
3/26/2009

1

The uterine mucosal 
immune system y

Ashley Moffett
University of Cambridge

Decidual Leukocytes

• 70% CD56bright NK cells 

• 20% CD14+ Macrophagesp g
• 1% Dendritic Cells
(both HLA-DR+ myelomonocytic cells)

• 10% T cells
• Rare B cells

Leukocytes in 
secretory endometrium

NK cells aggregate around
spiral arteries and glands
I f ti l lIn functional layer

T and B cells present in
basal aggregates

T cells and macrophages 
scattered throughout
stroma

Loke & King 1995
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NK cells in endometrium and decidua

Loke & King 1995

NK cells proliferate
IL-15

NK cells die

NK cell nuclei become fragmentedNK cell nuclei become fragmented
and ‘mulberry’and ‘mulberry’--shapedshaped

Endometrial granulocytes
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Phloxine tartrazine staining of endometrium after P withdrawal

•Caspase-independent cell death. 
•Mitotic catastrophe?

Do uNK cells regulate vasculature?

• Make many 
angiogenic growth 
factors - VEGF PlGFfactors VEGF, PlGF, 
NKG5

• Perivascular 
location

• Increased in women 
bleeding on HRT

Progesterone
secretion

Corpus
luteum

vascular 
regulators
VEGF-C?

NK cell 
proliferation

IL-15
hCG?

Stromal cells vessel integrity 
maintained

Do uNK cells trigger mucosal breakdown?

Corpus 
luteum 
dies

XX
Progesterone
secretion falls

NK cells die vascular collapse
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The Yin and Yang of the Endometrium

Decidualisation

• Endometrium continues 

Disintegration

• Endometrium breaks down at 
menstruation

to decidualise after 
~day 24 of menstrual 
cycle

• NK cells always present

menstruation

• NK cells die on day 26-27 
preceding any other change 
signifying menstruation

Progesterone
secretion

Corpus
luteum

vascular 
regulators

?

NK cell 
proliferation

IL-15
etc?

Stromal cellsStromal cells vessel integrity 
maintained

Do uNK cells affect stromal cells?

Corpus 
luteum 
dies

XX
Progesterone
secretion falls

NK cells die vascular collapse

Do NK cells aid decidualisation process?

•NK cells always integral part of decidua
•Not present in species with epitheliochorial placentation
•Not present in Fallopian tube in ectopic pregnancy
•In mice with no uterine NK cells, decidua is deficient

CD56+ uNK cell
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Paracrine effects of uterine leucocytes on gene 
expression of human uterine stromal fibroblasts

Ariane Germeyer, Andrew Sharkey, Mirari Prasadajudio, Robert 
Sherwin, Ashley Moffett, Karen Bieback, Susanne Clausmeyer, 

Leanne Masters, Roxana Maria Popovici, Alexandra Petra 
Hess, Thomas Strowitzki and Michael von Wolff

Molecular Human Reproduction 2009 15(1):39

No effect of uterine NK cells on conventional 
markers of decidualisation 

BUT 
NK supernatants cause increase in transcription 

of many genes 
including

IL-7R, IL-8, IRF-1, IL-15 and IL-15R

NK cells may affect trophoblast migration 
Express factors important in creating their own niche

Reprod Biol Endocrinol. 2004; 2: 58.
Endometrial glands as a source of nutrients, growth factors and 

cytokines during the first trimester of human pregnancy: 
A morphological and immunohistochemical study

Joanne Hempstock,Tereza Cindrova-Davies,Eric Jauniaux,Graham J Burton

NK

NK

NK
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Functions of uterine NK cells

• May have physiological role in 
regulating mucosal growth and 
breakdown by influencing function of 

l t t l ll d l dvasculature, stromal cells and glands.

• Mediate allorecognition of trophoblast 
cells and control placentation

myometriummyometrium

fetusfetus

cervixcervix
placentaplacenta

deciduadecidua

Leukocytes in 
secretory endometrium

NK cells aggregate around
spiral arteries and glands
I f ti l lIn functional layer

T and B cells present in
basal aggregates

T cells and macrophages 
scattered throughout
stroma

Loke & King 1995
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Plasma cells in endometritisPlasma cells in endometritis

Granulomatous endometritis - TB

1953

Recipient cytotoxic T cellRecipient helper T cell

CD8 T cell

Allograft

CD4 T cell

Donor MHC antigens 
Class I HLA-A. HLA-B

Allograft

Donor MHC antigens
Class II HLA-DR
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The anatomy of placental implantation
Moffett 2002  NRI

Trophoblast

NK cell

NK cell

Macrophage/DC
(HLA-DR+)NK cell

HLA class I molecules
Classical HLA           A, B, C
Non-classical HLA    E, F, G

Problems:Problems:
•Trophoblast cells in humans are difficult to isolate

•HLA-I molecules are very similar so PCR primers, mAbs etc will cross-react.

