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What is RIF

How many attempts?
How many embryos?
Ager

Embryo quality?

Failure in the presence of potential obstacles?




RECURRENT IMPLANTATION FAILURE

* Failure to achieve a pregnancy after 3 completed
fresh IVF-ET cycles (Tan et al 2005)

* Failure of 210 embryos to implant

e In the era of SET/DET should the definition of RIF
be revised




Implantation - key event in the establishment of pregnancy
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The Th1l/Th2 theory




T cell profiling

The Thl vs Th2
theory

Rather a simplified
approach
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T cell profiling

The role of Treg and Th17 immunity

Allergy IL-4 Extracellular parasites
Intracellular parasites IFN-y IL-5 The balance
TNF-a IL-6
IL-13 Th2 between Th17/Treg

IS defining immune
tolerance during

|
S O

IFNT 7 e IL-4 implantation
CD4 + T cell
Inflammatory Regulatory
TGF-B TGF-p
IL-6
\ |
|
IL-17 TGF-B
Autoimmunity Lol IL-10 Tolerance
IL-22
Pregnancy loss Pregnancy success

® 2016 John Wiley & Sons Ltd, immunology, 148, 13-21



T cell profiling

The role of Treg and Th17 immunity

Treg immune profile
favors immune
suppression and
therefore pregnancy

Th1l7 immune profile
favors immune
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Novel approaches to modulate

endometrial receptivity




TREATMENTS OF PROVEN BENEFIT

Endometrium : hysteroscopy

salpingectomy




Does endometrial scratching promote
implantation and live birth rates
In patients with RIF?




No. Description Families Accession no. Fold increase P
1 KlAADIET Antiapoptosis MM_015225 5.7/32 <.01
2 BCL2/adenovirus E1B Antiapoptosis MM _004331 2.5 <.01
19kDa interact
orctein 3 ke (BNIPAL Genes up-regulated
3 Dual oxidase 1 Cell communication/ MM _017434 10.3 <.01 . .
(DUOX1) signal ransduction  NM_175840 b d I b
4 Annexin A3 (ANXAZ) Cell communication/ MM_005139 2.3 <.01 y en Ometrla IOpSy
signal fransduction
& Crystallin, alpha B Cell communication/ MK_001 BBS 3.1 <.
(CRYAB) signal fransduction
(] Galanin (Gal) Cell communication/ MM_015973 52 <.
signal transduction
7 Cystatin SN (CST1) Cell communication/ MM_001 898 3.4 <.01
signal fransduction
B A disintegrin-like and Extracellular matrix/ MM_007037 2.6/69 <.01
metalloprotease proteolysis
(reprolysin type) with
thrombospondin type 1
motif, & (ADAMTSE)
g Cysteine-rich secretory Cell adhesion MM _ 006061 B.7 .0178
protein 3 (CRISP3) molecules
10 Tissue factor pathway Immunefwound MNM_DDE528 5.0 .0e4
inhibitor 2 (TFPI2) response
11 Tol-like receptor Immmunefsound NM_D03268 25 <.
5 (TLAS) response
12 Uroplakin 1B (UPK1B) Cell surface/ MM_006952 T 467 < .01
membrane
13 ADFP Cell surface/ MM_001122 2.3 < .01
membrane
14 LAMP2 Cell surface/ MM _002294 2.1 < .01
membrane
MM _0132495
15 MUCT Cell surface/ MM_001018016 2.1 029
membrane NM_D01018017
MM_001018021
MM _002456

Up-regulation of receptivity molecules

Kalma et al.Fertil Steril 2009;91:1042



Local injury of the endometrium induces an
inflammatory response that promotes
successful implantation

Endometrial biopsy

@macrophages/dendritich

 tumor necrosis factor-a (TNF-a),

« growth-regulated oncogene-a (GROa),
* interleukin-15 (IL-15),

« macrophage inflammatory protein 1B (MIP-1B),
« Osteopontin

A positive correlation was found between the levels of

macrophages/dendritic cells, MIP-1B expression, and TNF-a expression &
the pregnancy outcome.

