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Immunology of Embryo Implantation

* The immune system plays a key role in
— fetomaternal cross-talk, embryo development
— normal implantation and placentation
— at all phases contribution for pregnancy success.
Chaouat G, 2016

* At materno-fetal interface,
= Most immune cells (70%) being CD56+ natural killer (NK) cells

= 20% of monocytes
= Between 10% to 15% of all cells found in the decidua are lymphocytes,

mainly regulatory T cells (Treg).

Moffett-King A ,2002
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Filg. 1. Successful implantation depends on a dynamic and synchro-
nized process In which both the embryo and the endometrium are
adequately developed. ThHhe immuuune systerm is involved in the leukocyte
and cytokine networks required o generate endometrial receptivity, and
afso in the provision of cyTokine signals toregufate development of the pre-
implantation embryo. Criticalendometrial immuune cells are macrophages,
adendritic celis, naturai Kilercells (INK celis)andregulatory 7T celis (Treg celis).

/ Robertson SA 2014



dendrittic cell

Fig. 2. The generation of Treg cells regquired for endometrial receptiv-
ity depends on the balance of cytokines and the activity of dendritic
cells. OwvTokines are a 2y part of the mycrosasmvirornimantal contaxt whikch
deferrmines wihethaer O ThiO calls differeantiare and develop into Treg caelils
as opposed o ThT, ThE2 or ThT17 calls. Treg caells confer immunse folarancea
and supporass inflammation whlaeTh T, THhE2 andTh 717 ocaells madigfae irmimuinity:
and are inked with inflammation and rejection of The concaeptus. Signals
ariginating frorm the dendrtic call presanting antigaen to the ThO call, a5 well
as rthe relafive concaentratiions of kay cyToknes n the immediate wicinity.
ara instrumental. L, intaerdewkin: ThT, ThEZ ThT Fhelper types 7, Tvpe 2 and
intarfawkin 7 producing Th cell; TGRS, transiformrming growwth factor belfa.

Robertson SA 2014
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= Predominates in 1% and
3™ trimester.

= Required for successful
implantation.
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Functions during
pregnancy

Fig. 1.

TGF-B, Glucocorticoids,
Apoptotic cells

Tissue
Migration and
differentiatiomn

M2 M
Antiinflammatory,
follows Alginase pathway

CD206, CD163, Argl, IL-10,
IL-1, IDO, CCL2

-l tati " .

= |mmunotolerance to fetus.

= Predominates in 2™ trimester,
present in 1% and 3™ trimester.

=*Tissue repair and remodeling, | |

Macrophage differentiation and polarization in the decidua during pregnancy

Jena MK et al 2019



IL-2 and §F=B

CD4+ CD25+

IDO inhibits activation of

T.s cell by tryptophan
breakdown.

Tr\rptuphan—l-m—} Kyneurenin + Proapaoptotic
metabolites

Inhibition of cytokin
production and T,
cell proliferation

Fig. 2.
Treg cells showing immunotolerance through M2 Mds and dendritic cells (DCs). The naive

T cells are induced by |L-2 and TGF-p in the decidua, forming Treg cells. Treg cells express
the surface molecule CTLA4 which interacts with CD80/CD86 of DCs and Mds, thus
inducing those cells for IDO production. 1DO inhibits T, cell proliferation. The cytokines
IL-10, IL-35, and TGF-g produced from Treg cells also inhibit T cell proliferation. DO =

Indoleamine 2, 3-dioxygenase, Tr.g = T regulatory, Tye = T effector

Jena MK et al 2019
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Clonal expansions of allospecific uterine and
peripheral Treg together with the proliferation of
uNKs and DCs are involved in the maintenance of
immune tolerance to the fetus.

Ruocco MG, 2014, Chen T, 2013
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Flg. 2. Cytokines released from the oviduct and uterus, which signal via specific receptors
on the embryo cell surface, exert effects on cell number and viabllity, gene axpression
and developmental competence In embryos. Embryvotrophic cyvtokines induced by seminal
fiwd modulate embryo metabaolic function and gene expression, facilitate cell wiability and
sustain developmeant, while embryotoxic cyfokines induced by inflammatory challenges suah

asinfection, act o induce apoptosis, inhibit embryo development potentially causing parturbed
post-implantation developmeant.

12

Robertson SA 2014



Recurrent Abortion

* The guideline development group concludes to use the term
Recurrent Pregnancy Loss (RPL).

A diagnosis of Recurrent Pregnancy Loss (RPL) could be considered
after the loss of two or more pregnancies.

ESHRE Guideline, 2017

 According to the guidelines of WHO , recurrent miscarriage (RM) :
occurrence of three or more spontaneous and consecutive gestational

losses in pregnancies of <20 weeks length.

» Recurrent miscarriage affects about 2%-5% of couples on their reproductive age.
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Causes

* Genetic abnormalities (Chromosomal aberrations , Balanced
translocations)

» Uterine anomalies (Asherman syndrome, ..)
« Autoimmune diseases (SLE, Antiphospholipid syndrome)

* Blood clotting disorders (Hyperhomocystinemia or other types of
thrombophilias)

* Infectious diseases
 Endocrinopathies (PCOS, Diabetes Mellitus, Hypothyroidism)
* Immunologic factors
« Sperm DNA fragmentation and meiotic alterations
* [diopathic
Gupta et al. 2007



Recurrent miscarriage may be due to one of three major
causes:

1. Embryonic factor: There may be an embryo which Is
Inherently incompatable with life, such as
chromosome trisomy on triploidy.

