of cancer metastasis. A series of sequential steps are involved in cancer metastasis, such as alteration
and rearrangement of cytoskeleton, degradation of extracellular matrix, local invasion, intravasation, transfer and survive in
the circulatory system, extravasation, settlement and proliferation in a new organ (like lung and liver).
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Figure 1. Endometrial cell signaling network illustrated as a subway map showing the seven routes
operated by different molecules, narrated in the review. TF in blue boxes denotes transcription
factors. All abbreviations are expanded in the main text The X mark in the red circle indicates

progesterone withdrawal.



OBIETTIVO DELLO STUDIO

ldentificare e caratterizzare 1 microRNASs secretidalla
blastocistli nel fluido del blastocele.




MicroRNASs: possibili marcatori molecolari

Ottenuti evitando procedure invasive

Blastocele

Terreno di coltura




MiRNA in RAS Mol




Functional RINASs

Non-coding genes codify for a functional RINA
product rather than for a protein.

Family of functional RN ASs:
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Tecniche biologiche molecolariutilizzate

Real Time PCR

TagMan Low Density Array Nanostring

« Analisi di 384 microRNAS « Analisi di 800 microRNAs
« Tecnologie consolidate « Tecnologia recente

« Conoscenza vantaggi e limiti « No amplificazione

» Sensibile e specifica

 Ridotta quantita’
campione ci ha indotto
all’utilizo del TLDA



Hybridization

NanoString’s Technology
employs two ~50 base
proebes per mRNA that
hybridize in solution. The
Reporter Probe carries the
signal; the Capture Probe
allows the complex 1o be
immobilized for data
collection.
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After hybridization, the excess
probes are removed and the
probe/target complexes aligned
and immoebilized in the nCounter
Cartridge.

Count

Sample Cartridges are
placed in the Digital
Analyzer for data
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codes on the surface
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molecule.
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Risultati

Sono stati identificati nel fluido del blastocele
36 MIRNASs su 800ricercati

Nanostring Results

Detector
hsa-miR-125b-5p
hsa-let-7a-5p
hsa-miR-15b-5p
hsa-let-7b-5p
hsa-miR-93-5p
hsa-miR-191-5p
hsa-miR-23a-3p
hsa-miR-100-5p
hsa-miR-125a-5p
hsa-miR-200c-3p
hsa-miR-302b-3p
hsa-let-7i-5p
hsa-miR-181a-5p
hsa-miR-25-3p
hsa-miR-20a-5p+hsa-miR-20b-5p
hsa-let-7e-5p
hsa-miR-4454+hsa-miR-7975
hsa-miR-16-5p
hsa-let-7c-5p
hsa-miR-1246
hsa-miR-302a-3p
hsa-miR-1260a
hsa-let-7d-5p
hsa-miR-302d-3p
hsa-let-7g-5p
hsa-miR-4443
hsa-miR-342-3p
hsa-miR-146a-5p
hsa-miR-92a-3p
hsa-miR-107
hsa-miR-99b-5p
hsa-miR-873-3p
hsa-miR-106a-5p+hsa-miR-17-5p

count

1308,5
649,5
492,5
358,5
312,5
204,5
192,5
161,5
160,5
156,5
148,5
144,5
142,5
123,5
119,5
101,5
100,5
99,5
97,5
92,5
91,5
90,5
87,5
80,5
75,5
70,5
69,5
65,5
58,5
57,5
54,5
53,5
51,5



Risultati

Sono stati identificati nel fluido del blastocele

80 MiIRNAS su 384ricercati

Real Time PCR
TagMan Low Density Array

miRNAs in Human Blastocoele Fluid
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Figure 2. miRNA expression in human Blastocoel Fluid (BF). (A) Heat map representation of normalized
expression data (—ACT wvalues) for 89 miRNAs from nine BF samples. The red and blue colors represent
miRNA expression levels. (B) Quantification of BF miRNAs using droplet digital PCR (ddPCR). Measurements
for miR-17, miR-372 and miR-519d are shown as miRNA copies/jil ddPCR mix. All NTC controls do not

show positive droplets. (C) Alignment of human BF miRNAs. Blue shading indicates nucleotides of miRNA
sequences with identical positions in the alignment. Light blue shading indicates nucleotides conserved in the
major groups of BF miRNAs. (D) Consensus clustering and frequency of nucleotide conservation for groups of
BF-miRNAs. Most of the mature miRNAs conserve the seed sequence AAGUGC.
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Il piu grande cluster identificato
nella placenta e specifico per |
primati, e stato correlatoall’e-

voluzione dei primati.