Gnainsky et al. Fertil & Steril 2010;94:2030



Reproductive BioMedicine Online (2012) 25, 561- 571
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Randomized & non randomized trials for endometrial injury & control

groups : Live birth rate

Injury No injury Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratlo
M-H, Random, 95% CI

4.1.1 Randomised controlled trials

Narvekar etal., 2010 11 49 5 51 6.9% 2.29[0.86,6.11)
Rama Raju et al.,, 2006 71 160 44 265 64.3% 2.67 [1.94, 3.68)
Subtotal (95% CI) 209 316 71.1% 263[1.94,357]
Total events 82 49

Heterogeneity: Tau® = 0.00; Chi’ = 0.09,df = 1 (P = 0.77); F = 0%
Test for overall effect: Z = 6.22 (P < 0.00001)

4.1.2 Non randomised trial

“Barash et al., 2003 22 45 21 89 28.9% 2.07 [1.28, 3.34)
Subtotal (95% CI) 45 B9 28.9% 2.07 [1.28, 3.34)
Total events 22 21

Heterogeneity: Not applicable
Test for overall effect: Z = 2,98 (P = 0.003)

Total (95% Ch 254 405 100.0% 2.46 [1.90, 3.18)
Total events 104 70

Heterogenelity: Tau® = 0.00; Chi* = 0.77,df = 2 (P = 0.68), F = 0%

Test for overall effect: Z = 6.85 (P < 0.00001)

Test for subgroup differences: Chi’ = 0.69, df = 1 (P = 0.41), I’ = 0%

Q
S

0.01 0.1 | 10 100
Favours control Favours injury

Endometrial injury improves live birth rate

Reproductive BioMedicine Online (2012) 25, 561- 571



+ § Cochrane
o Library

Cochrane Database of Systematic Reviews

Endometrial injury in women undergoing assisted

reproductive techniques (Review)

Nastri CO, Lensen SF, Gibreel A, Raine-Fenning N, Ferriani RA, Bhattacharya S, Martins WP

Cochrane Database of Systematic Reviews 2015, Issue 3. Art. No.: CDO09517.
DOI: 10.1002/14651858.CO009517. pub3.



Endometrial scratching is beneficial to live birth

and ongoing pregnancy rates

Eml. Injury Conttrol Risk Ratio Risk Ratio
Study or Subgroup  Everts  Total Evemts Total Weiglt  M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Ho Intrauterine manipulatien in control group
Aleyarnma 2013 13 40 m 4 9.2% 1.33|0.66, 2.68) —
Gunsen 2014 19 &2 11 62 100% 1.73(0.90, 3.32) T
Inal 2012 22X S0 12 50 11.3% 1.831.02, 3.29] —
Masir 2013 33 79 m 0TI O137% 183113, 2.97] —_—
Subtotal (95% Cl) 231 232 44.2% 1.71[1.28, 2.30] i
Total events av a1

Heterogeneity Tau*= 0.00; Chif= 062, df= 2 (P = 0.88) I*= 0%
Testfor overall effect: £Z= 299 (F = 0.0003)

1.1.2 hitrawterine manipulation in comrol group

Baum 2012 o 18 4 18 0.9% 041 [001,192] +

Gibreel 2015 1 193 74 194 208% 1.24 0198, 1.56) ™
Marvekar 20110 11 49 g a1 8.7% 229 (0.86, 6.11)

ShohayebD 2012 28 105 4 1086 11.4% 2000112, 3.58] e
“aung 2014 39 150 48 150 171% 0.81 [0.57, 1.16] "

Subtotal (95% C1) 515 518 55.8% 1.25 [0.82, 1.90] il

Tofal events 169 145

Heterogeneity Tau*= 012, Chif=11.90, &f= 4 (P = 0.02}, F= 6%
Testfor overall efMect: Z=1.02 (F=0.31)

Total (95% CIy 746 a0 100.0% 1.42 [1.08, 1.85] e
Tofal evants 256 196

i - - - ChiE = = = = k } i i i |
Heterogeneity, Tau*= 0,08, ChiF= 1710, df= 3 (P = 0.03}); F=53% o1 0z 05 : : 10

Testfor overall effect Z= 2.55 (P = 0.01)

Favours confrol  Favours end. inmjury
Testfor subgroup diferences: ChiF=148,dfr=1 (P=0.221), *= 335%

Cochrane Database of Systematic Reviews 2015, Issue 3. Art. Mo.: CDO09517.
DOI: 10.1002/14651858.CO009517. pub3.



However after:
a stringent interpretation
and new data....




Endometrial injury in women with RIF: Recent RCTs

show no significant impact on success rates

Variable

Embryo transfer(n)

(Mean + SD) 318 3+1.2
endometrial thickness (mm) 0.351
(Mean + SD) 3372 B+4.1
Chinical Pregnancy (n, %a)
Abortion 5(8.3%) T(11.7%) 0.457
Live birth 14 (23.3%) 13 (21.6%)
Ectopic pregnancy 1 {1.7%) 0
Blighted ovum 1 (1.7%) 0

J Fam Reprod Health 2016; 10(3): 108-114

Comparison of outcomes variable between the study groups®.