2. Maternal factors such as uterine anomalies or
antiphospholipid antibodies

3. The embryo may be made abnormal by maternal
factors.

b Carp H 2004
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Recurrent Implantation Failure

* There is a wide variability in the definition of RIF.

* Three generic definitions can be considered
according to:

" The number of unsuccessful ART cycles
* The number of embryos transferred

= A combination of both factors
Polanski LT, 2014
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RIF is generally defined as

* Failure to achieve clinical pregnancy: transfer of two good quality
embryos, in at least three fresh or frozen IVF cycles/ETs (6 embryos in
total) or in at least two egg donations (EG, i.e. 4 embryos in total).

Margalioth EJ,2006

e Failure to achieve pregnancy :repeated IVF cycles (2 to 6 IVF cycles), in
which at least 10 high-grade embryos were transferred
Shufaru Y ,2011

Considering that embryo quality is closely related to maternal age, some
definitions willonly consider failed IVF transfer cycle in women younger than
40 years:

« The failure of clinical pregnancy after 4 good quality embryo transfers, with
at least three fresh or frozen IVF cycles in women under the age of 40.
Coughlan C, 2014
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Causes

e Most common causes of RIF are classified as:

** Maternal factors:
* Uterine anatomical anomalies
* Endometrium pathology resulting in altered endometrial receptivity;
 States of hypercoagulability;

* Immunological factors (iRIF)
Shufaru Y ,2011

** Embryological factors:
* |tisimportant to note how good quality embryos are defined.

* Routine assessment is usually done based on morphological factors but not on
genetic embryo study.

* Studies on pre-implantation genetic diagnosis (PGD) refer up to 67% of
aneuploidy embryos in patients with RIF.

Pehlivan T 2003
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Personalized
Medicine?
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Bashiri A 2018



Multiple factors may contribute to RIF

* Woman’s age

e Oocyte quality

e Sperm quality

* Parental chromosomal anomalies

* Genetic or metabolic abnormalities of the embryo

* Poor uterine receptivity

* Immunological disturbances in the implantation site

. Gyrological pathologies: endometriosis, uterine fibroids, hydrosalpinx ,endometrial
polyps

* Process of preparation for ART

* Lifestyle: smoking, alcohol consumption, obesity

Cakmak and Taylor 2011; Coughlan et al. 2014; Das and Holzer 2012; Koot et al. 2012; Penzias
2012 , Nowak | 2017
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. Reproductive Inmunology: Open Access 2016
http://www.imedpub.com/ ol Nod
ISSN 2476-1974 o

DOI: 10.21767/2476-1974.100024

Evidence-based Update: Immunological Evaluation of Recurrent Implantation
Failure

Alejandra Comins-Boo, Aurea Garcia-Segovia, Natalia Nufiez del Prado, Laura de la Fuente, Jorge
Alonso and Silvia Sanchez-Ramon’
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Table 1: Categorization of evidence and basis of recommendation and strength of recommendation.

la From meta-analysis of randomized controlled studies

Ib From at least one randomized confrolled study

lla From at least control trial without randomization

b From at least one other type of quasi-experimental study

Il From non-experimental descriptive studies, such as comparative, correlation, or case-control studies

\% From expert committees reports or opinion or clinical experience of respected authorities or both
A Based on Category | evidence

B Based on Category Il evidence or extrapolated from Category | evidence

C Based on Category Il evidence or extrapolated from Category | or Il evidence

D Based on Category IV evidence or extrapolated from Category |, Il or Il evidence

Comins-Boo A et al. Reproductive Immunology 2016
23



Table 2: Evidence-based categorizaton and strength of recommendation assigned for the immunological tests proposed for the
evaluation of recurrent implantation failure.

strength Humber of

Imamiuncicypleal factor Evidsnce Grads | ndath it Fa.

J—
Antphospholipld synarome it B TOE4 20, 22, 25,28, 29
Thyrold aubolmmunity ] B F5 63, B4, 56, E7, B4
Cellac disease ]| c 2078 F
pH¥ cell expansion il c 30 27, 38, 35, 40, 42, 44
ul¥ cells expansion il c =0 44, 53
Matemal KIR and HLA-C haphotyps of the Counle il c 420 =4, 5l
Biood pro-nflamenatory dysbalance (ratio IFNg/ | o Jaz -
IL-10; THF-alphail-10; ThThThi T) :
Endometrial pr-{nflammatory cyiokine proflie il C 394

Te—
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Auto-antibodies

e Several autoimmune antibodies such as
= ANA
= Anti-cardiolipin antibodies (ACAs)
= Anti phospholipid antibodies

e are involved in biochemical pregnancy loss.
Geva E,2000
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* B2 glycoprotein 1 is the cofactor for anti cardiolipin.

e Although the mechanism is still not well
understood, there is also a strong association

between anti-B2 glycoprotein 1 and ANA and
implantation failure.

Stern C, 1998
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Antiphospholipid Syndrome (APS)

* The patient must have
— vascular thrombosis

— pregnancy morbiditiy
» fetal death after 10 weeks, premature birth before 34 weeks, or three or more
consecutive miscarriages before 10 weeks of gestation.

e Laboratory criteria can include either
= Lupus anticoagulant (LA) measured in the plasma twice and 12 weeks apart
= Anticardiolipin antibody in plasma, measured twice and 12 weeks apart
= Anti-B82 glycoprotein-l antibody in plasma measured twice and 12 weeks
apart.

