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The immune paradox of pregnancy
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Immunology of pregnancy;

influx of lymphocytes in the endometrium
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Immunology of pregnancy;

Implantation of the blastocyst
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Immunology of pregnancy;

Immune interaction lymhocytes trophoblast cells
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Immunology of pregnancy;

Immune interaction lymhocytes trophoblast cells
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Recognition of trophoblasts by NK cells
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NK cell receptor repertoire:
a balance between inhibitory and activating signals

Inhibitory receptors

Killer Immunoglobulin-Like

Receptors (KIR):

- KIR2DL1 (HLA-C2)
- KIR2DL2/3 (HLA-C1)
- KIR3DLA1 (HLA-Bw4)

Lectin-like receptors:
- CD94:NKG2A  (HLA-E)
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Activating receptors

Natural cytotoxicity receptors
(NCR):

- NKp30

- NKp44

- NKp46

Lectin-like receptors:
- CD94:NKG2C  (HLA-E)

-NKG2D (MIC)
Activating KIR:

- KIR2DS
- KIR3DS
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NK cell regulation

* Uterine or decidual NK cells have a key role in early pregnancy

* Activity is tightly regulated

* Major role for activating and inhibiting KIRs expressed on NK cells
* KIR AA and HLA-C2 combination associated with complications

Normal development of Prevent cytotoxic
the fetus and protection function and too
against pathogens extensive EVT invasion

1

ACTIVATION INHIBITION
RECEPTOR-LIGAND

NK CELL

Hiby et al. J Exp Med 2004, Hiby et al. Hum Reprod 2008 , Hiby et al. J Clin
Invest 2010, Hiby et al. J/ 2014 Radboudumc



Access to the non-pregnant uterus

Menstrual blood
source endometrial cells

human X .
l reproduction ORIGINAL ARTICLE Reproductive biology

S
Menstrual blood closely resembles the //
uterine immune micro-environment
and is clearly distinct from peripheral
blood

R.G. van der Molen"* J.H.F. Schutten!, B. van Cranenbroek!,
M. ter Meer!, ). Donckers?, R.R. Scholten?, O.W.H. van der Heijden?,
M.E.A. Spaanderman?23, and I. Joosten'
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Materials and methods

25 females

Menstrual blood Peripheral blood
source endometrial cells

5;{;% * Flow cytometry: NK cell receptor (NKR) expression
(3 different panels with each 10 Abs)
* HLA-C genotype (PCR-SSOP)
* anti-CMV antibodies (plasma; chemiluminescence
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More NK cells, of bright phenotype, in endometrium

100

PBMC MMC

NKbright : 4,37%

10]-.1

1074

10

INKbright : 70,21%

© ©

8 10° (o]

O NKdim : 92,57% 8 NKdim : 27,53%

0 0
0 1(l)° 16‘ 1;)’ 10 l‘) 16" 1ll)' 1;)‘ 100
CD16 CD16
NK cells & NK bright cells + NK dim cells
+ Kkk 8 Hekd (Lro) ok
g 100 — ' ' g 100 — ' Qf@l 8 100 — 1
o e 8 e ShEs s o | B
= o O %0600 a & oo
00
O @60 uw— 60— (@) °
+ oooooo o) e 60 -
© . o . -
A 40 —8Ze— g 40 & 40
| ee__ @ o o — — 0,00
c&i 20 g%osge 3 20 = 0 0990
8 0- T & 0- , (_.3 0 I
X K
Feyaerts et al, Hum Reprod, 2018 Wilcoxon-Signed Ranked test RadbOUdU mcC



NK cell receptor expression

pbNK

eNK

CD56

CD56
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eNK cells contain more NKR expressing cells

% NKG2A+
of total NK cells

% KIR2DL2/L3/S2+

%KIR2DL3+
of total NK cells
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KIR repertoire does not differ over consecutive
menstrual cycles
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eNK cells have a distinct NKR expression pattern
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eNK cells have a distinct NKR expression pattern
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eNK cells co-express multiple NKR
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eNK subpopulation expansions
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Tissue-specific eNK subpopulation expansions,
independent of HLA-C and CMV

Donor  Expansion CMV HLA-C Self-specific KIR
seropositivity expansion?

