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The maternal leukocytes are in 
continuous contact with the fetal 
tissues lining the maternal vessels 
of the deciduas and placenta 

There are several sites and times at which the maternal immune system may be 
challenged with fetal/paternal alloantigens 

The fetus is a  semiallograft
half of its antigenic make-up comes 
from the mother and half from the 
father

The maternal immune system does not reject the fetus



The Immunological Paradox of Pregnancy

Sir Peter Medawar
and

Rupert Billingham



The embryo is not a transplant

• 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

• 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
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Allorecognition pathways

MHC and other molecules’ expression in trophoblast

Phenotypical and functional characteristics of the decidual cells

distinctiveness
of fetal/maternal interactions



Unlike surgical organ transplants, the 
fetal 'allograft' is recognized by  

T cells exclusively via the 
indirect allorecognition pathway 

which is considered “minor”

The allorecognition pathways are different between 
Organ transplants and pregnancy

NK cell-mediated allorecognition system in pregnancy



Fetal/maternal interface

Trophoblastic cell

Decidual Immune cells

▪Immunosuppres

sion and  

Immunomodulati

on

The fetal-maternal interface is a unique microenvironment including three 
distinct components: 
➢fetal-derived trophoblast, 
➢maternal-derived decidual stromal cells, and
➢immune cells 

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



Negative for MHC ΙΙ
Expression of HLA-C,-G,-E

Negative for MHC Ι&ΙΙ

Only extravillous trophoblast cells express 
the non-polymorphic MHC class I molecules 

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

cytotrophoblast cyncytiotr
ophoblast

villus extra 
villus

HLA-A, B,C ----- C -----

HLA-G,E,F ----- G, E,F -----

HLA-DR, DQ, 
DP

----- ----- -----

MCP-CD46
(TLX)

+ + +

R 80 K + + +

HLA Class I expression: 7th week of gestation

The unique expression of HLA molecules in trophoblasts and the interaction 
with their receptors in local immune cells are key factors for the 

establishment of immune tolerance



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



CD3-CD16dimCD56bright

hold unique phenotypic/functional properties

NKG2

KIRs

CD16

CD56

CD226

CD69

CD9

CD151

CD57
CD45

ILT/LIR

CD27

CD11b

NCRs

dNK

three main dNK subsets

Vento-Tormo  R. et al. Nature 2018 

CD49a, CD9, CD39, CYP26A1,
B4GALNT1, NKG2A, NKG2C,
NKG2E, KIR2DS1, KIR2DS4, 

KIR2DL1, KIR2DL2, KIR2DL3,
LILRB1 

CD49a, CD9, ANXA1, ITGB2, 
NKG2A, NKG2C, NKG2E

CD49a, CD9,ITGB2, CD160, 
KLRB1, CD103, 



N
K

Fu et al, Immunology,141:4,483–489, April 2014

trophoblastic HLA

decidual NK cell receptor 
interactions

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

dNK

NK cell-mediated allorecognition system in pregnancy

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

although armed with both cytolytic mediators 
(perforin, fas/fas L) 

do not kill trophoblast

in excessive Th1 (infection, inflammation) 
they become activated and cytotoxic

angiogenesis, uterine vascular 
remodelling, cell migration, trophoblast 

growth, differentiation, and invasion

regulate



activating and inhibitory receptors

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

Family Molecular 
structure

Receptors Ligands

KIR
Immunoglobulin 

superfamily

KIR2DS1, KIR2DS2, KIR2DS3, 
KIR2DS4, KIR2DS5, KIR3DS1, 
KIR2DL4, KIR2DL1, KIR2DL2
KIR2DL3, KIR2DL5A, 
KIR2DL5B, KIR3DL1, KIR3DL2, 
KIR3DL3

HLA-A,C, G, Bw4

NCR
Immunoglobulin 

superfamily
NKp44, NKp46, NKp30 Viral HA,….

ILT/LILR Immunoglobulin 
superfamily

LILR-1,2,3,4,5,6a,6b,7,8
HLA class Ia
(-G)

CD94/NKG2 C-type lectins
NKG2A/B, NKG2C,NKG2F
NKG2E, NKG2H

HLA class Ib
(-E)

NKG2D C-type lectins NKG2D
MICΑ,MICB
ULBPs



Negative for MHC ΙΙ
Expression of HLA-C,-G,-E,-F

Negative for MHC Ι&ΙΙ

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

cytotrophoblast cyncytiotroph
oblast

villus extra 
villus

HLA-A, B,C ----- C -----

HLA-G,E,F ----- G, E, F -----

HLA-DR, DQ, DP ----- ----- -----

HLA Class I expression: 7th week of gestation

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

expressed on invading trophoblast



Trophoblast

Decidual NK cell
Inhibitory and activating receptor repertoire

(mainly KIR)