Variables Intervention group n=>55 (&) Control group n=56 (&) / P value \ OR 95% d

Live Birth rate 14(25.45) 12(21.42) 0.6 1.25 0.52-3.02
Clinical pregnancy 15(27.27) 13(23.21) 0.6 1.24 0.53-2.93
Pregnancy test 22(40.00) 17(30.35) 0.2 1.53 0.70-3.35

* Denominators include all those who were recruited for the study (Intention to treat analysis).

European Journal of Obstetrics & Gynecology and Reproductive Biology 214 (2017) 109-114
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Endometrial scratching in women with

implantation failure after a first IVF/ICSI
cycle; does it lead to a higher live birth
rate? The SCRaTCH study: a randomized
controlled trial (NTR 5342)

M. E van angenhuﬂze", H. L Tarance', F. I'-.-‘l-::ulj,.. 5.E Ler-.-lenjr E. 5C|‘|E~El'|_j-Eq, M. A F.'I're.assr C.danssenﬁ,
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Does intrauterine administration of PBMCs
promote implantation & pregnancy rates
In patients with RIF?




Intrauterine administration of autologous peripheral blood
mononuclear cells promotes implantation rates in patients
with repeated failure of IVF—embryo transfer

Intrauterine administration of autologous PBMCs

promote clinical pregnancy, implantation and live birth
rates in patients with repeated failure of

I\VF-embryo transfer

41.2% vs 11.1% and 23.4% vs 4.1% and 35.3% vs 5.5%

Yoshioka et al. Hum Reprod 2006;21:3290



Proposed mechanisms for

PBMC actions within the uterine cavity

Activated PBMC that are administered into the uterine cavity can induce
adequate endometrial differentiation for embryo implantation.

PBMC can evoke favorable inflammatory reactions in the uterine cavity,
for example, secreting proteases that may effectively change the function or
structure of surface molecules expressed on the endometrial luminal
epithelial cells.

PBMC may move from the uterine cavity toward the endometrial stromal

tissue, creating a leading pathway for subsequent embryo attachment and
invasion

J. Mamm. Ova Res. 26, 122-128, 2009

J. Reprod. Immunol. 81, 1-8., 2009



Issues to be addressed

What is the biological impact?

When Is the appropriate time to administer
the PBMCs?

Should PBMCs be pre-treated with HCG?
Apart from RIF?
Differential (Better) Activation of PBMCs?



DOES INTRAUTERINE ADMINISTRATION
OF PBMCs PRETREATED WITH CRH
PROMOTE IMPLANTATION RATES IN

PATIENTS WITH RIF?




ARTICLES

Corticotropin-releasing hormone
promotes blastocyst implantation
and early maternal tolerance

A. Makrigiannakis'2?, E. Zoumakis'*, S. Kalantaridou®*, C. Coutifaris®, A. N. Margioris’,
G. Coukos?®, K. C. Rice® A. Gravanis"® and G. P. Chrousos**

nature immunoogy . volume 2 no 11 . november 2001



ORIGINAL ARTICLE

Repeated implantation failure: a new potential
treatment option

Antonis Makrigiannakis*, Moncef BenKhalifa’, Thomas Vrekoussis®, Sami Mahjub®, Sophia N. Kalantaridou*
and Timur Gurgan”

*Department of Obstetrics and Gynecology, Medical School, University of Crete, Heraklion, Greece, 'Reproductive Medicine
& Medical Cytogenetics, Regional University Hospital & Medical School, Picardie University Jules Verne, Amiens, France,
rDltapartmn:ant of Obstetrics and Gynecology, Medical School, University of loannina, loannina, Greece, h'Eh.rssa IVF Center,

Tunis, Tunisia, 'Department of Obstetrics and Gynecology, Medical School, Hacettepe University, Ankara, Turkey

Eur J Clin Invest 2015; 45 (4);: 380-384




REPEATED IMPLANTATION FAILURE: A NEW APPROACH

Table 2 Overview of the studies using PBMC for improving clinical pregnancy rate after blastocyst transfer in women with RIF

Embryo type Intervention Participants (n) Clinical pregnancy rate Outcome significance

Yoshioka et al., [9] Blastocyst HCG-treated FPEMC 17 42.1% (7/17) Significant
4B
Current study Blastocyst CRH-treated PEMC 45 44.4% (20/45) * Significant

