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IVIRMA) Madrid Oocyte Donation:

Global Obstetric Complications

Placenta Other ART

- PREECLAMPSIA RISK (OR, 2.54; P <.0001)
HIGHER IN EGG DONATION

Natural Conception
(OR, 4.34; P <.0001).

Preeclampsia Placenta
Healthy Placenta P

Other ART

HTA RISK (OR, 3; P < .0001)

HIGHER IN EGG DONATION

Natural Conception
(OR, 7.94; P <.008).
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GYNECOLOGICAL ENDOCRINOLOGY e Taylor & Francis
hittps.//cdoiorg/10.1080/095 1 3590.2018.1 528577 Taylor & Francis Group

ORIGINAL ARTICLE 3 OPEN ACCESS | Gomskier upcstes

Increased incidence of obstetric and perinatal complications in pregnancies
achieved using donor oocytes and single embryo transfer in young and healthy
women. A prospective hospital-based matched cohort study

Kenny A. Rodriguez-Wallberg®®, Ann-Sofie Berger®, Antonia Fagerberg?, Jan I Olofsson®,
Christina Scherman-Pukk®, Pelle G. Lindgvist™ and Josefine Masiel[®'

*Department of Reproductive Medicine, Division of Gynecology and Reproduction, Karolinska University Hospital, Stockholm, Sweden;
“Department of Oncology-Pathology, Karolinska Institutet, Stockholm, Sweden; “Department of Women's and Children’s Health, Karolinska
Institutet, Stockholm, Sweden; ‘*Departm&nt of Obstetrics and Gynecology, Sodersjukhuset, Stockholm, Sweden; “Department of Clinicl
Science, Intervention and Technology, Karolinska Institutet, Stockholm, Sweden; Tmpanmnt of Obstetrics and Gynecology, Karolinska
University Hospital, Stockholm, Sweden

€ Gestational hypertensive (AOR 4.25)
& Pre-eclampsia (AOR 3.99)
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v'"Wrong assumption:
“NK cells are bad - let”s get rid of them!”

uNK e S
cells
v'A lot of misunderstood
immune concepts in the literature
pbNK &
cells

> IVIG, Infralipid, antiTNFa
» Corticosteroids
> AAS, LMWH...
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IVIRMA)MadFid Still an Open Debate

Reply: First do no harm: continuing the uterine
NK cell debate

ARTICLE HUMAN REPRODUCTION - JANUARY 2016
Ashley Moffett** and Morman Shreeve®~

mpact Factor: 4.57 - DOI: 10,1093 humrep/dev2ad

h
LETTER TO THE EDITOR

Immune testing and treatment:
still an open debate

D Adecsandru® and |4 Garcia-Velasoco 2015
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Maternal-fetal
interface

Placenta

Maternal
decidual
leukocytes

——Myometrium——

——Decidua

Systemic
maternal
circulation

A@Antifetal Abs

i -Antifetal T cells
Uterine (SR —Fetal cells
artery e — Trophoblast

cells

A. Moffett and F. Colucci. JCI .2014

PREGNANT

Placenta
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Madrid

Endometrium

Myometrium

Spiral Artery

IVIRMA) EVT invasion and remodeling of spiral arteries:

for correct placentation

‘/'\ ~ Extravillous Trophoblast
- Cells (EVT)

Uterine Natural Killer
Cells (uNK, dNK)
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f "9 Fe'al stem cells

trophoblasts
Piacenal debris

A1 fexosomes microparticies),
fetal stem celis

Cy(olrophoblasis

Featal blood vessel

-
§ Trophoblast \
invasion \

\ Maternal blood
\ ‘~ CXCR1
CXCR3 Arterial
vasodilation

CXCL12
CXCL16

\

dNK

Generation
of T cells

Hormonal effects:
Progesterone

Decidua MIC-1 :
Glucocorticoids

hCG
Myometrium Myomenhan Estradiol
Decidua parietalis J§<
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Decidua basalis 2
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Arck and Hecher. Nature Medicine.2013
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Highly polymorphic Throphoblast:
26,512 HLA |+l alleles does not express

HLA class I

Trophoblast

- o
)

HLA-E
CD94/NKG2A

Balanced
trophoblast
transformation of

Inhibition of NK spiral arteries

killing
Deviation of APC
to tolerogenic
phenotype
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1]
Single-cell reconstruction of the early -[:ocfw“”dat
maternal—fetal interface in humans

Roser Vento-Tormo el all. Nature. Nov 2018.
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LILRB1
NKG2E - Hb\—

CCRI

Regulate EVT
INnvasion
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KIR alleles 1,100

Trophoblast cell
HLA-C

5.709 HLA-C alleles

(December 2019)

KIR-HLA-C system: highly polymorphic f"
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Activating KIR genes (green), inhibiting (red)
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= CI1C1
= C1C2
« C2C2

)

Maternal HLA -C mPaternal HLA -C

5.709 HLA-C alleles (December 2019)
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Maternal uterine NK cell-activating receptor
KIR2DS1 enhances placentation

Shiqiu Xiong,! Andrew M. Sharkey,! Philippa R. Kennedy,! Lucy Gardner,! Lydia E. Farrell,!
Olympe Chazara,! Julien Bauer,! Susan E. Hiby,! Francesco Colucci,?2 and Ashley Moffett!