A: Endometrium

MBCl4 NKG2A+LILRBI+ KIR2DL2/L3/S2+ - C2C2 No
MBC31 NKG2A+LILRBI+ KIR2DL2/L3/S2+ - cic2 Yes
KIR2DLI/S1+
MBC33 LILRBI+KIR2DLI/SI+ NKG2C+ + C2C2 Yes
MBC34 NKG2C+ + cic2 No
MBC40 null - CIClI No
MBC46 NKG2A+LILRBI+ - CIClI No
MBC50 Null KIR2DL2/L3/S2+ - Cc2C2 No

B: Peripheral blood

MBCIl4 LILRBI+ LILRBI+ KIR2DL2/L3/S2+ - C2C2 No
MBCIl6 NKG2A+NKG2C+ LILRBI+ KIR2DL2/L3/S2+  NKG2A+LILRBI+ NKG2C+  + CIClI Yes
NKG2C+
MBCI19 LILRBI+KIR2DLI/SI+ NKG2C+ + C2C2 Yes
MBC27 KIR2DL2/L3/S2+ NKG2C+ LILRBI+ KIR2DL2/L3/S2+ ? cic2 Yes
NKG2C+
MBC33 LILRBI+KIR2DLI/SI4+ NKG2C+ + Cc2C2 Yes
MBC34 LILRBI+KIR2DLI/SI4+ NKG2C+ + cic2 Yes
MBC35 KIR2DL2/L3/S2+ KIR2DLI/S1+ + cic2 Yes
MBC48 KIR2DL2/L3/S2+ KIR2DLI/S1+ LILRBI+ KIR2DL2/L3/S2+  LILRBI+KIR2DL2/L3/S2+ + Cc2C2 Yes
KIR3DLI/SI+NKG2C+ KIR2DLI/S14+NKG2C+ KIR2DLI/S1+ KIR3DLI/SI+
NKG2C+
MBC50 KIR2DL2/L3/S2+ KIR2DLI/S1+ - Cc2C2 Yes
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analysis
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Higher diversity in eNK cell population

CD56

Feyaerts et al, Hum Reprod, 2018 Radboudumc



CMV has no imprint on eNK cell phenotype
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HLA-C genotype does not influence KIR expression on eNK
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Pregnancy trained memory eNK cells?

Immunity

Trained Memory of Human Uterine NK Cells
Enhances Their Function in Subsequent

Pregnancies

Graphical Abstract
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Highlights
e A unique subset of human natural killer cells exists in
repeated pregnancies

e These NK cells, termed PTdNKs, express increased amounts
of NKG2C and LILRB1

e PTdNKs secrete increased levels of IFN-y and VEGFq; the
latter supports vascularization

Gamliel et al., 2018, Immunity 48, 951-962
May 15, 2018 © 2018 Elsevier Inc.
https://doi.org/10.1016/j.immuni.2018.03.030
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In Brief

Natural killer cells are present in the
human decidua, regulating trophoblast
invasion and angiogenesis. Here, Gamliel
et al. report on a special subset of human
decidual natural killer cells, which
“remember” pregnancy and better
support subsequent pregnancies. This
might explain why first pregnancies are at
increased risk of developing diseases of
poor placentation.
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Pregnancy trained memory eNK cells?

LILRB1
@ 100 ; D
= 0.2162 03215 | 0.0545 0.2669
(& ' ' —_—
X 80 ° i s 07 e
) I o | ° 52 40
(&) 60 - H H T &
o i 00 : o) o
§ oS0 BE ISd e o %% X 8 §2 3 | ns
40 0o0 ! 0ga : T o S E %=24.

=
E 5 gg {05 9% iS5 9 =5 §2 20 - .
= - o i 20 x=14.
8 207 jo  ©o50 P P00 o0 o © o 0° & 10 o | | |
0 55
Q 9 2 1| | I
&) T T T T T T T T o 0 I EEESESEEEEEEEEEEENENHS®SHSNSHSH;H:N}

ééb ¢e% ‘s\ \§" S" S" \S\ \g\ © ooooooooooo111?.11334444444445

2 G G QC’ QC) &0 &0 Gravidity
ol &F <¢ ¢
P <

Feyaerts et al., In preparation

Radboudumc



Conclusion

Pregnancy

NK cells in endometrium have unique, tissue-specific phenotype,
independent of CMV status and HLA-C genotype,
but influenced by previous pregnancy
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