*P<0.001

A. MAKRIGIANNAKIS ET AL. www.ejci-online.com




ORIGINAL ARTICLE WILF

Intrauterine CRH-treated PBMC in repeated implantation
failure

Anlonis }Iulirigiunnuhi:-;] | Thomas Vrekoussis' | Fanourios }Iulirjr'giunnuhi:-.:] I
Halil Ruso® | Sophia N. Kalantaridow® | Timur Gurgan®

TABLE 2 Results of our crossover studies investigating the role of intranterine administration of CRH-treated PBMC, as a treatment strategy
in women with RIF {(day 5-blastocyst transfer and day 3-cleavage stage embryo transfer)

Timepoint of Embryo stage Clinical pregnancy
Participants (n) intervention {Day of embryo transfer) rate Outcome
Makrigiannakis et al'* 45 Day 2 Blastocyst (Day 5) 20/45 (44.4%) Significant
Current study 26 Day 2 Cleavage embryos (Day 3) 15/26 (57.69%) Significant

Eur J Clin Invest. 201949 2130684,



PBMC Group |Control P value
(n=93) Group (n=99)

Maternal Age 34.19 34.09 ns
Previous

3.13 3.45 ns
Cycles
Endometrial
Thickness on
HCG day 9.71 9.5 ns
(mm)
Av. Number
of Oocytes 8.73 7.93 ns
Av. Number
of Mil 6.94 5.97 ns
oocytes
Fertilisation
(%) 84.02 85.22 ns
Grade 1
Embryos on 52.6 51.56 ns
D3 (%)
Av. Number

1.8 1.9 ns

of ET

Clinical
Pregnancy
Rate (%)

Abortion Rate
(%)

Live Birth
Rate (%)

Pregnancy Rate (%)
N w B U1
o o o o

[N
o

Resul*ts

Control
m PBMC

Day3 ET

=) P< 0.05



CRH induces IL 6
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decreases IFN
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CRH & development of embryos
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DOES INTRAUTERINE ADMINISTRATION
OF HCG PROMOTE IMPLANTATION
RATES IN PATIENTS WITH RIF?




Ye et al 2015: HCG significantly increases

biochemical and pregnancy rates

Biochemical
pregnancy rate

Clinical pregnancy
rate

hCG Control Odds Ratio Odds Ratio
_ Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aaleyasin 2014 131 240 87 243 68.8% 2.16 [1.50, 3.10]
Santibanez 2014 53 101 39 109 31.2% 1.98 [1.14, 3.45] =
Total (95% CI) 3 352 100.0% 2.10 [1.55, 2.85] <
Total events 184 126
o Chi2 = - - 2= Qo — : : Lo
ey o o 0 oidr ds 1t i
estioroverall efiect. £=4. ' Favours hCG Favours control
hCG Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% CI
Aaleyasin 2014 120 240 78 243 46.1% 2.12[1.48, 3.086] L
Mansour 2011 80 107 63 105 19.1% 1.98 [1.10, 3.55] -
Santibanez 2014 51 101 36 109 204% 2.07 [1.18, 3.61] =
Zarei 2014 29 84 20 98 14.4% 2.06 [1.06, 4.00] "
Total (95% CI) 532 555 100.0% 2.07 [1.61, 2.66] ’
Total events 280 197
| | Il | | Il

Heterogeneity: Chi* = 0.04, df = 3 (P =1.00); 1= 0%
Test for overall effect: Z = 5.65 (P < 0.00001)

01 02 05 1 2 5 10
Favours hCG Favours control

Journal of International Medical Research
2015, Vol. 43(6) 738-746



Wirleitner et al. Reproductive Blology and Endecrinalogy (2015) 13:70
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RESEARCH Open Access

Intrauterine administration of human ®e-e
chorionic gonadotropin does not improve
pregnancy and life birth rates independently

of blastocyst quality: a randomised prospective
study

Barbara Wireitner', Maximilian Schuff', Pierre Vanderzwalmen'=, Astrid Stecher”, Jasmin Okhowat',
Libor Hradecky®, Toméaé Kohoutek®, Milena Kralickovs®, Dietmar Spitzer” and Nicolas H. Zech'

However concurrent evidence on blastocyst transfer did not support this finding



Reproductive BioMedicine Online (2016) 33, 350-359

www.sclencedirect.com
www.rbmonline.com

REVIEW

The effect of intrauterine HCG injection on ()
IVF outcome: a systematic review and
meta-analysis

