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The fetus is a semlallogr'afT
half of its antigenic make-up comes
from the mother and half from the
father
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There are several sites and times at which the maternal immune system may be
challenged with fetal/paternal alloantigens

The maternal immune system does not reject the fetus



«How does the pregnant mother continue to nourish within herself for many
weeks or months a foetus

that is antigenically a foreign body?»
(1953)

Sir Peter Medawar
and
Rupert Billingham

The Immunological Paradox of Pregnancy



The embryo is

« unnatural medical/therapeutical manipulation

* Transplanted organ or tissues remain invariable
regarding structure and genetic characteristics

* transplanted organ is directly exposed to the
host/recipient blood circulation

host/recipient’s organism is not naturally
prepared to accept the graft

not a transplant

Haemochorial Placenta
(Human)

Maternal - ° Fetal
blood : ° o] [o]o]o!

Maternal I Fetal
syncytiotrophoblast

» physiological procedure/function
- embryo/fetus undergoes alterations

* mother and fetus blood do not mix and
substances are exchanged through the placenta
by diffusion (*hemochorial” placentation)

‘maternal organism is prepared (hormone
mediated changes) for blastocyst/embryo's
implantation
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distinctiveness
of fetal/maternal interactions

Allorecognition pathways

MHC and other molecules’ expression in trophoblast

Phenotypical and functional characteristics of the decidual cells



The allorecognition pathways are different between
Organ transplants and pregnancy

' Pathways of Allorecognition

Allo MHC molecules é& M C or other molecules

from the Donor are N\ naw wna =e
recognized by Host T- — taken up and
cells Class | Class 11

Allogensic (Donor) APC
(stmulator)

I Direct allorecognition

t)
Peptide derived from allo molecules
presented on host MHC

l indirect allorecognition to Host T-cells

Unlike surgical organ transplants, the
fetal 'allograft’ is recognized by
T cells exclusively via the
indirect allorecognition pathway
which is considered "minor"

NK cell-mediated allorecognition system in pregnancy



Fetal/maternal interface

The fetal-maternal interface is a unique microenvironment including three
distinct components:

»fetal-derived trophoblast,

>maternal-derived decidual stromal cells, and

»>immune cells
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The trophoblast is the site of fetal antigen expression

The maternal-fetal interface is the place of many complex connections between
the mother's immune cells and the trophoblast cells ':*

the establishment of immune tolerance



The unique expression of HLA molecules in frophoblasts and the interaction
with their receptors in local immune cells are key factors for the
establishment of immune tolerance
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Only extravillous trophoblast cells express
the non-polymorphic MHC class T molecules

HLA-G (117 alleles), HLA-E (346 alleles) and HLA-F (59 alleles) and
the more polymorphic HLA-C (7.672 dlleles)



The Uterus is highly enriched in tissue-resident NK

cells

increase during the secretor phase
when estrogens and progesterone prepare
the endometrium for a prospective pregnancy

they are present at high frequencies

in the decidua (dNK cells)

from the implantation stage
through the 1st trimester

have direct contact with
trophoblastic cells

Maretnal blood

maternal vassels

intravaclular
cytotrophoblast

Decidual

Trophoblast cells lymphocytes

cytotrophoblast -
Extravillous

cytotrophoblast \




dNK

hold unigue phenotypic/functional properties

CD3 CD169MCD56P 9"

NCRs NKG2
KIRs CD9

CD151
CD16

CD57

three main dNK subsets

- Anti-inflammatory
§ 3 EVT interaction
© o/ More granules

Anti-inflammatory
EVT recruitment

Few granules CDA49a, CD9,ITEB2, CDI60,
. KLRB1, ¢DI103,
Low proportion

Vento-Tormo R. et al. Nature 2Q

CD49a, CDY, €D39, CYP26A1,
B4GALNTI, NKG2A, NKG2C,
NKG2E, KIR2DS1, KIR2DS4,
KIR2DL1, KIR2DL2, KIRZ2DLS3,
LILRBI1

CD49aq, CDY, ANXAL, ITGB2,
NKG2A, NKG2C, NKG2E
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dNK

play a key immunomodulatory role in early pregnancy and they are important for
the establishment of normal pregnancy

' decidudl NK el fecept

interactions

upon activation they produce:
IFNy, perforin, angiogenetic factors,
growth factors, Th2 cytokines

regulate

angiogenesis, uterine vascular
remodelling, cell migration, trophoblast
growth, differentiation, and invasion

although armed with both cytolytic mediators . ;
(perforin, fas/fas L) *" : T
do not kill trophoblast

Th7 Thi?7

Th7 Thi7

in excessive Thl (infection, inflammation)

) . Fuet aﬁmmunology,141 :4,483-489, April 2014
they become activated and cytotoxic



NK cell effector functions are regulated by the balance between activating and inhibitory
signals transduced by

activating and receptors
Family Molecular Receptors Ligands
structure
KIR2DS1, KIR2DS2, KIR2DS3,
KIR2DS4, KIR2DS5, KIR3DS!,
Immunoglobulin KIR2DL4, KIR2DL1, KIR2DL2 HLA-AC, G, Bw4
KIR superfamily KIR2DL3, KIR2DL5A,