* |In order to be diagnosed with APS, one clinical and one

laboratory criteria must be met.
27
Miyakis S,2006



* There is accumulating evidence of non-criteria
clinical and laboratory manifestations of APS,
of which one criterion is two or more
unexplained failed IVF cycles.

* |n addition, some studies have suggested that

these women benefit from standard APS
treatment.

Arachchillage DR 2015



Antinuclear Antibody (ANA)

 ANA positivity is a typical feature of several autoimmune

diseases like lupus erythematosus systemicus (SLE)

» low titers of ANA can be detected in the serum of a relatively

high proportion of apparently healthy individuals (about 30%

and 10% at 1:40 and 1:80 dilution, respectively).

29



« Some studies have reported that ANAs are related to a decline in:
= oocyte quality
= impairment of embryo development,

* resultingin :

= unexplained infertility

= RSA

= Endometriosis

= |mplantation failure and POF

» The possible role of ANA in RPL is still strongly controversial, :

» some studies found an increased frequency of ANA in women with RPL
compared to normal control women,

» other investigations could not detect any difference in the prevalence of
ANA between RPL and normal women.

Ticconi C.2010
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RSA & ANA

Title

Journals and Year

Authors

Antinuclear Autoantibodies in Women with Recurrent
Pregnancy Loss

Am J Reprod Immunol
2010

Carlo Ticconi.et al

Prevalence and clinical significance of antinuclear
antibodies in Iranian women with unexplained recurrent
miscarriage

Iran J Reprod .2014

Morteza Molazadeh.et al

Antinuclear autoantibodies and pregnancy outcome in
women with unexplained recurrent miscarriage

Am J Reprod Immunol
2016

Carlo Ticconi.et al

Antinuclear antibodies and recurrent miscarriage:
Systematic review and meta-analysis

Am J Reprod Immunol
2019

Marcelo Borges
Cavalcante.et al
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560 women with unexplained RM and 560 healthy controls accounted for this study over a period of 13
months.
ANAs were detected by indirect immunofluorescence technique.

ANAs were detected in :
« 74 0f 560 (13.21%0) patient with RM
* inonly 5 of 560 (0.9%) controls (p<0.001).

ANA positivity was generally found with
» Low-positive results (1.40-1.80) in about 38% of positive cases,
» Moderate titres (1.160-1.320) in about 46%

« High titres (>1.640) were seen in about 16% of cases

ANAs are not uncommon in women with unexplained recurrent miscarriage, suggesting the

possible role of an autoimmune disorder on abortion, at least in a subgroup of patients.

32 Molazadeh M. et al 2014



TABLE 1 Characteristics of the included studies

Study Country Design Popul atl on
Harger. 198% United States of L Cases: 277 non-pregnant KM patients*
Armernica Controk 11% non-pregnant and 299 pregnant controds
Xy, 1990 United States of s Coages: 30 axplained and 30 unes plained R M patients”
Armerica Controt 61 non-pregnant and &1 pregnant controls
Kiwaak 1593 Unabed St ates of L Catad: 153 unexplained RM patients®
Asmerica Controk %0 non-pregnant contr ols
Ruiz, 1995 Colormbia ocs Cated: 68 non-pregnant and 25 pregnant unexplained
R M patients?
Controk 25 non-pregrant and 31 pregnant controls
Bustos, 2006 Ayrgentina L Cases: 118 non-pregrant unexplained RM patient s”
Controk 125 non-pregnant contr ods
Ticconi, 2010 Italy LS Cases: 194 non-pregrant RM patients®
Controk 100 non-pregnant contr ods
kol azadeh. 2014 Iran L - Cases: 540 non pregnant unexplained RM pati ents®

Controk 5480 non-pregnant controls

This meta-analysis suggested that positive ANA might increase the risk of RM.
It was not possible to conclude which ANA pattern of immunofluorescence staining is

more frequent in the RM group.

Borges Cavalcante.M et al. 2019
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International Journal of

F
Molecular Sciences ﬁ‘\nfy

Review

The Impact of Autoantibodies on IVF Treatment and
Outcome: A Systematic Review

Mara Simopoulou L2+ Konstantinos Sfakianoudis °, Evangelos Maziotis 1

Sokratis Grigoriadis ', Polina Giannelou '*, Anna Rapani ', Petroula Tsioulou !, Agni Pantou 3,
Theodoros Kalampokas 4 Nikolaos Vlahos 2, Konstantinos Pantos ? and Michael Koutsilieris !

While the effects of autoantibodies have been researched for many
decades their effect on IVF cycle outcomes cannot yet be fully
delineated.

aPLs, TAA, and ASA do not seem to exert a negative outcome on IVF
cycles regarding LB/OP, CP, and BP rate.

AEA and ANA present with lower CP rates, hence inducing a negative
effect.

aPL, TAA, and ANA are associated with higher miscarriage rates

34
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HUMAN FERTILITY, 3017 e Taylor & Francis

httpefebe doi org AOTOB 0T 4647 273, 20017 1306657 Taybar & Frarcis Group

COMMENTARY [ _chreck tor upciwtes |

Is there evidence to support serum antinuclear antibodies testing in women
with recurrent implantation failure undergoing in vitro fertilization?