IDepartment of Pathology and Centre for Trophoblast Research, and
2Department of Obstetrics and Gynaecology, University of Cambridge, Cambridge, United Kingdom.

Reduced trophoblast invasion and vascular conversion in decidua are thought to be the primary defect of
common pregnancy disorders including preeclagorsopad feral growth restriction. Genetic studies suggest
these conditions are linked to combinations Fg@%Aymorply iller cell Ig-like receptor (KIR) genes expressed
by maternal decidual NK cells (dNK) and J /%A-C genes expK\ed by fetal trophoblast. Inhibitory KIRZDL1
and activating KIR2DS1 both bind HLA-CZf/ut confer increas\risk or protection from pregnancy disorders,

respectively. The mechanisms underlyingeHese genetic associ|lons with uppnsmg outcomes are unknown.
We show that KIR2DS1 is highly expresse¢ct{™h dNK, stimulatin] l:rmlg activation of KIR2ZDS1* dNK. We used

microarrays to identify additional respon{\trig ered by biAsing of KIR2DS1 or KIR2ZDL1 to HLA-C2 and

found different responses in dNK coexpre{ X3 /M KIR2ZDL1 cnmpared ml:ll dNK onljr Express—
ing KIR2DL1. Activation of KIR2D Cam vt S G - sole ;

GM-CSF, detected by intracellular F o | o | = N

primary trophoblast and JEG-3 trophoblast ce|, - These findings provide a molecular mechanism
explaining how recognition of HLA class I mol on fet:.fl phohlasl: b}r an activating KIR on maternal

 em s = -

dNK may be beneficial for placentation. ﬂ Q
| -
| -I-lw
Foundat

JCI 2013
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The Tel-B region of the KIR B haplotype protects against disorders of pregnancy, particularly when the fetus has a C2 gene

Maternal KIA genotype frequencies (%) Maternal KIR frequencies (%) Maternal KIA frequencies (%) only
KIR Bregions in all controls and affected cases in pregnancies with fetal €2 in pregnancies with fetal C71
presentA Controls Affected Controls Affected Controls Affected
(n=2592) (n=975) (n=235) (n=9513) (n=188) (n=2338)
None (KIR AA) 27.9 36.9¢ 17.0 23.46 11.8 13.0
Gen-B alone 27.4 30.1 &= 14.2 17.7 12.5 121
Tel-Balone 19.3 14.6° g 1.1 94 8.7 6.4
Cen-B plus Tel-B 25.8 18.5¢ 13.2 9.8 11.3 9.2
All with Tel-B® 451 33.0°F 24.3 19.2H 20.0 15.6
Trend test P<0.001 P=10.002 NS
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Hiby et al. J Clin Investigation. 2010
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Maternal KIR AA frequency is increased in affected compared with control pregnancies when
the fetus has more C2 genes than the mother or when fetal C2is inherited paternally

Parameter ORA P n(affected/controls)
Efiect of relative dose of maternal and fetal C2 genes®

Fetus had fewer CZ genes than the mother 0.97 1.00 177/85

Fetus had the same number of C2 genes 1.43 0.06 364/233

Fetus had more C2 genes than the mother 2.09 (1.24-3.51) 0.007 188/105
Eifect of origin of fetal C2 genes®

Paternal origin 2.02 (1.14-3.58) 0.022 135/90
Maternal origin 1.11 0.90 91/61
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Hiby et al. J Clin Investigation. 2010
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Maternal-Fetal Interface

Maternal Natural Klller cells
Inhibition

Placenta

Trophoblast

Francesco Colucci. Inmunogenetics.2017

Birth
weight

Mortality

~ -

-
-~ —

—

Population frequency

Birth weight

Mortality of mother and child (brown curve)
occurs at the two extremes of birth weight (blue
curve). Adapted from Hiby et al (2014), J Immunol,
192, 5069-5073.
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PATERNAL HLA-C2 . .
Recurrent Miscarriage

Preeclampsia
Fetal Growth Restrictio
Low Birth Weight

HLA-Cp

MATERNAL KIR AA
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Hiby et al 2004, 2008, 2010, 2014. Faridi et al 2011, Moffett A. et al 2017, Alecsandru et al 2014, 2017
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Research article
Combinations of Maternal KIR and Fetal HLA-C Genes