KIR2DL5B, KIR3DL1, KIR3DLZ,
KIR3DL3

HLA class Ia

ILT/LILR Immunoglobulin LILR-1,2,3,4,5,60,6b,7,8 (-6)

superfamily

NKG2A/B, NKG2C NKG2F HLA class Ib
CD94/NKE2 C-type lectins NKG2E, NKG2H (-E)

MICA MICB
NK&2D C-type lectins ULRBPs




Through their receptors, dNK cells may recognize selected epitopes on
HLA class I molecules
expressed on invading trophoblast

Maternal Side Fetal Side
Ne‘ ative or MHCI&H
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Maternal

HLA-C, HLA-G, HLA-E, HLA-F
are the only HLA molecules expressed on extravillous trophoblast



Among the different NK receptors’ interactions with
their specific counterparts on trophoblast,
the interactions between
receptors of the KIR family and their ligands HLA-C molecules
appear to be those mainly involved in the function of an NK cell-mediated

allorecognition system in pregnancy

Matemnal

. Decidual NK el Given the differences in both the KIR
Natemal TALNENEN repertoire and the HLA-C allotypes

decidua

among unrelated individuals,
each pregnancy presents

a different combination
of maternal KIR receptors on dNK and

| Le Bouteiler & Blaschiz, 1999
‘ Immunological Reviews 167: 233

self and non-self HLA-C allotypes on

» amniotic fluid

trophoblast

Trophoblast

?».:ga‘”

This combination is expected to ensure

the appropriate receptor-ligand

interactions to favour pregnancy



Killer Immunoglobulin-like Receptors (KIR)

Both activating and
inhibitory receptors may
co-expressed
in the same cell

Activating receptors are
effective only in the absence
of receprots’ action

DAP12
(2 ITAM) - (2 ITAM)

‘ | | receptors
£ Yy regulate NK activation/action

KIR2DS1  KIR2DL1 | KIR20L4| KIR2DLSA  KIR3DS1  KIR3DL1  KIR3DL3
KIR2DS2  KIR2DL2 KIR2DL5B KIR3DL2
KIR2DS3  KIR2DL3
KIR2DS4
IR2DS5 . (—

Transmembrane glycoproteins

Inhikition

¥ )

Activation

Activating—short (S) cytoplasmic tail P
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KIR family consists of

19p13.3

- KIR2DLI, KIR2DL?2,

oy KIR2DL3, KIR2DLA,

. —— KIR2DL5A, KIRZDL5B,
- — KIRZDS1, KIRZDS2,
B c KIR2DS3, KIRZ2DS4,
- KIRZ2DS5, KIR3DLI,
e KIR2DL4 KIR3DL2, KIR3DL3 Kat

o o KIR3DS!

19q13.2 +

19q13.31
19q13.32

—_— 2 pseudogenes
- taRzDe4 (KIR2DP1 and KIR3DP1)

19q13.43 KIR3DL2

S
Group A Haplotype

© IPD-KIR g

= ; 2DS2 y g 2DS3 g 2DP1 g g 3DP1 g 2DS4 5 2DS5 5 2DS1
3DS1
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KIR genes are organised within the LRC into haplotypes,
which have been shown to exhibit extensive variation
in the number and type of KIR genes present

Centromeric part Telomeric part

group A haplotype

ﬂ — ooi1 SEBEL ¥ onia — _m_—m.

group B haplotype

3DL3 I 2DS2 I 2DL2 2DL5B l 2DS3 I 2DP1

Uhrberg et al. 1997

. . e Wilson et al. 2000
- Framework genes - Activating KIR gene - Inhibitory KIR gene - Pseudogene Vilches et al. 2000

Hsu et al. 2002
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Within the human population,
KIR haplotypes and genotypes differ in their gene content,
and by allelic polymorphism at the individual KIR genes

KIR GENE DIVERSITY KIR ALLELIC POLYMORPHISMS

variable number of genes depending on KIR haplotype
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NK cells and subpopulations of T cells

Each NK cell clone of an individual Possesses a diverse repertoire
does not express the entire set of of NK cells with stochastically
KIR genes encoded in its genome distributed KIR expression on

their surface

Many different NK cell clones

Expression is under Transcriptional and post-transcriptional control

and is influenced by the presence or absence
of HLA ligand



KIR ligands
HLA class T molecules

KIR | Ligands
HLA C2 group — — HLA_C2
HLA C1 group
HLA C2 group _>HLA -CI :

" B*46:01, 73:01

HLA-C2 low affinity

2

HLA-A*11 and some
HLA-C1+c2, HLA-F

HLA-G — HLA-Bw4
HLA-Bw4
HLA-A3, All, HLA-F. 2 HLA-C are the ligands s
for most of the KIRs
HLA-B (Bw4) 2
HLA-C Asng0

HLA C1 group: ¢*01, €*05, c*07, c*08, c*12, ¢*15, c*14, C*16:01/4

HLA-C Lys80
HLA C2 group: C*02, C*04, C*05, C*06, C*15, C*16:02, C*17, C*18



Hierarchy

The activating KIRs bind their ligands with lower affinity than that of

receptors

Inhibitory
receptor

KIR2DL1

HLA-C ligand
Ly=zine 80

KIR2DL2
KIR2DL3

Asparagine 80 | C1

Asparagine 80 | C1

HLA-C2 weakly

KIR2DS1-HLA-C2

Affinity of
interaction

Strong

Intermediate

Increasing
inhibition

Functional KIR2DL-
HLA-C pairs

Increasing
activation

2DL1-C2 (homozygous)

2DL1-C2 and
2DL2-C1

2DL1-C2 and
2DL3-C1

2DL2-C1 (homozygous)

2DL2-C1 and
2DL3-C1

2DL3-C1 (homozygous)

Nature Reviews | Immunology

P. Parham, Nat Rev Immunol 2005



KIR / HLA-C interactions seem 1o play a role in

Infectious diseases
Autoimmune/inflammatory disorders
Cancer
and alloimmune responses such as
Transplantation and

Viruses

Re p r'O d UCT i O n (early control of herpesviruses)

“.