Ligands of NK eell receptors
(HLA-C, G, E, F)

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 

Given the differences in both the KIR 

repertoire and the HLA-C allotypes 

among unrelated individuals, 

each pregnancy presents 

a different combination 

of maternal KIR receptors on dNK and 

self and non-self HLA-C allotypes on 

trophoblast

This combination is expected to ensure 

the appropriate receptor–ligand 

interactions to favour pregnancy



Activating→short (S) cytoplasmic tail

Inhibitory→long (L) cytoplasmic tail

FcεRI-

γ

D1

D2

D0

D2

D0

D1

D2

Killer Immunoglobulin–like Receptors  (KIR)

Transmembrane glycoproteins

Both activating and 
inhibitory receptors may  

co-expressed
in the same cell 

Activation
Inhibition

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

INHIBITORY receptors 
regulate NK activation/action

http://www.ebi.ac.uk/ipd/kir/images/figure_06.jpg


15 genes
KIR2DL1, KIR2DL2, 
KIR2DL3, KIR2DL4, 

KIR2DL5A, KIR2DL5B, 
KIR2DS1, KIR2DS2, 
KIR2DS3, KIR2DS4, 
KIR2DS5, KIR3DL1, 

KIR3DL2, KIR3DL3 και 
KIR3DS1

+

KIR family consists of

2 pseudogenes
(KIR2DP1 and KIR3DP1) 

encoded within a region 
of the LRC (Leukocyte Receptor Complex)

organized in haplotypes

2DL22DS2 2DL5B 2DS3 2DL1 3DP1 2DL5A 2DS4 2DS5 2DS1 3DL2

3DL1

2DL42DP12DL33DL3

3DS1

http://www.ebi.ac.uk/ipd/kir/images/figure_01.jpg
http://www.ebi.ac.uk/ipd/kir/index.html


2DL2

2DS2 2DL5B 2DS3 2DL1 3DP1 2DL5A 2DS4 2DS5 2DS1 3DL2

3DL1

2DL42DP1

2DL3 
3DL3

3DS1

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

2DL2

2DS2 2DL5B 2DS3 2DL1 3DP1 2DL5A 2DS4 2DS5 2DS1 3DL2

3DL1

2DL42DP1

2DL3 
3DL3

3DS1

group A haplotype

2DL1 2DS4 3DL23DL12DL42DL33DL3

group B haplotype

2DL22DS2 2DL1 2DL5A 2DS1 3DL23DS12DL43DL3 2DS5

Uhrberg et al. 1997

Wilson et al. 2000

Vilches et al. 2000

Hsu et al. 2002

Framework genes Activating KIR gene Inhibitory KIR gene Pseudogene

2DL5B 2DS3

3DP1

3DP1

2DP1

2DP1



KIR ALLELIC POLYMORPHISMSKIR GENE DIVERSITY 
variable number of genes depending on KIR haplotype

Within the human population,
KIR haplotypes and genotypes differ in their gene content,

and by allelic polymorphism at the individual KIR genes

http://www.jem.org/content/vol190/issue1/images/large/JEM990164.f6de.jpeg


KIR Expression
NK cells and subpopulations of T cells

Each NK cell clone of an individual 
does not express the entire set of 
KIR genes encoded in its genome

Possesses a diverse repertoire 
of NK cells with stochastically 
distributed KIR expression on 
their surface

Expression is under Transcriptional and post-transcriptional control

and is influenced by the presence or absence
of HLA ligand



KIR Ligands

2DL1 HLA C2 group

2DL2,3 HLA C1 group

2DS1 HLA C2 group

2DS2 ?

2DS3,5 ?

2DS4 HLA-A*11 and some
HLA-C1+C2, HLA-F 

2DL4 HLA-G

2DL5 ?

3DL1 HLA-Bw4

3DL2 HLA-A3, A11, HLA-F…?

3DS1 HLA-B (Bw4) ?