Yuuki Charlie Barke Na®, Sonia Asif " and Nicholas J. Raine-Fenning™®

“School of Medicine, Queen’s Medical Centre, University of Nottingham, Mottingham, UK; “Nurture Fertility, East Midlands Fertility
Centre, Mottingham, UK; “Division of Child Health, Obstetrics and Gynaecology, School of Medicine, University of Mottingham,
Mottingham, UK

ABSTRACT ARTICLE HISTORY

One of the most challenging aspects of reproductive medicine is the management of recurrent Received 30 March 2016
implantation failure. Various inwestigations, including antinuclear antibodies testing, are per- Accepted 13 September 2016
formed to seek an explanation and guide treatment. Howewver, is there suffident evidence or

available therapeutic options to support antinuclear antibodies testing? We present a short MEVIRORDS

in vitro fertilization; anti-
nuclkear antbodies;
recument implantation
failure

review on the current literature and an attempt at a systematic review evaluating the association
between antinuclear antibodies and recurrent implantation failure to address this guestion.
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v We attempted a detailed search evaluating
the association, if any, between ANA at or
above a 1:80 titer, and RIF, defined as a
minimum of two failed I'\VF cycles.

v" Of the 1275 citations identified, no studies
met the inclusion criteria.

v" Furthermore, of the 37 excluded articles,
over half (n=20) were published a decade
ago, demonstrating the paucity of good
quality evidence to  support such
measurements in women undergoing IVF.

v However, there is little guidance to demarcate
ANA testing between autoimmune diseases and

RIF.

36

Cltations identfied from electronic searches
(Database inception to March 2015) n= 1275

Citations excluded from duplication n= 286
Citations excluded from title n=912

Citations excluded from abstract =33
Citations excluded based on exclusion criterion:
Conference abstract n=6

Commentary =1

Total exclusion:n=1238

Y

Potentially relevant articles obtained in full manuscripts
=37

|dentified from electroni searches = 37

Identified from manual checking n=0

Articles excluded from review with reasons:

Lack of original data (review articles/letters)  n= 10
Duplicate publications n= 1

Inappropriate study design = 6

Inappropriate population =9

Paper unavailable i= 0

Insufficient data = 1l
Total excluded w37

¥ Dl ——

Selected for Incluslon ( fi= 0 )

Figure 1. Flow diagram of study selection. For methodology and regisiration, please see PROSPERO (CRD42015017299)
www crdyork ac.uk/PROSPERQ/display_record.asp?ID=CRD42015017299),

Barke Na et al. 2017
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Anti-double stranded DNA
Antibody

were cytotoxic to cells and induced apoptosis.
It could lead to abnormal development of oocyte and embryo.

There is little information on the clinical significance of anti-dsDNA for
Improvement of ART outcome.

FanJ 2017
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Glucocorticoid supplementation improves
reproductive outcomes in infertile women with
antithyroid autoimmunity undergoing ART

A meta-analysis

Guangqin Zhou, MD, Meiying Zhou, MD, Xuan Duan, MD, Weihong Li, MD"

Thyroid autoimmune disease :normal thyroid autoimmune function
caused by the presence of thyroid autoantibodies (ATA), including

thyroglobulin antibodies (Tg-Ab) and thyroid peroxidase antibodies
(TPO-AD).

. Zhou et al. Medicine 2021



Systematic review and Meta-analysis

Database retrieval (n = 190)
Other sources (n = 22)

Remove duplicates
(n=12)

k4

Records after duplicates rermoved
(n=200)

133 Studies excluded aftar
screening tittles and/or abstracts

Records screened

(n=67)
64 Studies excluded: the subjects
did not receive ART(n=42), not
» prednisolone-treated(n=12),
¥ meta-analysis{n=10)
Studies used in the meta-analysis s anatyEs=10

(n=3)

Figure 1. Aow chart of sidy sdection.

Zhou et al. Medicine 2021



Charactenstics of the included studes.

First author fyear],

Country (reference) Revelli et al (2009) Haky™ ™ Turi et al (2010) ktaly™ Litwicka et al (215 taly™™

Faiod Batween Februsey 2004 and May 2008 Batween January 2006 and August 2008 Betwean January 2011 and Aprl 2012

P 120 ATA+intertle women undargong IV, 44 ATA+ inferile woman undergang I, G ATA +irderla women undemoing
¥ received prednisons estment and 34 24 reeived prednisone estment and IC5L 30 received prednisons esiment
dd miot 24 received plarsbo oonirol and 30 dd not

Siudy design Aefmsparcie shody Prosprie shudy Prospecive shudy

Causes of imfertiiy Felic endomdneiz, redused oerdan lnclear Tuial facior, male fEcior, idiquathic
resere, el diseesa, idiopshhic inderliy, irmierily
maie elizied inderdity, POO,
ypemprdactinemia

Conmepiion method IVF {long” profocd) I doulksien incucEan) IS fong” profocol

Amays umed velles for Fremece Disgnostc commeid kis F-% wx determined usEng & TFRQ and TG antbodes ware am=ayad

tymid anenibodes

Cunt-off values for fyrdd

Imeran@on

Fhamack, Swedan) LEng an
immurofiucesence Eamy

Tighik: 040 L, TROAE: 0—35 Ll

The freatad group eceved 10mg PP wes
incressed 0 30mgid for S5 d stering the
day of ET, and subsequaty reumed 1o
10mgid uril the day of hOG test) undl
10wk of gesteloal 20 Mfer this tme,
e qion o continee e reeimat wes
it fo docioms =hing cam of fe

ey
PR AR OPR NOR

raddmmunozsay kit Brams GmbH,
Hermigadort, Gamamy.

TROAE 100 LfmL

Frednizons wes adminiserad ordly at 10
mgdd in The first veel, Smgid in e
secnd wesk, 2 Smg/d in e fird
veesle, and 2 Smgfd 3 times par wesl
in T fourd weel befare LIL The
ool roup recEied & plEceho.