Influence the Risk of Preeclampsia and Reproductive Success Maternal uterine NK cell-activating receptor

KIR2DS1 enhances placentation

1har 1 2 ; ' 3 Shiqiu Xiong,! Andrew M. Sharkey,! Philippa R. Kennedy,! Lucy Gardner,! Lydia E. Farrell,!
SUSEH ‘E‘ HlbY" Jﬂl]lES J‘ walker" KEVH] M‘ D S_haughnessy, Olympe Chazara,! Julien Bauer,! Susan E. Hiby,! Francesco Colucci,? and Ashley Moffett!
Christopher W.G. Redman,* Mary Carrington,”

John Trowsdale,! and Ashley Moffett! 3 Exp Med 2004 JCI 2013

Human Reproduction Vol.23, Nod pp. 972-976, 2008 doi:10. 1093/ humrep,
Advance Access publication o February 8 2008

Association of maternal killer-cell immunoglobulin-like
receptors and parental HLA-C genotypes
with recurrent miscarriage

ResearCh art|C|e Helmﬂﬂommemw,pageﬂsm JCI 2010

i t : S.E. Hiby!, L. Regan®, W. Lo%, L. Farrell!, M. Carrington® and A. Moffett'-*
Maternal activating KIRs protect against vl B i

human reproductive failure mediated

g, THE Maternal KIR in Combination with Paternal
by fetal HLA-C2 N=742 %m?% OURNALOF HLA-C2 Regulate Human Birth Weight

=4
Susan E. Hiby,'2 Richard Apps,1234 Andrew M. Sharkey,!2 Lydia E. Farrell,!2 Lucy Gardner,!2

Arend Mulder,® Frans H. Claas,® James J. Walker,57 Christopher C. Redman,’8 SllSﬂIi]E. HIbY- Rlcllal‘(_lliﬂpp 5. Oldymp'nekChazara.. Lydlﬂ E.
i 7.0 10 H .. .. Y . Y 7 i
sudr rll.ugclz1 gﬂloc;:)ggnh,na CIE:;T:;:; ° }:ﬁ :I:ganl\:'loffeﬂ‘ . IS T Ilz;me ¢ Pe} M[a gnus&lli h}l O%\S{[aff- I#a on K. Gjessing,
. 2 ry ) Y ofMay 1.2014. ary carrmgron an shiey MoIie N=1316
Menartment nf Pathalnny niversity of Cambridne. Cambridng. |Inited Kinndam_ 2Gentra far Tranhahlast Research Cambridng. Lnited Kinndam
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What about ART?
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IVIRMA) Embryo invasion

mesenchymaler Synzytiotrophoblast
Anteil ;
villéser

extravilloser
Trophoblast

Trophoblast

(I

Invasion |

intervilloser
Raum

Gefall mit
Endothelzellen

(embryonal) Dezidualzellen
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Compromised placentation




IVIRMA) Madrid ART-Oocytes DONATION

Global

Embryo implantation
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Compromised placentation
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>64% risk of
exposure to foreign
HLA-C2

Oocyte Donor Oocyte Donor
HLA-C HLA-C

3+

ePaternal HLA-C ePaternal HLA-C

vl
F dat
A. Moffett et all. RMBO 2016. D. Alecsandru and J.A. Garcia Velasco. Fertil Steril 2017 -[:n
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human
reproduction

Maternal KIR haplotype influences live

birth rate after double embryo transfer
in IVF cycles in patients with recurrent

miscarriages and implantation failure

D. Alecsandru'-*, N. Garrido?, ]J.L. Vicario?, A. Barrio!, P. Aparicio!,

A. Requena', and J.A. Garcia-Velasco

30
LBR —Oocyte Donation
25

20

15

291 RM patients

1.304 cycles 10 7.5

5}

DET SET

H KIRAA BEKIR AB KIR BB
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Alecsandru et al. Hum Reprod. Dic. 2014.
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Pregnancy loss by maternal KIR - Fetal HLA C
Euploid Embryo Transfers

Pregnancy Loss by HLA/KIR Combination MKIRA MKIRB
35%
(n=181) (n =24)
p<0.01
30% ' p<0.01
= (n=90)
(n=221)

25%
20% |

15% (n=71)

10%

5%

0%

c1/C1 C1/C2 c2/c2

Pregnancy loss according to HLA-KIR combination. Among KIR A haplotype carriers, the risk of pregnancy loss was significantly higher if the embryo

transferred was C2/C2 (P<.01). Among C1/C1 embryos, the chance or pregnancy loss was significantly higher if the recipient was a KIR B haplotype

carrier (P<.01). KIR = uterine natural killer cell immunoglobulin receptor.