Hematopoietic stem cell transplantation
(improved grafting, control of GvHD, GvT)
‘ - —

Tumors ot
(elimination)

Y

Reproduction
emodeling of uterine spiral arteries)




HLA involvement in reproductive success

+
Paternal Maternal
HLA HLA
Specific HLA antigens/alleles HLACompaﬁbimy

HLA couple sharing

Maternal ~ Maternal
Paternal ) Fetal

Sharing

HLA mother-fetus sharing

HLA-C/KIR interactions

' A7 ' n y i
‘decidual NK ‘cell receptor [+
. interactions

Have been associated with pregnancy outcome and risk of complications



The genetic hypothesis The immunological hypothesis

Reproductive failure is due to
homozygosity for recessive lethal alleles
that are in linkage disequilibrium with
specific HLA haplotypes

HLA Compatible embryo

Insufficient antigenic stimulus for
maternal response to enhance pregnancy

Paternal Maternal
HLA HLA

-

HLA Compatibility

HLA Incompatible embryo
Maternal Maternal
Paternal { Fetal

Sharing - Sharing

®

Possible Mechanisms

. Genetic Hypothesis 2. Immunotrophic Theory SUff|C|enT an.hgenlc s.thIus for‘ ma.rer‘nal
. \g‘i , response to enhance pregnancy
‘etal homozygosity for \ Inadequate maternal immun

ecessive lethal alleles that response to paternal antigen
leading to improper

pre linkage dis-quilibrium
ith certain HLA haplotypes implantation and survival of
eading to fetal loss the embryo

Pregnancy complications




KIR/HLA-C allorecognition system in preghancy

(Varla-Leftherioti, 2004)

Hypothesis:
If trophoblastic HLA molecules are not recognized by dNK cell appropriate
receptors, the functions of the NK cells can be detrimental for trophoblast

Activating
receptor

\

ibitory Trophoblast cel
eceptor

Activating
receptor

IS o Trophoblast cel
receptor N




HLA involvement in

(9 | sharmg s‘ror'y

Increased HLA sharing
in couples with recurrent spontaneous
abortions (RSA)
Komlos L et al, 1977

Kolmos et al 1977  Oskenberg et al 1983
Gerenceret al 1978 Mowbray et al 1983
Reznikoff-Etievant et al 1984 Thomas et al 1985
Unander et l 1983 Christiansenetal 1989
Aruna et al. 2011 e

Thomsen et al. 2021

11th IHWC (Yokohama 1991)
Kwak-Kim et al 1990

13 IHWC (Victoria 2001)
Kwak et al 1991

Ober et al 1991,1993 14" [HWC (Melbourne 2005)
DQA1 15t [HWC (Bouzios 2008)
DQA1*0505

reproductive success

large number of studies with
controversial results

Weckstein LN et al , 1991
Matsuyama T, et al , 1992

Balasch J, et al, 1993

Martin-Villa JM, et al,, 1993
Carp et al, 1994

Ho HN, et al, 1994 * Check JH, et al, 2001
Creus M, et al, 1998

* Ober C, et al, 1993
*JinK, et al , 1995

* DQA1*05:05 sharing
HLA- C group sharing



[HLA inRMm | [HLA in RTF ]

Increased DQA1*05:05 sharing in RM In RIF couples no difference were found in
couples with women having autoimmune allele sharing between partners compared to
disturbances the controls
Keramitsoglou et al., 2004 31 RIF and 31 Controls HLA-A*, -B*, -C*, -DRB1*, -DQA1*, -
(86 RSA couples) DQBI* typing

1 7 10- >3
12

| controls | 129 | 225 | 225 225 |62 ] a2 [ a2 ] [ ] | ] e |

Controls 6/36
16.6%

Auto 14/58
RPL 24.3%

Varla-Leftherioti M et al 2007
(108 RSA couples)

‘4"i
*
S baatvos 05
1 T PR A 24,6% Controls N ff I s
00 alares.