A Osman *®>* J Pundir ¢, M Elsherbini ®, S Dave <, T EI-Toukhy 2, Y Khalaf @

* Assisted Conception Unit, Guys Hospital, Great Maze Pond SE1 9RT, UK; ® Faculty of Medicine, Cairo University, Al-5aray
Street, El Manial Cairo 11956, Egypt; © Centre of reproductive medicine, 5t Bartholomew’s Hospital, Bart’s Health, London
EC1A 7BE, UK



Cases Contral Risk Ratio Risk Ratio

Study orSubgroup ~ Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI

Mansour eral, 2011 174 293 118 200 17.2% 1.02 (087, 1.18) 2011 -+

Cambiaghi et al, 2013 Y 4 2 98 129088, 187] 2013 T

Janatiet 2014 MO06 175 73% L0002, 162) 2014 ——

Santibanez et al, 2014 51100 36 108 1108 153110, 2.13) 2014 =t

Hang et &, 2014 B7 148 79 152 153%  L13[0.92, 139] 2014 s

Zarei et al 2014 105 00105 69K 145 [0 88 239 2014 =——

Adleyasin et al, 2015 120 240 78 243 l46% L5 [1.25, 1.95) 2015 =

Wreineretal 2015 246 599 265 587 129K 0.91[080 104] 2015 + No impact of HCG
Total (95% C) 1614 1473 1000%  118[L00,139) 7Y administration on
Total events 75 627 S .
Heterogeneity, Ta® = 0.03; Chif = 24.39, df = 7 (P= 0.0010); F = 71% ID] 0‘.2 |:|Il5 Ié él ml Clinical & Live

Tast for overall effect £ = 201 (7= 0.04)

Birth rates

Favours No HCG  Favours HCG

Clinical pregnancy rates for intrauterine HCG administration versus no HCG.

HCG Na HCG Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% Cl
Mansour et al, 2011 139 263 &% 200 340% L0183, 122] 2011 +
Azlevazin et &l 2015 a8 240 B0 243 30.0% 1651127, 2.18] 2015 =i
Wirleitner et &, 2015 219 599 237 5ET 36.0% (.93 [0.80, 1.07] 2015 .
Total (95% CI) 1132 1032 100.0% 113 [0.84, 1.53] +»
Ttz events 456 a7

P 1_ L Wil _ _ . 1 ! 1 L 1 |
Heterogenaity Tau n.iJ.IIIIE, Chi = 14.22, df = 2 {P= 0.0008); I = BE% b or o5 1 3 —
Test for overall effect; £ = 0.82 (F=0.4]1) Favours No HCG  Favours HCG

Live birth rates for intrauterine HCG administration versus no HCG.

Reproductive BioMedicine Online (2016) 33, 350-359



+ N Cochrane
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Cochrane Database of Systematic Reviews

Intrauterine administration of human chorionic gonadotropin

(hCG) for subfertile women undergoing assisted reproduction
(Review)

Craciunas L, Tsampras N, Coomarasamy A, Raine-Fenning N

Cochrane Database of Systematic Reviews 2016, Issue 5. Art. No.: CD011537.
DOI: 10.1002/14651858.CD011537.pub2.



Currently meta-analysis: impossible

* For the analyses of live birth and clinical pregnancy,
there was considerable heterogeneity (12 greater than
75%).

« EXxploration for the sources of heterogeneity identified
two key pre-specified variables as important
determinants:

— stage of ET (cleavage versus blastocyst stage)

— Dose of IC-hCG (less than 500 international units (1U)
versus 500 IU or greater).

Cochrane Database of Systematic Reviews 2016, Issue 5. Art. No.: CD011537.
DOI: 10.1002/14651858.CD011537.pub2.






G-CSF Is dereqgulated in RIF and RM
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A randomized clinical trial of
endometrial perfusion with
granulocyte colony-stimulating
factor in in vitro fertilization cycles:
impact on endometrial thickness and
clinical pregnancy rates

vid H. Barad, M.D., ‘VaoYu Valy‘\(ushn M.D A,asro~ -Tal PhD_*~
Emanuela Lazzaroni, M.S. ™" Ho- Juon L e Ph.D., and Norbert Gleicher, M.D.*

The Cemter for Human Reprocuction (CH and ¥ founcamionr for Reprocucs MeDwcoe, New Yok, Newe York

No effect in older women undergoing IVF



The role of G-CSF In RIF

Fixed/Random maodel

Outcomes Subgroups analysis Pooled relative risk (95% Cl)
Implantation Thin endometrium/RIF 1.887 (1.256,2.833)

Mormal IVF 0.750 (0.447,1.258)

Overall 1.461 (0.801,2.664)
Biochemical pregnancy Thin endometrium/RIF 2.385 (1.414,4.023)

Mormal IVF 0.888 (0.562,1.403)

Overall 1.426 (0.795,2.559)
Clinical pregnancy Thin endometrium/RIF 2.312 (1.444,3.701)

Normal IVF 0.993 (0.611,1.616)

Overall 1.563 (1.122,2.176)

NA: Not applicable.