PR AR LBR

LENg enzygme linked immuncesay KE
iFharmada; Upphn Degnostics,
Freiburg, Gemmany)
TPOAD O-18 Lkl
TG 0—-40UFmL
predniznlons wE #ated fram e day o
oogyie el and moninued und e
dzy of fe pragnancy &5t In e mse
of 2 poaie B, s mgimen wes
cominued during the first pragrancy
rmesier

MOR PR AR LBR
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* Glucocorticoid may improve the pregnancy outcomes of
ART women with antithyroid antibody (ATA) positive.

*There is no significant reduction in the risk of miscarriage.

* Due to the limited enrolled references, glucocorticoid
adjuvant therapy should be applied after more randomized
controlled trials.

Zhou et al. Medicine 2021
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Chack for
updates

Endometrial Immune Profiling: A
Method to Design Personalized Care
in Assisted Reproductive Medicine

Nathalie Lédee?*, Marie Petitbarat', Laura Prat-Ellenberg?, Géraldine Dray?,
Guy N. Cassuto??, Lucie Chevrier', Alaa Kazhalawi', Katia Vezmar' and Gerard Chaouat*

" MatriceLAB Innove, Pepiniere Pans Santa Cochin, Hopital Cachin, Paris, France, © Centre d’Assistance Medicale a la
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France
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* 1738 infertile patients had an immune profiling on a timed
endometrial biopsy between 2012 and 2018.

* This test documented the absence or the presence of an
endometrial immune dysregulation and identified its type.

*In case of dysregulation, a targeted personalized plan was
suggested to the treating clinician aiming to supply the
anomaly.

* One year after the test, the clinician was contacted to
provide the outcome of the subsequent embryo transfer
with the applied suggested plan.

Lédée et al. Frontiers in Immunology 2020



TABLE 1 | Summarize of clinical data of patients included in this study.

Clinical context RIF Good prognosis RM 0D RIF-0D
IVF

Number of patients 1,145 210 164 91 128

Mean age (years) 3.7 [22.3-42 § 332 [24.9-38 8 35.7 [24.8-42.7] 30.45 [25.6-47] 30.9(27-50)

[min-max]

Range of oacytes 3629 0.86 [0] 0.23[0-2 - -

collection

Cumulated number of 9 [6-35] 3.1[0-4] 0.55 (03] 0.56 [0-3] 1.2 [4-29]

embryo transferred

[min-max]

Number of 0.55 [0-9] 0.21[0-2] 387 [H]] 0.61[0-4] 0.69(0-4)

miscamiages

RIF. Repeated Implantation Miscamages: IVF, In vitro Fertilization; RM, Recurrent Miscarmages; 0D, Oocyte Donation.

44
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TABLE 2 | Summary of the suggested protocols according to the immune profile documentad.

Suggestion of No dysregulation Low immune Over immune Mixed profile
personalization/immune activation activation

profile

Endometrial scratching No Yes MNo Yes

Exposure to high Mo impact Mo Yes Yes

concentration of Estrogens
in the proliferative phase

Immunotheragy Mo No Yes (therapy test) Yes (therapy test)
Hormonal adaptation of the No Mo Yes Yes

luteal phase

Luteal hCG No Yes MNo YYes
supplementation

Exposure to seminal plasma Mo impact Yes Mo No

TABLE 3 | Comparison of the repartition of the distinct immune profiles for each clinical context.

Endometrial immune Before OD Before IVF RIF-0OD RIF RM Average

profiling repartition

Number of patients 91 210 128 1145 164 -

No dysregulation 20.9% 12.4% 11.6% 17.2% 10.5% 289 (16.6%)
[19/91] [26/210] [15/128] [197/1145] [32/164]

Immune 25.3% 34.3% 33.6% 27.2% 23.2% 487 (28%)

under-activation [23/91] [72/210] [43/128] [311/1145] [38/164]

Immune over-activation 39.6% 43.8% 43.7% 45.9% 45.1% 783 (45.1%)
[36/91] [92/210] [56/128] [525/1145] [74/164]

Mixed profile 14.3% 0.5% 10.8% 9.8% 12.2% 179 (10.3%)
[13/91] [20/210] [14/128] [112/1145] [20/164]

RIF Repeated Implantation Failures; IVF, In vitro Fertiization; RM, Recurrent Miscamages; OD, Oocyte Donation.

45 Lédée et al. Frontiers in Immunology 2020



TABLE 4 | Outcome considering the presence or absence of dysregulation and clinical context.

Clinical context Global PR Immune profile Number of Miscarriage rate No pregnancy Pregnancy rate P-value for the
patients (PR) PR

cD 45% Dysregulated 72 1% 46% 449 0.64
Mot dysregulated 19 16% 31.6% 52.6%

RIF-CD 429% Dysregulated 113 14.890% 43.80% 41.6% 0.56
Mot dysregulated 15 0% 53.3% 48.70%

Good prognosis 56% Dysregulated 184 7.60% 38% 55% 0.28

VF Not dysregulated 25 4% 36% 57.6%

RIF 36% Dysregulated 948 8.40% 53.8% 38.4%" 0.002
Mot dysregulated 201 7.50% 65.6% 26.90%

RM 50% Dysregulated 132 12% 32% 57.6%" 0.001
Mot dysregulated 33 249" 52% 25%

PR, Pregnancy Rate; RIF, Repeated Implantation Miscarrages; IVF, In vitro Fertilization; BM, Recurrent Miscarmages; OD, Oocyte Donation.
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TABLE 5 | Outcome in deregulated immune profiles.