Varla-Leftherioti M et al 2010
all: 5.7
RIF 10% 0
DQ compatible: 7.6

(185 RSA couples)

DQA1*05:05 sharing does not
characterize neither allo- nor auto-
immune aborters


http://www.15ihiws.org/index.php

HLA and KIR typing in couples with subfertility problems
HLA - C Th. Keramitsoglou, Ch. Tsekoura, B. Geladakis, M. Varla-Leftheriofi

LISBON EFI 2019 m
: 33 curorean mmancoserc
260 subfertile couples

Embryos with estimated HLA-C2C2 homozygocity clearly predominated over
HLA-C1C1 embryos in all patients’ groups

RSA:C1C159.7% vs C2C2 74.02 7,
RIF:52.1% vs 62.57,

SUB:47.2% vs 69.47,

SEC:60% vs 70%,

but not in the group of fertile couples (C1C1: 607 vs C2C2 40%)

C1C1lvs C2C2 embryos

Control Group ; 51

Group ARSA; 114
Group D SEC; 23

34.7+5.3yo
35.2+4.5y

Group C SUB; 36\\
37.0+4.2yo

Group BRIF; 68
37.3+4.2y0




Preeclampsia

Observed Expected P-value*
(number of matches) (number of matches)

Uncomplicated (n=451)

2 1 2

HLA-A 14.0% 88.2% 118%
HLA-B 8.4% R 7.1%
HLA-C 14.2% 86.9% 13.1%
HLA-DRB1 11.8% 90.7% 9.3%
HLA-DQB1 18.6% 8.1% 169%
Class | >3 3 >3

% 25.9% 73.9% 26.1%
Class Il >2 2 >2

7% 21.3% 79.4% 206% : - .
. S wd w w s Preeclamptic pregnancies show

251% 157% 30.2% 277% 131% 0. a tendency of higher maternal-fetal
HLA-C, HLA class I, and total HLA
’
Pttt Whia matching, compared to
Observed Expected Pvaue’  Proeciampsi uncomplicated pregnancies
(number of matches) (number of matches) (observed only)
2 1 2

HLA-A 143% 883% 11.7%
HLA-B 130% 935% 65%
HLA-C 2.1% 89.6% 104%
HLA-DRB1 130% 935% 65%
HLA-DQBT 2.1% 84.4% 15.6%
Class | >3 3 >3

3H.1% 753% 24.7%
Chss N >2 2 >2

247% 81.8% 18.2% . van 't Hof LJ, et al. Maternal-Fetal HLA
Total 6 8 5 6 8 Compatibility in Uncomplicated

A% 2416 ‘0306 28IN Ti7% and Preeclamptic Naturally Conceived

Pregnancies. Front. Immunol. 12:673131 (2021)



Specific HLA antigens/alleles

In a recent large case-control study it was found that the HLA-DRB1*07 allele

was highly significantly associated to RM
Table 1 Thomsen C.K. et al. Journal of Reproductive Immunology 145 (2021)

Frequencies of HLA-DRBI1 alleles in recurrent pregnancy loss (RPL) patients and
bone marrow donor controls.

HLA- RPL (n = controls (n - OR (95% Q1) P; Pc
DRB1* 2156) 4132)

o1 10.76 11.08 0.97
(0.82-1.14)
13.08 13.53 0.96

650 o N 1078 Caucasian women with RM
50 o 2066 controls

(1.09-1.52)
375 0.84
(0.63-1.12)
1.26
(0.74-2.14)
1.25
(0.65-2.40)
1.07
(0.88-1.31)
0.97
(0.69-1.35)
0.92
(0.79-1.07)
1.02
(0.72-1.45)
0.91
(0.79-1.40)
0.83 . 0.78
(0.45-1.36)

Pc: p-values adjusted for number of comparisons (n = 13).

A prospective study (n=358) provided

evidence that women with secondary
Table 2. Impact of matenal HY-restricting HLA class Il alleles on the chance of a subsequent live birth in secondary recurrent miscarriage patients R M af "'e r‘ 1' h e b i r"" h O f a b oy have a
HLA class Il characteristics Sex of child lx(wjr.n:r:m;(:z the miscarriages —— Chance of liv :'),b:lr‘l)l:nmmd W S ig n if ican-l- Iy Io We r\ (2 2 O/O) s u bs€q u e nT

miscarriages

Total Live birth ; Total Live birth % OR* 95% Cl P-value Iive bir‘Th raTe When They Carr‘ied One Of

n n o n n

e » 2 4 ® 8 © s ook o DRB1*15:01; -DQB1*05:01/05:02 and -

HLA-DQBI1"0501/0502 38 5 40 24 2 84 0.04-0.50 0.003 *

HLA-DQBI*0503 10 8 80 7 86 002-79 0513 D R B 3 O 3: 01 l l I

HLA DRB3*0301 9 5 56 13 85 .23 0.03-1.68 0.14 y a e es i
HY-restricting HLA class 11 89 39 EE) 62 ) 82 0.08-0.39 0.0001

No HY-restricting HLA class II 7 s 66 58 69 042-187 0.76 known to pr‘edlspose to ClIHICQ”y
*Adjusted for number of previous miscarriages. r‘elevanT GnTi-Hy immune rZGCTionS

Nielsen HS, et al. Hum Mol Genet (2009)



HLA-G Abnormal sHLA-G expression and HLA-G polymorphisms
are associated with pregnancy complications such as preeclampsia,
recurrent miscarriage (RM), and recurrent implantation failure (RIF)

HLA-G 14-bp insertion/deletion polymorphic variation was associated with
RM risk in patients with three or more miscarriages

Fan, W., Li, S., Huang, Z. et al. J Assist Reprod Genet (2014).