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

HLA C1 group: C*01, C*03, C*07, C*08, C*12, C*13, C*14, C*16:01/4

HLA-C Asn80

HLA-C Lys80

HLA class I molecules

KIR2DL1
KIR2DS1

HLA-C2 

KIR2DL2/3 HLA-C1, 
Β*46:01, 73:01
HLA-C2 low affinity

KIR ligands

KIR3DL1 HLA-Bw4

HLA-C are the ligands 
for most of the KIRs



Hierarchy 

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

P. Parham, Nat Rev Immunol 2005

KIR2DL2- HLA-C2 weakly

KIR2DS1-HLA-C2 



KIR / HLA-C interactions seem to play a role in 

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

Reproduction



Specific HLA antigens/alleles

HLA couple sharing 

HLA mother-fetus sharing

HLA-C/KIR interactions

trophoblastic HLA

decidual NK cell receptor 
interactions

Have been associated with pregnancy outcome and risk of complications

HLA involvement in reproductive success



The immunological hypothesis

HLA Compatible embryo

HLA Incompatible embryo

Insufficient antigenic stimulus for 
maternal response to enhance pregnancy

Sufficient antigenic stimulus for maternal 
response to enhance pregnancy

The genetic hypothesis

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

Pregnancy complications



dNK
Inhibitory 
receptor

Activating
receptor

Trophoblast cell

MHC class Ι

Trophoblast cell
dNK

Inhibitory 
receptor

Activating
receptor

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

KIR/HLA-C allorecognition system in pregnancy
(Varla-Leftherioti, 2004)



HLA in RIF

Creus M, et al, 1998
Ho HN, et al, 1994

Balasch J, et al, 1993

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

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

* DQA1*05:05 sharing

* Ober C, et al, 1993

* Check JH, et al, 2001

* Jin K, et al , 1995

Kolmos et al 1977
Gerenceret al 1978
Reznikoff-Etievant et al 1984
Unander et al 1983
.............

Oskenberg et al 1983

Mowbray et al 1983

Thomas et al 1985

Christiansen et al 1989

..........

HLA in RM

11th IHWC (Yokohama 1991)

Kwak-Kim et al 1990

Kwak et al 1991

Ober et al 1991,1993

13th IHWC (Victoria 2001)

14th IHWC (Melbourne 2005)

Aruna et al.                  2011 

Thomsen et al.             2021 

HLA involvement in reproductive success

Increased HLA sharing 
in couples with recurrent spontaneous 

abortions (RSA) 
Komlos L et al, 1977

large number of studies with 

controversial results

’70s

15th IHWC (Bouzios 2008)

HLA sharing story

HLA- C group sharing



Controls 6/36         
16.6%

Auto 
RPL

14/58         
24.3%

Increased DQA1*05:05 sharing in RM 
couples with women having autoimmune 

disturbances

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

Keramitsoglou et al., 2004                                                                                                   
(86 RSA  couples)

Controls 48/182         
26.37%

Auto RPL 16/68   

24,6%

Varla-Leftherioti M et al 2010
(185 RSA couples)

In RIF couples no difference were found in 
allele sharing between partners compared to 
the controls 

31 RIF and 31 Controls HLA-A*, -B*, -C*, -DRB1*, -DQA1*, -
DQB1* typing

0 1 2 3 4 5 6 7 8 9 10-
12

3

Controls 12.9 22.5 22.5 22.5 16.2 3.2 3.2 45%

IVF 18.7 31.2 25 6.25 6.25 6.25 6.25 25%

Controls 5,5%

RIF 10%     

DQA1*05:05

No of failures:
all: 5.7
DQ compatible: 7.6

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

immune aborters

HLA in RIFHLA in RM

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


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

RSA:C1C1 59.7% vs C2C2 74.02%,
RIF:52.1% vs 62.5%,
SUB:47.2% vs 69.4%,
SEC:60% vs 70%, 

but not in the group of fertile couples (C1C1: 60% vs C2C2 40%)
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C1C1

C2C2

74,02

62,5 69,4 70

40

59,70
52,10

47,20 60,00
60,00

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

80,00

C1C1 vs C2C2 embryos

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

LISBON EFI 2019

34.75.3yo 

37.34.2yo 

37.04.2yo 

35.24.5yo 

260 subfertile couples 

HLA-C



Preeclamptic pregnancies show
a tendency of higher maternal-fetal 
HLA-C, HLA class I, and total HLA 

matching, compared to
uncomplicated pregnancies

van ‘t Hof LJ, et al. Maternal-Fetal HLA
Compatibility in Uncomplicated
and Preeclamptic Naturally Conceived 
Pregnancies. Front. Immunol. 12:673131 (2021) 

Preeclampsia



In a recent large case-control study it was found that the HLA-DRB1*07 allele 
was highly significantly associated to RM 

Thomsen C.K. et al. Journal of Reproductive Immunology 145 (2021)

1078 Caucasian women with RM 
2066 controls 

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

A prospective study (n=358) provided 
evidence that women with secondary 
RM after the birth of a boy have a 

significantly lower (22%) subsequent 
live birth rate when they carried one of 
DRB1*15:01; -DQB1*05:01/05:02 and -

DRB3*03:01 alleles, 
known to predispose to clinically 

relevant anti-HY immune reactions 

Specific HLA antigens/alleles



• 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-G*010101 and paternal HLA-G*010102 alleles are 
associated with RIF risk compared to other alleles