Clinical Immune n Ongoing Miscarriages
context endometrial Pregnancy rate rate
profile
Good Owver-activation g2 51% 8%
prognosis IVF nder-activation 72 64% 5%
Mixed 20 45% 10%
RIF Owver-activation 525 A40% 8%
Under-activation 311 38% 8%
Mixed 112 31% 7%
oD Owver-activation 36 44% 8%
Under-activation 23 43% 13%
Mixed 13 A46% 15%
RIF-0D Owver-activation 56 A41% 149%
Under-activation 43 42% 14%
Mixed 14 A43% 219%
BM Owver-activation 74 55% 15%
Under-activation 38 66% 10%
Mixed 20 50% 5%

RIF, Repeated Implantation Miscamages; IVE In witro Fertiization; AN, Recurrent
Mizcarmages, 0D, Cocylte Donation.

Lédée et al. Frontiers in Immunology 2020



TABLE 6 | Endometrial dysregulation and matemal age.

Maternal age Endometrial MNumber of patients using Mean PR Mumber of patients Mean PR in
profile their own oocytes for ART using QD oD

| =25 than 35 years Dhyeregulsted 67 1% 51 H5%

old Mot dysreguiated 132 40% 1 -

Batween 36 and Dysreguiated 423 ar% 41 3%

39 years old Mot dysreguiated il 2%, 7 T1%

Mara than 40 Diyeregulated 163 24% a3 38%

years oid Mot dysreguiated ar 10% 26 6%

PA, Pregnancy Rafe; AAT, Assisted Reproductive Therapy; O, Oooyte Donshon.,

48

Lédée et al. Frontiers in Immunology 2020



* 16.5% of the patients showed no endometrial immune dysregulation
* 28% had a local immune under-activation

* 45% had a local immune over-activation

* 10.5% had a mixed endometrial immune profile.

* In patients with a history of RIF or RM:

the pregnancy rate was significantly higher if an endometrial dysregulation was
found and the personalized plan applied, compared to the patients with an
apparent balanced immune profile (respectively 37.7 and 56% vs. 26.9 and 24%, p
< 0.001).
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* In good prognosis IVF subgroup and patients using donor eggs,
this difference was not significant between dysregulated and
balanced subgroups, but higher pregnancy rates were observed in
absence of dysregulation.

 For patients with immune over-activation, pregnancy rates were
significantly higher for patients who had a test of sensitivity,
regarding the type of immunotherapy introduced, when
compared to the ones who did not (51 vs. 39.9%, p = 0.012).

Lédée et al. Frontiers in Immunology 2020



Peripheral and Uterine NKs

e Sacks et al. found that women with RIF had
significantly increased pNK by concentration and
percentage of lymphocytes compared with
controls.

* The sensitivity of this test was only 11% suggesting
that women with RIF might have multiple other
factors that contribute to their difficulty in

achieving pregnancy.
Sacks G,2012



Poli A et al 2009

52

Table 1. Phenotypic comparison between CD56™#" and CD5&%™

natural laller cells

CD56" CosE""
D56 ot +
L6 + + o+
Inhibitory receptors
EIR - +
LTz - +
DA MWEG2A ot +
Activating receptors
NEp46 4 +
CIDIT (c-kit) ot -
Cytokine receptors
IL2 R fi + -
LZREy = +
[L1Kl ot +
[L1ER ++ +
Chemokine receptors
CCRT ot -
CXOCR3 ++ +
CXCRY - + o+
CX3CRL - + o+
Adhesion molecules
2 ot +
D ot +
D ot +
S ot +
D54 ot +
CIMa2L ot +
¥ 1a + + o+
Other molecules
CIDS7 - +
a0 - + o+
CI¥55 ++ +
D59 ot +



* uNK cells are derived from the NK cell line due
to their CD56+ marker, however they do not
have the same ability to destroy cancerous cell
lines and other HLA class 1 negative molecules.

 Therefore, they may not actually have a
deleterious effect on an implanted embryo

Moffett A,2015



* Both pNK and uNK cells are elevated in patients with
RIF.

* uNK cells were measured via endometrial biopsy
were found in 53% of idiopathic RIF patients and
only in 5% of controls.

 Though cut off values still require standardization,
analysis of NK cells might eventually prove to be

useful to women suffering from idiopathic RIF.
Santillan 1,2015



* A recent meta-analysis set out to determine the
role of both pNK and uNK cells in infertility and

RM and found some conflicting data regarding
their role.

Seshadri S,2014



* To date these studies are still investigative,

and the role of NK cells in RIF and RSA is still
controversial.

* NK cell level and activity is just one aspect of
the immune system involved in women
suffering from infertility, and we need more

data in order to yield clinical value from this
information.

Bashiri A ,2018



Th1l/Th2 ratio and TNF-a levels

* There is a relative agreement :

— Elevated levels of Th1 cells are associated with
rejection of embryos

— Elevated Th2 cell levels are associated with pregnancy.

* These T cells are measured by their cytokine
production

Nakagawa K, 2015
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e Cytokines produced by Th1 cells, such as TNF-a, suppress
trophoblastic growth and promote inflammatory and
thrombotic responses in maternal uterine blood vessels
thus adversely affecting implantation.

e Cytokines produced by Th2 cells such as IL-4, IL-6 and IL-
10 inhibit Th1 cell induced tissue factor by monocytes.