Importante nelle primefasi di svi-
luppo embrionale.
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Signaling Pathways regulating
pluripotency of stem cells
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Figure 6. Morphological and Molecular Characterization of Exosomes from human Blastocoel Fluid. (A,B)
Scanning Electron Micrographs of extracellular vesicles isolated from Follicular Fluid (FF) and Blastocoel Fluid
(BF) respectively. (C) Diameter distribution of exosomes from BFs. Gauss fit of the Feret’s diameter histogram
measured on SEM microscopies show an average BF diameter of 75+ 3 nm and a full width at half maximum
(FWHM) of 38 £ 8 nm. (D) Transmission Electron Microscopy images of exosomes from BFs. (E) Transmission
Electron Microscopy images of exosomes from BFs marked with CD81. (F) Nanoparticle Tracking Analysis
(NTA) of BF extracellular vesicles. Extracellular vesicles from Follicular Fluid were used as reference control
(inset). Diameters and concentration of vesicles are indicated in the table. (G) ELISA assay with the tetraspanin
CD63 antibody of BF exosomes. Amount (pg) of CD63 protein and EV concentration (number of particles/100
ul) evaluated in BFs. Follicular Fluid (FF) samples were used as reference control. Results are expressed as

mean 1+ SEM.
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CONCLUSIONI

) 1 MiIRNA trovati nel fluido del blastocele potrebbero costituire uno strumento per lo studio

della biologia delle cellule staminali embrionali non invasivo.

1) Essendo prodotti della blastocisti, 1l loro profilo di espressione potrebbe essere correlato

alla qualita’ embrionaria

[11)Quindi potrebbero essere utilizzati come biomarcatori non invasivi di qualita’ embrionaria

e per il cross talk tra embrione ed endometrio

V) Dati preliminari evidenziano correlazioni dirette tra MiIRNA e gravidanza prescindendo

dalla stimolazione, dal terreno e correlando positivamente con i criteri mofologici!!



Sept 2016: First three parent baby
(Leigh syndrome)

Maternal spindle transfer: removal of the nucleus from one of
the mother’s oocytes and inserted it into a donor oocyte that
had had its own nucleus removed. The resulting oocyte — with
nuclear DNA from the mother and mitochondrial DNA from a
donor — was then fertilised with the father’s sperm.

Mitochondria with normal DNA
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Donor =
oocyte = =
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Fig.1 Conceptual depiction of AUGMENT in human assisted reproduction. In high-quality eggs, mitochondria are sufficient in number, function,
and quality to provide the energy required for successful fertilization and normal preimplantation embryonic development, resulting in a healthy
pregnancy (left panel). With age, the functional integrity of the mitochondrial poolin women's eggs decreases, leading to poor egg quality that
results in reduced rates of fertilization, compromised embryonic development, and ultimately failed pregnancy (center panel). By providing a
source of germline mitochondria from an IVF patient’s own OSCs, AUGMENT introduces a proprietary amount of autologous egg precursor cell-
derived mitochondria into the egg along with the sperm at the time of ICSI. This bolus of pristine mitochondria provides an otherwise

compromised egqg with sufficient energetic potential for successful fertilization and subsequent embryonic development, restoring the natural

potential to achieve a healthy pregnancy (right panel). AUGMENT, autologous germline mitochondrial energy transfer; ICSI, intracytoplasmic
sperm injection; OSCs, oogonial stem cells.
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Figure 1. Oocytes formed during adult life in mice contribute directly to offspring production.