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 
implantation rate and pregnancy rate

Ziru Niu et al. Reproductive BioMedicine Online (2017)

Hu L,  et al. Front. Immunol (2022)

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)



T. Meuleman et al. / Human Immunology 76 (2015) 362–373HLA associations and HLA sharing in recurrent miscarriage: A systematic review and 
meta-analysis

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



In Oocyte Donation pregnancy, the 
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 higher number of HLA class II mismatches, and specifically HLA-DR 
mismatches, is associated with a higher chance of developing preeclampsia in 
OD pregnancies

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)

van Bentem K. Journal of Reproductive Immunology (2019)



trophoblastic HLA

decidual NK cell receptor 
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 )

HLA-C/KIR interactions



Díaz-Peña RJ  Assist Reprod Genet. 2019 May;36(5):827-

835

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

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                     

NK

RSAfertile

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

2DL3

2DL2

C* 06:02

C* 02:02

dNK 

2DL3

TROPH

2DL2
dNK 

C* 12:03

C* 07:01

spontaneous
abortion

elective
abortion TROPH

Varla-Leftherioti et al, Am J Reprod Immunol (2003)

NK



Varla-Leftherioti et al Tissue Antigens 2010

an imbalance in favour of activating KIRs

and/or 

lack of specific inhKIR/HLA-C interactions 
in the presence of specific actKIR/HLA-C 

interactions

Aborters (allo) 1.9
RIF                  1.9
Fertile             2.6

inhKIR/actKIR
RM and RIF

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


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

extra activating KIR/s of the haplotype B

Varla-Leftherioti et al Tissue Antigens (2007)

B haplotype

2DL22DS2 2DL1 2DL5A 2DS1 3DL23DS12DL43DL3 2DS5

A haplotype

2DL1 2DS4 3DL23DL12DL42DL33DL3

Haplotype ?

2DL1 2DS4 3DL23DL12DL42DL33DL3
2DS2

2DS5

Telomeric part

RM and RIF

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


D6.17 Maternal KIR repertoire and 

KIR/HLA-C recognition model in early 

pregnancy and implantation failure

(Teams 1b, 21)

All subjects were treated in Obstetrics and Gynecology 

Departments of “Helena Venizelou” Maternity Hospital and 

written informed consent to participate in the study was 

obtained. All study participants were Caucasian.

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 
(strong inhKIR)

+ -

Limited inhKIR 
repertoire

+ -

KIR2DL3-C1

Weak inhibition
+ -

KIR2DL1-C2  

Strong inhibition
- +

Embryo’s C1C1 21,4% 35,3%

Embryo’s C2C2 23,8% 27,5%

The results support the 
hypothesis that if trophoblastic 

HLA molecules are not 
recognized by dNK cell 
inhibitory receptors,                                      

the activation of NK cells is not 
inhibited and they attack 

trophoblast

uNK
InhKIR

ActKIR

Trophoblast

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

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


KIR2D

L1-C2

KIR2DS

1-C2

KIR2DL

3-C1

Lower 

KIR2DL1 inhKIR 

without HLA-

C epitope 

matching

Activation 

of ΝΚ cell

Inhibition of NK 

cells

have a limited inhKIR repertoire

lack of maternal inhKIR/fetal HLA-C epitope matching 

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

for an adverse reproductive outcome

women with unexplained RM or RIF



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

Decrease trophoblast invasion 
and size of spiral arteries 

Hiby et al, J Exp Med (2004)

no influence of HLA-C/KIR genetic 
variation Larsen TG . Placenta (2019)

Severe preeclampsia

➢ KIR2DL1A, not KIR2DL1B, associates 
with increased risk of preeclampsia

Huhn O. J Immunol. (2018)

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? 



KIRs are expressed not only on NK but T subsets as well

Same cell may co-express both activating and inhibitory KIRs

Receptors of other families may also be expressed on the same cell

The evaluation of KIR-HLA interactions is difficult

Different activating and inhibitory KIRs may have the same MHC ligand 

The ligands of most activating KIRs are unknown

Different KIRs bind their receptors with different strength

Particular actKIR-C alleles are associated with more responsive NKs

Particular inhKIR-C interactions provide different degree of inhibition



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



RM RIF

KIR or KIR/HLA-C typing is 
not suitable for diagnostic and 
therapeutic purposes at present 

Recommendation

HLA determination in women with 
RM is not recommended 



Use of KIR and HLA C genotyping  

Selection of gametes from donor with specific genotypes 

Improve the probability of a successful pregnancy

?

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

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

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 

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



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

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

More studies are needed
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