* Higher mean ratios of TNF-a/IL-4 and TNF-a/IL-10 in
peripheral blood samples have been measured in women
with RIF compared with mean ratios in controls

Kwak-Kim JYH 2003
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The pro-inflammatory and anti-inflammatory
cytokine profile in peripheral blood of women
with recurrent implantation failure

Pei-Yan Liang *°¢, Liang-Hui Diao "<, Chun-Yu Huang "¢, Ruo-Chun Lian ™,
Xian Chen ¢, Guan-Gui Li ™%, Jin Zhao 2, Yu-Ye Li "¢, Xue-bing He o,
Yong Zeng o-5*

3 School of Chemical Biology and Biotechnology, Shenzhen Graduate School of Peking University, Shenzhen 518055, China;
8 Sherzhen Key Laboratory of Reproductive Immunology for Peri-implantation, Fertility Center, Shenzhen Zhongshan
Urology Hospital, Shenzhen 518045, China; = Shenzhen Zhongshan Institute for Reproductive Medicine and Genetics,
Shenzhen 518045, China

* Corresponding author. E-mail address: zengyong 1 9&6@amail.com (7 Zeng).

Pei-Yan Liang, PhD, is a post-doctoral researcher at Shemzhen Graduate School, Peking University. She is a clini-
cal doctor and researcher for the Department of Reproductive Immunology, Fertility Center, Sherzhen Zhongshan
Urology Hospital. Her research interests focus on reproductive immunology, specializing in immunotherapy for
recurrent miscarriage and recurrent implantation failure.

Abstract Limited information & avallable on the balance state of pro- and ant-inammartory oywokines in parients with recurrent
implantarion fallure (RIF). This study assessad the pro- and and-inflammatory cytokines In plasma of 34 parients with RIF, comparad
with those of 25 women with a successful pregnancy in the first VF/intracytoplasmic sperm injection-embryo ransfer (IVF/ ICSI-ET)
cycle. The IFN-y, IL-1f, IL-6 and IL-4 concentracions weara higher, whereas the TGF-fi1 concentrarion was lower in the RIF group com-
pared with the conorol group. Furthermore, the rackos of pro- inflammarory and ant-inflammatory Cyokines IFN-p/ IL-4, IFN-y/IL-10,
IFN-/ TGF-fi1, IL-&/IL-10, IL-6/ TGF-i1, IL- 1/ TGF-1 and THF-a/ TGF-i 1 were higher 1n the RIF group (all P < 0.01). The results sug-
pested 358hift toward a pro-inflammatory stace in peripheral blood of the patiencs with RIF, @

© 2015 Published by Elsevier Ltd on behalf of Reproductive Healthcare Ltd. RBM Online 2015



The IFN-y, IL-1B, IL-6 and IL-4 concentrations were
higher, whereas the TGF-B1 concentration was
lower in the RIF group compared with the control

ro u Table 1 The pro-inflammatory and anti-inflammatory cytokine concentrations and ratios
g p ¢ in the RIF and Control groups.

Cytokine RIF group {n = 34) Control group (n=25)

Cytokine (pg/mil)
[FN-7 1323.20 + 154.41*** 352.58 + 60.53
IL-& 7959.80 + 385.79** 4243.90 + 427.31
IL-1p 3411.00 = 360.57* 1924.00 = 357.51
THF-cx 4074.10 = 385.96 3393.5 + 486.56
IL-4 58.55 &+ 5.9/ 29.43 + 419
IL-10 58.07 + 6.18 51.60 + 6.84
TGF-p1 1608.95 = 89.90™* 2334.28 + 105.20

Cytokine ratio
IFN-y/1L-4 26.43 + 3.00* 12.82 = 2.15
[FN-y/1L-10 30.11 £ 4.52%* 7.00 £ 1.11
IFN-v/ TGF-p1 0.88 + 011 0.16 + 0.03
IL-&/1L-4 189.50 + 23.04 244.76 + 66.21
IL-&/1L-10 202.65 £ 29.42* 113.18 £ 16.60
IL-6/TGF-p1 5.35 + 0.34" 1.80 = 0.16
IL-1B/1L-4 78.83 + 9.87 102.38 + 30.57
IL-1B/1L-10 78.48 =+ 9.78 48.75 + 12.03
IL-1p/ TGF-p1 226 + 0.24"™ 0.82 + 0.15
THF-cc/IL-4 196.65 + 12.60 180.60 + 45.09
THF-ce/IL-10 94.83 £ 13.45 88.70 £ 17.13
THF-c/ TGF-p1 2.74 + 0.28* 1.44 + 0.21

Values are mean + SE
60 RIF = recurrent implantation failure.
*P e 0.05, P <001, ™ P < 0.001 versus Control group.



Furthermore, the ratios of pro-inflammatory and anti-
inflammatory cytokines

IFN-y/IL-4
IFN-y/IL-10
IFN-y/TGF-B1
IL-6/IL-10
IL-6/TGF-B1
IL-1B/TGF-B1
TNF-a/TGF-B1
were higher in the RIF group (all P < 0.01).

The results suggested a shift toward a pro-inflammatory state
in peripheral blood of the patients with RIF.