Morin. KIR haplotype, HLA ligands, and loss risk. Fertil Steril 2016.
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|V|RMA) Madrid An Excessive Immune Inhibition and not “Rejection”

Global May Explains Embryo Implantation Failure in ART

KIR N=204

m AA
- Higher %
KIR AA Spain:

» Basque 16.9%
» Cantabria 31.3%
» Granada 26%
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Alecsandru et al. Fertil Steril 2020



KIR BB

Observational Study - 2020

(@) @ Miscarriage and LBR (%) in DET by KIR

Miscarriage Live birth haplotype
rate rate _
(%) (%) . . .
&
20
26.6 34.2 35

11.6 477 15
10
5
]
KIRAA KIRAB KIRBB
m Miscarriage 452 11.4 5.6
.7 56.4 ® LBR 6.5 40 50
*p<0.001
Nper = 84

Alecsandru et al. Fertil Steril 2020



IVIRMA )Madrid An Excessive Immune Inhibition and not “Rejection”

Global May Explains Embryo Implantation Failure in ART

*¥p<0.003

DET *p<0.009
» 478 - 46.7
o EGG DONOR
EMBRYO TRANSFERS
26.3
105
l 6.7
' KRaa R382 -(R[BBE ﬂ * ; ok N S
WClnicMiscarioge] BLBRE 60

52.9 50

52.8
50
40
30
20
KIR AA KIR AB KIR BB
IF‘—“”oundat
B Clinical Miscarriage B LBR ion

Alecsandru et al. Fertil Steril 2020
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20
: 1l
‘ ‘ | e e e o

0

The more diffefences t the C2Qllele between ez'\bryo-n;’bther, tHe lower2he LBR &n KIR AR
Chi-square p=0.02; Linear-by-Linear Asociation p=0.00

NS on KIR AB, BB f

Alecsandru et al. Fertil Steril 2020




|V|RMA) Parental HLA-C2 load is associated with clinical loss in KIR AA
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N= 790 Euploid Embryo Transfers SET

AA

80-

o
o
T

Clinical Loss rate %
B
=

n
o
T

-

2
# parental C2
p=0.00268, logreg coefficient =0.729

-
1

3 4

o -
=
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D. Marin et al. ASRM 2019
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What can we do for these couples?
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“ /7
KIR AA HLA-C2
o O

RM/RIF KIR-HLA-C
mismatch

N=72

IVIRMA) Madrid Study Design

——p | GROUP 1

Egg donation

) | GROUP 2

Retrospective study: January 2017 and December 2018

Alecsandru et al. Oral Com ESHRE 2019
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90
Random —_—— = = = — ~
HLA-C |
GROUP 1 1352 :
|
HLA-C2p |
— Egg donor I
45 HLA-C1C1 '
OO |
OOO ) !
‘ S e e e e o - V4
39 e Random
—> HLA-C r-TTTTT" RN
I' HLA-C2d |
Group2 | 126EL : |
|
|
/‘—/ q: c2 | '
&) - I HLA-C2p |
— Egg Donor + / 4 >
27 HLA-C2 G-CSF | |
|
1lug/kg day ET and every 3 days until '\ EVT o ]
the end of 9th weeks preganancy S _—_———- FetirGat

on

Alecsandru et al. Oral Com ESHRE 2019
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GROUP 1 GROUP 2
50 16
14
40 12
30 10
8
20 6
4
10 -
2
0 0
Random HLA HLA-C1C1 Random HLA HLA-C2 + G-CSF
B LBR (%) B [BR (%)
GROUPL | L8R (% ~Group2 | LeR(
Random HLA-C 5.7 Random HLA-C 6.3
HLA-C1C1 48.9 HLA-C2 + G-CSF 14.8
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Alecsandru et al. Oral Com ESHRE 2019
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GROUP1 vs GROUP2

OD 6.82 .
GROUP LBR | PREG | MS *P<0.002
70 * P <0.001
12 | (%) | (%) | (%)
60
HLA-C1C1 48.9 13.3 -,
HLA-C2 40
+ 14.8 24.4 17.8

30

G-CSF

20

10

HLA-C1C1 HLA-C2 + G-CSF
M LBR (%)

B Pregnancy (%) "
B MS (%) iFoonundat

Alecsandru et al.Oral Com ESHRE 2019
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Embryo
implantation 1 The Maternal Immune System MATTERS

2 DETs decrease the LBR in KIRAA patients

(30-40% women)

3 HIGHER embryo HLA-C2 means LOWER LBR in
KIRAA

D EVT uNK
4 This is more evident in EGG DONATION
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gy

HLA-Cd

2 uNK KIR-HLA-C
? HLA-Cp Matching

KIR +
EVT ® o _['

Correct placentation
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RCT L KIR-HLA-C EGG DONOR

— HLA-C EGG DONORS
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