G-CSF seems to be effective only in case of thin
endometrium / RIF

Systems Biology in Reproductive Medicine, 63:4, 239-247,
2017



Archives of Gynecology and Obstetrics (2018) 298:861-871

https://doi.org/10.1007/500404-018-4892-4

REVIEW

@ CrossMark

Therapeutic role of granulocyte colony-stimulating factor (G-CSF)
for infertile women under in vitro fertilization and embryo transfer

(IVF-ET) treatment: a meta-analysis
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Intralipid® may represent a new hope for patients with reproductive failures |
and simultaneously an over-immune endometrial activation e
Nathalie Lédée™"*, Claudine Vasseur®, Marie Petitbarat”, Lucie Chevrier®, Katia Vezmar™™"?,

Geraldine Dl‘ﬂ}Th, Sandra Cheniéreh, Annina Lﬂbersztajn'“, Dominique Vitoux”, Guy Nino Cassuto '“,
Gérard Chaouat"

Conclusions: Double bliﬁd placebo ‘-l.-'E['EI.J_'-Z Inl:ra]ipiﬁ" studies 5huﬁld be conducted. Intralipid® may be an option
to explore in RIF patients who exhibit an over-immune activation of ulNK cells.



Intralipid therapy for recurrent implantation failure: new hope or false
dawn?

N. Shreeve®*, K, SadekP

Journal of Reproductive Immunology 93 (2012) 38-40

Need for RCT



The role of GH In RIF

GH Patients Non-GH Patients Positive Controls P Value
Endometrial thickness (mm) 9.3 (1.5) 8.6 (1.0) 9.4 (1.7) 0.046
mean (SD)

No. of embryos obtained 7.9 (2.2) 8.2 (1.5) 8.3 (1.3) 0.643
Embryos transferred 0.036“

1 2 (5.7%) 0 (0%) 5 (14.3%)

2 26 (74.3%) 27 (77.1%) 27 (77.1%)

3 (%) 7 (20.0%) 8 (22.9%) 3 (8.6%)
B-hCG (positive) 19 (54.3%) 6 (17.1%) 26 (74.3%) <0.001%"
Heartbeat (positive) 18 (51.4%) 6 (17.1%) 25 (71.4%) <0.001%%
No. of sacs <0.001%?

1 13 (37.1%) 4 (11.4%) 17 (48.6)

2 6 (7.1%) 2 (5.7%) 9 (25.7)
Delivery (yes) 18 (51.4%) 6 (17.1%) 24 (68.6%) <0.001%?
Babies born <0.001%%

1 14 (40.0%) 5 (14.3%) 16 (45.7%)

2 4 (11.4%) 1 (2.9%) 8 (22.9%)

“Significant differences between non-GH patients vs. positive controls in a multiple-comparison—adjusted post hoc test.
bSignificant differences between non-GH patients vs. GH patients in a multiple-comparison—adjusted post hoc test.

GH administration improves IVF success rates in women
Wlth RIF January 2018 | Vol. 2, Is=. 1

doi: 10.1210/j5.2017-00359 | Journal of the Endoecrine Society | 96—105



The role of atosiban in RIF

i Odds Ratio Odds Ratio
Study or Subgroup  Events Total Fvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chou 2011 40 1645 21 178 22.2% 2.391.34, 4.26] S
song 2013 43 1860 1153 3E1% 1.651.00, 2.84] I
) Zhang 2014 75 278 41 250 45.7% 1.88[1.23, 2.69] -
Implantation
Total (95% CI) G603 581 100.0% 1.93 [1.45, 2.57] L 2
rate Total events 163 93 | l ' |
Heterogeneity Chi*= 080, df= 2 (P=067);F=0% ' ' f l 1
Test for overall effect: Z= 4.52 (F = 0.00001) aorna ! 1o 100
b Odds Ratio Odds Ratio
Study or Subgroup  BEvents  Total Events Total Woeight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chou 2011 21 70 10 80 19.4% 3.00[1.30,6.93] —=
Clinical Song 2013 36 B0 25 B0 296%  2.10[1.01, 4.39] Bl
Zhang 2014 g1 120 35 120 51.0% 281 1.47, 4.27] -
pregnancy Total (95% CI) 250 260 100.0% 2.48 [1.70, 3.64] ’
rate Total events 118 70
Heterogeneity Ch#f= 040, df=2 (P=082); F=0% =D_m DH ; 1=D mui