The presence of sHLA-G in the embryo culture medium favored higher
|mp|0n'ra1'|0n raTe Gnd pregnancy r'ClTe Ziru Niu et al. Reproductive BioMedicine Online (2017)

- HLA-G 14bp ins/ins homozygous genotype or ins variant was associated
with a higher risk of RIF in the Caucasian population

The maternal HLA-6*010101 and paternal HLA-6*010102 alleles are
associated with RIF risk compared to other alleles

Hul, et al. Front. Immunol (2022)



Table 1
HIA associations in RM.

Author

Control subjects

Definition

N

Definition

Ethnicity

HLA biomarker

Study findings
Significant

Classical HLA |
1 Faridi etal. [8] Case control

2 Hiby et al. [10] Gase control

3 (hristiansen et al. [61] Case control

Classical HLA 1T
4 Arunaetal 6] Case control

Kruse et al. | 5] (study II) Case control

Takakuwa et al. [65] Case control

Sasaki et al [57) Case control
Takakuwa et al. [60] Case control
Bellingard et al. [62) Case control

Case control
Case control

10 Dizon-Townson et al. [45]
11  Takakuwa et al. [63)

Non-dassical HLA II

12 Christiansen et al. | 16) Case control
Case control
(matched age,
socioeconomic)
CGase control
Case control

13 Vargasetal [14)

Zhu et al. [46)
Suryanarayana et al [51]

=3 PRM

=3 PRM first (92%) and second trimester, same
partner

=3 RM (20 PRM. 15 SRM), before 28th
gestational week

143 couples with =2 RM (130 PRM, 13 SRM)
and 56 couples with =3 RM
=3 RM (212 PRM, 142 SRM). 2045 years

=3 RM (79 PRM, 14 SRM) first trimester, same
partner
=3 RM, first trimester

=3 PRM, first timester, same partner
=3 PRM, mean age 339 years

=3 RM, consecutive
=3 RM, same partner, first trimester

=3 RM (154 PRM, 185 SRM), median age at
referral 32-33years

=3 PRM (dinically verified), before 20th
gestational week, same partner, mean age at
miscarriage 26.4 years
=3 RM

=3 PRM, first trimester

200

=2 uncomplicated
live births
1 live birth

=2 live births

=1 live birth

=1 live birth

=2 term deliveries
=2 term deliveries
=2 term deliveries
=2 live births

=7 live births
=2 term deliveries

=2 uncomplicated
live births
=2 live births

=1 live birth

Ethnically
matched
NR

Caucasian

Ethnically
matched
Caucasian

Japanese

NR

NR

Caucasian
NR

NR

Ethno-
geographically
matched

NR

C1,C2 alleles in
couples (allelic)
C1,C2 alleles in
couples (allelic)
C1,C2 alleles in
couples
(phenotypic)

DRB1,DQA.DQB
(allelic)

DRB1, DQA1,
DQB1

(phenoty pic)
DRB1

(phenoty pic)
DRB1

(phenoty pic)
DPB
(phenotypic)
DRB1 (allelic
and phenotypic)
DQA1 (allelic)
DQB1 (allelic
and phenotypic)

HLA-G (exon 8)

HLA-G (exon 2,
3, 8) (allelic)

HLA-G (exon 8)

op 2

DQB1°03:03:02*
DQB1°03:03:03}"

DRB1°04", DRB1"13", DRB1"14",
DQA1°01:03", DQB1°03:02",
DQB1"06:03/06:04" (study II)
DRB1°15:02

DRB1°04

DPB*04", DPB"04:02"

G14 bp ins/ins

HLA-G 01:01A]

29¢ (S102) 92 ASojounwiuif upump /jo 12 uDuLmMaAY 'L
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Although the present systematic review
and meta-analysis demonstrates that
specific HLA alleles and HLA sharing are
associated with RM, a high degree of
bias was present and therefore
observed results should be interpreted
carefully

Xue etal. [17] Case control =3 RM

Yan et al. |47 Case control =3 RM

Yan et al. [47] Case control =3 RM

Abbas et al. [66] Case control =3 PRM
Case control

Case control

=3 PRM
=3 RM (56 PRM, 22 SRM), same part
42 years

Tripathi et al. [67]
Pfeiffer et al. [ 15]

HLA associations and HLA sharing in recurrent miscarriage: A systematic review and
meta-analysis

T. Meuleman et al. / Human Immunology 76 (2015) 362—373




Oocyte donation Naturally concelved o In Oocyte Donation pregnancy, ’rhe
non-donor IVF fetus may be completely allogeneic

to the mother

Possibly, the allogeneic nature of the
fetus in OD pregnancies plays a role in the
development of pregnancy complications,
such as

premature birth,

low birthweight,

bleeding complications, and
hypertensive disorders

A significant higher level of HLA matching between mother and child in

successful and uncomplicated OD pregnancies than expected by chance
Lashley et al. Journal of Reproductive Immunology (2015)

A higher number of HLA class IT mismatches, and specifically HLA-DR
mismatches, is associated with a higher chance of developing preeclampsia in

OD pr‘egnGnCies van Bentem K. Journal of Reproductive Immunology (2019)



|HLA-C/KIR interactions

dlial NK € :
interactions

The first positive association of
recurrent miscarriages with KIR repertoire
was presented by Varla-Leftherioti et al

KIR and CD94/NKG in fertile and alloRSA couples

(Varla-Leftherioti et al, Am J Reprod Immunol 2003:49:183-91 )



Studies of association between KIR and KIR/HLA-C combinations and RM are
conflicting

1 Assist Reprod Genet

Table 1

Basic research studies showing the associations between KIR and HLA and recurrent miscaniage

Reference KIR (and HLA) implicated  Type of experiment/objective

Conclusions

)

Inhibitory KIRs
(2DLI, 2DL2, and 2DL3)

No association

Inhibitory KIRs
(in particular 2DL2)

Activating KIRs
{in particular 2DS1).
KIR2DS! in the absence
of KIR2ZDLI/HLA-C2.