Schematic representation of an inducible genetic lineage-tracing model to ‘mark’ new oocytes
formed during the doxycycline (dox) induction phase, which specifically activates a triple-transgenic
Cre-loxP-based reporter system tied to stimulated by retinoic acid gene 8 (Stra8) expression in pre-meiotic
germ cells (viz. OSCs) committing to meiosis followed by de novo oogenesis. Portions of this figure
were adapted with permission from Wang et al. [84].
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Figure 2. In vitro oogenesis from human OSCs. (A) Time lapse images of human OSCs in culture, with
a typical OSC (blue arrow) followed as it undergoes progressive differentiation into an IVD oocyte
(oocyte-like cell). (B) Numbers of IVD oocytes formed in human OSC cultures over time post-passage.
(C) Expression analysis of germ cell (DDX4) and oocyte (KIT oncogene or KIT; Y-box protein 2 or YBX2,
also referred to as MSY2 or CONTRIN; LIM homeobox protein 8 or LHXS8) marker genes, as well as of
B-actin expression as a loading control, in IVD oocytes collected from human OSC cultures (-RT, PCR
analysis performed on the RNA template without reverse transcription, as a control to rule out genomic
DNA amplification). (D) Representative images of human IVD oocytes by light microscopy (two left
panels; scale bar, 50-um), and by immunofluorescence microscopy for the presence of DDX4, KIT, YBX2
and LHXS8 proteins. Portions of this figure were adapted with permission from White et al. [73].
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Figure 2. Working model for ex-vivo reconstitution of autologous human ovarian tissue. Aggregation of OSCs with primitive granulosa cells, specified
from iIPSCs or isolated from ovarian tissue during OSC purification. enables de-novo cogenesis and folliculogenesis in the reconstituted tissue in vitro.
The tissue containing new follicles is then used for orthotopic grafting to the ovaries for in-vivo growth to produce maturing follicles for cocyte aspiration or
for in-vitro follicle culture to generate cocytes. Oocytes obtained from either approach are subjected to in-vitro maturation and in-vitro fertilization to

generate blastocysts for embryo transfer and establishment of successful pregnancies.
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Esperimento piu bello della fisica: la doppia fenditura
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Culture conditions and Amplification methods
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Equazione di Schrodinger

z'hi‘P = HY
ot

La realta e’ in funzione del nostro punto di
vista,

siamo noi ad influenzare |'esito di cio che
vogliamo vedere;



(A) Crystal structure of the hydrophilic domain of the respiratory complex | from T. thermophilus (4).
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(a) Electrical/electrochemical energy transmission
( mitochondria acting as an elecitrical cable)

ap (e, a¥w_, apH_ ). Ca?, Na*, O,, e, etc.
»

H+$\ T

(b) Optical energy (light) transmission
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Figure 1

In proteins, the DA energy-level broadening is <10% of the tunneling barrier height. The TB tunneling
barrier (AETR) height is about half the height of the T'S tunneling barrier (AETs), so the folded protein
bonding orbitals (VB) dominate the electron tunneling mediation from D to A (6). Abbreviations: A,
acceptor; CB, protein anti-bonding orbitals; D, donor; T'B, through-bond; TS, through-space; VB, valence
band.



Quindi come la teoria Geo-Elio centrica non hanno cambiato nulla nel
qguotidiano, questi punti di vista alternativi, scientifici

e reali, dovrebbero, con tempi molto piu breuvi, visti i coevi mezzi
divulgativi a disposizione , prepararci a quello che avvenne 150 anni
dopo la scoperta di Giordano Bruno; Lillumnismo!!!

In biologia, grazie all’evolversi delle nanotecnologie, stiamo capendo
che la fisica Newtoniana, deterministica intendo,

non funziona sempre bene ed andiamo sempre piu a trovare spiegazioni
a tali fenomeni applicando le regole che sottendono la meccanica
guantistica.
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EV characterization in Folicular Fluid in animal models and in hummsj'lé,l&-‘lQl
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EV miRNAs are involved in follicke growth and cocyte maturatlon [18-20,2,25)
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Figure 2. Milestones of the main significant papers about the involvement of EVs in follicle growth
and their potential role in fertility disorders.