Testfor overall effect: Z= 4.67 (P = 0.00001)

Atosiban administration improves implantation and
clinical pregnancy rates in women with RIF

PLOS ONE | https://doi.org/10.1371/journal.pone.0175501

April 19, 2017



The role of atosiban in RIF

d Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chou 2011 19 70 8 80 27.2%  3.35[1.36,8.25 ——
Live Birth Zhang 2014 50 120 25 120 728%  2.71[1.53, 4.80] . B
rate Total (95% CI) 190 200 100.0%  2.89 [1.78, 4.67] <
Total events 59 13

Heterogeneity ChiF=015, df=1{F=070); *= 0% I I
Test for overall effect: £= 432 (F = 0.0001) ' '

Atosiban administration improves live birth rates in
women with RIF

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0175501  April 19, 2017




HOW TO PREDICT IMPLANTATION

e Endometrium




Endometrial receptivity: Prediction
via gene expression profiles

SCIENTIFIC REPg}RTS

OPEN | An endometrlal gene expression

‘signature accurately predicts

recurrent implantation failure after
IVF

Accepted: 11 December 2015 .

Published: 22 ] 2016 . .
wRlsne anuary : Yvonne E. M. Koot'*, Sander R. van Hooff%", Carolien M. Boomsma?, Dik van

Leenen?, Marian J. A. Groot Koerkamp?, Mariétte Goddijn®, Marinus J. C. Eijkemans™*,
‘ BartC.J. M. Fauser?, Frank C. P. Holstege®" & Nick 5. Macklon®**

Received: 04 August 2015
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SCIEMTIFICREPORTS | 6:19411 | DOI: 10.1038/srepl9411



The role of —omics in implantation

research

" —

:,\‘ 250,000 genes genomics genome What can happen?
ﬁ 200,000 t iot i ' transi tome What appears to be
4 g .000 transcripts transcriptomics P happening?
& ;';'g% 1,000,000 proteins proteomics proteome What makes it happen?
*.;.;"1:"\;-'
o
- ) o 3000 metabolites metabolomics metabolome What is happening?
CF o

|

phenotype

Human Reproduction Update, Vol.23, No.6 pp. 723-736, 2017



Lipidomics in implantation



Differential expression of PGs during the

menstrual cycle: a lipidomics example

oPGE2
mPGF2 alpha
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http://dx.doi.org/10.1016/j.fertnstert.2012.12.026



Disrupted PG synthesis in RIF

Fertile women | Repeated failure of
. implantation

NNNNNN

doi:10.1016/j.fertnstert.2009.07.1668



The role of exosomes: a liquid biopsy for

endometrial assessement?

Microvesioles EVs Content

(~100 -~1500 nm)
f 2
2

Proteins
(e.g. antigen presentation; membrane transport,
signal trasduction, cytoskeletal proteins,

cytosolic proteins, ect)

Lipids
(e.g. sphingomyelin; phosphatidylserine;
cholesterol; ceramide)

g\
Nucleic acids
(e.g. mRNAs; miRNAs; other noncoding RNAs;
DNA)

>

Placenta 54 (2017) 89e94



MicroRNASs In implantation

Table | Summary of miRNAomic Studies on Endometria at Different Phases of the Reproductive Cycle

miRMA familiesicluster

Species Time of sampling Tissue Let-7 miR-200 miR-30 miR-17-92
Mice Day 1 versus Day 4 of pregnancy Uterine tissue = [~ I~
Mice Day 1 versus Day 5 of pregnancy Uterine luminal epithelium at implantation 24 o b
site
Rat Day 4 versus Day 5 of pregnancy Uterine tissue = [~ T I~
Mice Activated versus delayed Uterine tissue - %4 b e
implanting
Mice Day 5 of pregnancy Uterine tissue at implantation site and 4 4
inter-implantation
Mice Day 5 of pregnancy Uterine tissue at implantation site and - %4 b e
interimplantation
Human Late proliferative versus Endometrial epithelial cells from women b
Mid-secretory with no history of infertility
Human LH+ 2 versus LH + 7 Endometrial aspirate from fertile women 24 b
Human LH+ 2versus LH + 7 Endometrial biopsies from women with L
regular cycle

LH + 2: 2 days after luteinizing hormone surge in natural cycle (pre-receptive).
LH + 7: 7 days after luteinizing hormone surge in natural cycle (receptive).