KIR2DS1

Activating KIRs

KIRZDLI/HLA-C2
KIR2DS2HLACI

Activating KIRs

Inhibitory KIRs

KIR2ZDSI/HLA-C2

26 childless couples with = 2 abortions
and 26 control couples. KIR genotyping

51 women with unexplained recurrent
spontaneous abortions consecutively
refemed/53 controls. KIR genotyping.

Cohort of 30 fertile couples (without previous
ahortions)/139 healthy controls/88 couples
with = 3 recurrent spontanzous abortions.
KIR genotyping

73 pairs of childless couples with > 3 abortions
characterized as unexplained and 68 pairs
of healthy control couples. KIR genotyping
and HLA-C groups C1/C2 identification.

Male (n=67) and female (1 = 95) partners of
couples with = 3 spontaneous miscarmiages/269
controls (women primiparae, no miscarniages,
or ectopic pregnancies). KIR genotyping
and HLA-C groups’ identification.

68 patient couples with recurent miscarriage
and 68 control fertile couples. KIR genotyping

177 couples with recurrent miscarriages
(primary aborters, no live births) and 200
healthy couples (at least two live births and
with no history of miscamage, preeclampsia,
ectopic pregnancy, or preterm delivery).
Maternal KIR gene content and HLA-C
genotypes to allele level in couples experiencing
recurrent miscarriage and controls.

40 women with unexplained recurrent miscarriage
and 90 controls. KIR genotyping.

Retrospective study that included 291 women,

with recurrent miscarriages or recurrent implantation
failure, who had a total of 1304 assisted reproductive

cycles. KIR genotyping.
The frequencies of KIR and HLA-C1 and HLA-C2

genes were evaluated in 139 women with =2 con-

secufive spontaneous pregnancy losses.

Some alloimmune abortions may oceur when
the MHC class | molecules on trophoblasts are
recognized by decidual NK cells lacking
appropriate inhibitory KIR receptors that would
stop activating signals.

The data provide little evidence that KIR
polymorphism plays a role in predisposition
to fecrrent spontaneous abortions.

The balance between inhibitory and activating
recepiors present in natural killer cells is inclined
toward an activating state that may contribute to
pregnancy loss.

A decrease in the ligands for inhibitory KIRs could
potentially lower the threshold for NK cell
activation, mediated through activating
receptors, thereby contributing to the
pathogenesis of recurrent spontaneous abortion.

The findings support the idea that successful
placentation depends on the comect balance of
ulNK cell inhibition and activation in response to
traphoblasts.

Recurrent miscarriage could be associated with NK
cell activation mediated by a profile rch in
activating KIR genes.

The activation spectrum of KIR-HLA-C compound
genotype for NK cells may contribute to the
immunological etiology of recurrent
miscarriage.

Shifted balance of KIRs toward an activating
state in NK cells may contribute to recurrent
miscarriage.

These new insights could have an impact on the
selection of single embryo transfer in patients
with miscarriages or recurrent implantation
failure, and with a KIR AA haplotype.

KIR and HLA-C genotyping is important for
predicting immune-related problems in women
with recurrent pregnancy loss women.

Varla-Leftherioti M, Spyropoulou-Vlachou M, Niokou D,
Keramitsoglou T, Darlamitsou A, Tsekoura C, et al. Natural killer
(MK cell receptors” repertoire in couples with recurrent spontane-
ous abortions. Am J Reprod Immunol. 2003:49:183-91 Awvailable
from: http:/'www.nchi.nlm.nih gov/entrez/query.fegi 7emd=
Retrieved db=PubMed&dopt=Citation&: list_uids=12797525.

Witt C8, Goodridge I, Gerbase-DeLima MG, Daher S, Christiansen
FT. Maternal KIR repertoire is not associated with recurrent spon-
taneous abortion. Hum Reprod. 2004:19:2653-7.

Flores AC. Marcos CY, Paladine N, Arruvite L, Williams F,
Middleton D, et al. KIR receptors and HLA-C in the maintenance
of pregnancy. Tissue Antigens. 2007:69(Suppl 1):112-3.

Wang 5. Zhao YR, Jiao YL, Wang LC, Li JF, Cui B, etal. Increased
activating killer immunoglobulin-like receptor genes and decreased
specific HLA-C alleles in couples with recurrent spontaneous abor-
tion. Biochem Biophys Res Commun. 2007:360:696-701.

Hiby SE, Regan L, Lo W, Farrell L, Camrington M, Moffett A.
Association of matemal killer-cell immunoglobulin-like receptors
and parental HLA-C genotypes with recurrent miscamriage. Hum
Reprod. 2008;23:972-6.