Liang et al. 2015
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Other Molecules

Leukaemia inhibitory factor (LIF)
Cellular adhesion molecules (CAMs)

Prostaglandins (PG)
— Phospholipase A2 (PLA2)
— Cyclooxygenase enzyme 2 (COX-2)



The role of immunotherapy In In vitro
fertilization: a guideline

Practice Committee of the American Society for Reproductive Medicine

American Society for Reproductive Medicine, Birmingham, Alabama

Adjuvant immunotherapy treatments in in vitro fertilization (IVF) aim to improve the outcome of assisted reproductive technology
(ART) in both the general ART population as well as subgroups such as patients with recurrent miscarriage or implantation failure.
The purpose of this guideline is to evaluate the role of immunomodulating therapy in ART. Unfortunately, many of the evaluated ther-
apies lack robust evidence from well-designed adequately powered randomized controlled trials to support their use. Immunotherapies
reviewed in the present document are either not associated with improved live-birth outcome in IVF or have been insufficiently studied
to make definitive recommendations(Fertil Steril® 2018:110:387-400. ©2018 by American Society for Reproductive Medicine)

Discuss: You can discuss this article with its authors and with other readers at https://www.fertstertdialog.com/users/16110-
fertility-and-sterility/posts/33034-26277
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The role of iImmunotherapy in in vitro
fertilization and recurrent pregnancy
loss: a systematic review and
meta-analysis

Chiara Achilli, M.D., Montserrat Duran-Retamal, M.D ., Wael Saab, M.R.C.O.G, Paul Serhal, MR.C.O.G,
arnd Srividya Seshadri, M.D.

Centre for Reproductive and Genetic Health, London, United Kingdom

Objective: To study the current evidenoe on the role of immunotherapy in IWVF and in the managememt of recurrent pregnancy loss
|RFL).

Design: Systematic review amd meta-analysis.

Setting: A literature search was performed using MEDLINE, PUUBMED, CINAHL, and EMBASE until May 2017, Onby randormized
comralled trials were included, and a meta-anabysis was camied ouwt where appropriate.

Patient{s): Women undergoing IVF treatment with or without a history of recument implamtation failure and women with idiopathic

RFL.

Intervention(s): Assesanent of the efficacy of commonly wed immunomodulators such as IV use of [1] immunoglobulin,
[2] ymphooyte immunotherapy and [3] ntralipid; immauerine infision of [4] gmnulocyte colony-stimulating factor and [5]
peripheral blood monoriclear cells; subcutancous administration of [6] TNF-alpha inhibitors, [7] leukaemia nhibitory factor; and
oral administration of [8] glucocorticoids.

Main Outcorme Measure(s): The primary owutcomes were live birth rate and miscarriage rmate: secondary oubcome was clinical
pregnancy rate.

Result{s): Ofthe 7,226 publications identificd, 53 were selected during the initial screening; 30 satisfied the selection oriteria and were
included in this rewviow.

Conclusion(s): Theavailable medical literature shows controversial results about the tole of imrmmot herapy when used for improving
mepreductive outcomes. This study did not show a role for immunotherapy in improving the live birth rate in women underg oing I'VE
treatmeent or in the prewention of idiopathic BPL. Currently, itnomu i

weed in routine clinical practice to improwve reproductive outc (Ferti Steril®™ 20 16:110:1089- 100, ©32018 by American Society for

Reproductive Medicine. )
El mesumen esta disponible en Espaiiol al final del articuks.

Key Words: Immunotherapy, TVE, repeated implantation failure, recurrent pregnancy loss, imrmmaormed ul ation

Discuss: You can discuss this artick with its authors and other readers at https o www . ferstertdialog comfusers /1 61 10-fertility-
Gand-sterility /posts! 361 37 -26244




Meta Analysis Conclusion

* No role for immunotherapy was reported

in improving the LBR in women undergoing IVF treatment, with or
without history of RIF or in the prevention of idiopathic RPL.

* Better-designed RCTs with better patient selection
are strongly needed to finally address the role of
the immunomodulators currently available.

Achilli, 2018
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Conclusion

* Pregnancy is considered as a semi-allograft as fetus
expresses paternal antigens.

* Immunological dysregulation is considered as one of the
important factors involved in RSA and RIF.

e Different immunological factors and immune cells such as
Cytokines
Growth factors
T helper cells
Dendritic cells
Macrophages
Peripheral and uterine NK

have been considered important in pathophysiology of RSA
and RIF.
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Conclusion

* Different therapeutics agents including
Immunosuppressive drugs
IVIG
Aspirin
Hydroxychloroquine

Intrauterine infusion of different agents such as PRP,
PBMC, G-CSF and hCG

are suggested in treatment of RIF.



Conclusion

* Reproductive immunology principles have been applied to
the clinical management of RPL, RIF, and failed IVF

cycles.

 Assignificant proportion of physicians recommend :
— thrombophilia workups (86%)

— parental genetic study (79%),
— Immunologic evaluations (69%) to IVF candidates who have a
history of RPL or chemical pregnancy losses.

* IVF physicians consider an immunologic workup when

patients have two (30%) or three (21%) failed I\VF cycles.
" Kwak kim et al. 2013



Conclusion

Assays for :

* anticardiolipin antibody

* |upus anticoagulant
 thyroid peroxidase antibody,
 antinuclear antibody

are the four most commonly ordered immunologic tests for RPL (88,
84, 50, 47% each) and RIF (68, 63, 38, 38% each).

Cellular immune evaluations, such as NK assay, human leukocyte
antigen study, Th1/Th2 study or immunophenotype assay, are less
commonly ordered.

A significant proportion of IVF physicians acknowledge the
Importance of immunologic alterations with reproductive outcomes.

Kwak kim et al. 2013
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Conclusion

In the absence of well-designed adequately
powered RCTs and Universal guidelines, patients
must be informed of uncertain benefits and risks
associated with immunotherapy.
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