American Journal of Reproductive Immunology 75 (2016) 263-271



The role of MIR661 In Implantation
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C. Cuman et al. / EBioMedicine 2 (2015) 1528-1535



Vaginal macrobiome as a predictor of

successful implantation




IVF Success Is significantly related to
Lactobaccilus profile

Endometrial
Microbiome

Microbial taxa abundance

D IVF Failures

NLD

NLD
NLD
LD
LD
NLD
LI
LD
NLD
LD
LD
LD
NLD IVF Success
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Hypothesis on Dysbiosis

A B

Commensal
Commensal Bacteria

Bacteria

. X
_______

O o | G A
© -G ,©
sﬁ °'a Decidua Colls g0 °°'rog O

Pathogenic bacteria induce TNFa and CD8 cell activity

http://dx.doi.org/10.1016/j.ajog.2015.06.039



How uterine microbiota might be
responsible for a receptive, fertile
endometrium

[Selection Apposition Attachment Implantation  Placentation: Villi developmentJ

Marilen Benner, Gerben Ferwerda, Irma Joosten
and Renate G. van der Molen 0 °

)

Key processes

blastocyst and endometrium differentiation initiate instrumental for fetal and
for succesful attachment placenta formation placental development
-

f Signalling between { Invasion and trophoblast ] Spiral artery remodeling

-

5| “Deci-d-ual ,;a-cﬁon- B ”I-\d'apfa-tion upon Interaction with
=18 blastocyst invading

= encounter trophoblast

E| B ;

AN e Epithelial permeability (/*

8 ¢ remodeli : i

g Cnmlam o e cion || S

_g gmkl’l:‘receptor Vascularization Induction of lymphocytes
S| - o %

Human Reproduction Update, Vol.24, No.4 pp. 393-415, 2018



Autoimmunity, systemic inflammation, and their correlation

with repeated implantation failure and recurrent miscarriage:
Is chronic endometritis the missing piece of the jigsaw?

Fig. 1 Histology of chronic endometritis defined by the presence of
CD138 staining plasma cells.

Am J Reprod lmmunol 2017 77- 12597,

Amerian Journal of Reprodudive Immunalogy 75 (2016) 672-677




Endometrial microbiota—new player
In town

Inmaculada Moreno, Ph.D.*" and Jason M. Franasiak, M.D, T.S. t.-‘-‘u.EI-.EI-.]"'J

Infertile

General Chronic endometritis patients: 45%

population: 9%

Fertil & Steril 2017



Endometrial microbiota—new player
In town

Inmaculada Moreno, Ph.D.*" and Jason M. Franasiak, M.D, T.S. t.-‘-'h.Eu.E‘:-.]"'J

. .- Repeated
Recurrent Chronic endometritis Implzntation
Miscarriages Failures

Fertil & Steril 2017



How can Microbiota affect the
Immune System?

Short-Chain Fatty Acids

Surface
Lipopolysaccharides
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FIGURE 3 Immunohistochemical staining of FOXP3 and CTLA-4-positive endometrial cells in control, repeated implantation failure (RIF),
and recurrent miscarriage (RM) women. (A-D) Representative immunohistochemistry and bar chart data showing percentages of endometrial
FOXP3" and CTLA-4" cells in control (n=8), RIF (n=16), and RM (n=16) women in their mid-luteal phase. (E) Spearman correlations of FOXP3™
and CTLA-4" cells in the endometrium of the three groups. *P<.05, **P<.01. Scale bars=100 pm, with insets=10 um

Am J Reprod dmmumol 2017782124632,



Lterine microbiota may contribute to healthy endometrium physiol ogy.

Niche competition
with pathogenic
species

Defense against

o
Tissue adaptation, ‘
() vascularizaton
)

o

e~

APC [5) Treg cell Thi7 cell

Endometrium

Induction of cell types
and cytokines needed for

fertiity NK cell
™
Commensal Endometrium suited for ’
colonization blastocyst implantation and ’
~of the uterus healthy placentation |

Human Reproduction Update, Vol.24, No.4 pp. 393-415, 2018



Local endometrial injury, HCG, PBMC and PBMC & CRH, use may
improve pregnancy outcomes in women with unexplained RIF

?? How it works: not entirely known (Inflammation)

Use under approved clinical trials with appropriate
patient consent

Need for appropriate randomized trials comparing
standardized research interventions with no intervention
In a well-defined RIF patient population




CSF-1 , GH and Atosiban are still to be used

only under strict research protocols.

Intralipids needs both basic science and
observational evidence to support a clinical trial




THANK YOU!