Vargas RG, Bompeixe EP, Franga PP, Marques de Moraes M. da
Giraca Bicalho M. Activating killer cell immunoglobulin-like recep-
tor genes’ association with recwrrent miscarriage. Am J Reprod
Immuncl. 2009:62:34-43 Available from: http://'www.ncbinlm.
nih.gov/pubmed/19527230.

Faridi RM, Agrawal S. Killer immunoglobulin-like receptors
(KIRs) and HLA-C allorecognition patterns implicative of domi-
nant activation of natural killer cells contribute to recurrent miscar-
riages. Hum Reprod. 2011:26:491-7.

Ozturk OG, Sahin G, Karacor EDZ, Kucukgoz U. Evaluation of
KIR genes in recurrent miscarriage. ] Assist Reprod Genet.
2012:29:933-8.

Alecsandru D, Garrido N, Vicario JL, Barrio A, Aparicio P,
Requena A, et al. Maternal KIR haplotype influences live birth rate
after double embryo transfer in IVF cycles in patients with recurrent
miscarriages and implantation failure. Hum Reprod. 2014;29:
263743,

Dambaeva SV, Lee DH, Sung N, Chen CY, Bao 5, Gilman-Sachs
A, et al. Recurrent pregnancy loss in women with killer cell
immunoglobulin-like receptor KIR2DS1 is associated with an in-
creased HLA-C2 allelic frequency. Am ] Reprod Immunol.
2016:75:94-103.

Diaz-Pefia R Assist Reprod Genet. 2019 May;36(5):827-
835



https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADaz-Pe%C3%B1a%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30847698
https://www.ncbi.nlm.nih.gov/pubmed/30847698

women with unexplained RM have a limited inhKIR repertoire
Varla-Leftherioti et al, Am J Reprod Immunol (2003)

fertile RSA

in some cases of spontaneous abortions, maternal inhKIRs do not find
their specific HLA-C ligands on trophoblast (epitope mismatch)

Varla-Leftherioti et al, Hum Immunol 2005;66:65-71

elective spontaneous
abortion M abortion ﬁ
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RM and RIF
inhKIR/actKIR

Aborters (allo) 1.9
RIF 19
Fertile o)

an imbalance in favour of activating KIRs &

and/or

r~

_o®
lack of specific inhKIR/HLA-C interactions

in the presence of specific actKIR/HLA-C
interactions

Varla-Leftherioti et al Tissue Antigens 2010


http://images.google.gr/imgres?imgurl=http://www.raproject.com/wp-content/uploads/2007/09/unhappy-smiley.jpg&imgrefurl=http://www.raproject.com/articles/5-ways-to-appreciate-during-unhappy-times/&h=277&w=270&sz=24&hl=el&start=1&tbnid=FPDEjlST9U5woM:&tbnh=114&tbnw=111&prev=/images%3Fq%3Dunhappy%26gbv%3D2%26hl%3Del

RM and RIF

women with alloimmune RM possess the standard receptors of
the KIR A haplotype combined with

extra activating KIR/s of the haplotype B

A haplotype Telomeric part
2DL1 2DL4 3DL1 2DS4
Haplotype ?

m 2DL1 2DL4 3DL1 2DS4 2DS5 3DL2

B haplotype

w 2DL1 2DL4 3DS1 2DL5A 2DS5 2DS1 3DL2

Varla-Leftherioti et al Tissue Antigens (2007)


http://www.15ihiws.org/index.php

i .
x T DT iz el IR 2 peialia gl All subjects were treated in Obstetrics and Gynecology

o EMBIC s RS recqgnition model !n early Departments of “Helena Venizelou” Maternity Hospital and
X i X pregnancy and implantation failure written informed consent to participate in the study was
X :* *: X (Teams 1b, 21) obtained. All study participants were Caucasian.

the distribution of inhKIR receptors and inhKIR/HLA-C combinations at the feto-maternal interface
by direct genotyping of trophoblastic cells

cases of women who were undergoing vacuum uterine curettage for therapeutic termination
of first trimester missed pregnancy or elective termination of normal pregnancy

RM Controls
Decreased KIR2DL1 + - The rjesul’rs .SLlppOI"'l' the .
(strong inhKIR) hypothesis that if trophoblastic
Limited inhKIR . - HLA molecules are not
repertoire recognized by dNK cell
KIR2DL3-C1 * - inhibitory receptors,
Wedkinhibition the activation of NK cells is not
TReBLRCE . . inhibited and they attack
Strong inhibition TPOPhOb'GST
Embryo’'s C1C1 21,4% 35,3%
Embryo's C2C2 23.8% 27.5%

ActKIR

=8 drophoblas



http://www.lbtd.ulg.ac.be/images/embic.jpg

women with unexplained RM or RIF

have a limited inhKIR repertoire

lack of maternal inhKIR/fetal HLA-C epitope matching

Inhibition of NK
cells

may give to aborters a higher potential for
dNK cell activation, thus an increased risk
for an adverse reproductive outcome



Preeclampsia

»In women with KIR AA haplotype there is an
increased prevalence of preeclampsia

> Prevalence entirely due to pregnancies where
the fetus genotype is either homozygous C2 or
heterozygous C1C2

Hiby et al, J Exp Med (2004)

Decrease trophoblast invasion
and size of spiral arteries

> KIRZDLI1A, not KIR2DL1B, associates
with increased risk of preeclampsia
Huhn O. J Immunol. (2018)

Severe preeclampsia

no influence of HLA-C/KIR genetic
VGr‘iGTion Larsen TG - Placenta (2019)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Larsen%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=30712663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huhn%20O%5BAuthor%5D&cauthor=true&cauthor_uid=30249807
https://www.ncbi.nlm.nih.gov/pubmed/30249807

Can the detection of KIR/HLA-C
combinations be applied in practice to
diagnose the reason of abortion or
preeclampsia?



Same cell may co-express both activating and inhibitory KIRs
Different activating and inhibitory KIRs may have the same MHC ligand
Receptors of other families may also be expressed on the same cell

KIRs are expressed not only on NK but T subsets as well
The ligands of most activating KIRs are unknown

Different KIRs bind their receptors with different strength

Particular inhKIR-C interactions provide different degree of inhibition

Particular actKIR-C alleles are associated with more responsive NKs



The final NK cell action
IS the result of cumulative
interactions of different
maternal ihn and act receptors
with different
self and non-self
trophoblastic molecules

Maternal
Decidual NK cell

Inhibitory
CD94/NKG2A

‘CD94/NKG2C

"KIR20L4

‘KIR2DS

NKG2D

NKG2D

NKp30

NKp4e

Fetal
Extravillous trophoblast

HLA-E (+ HLA-G/C

leader-sequence peptide)

HLA-C {group-1 alleles)

HLA-C (group-2 alleles)

HLA-G

HLAE (+ HLA-G/C
leader-sequence peptide)

HLA-G

HLA-C

MICAB




Recommendation

RIF

Immunological disorders and thrombophilia Uterine natural killer cells
Peripheral natural killer cells
Endometrial cytokines
Genital microbiome

ESHRE guidelines

Notrecommended
Allo-Immune factors (HLA, anti-Y, cytokine and naturel killer testing) Notrecommended Notrecommended

CaIlT DETaVIOT HTOCICUonS {OUACTU TS,

ctare (Snarm

Peripheral blood cytokines

]34 L EIIET 1S 0LY TECOITIIIRTIUED

Abbreviations: L4, lupus anticoagulant; aCL anticardiolipin; 2p2GP1, anti-§2-glycoprotein 1; LA, human leukocyte antigens; HSC, hysterosalpingogram; SHG, sonahysterogram; TEO-Ab, thyroid per-

oxidase antibodies; TSH, thyroid stimnulating hormone; CGH, comparative genomic hybridization; PCOS, polyeystic ovary syndrome. Endocine o Thyoid funcion tes

Thyroid antibody testing

Isthere evidenceof an  Isthere evidencethat Isthere evidencethat Is there evidence that
association between  the association is the test result has treatment based on
the test result and prognostic value? test results improves
miscarriad € > K -+

Immune testing (human leukocyte antigen Little data

compatibility, human leukacyte antigen class II,

human leukocyte antigen-G, KIR and human

Anti-HY immunity Moderate Nodata

R - e HLA determination in women with

Possibly (metformin

[ — | amer) RM is not recommended

T ————— Nodata
Human Leukocyte Anfigen (HLA) determination in women No
with RPL is not recommended in dlinical practice. Only HLA
class |l determination (HLA-DRB1°15:01, HLA-DRB1*07 and
HLA-DQB1°05:01/05:02) could be considered In
Scandinavian women with secondary RPL after the birth of

a boy, for explanatory and prognostic purposes KIR or KIR/HLA—C Typlng IS
not suitable for diagnostic and
' ’ therapeutic purposes at present

Loss.’ KIR=killer immunoglobulin-like receptor.

HLA-compatibility

HLA class I

HLA-DR and HLA-DQ 3 o e None availabie
(maternal) = =

HLA-G

KIR and HLA-C




Use of KIR and HLA C genotyping
Selection of gametes from donor with specific genotypes

Improve the probability of a successful pregnancy

A strikingly lower miscarriage rate was reported in women with KIR-A with

partners carrying HLA-C2, who were given either eggs from donors with unknown
HLA-C status, or donors known to be HLA-C1C1

Alecsandru D, et al. Maternal killer-cell immunoglobulin-like
receptor (KIR) and fetal HLA-C compatibility in ART-oocyte
donor influences live birth rate. 2016

Another group given egg from donors known to be HLA-C2C2 (potentially detrimental)
were given ‘rescue’ medical intervention with the immune ‘activating’ hormone G-CSF .
And that strategy was also shown to produce higher live birth rates than those given
random egg donors

Cruz M, et al. Use of granulocyte colonystimulating factor in ART treatment

does not increase the risk of adverse perinatal outcomes. Reprod Biomed Online.
2019



Genetic testing for KIR/HLA-C implies that different immune therapies and
strategies may be best for particular couples

If a woman is known to be KIR-A (with inhibitory NK receptors), immune
suppressive therapy may be detrimental and contraindicated

If a woman is KIR-B (with activating receptors), empirical immune
suppression might be worth trying.

Couples with KIRA/HLA-C2 may be more effectively treated with immune

activators such as G-CSF, or even the endometrial scratch
Achilli C, et al. Fertil Steril. 2018

More studies are needed
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