NB.  No HLA-DR  Class II molecules ever found on any trophoblast cell
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Immunology 2009  In 
press

Characterisation of one of the mAbs as an example

Trophoblast HLA
HLA class I molecules found on most 

nucleated cells

A BA B CC EE FA  BA  B CC EE F
• Extravillous trophoblast HLA class I 

molecules

CC E  E  GG
• Villous trophoblast HLA-negative
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Villus

HLA-G expression by extravillous trophoblast

Decidua

Cytotrophoblast
column

EVT

HLA-E
HLA-G

HLA-C
Trophoblast

Receptors are 
present on 
decidual immune 
cells for HLA-
Imolecules

NK cell

NK cell

Macrophage/DC
(HLA-DR+)

NK cell

HLA-E

HLA-G

HLA-C
Trophoblast

CD94/NKG2
HLA-G
dimer

ILT2HLA G

NK cell

NK cell

Inhibition of 
NK killing

NK cell

KIR2DL4
?

?

Macrophage/DC

?tolerogenic

ILT2 
(LILRB1)
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Decidua basalisDecidua basalis

CD56+ NK cellsCD56+ NK cells
greengreengg

HLAHLA--DR+ cellsDR+ cells
LILRB1 redLILRB1 red

CD56+, LILRB+CD56+, LILRB+
yellowyellow

Eur. J. Immunol 2007
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LILRB1 binds preferentially the dimeric form of HLA-G at the surface of trophoblast

A LILRB1-Fc fusion protein 
immunoprecipitates primarily the dimeric form 
of HLA-G from the surface of trophoblast

Trophoblast alloantigens

Ag uptake Ag processing
LILRB

Generation of T cell responses to trophoblast

Maternal decidual
antigen presenting cells

Ag presentation 
to T cell

HLA class II 
HLA-DR

Peptide derived
from antigen

Cytokines

Trophoblast alloantigens

Ag uptake Ag processing LILRB

Prevention of T cell responses to trophoblast  Tolerance

Maternal decidual
antigen presenting cells

HLA-G dimer

Ag presentation 
to T cell

HLA class II 
HLA-DR

Peptide derived
from antigen

altered cytokines
eg IL-10
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Red: CD56+ NK CellsRed: CD56+ NK Cells
Green: HLAGreen: HLA--G+ trophoblastG+ trophoblast

HLA-E

HLA-G

HLA-C
Trophoblast

CD94/NKG2
HLA-G
dimer

LILRB

KIRKIR

HLA G

NK cell

NK cell

Inhibition of 
NK killing

NK cell

KIR2DL4
?

?

Macrophage/DC

?tolerogenic

LILRB
(ILT2)

?cytokines

KIR2DL

KIR3DL

KIR2DS

ITIM
ITAM Killer 

Immunoglobulin
Receptors (KIR)

Expressed by blood 

DAP12

p y
and uterine NK cells

Inhibitory and 
activating receptors

Polygenic and 
polymorphic
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HLA class I and KIR:  functionally related gene
clusters exhibiting extreme polymorphism

HLA-C+ KIR2D

6p21.3MHC
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19q13.4

IL
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T

LA
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LRC

2D
L/

S

NK Cell Normal 
Cell

Dominant inhibition

iKIR HLA-C

Act. rec.

Protection

ligand

Cytokines

Missing-self 
recognition

NK Cell

iKIR

Act. rec.

HIV+

Targets
ligand

KIR regulate NK cell activity under 
normal and aberrant conditions

No Lysis
Lysis

Cytokines

HLA-C Dimorphism

Asp80

Cw1 
Cw3 
Cw7 
Cw8 
Cw12

HLA-C1 HLA-C2
Lys80

Cw2 
Cw4 
Cw5 
Cw6 
C 15Cw12

Cw13
Cw14

KIR2DL3/2DL2
KIR2DS2?

NK cell
inhibition

Cw15
Cw17

KIR2DL1 
KIR2DS1      weak

inhibition
strong
inhibition
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The AA KIR genotype

Haplotype A

3DL3 2DL3 2DL1 2DL4 3DL1 2DS4 3DL2
HLA-C1 HLAHLA--C2C2

Haplotype A

Framework genes Activating receptors Inhibitory genes

Centromere

3DL3 2DL3 2DL4 3DL1 2DS4 3DL22DL1

HLA-C1 HLAHLA--C2C2

Two representative KIR haplotypes 
of A and B type

Haplotype A

3DL3 2DL3 2DL1 2DL4 3DL1 2DS4 3DL2

C2C1

Haplotype B

Framework genes Activating receptors Inhibitory genes

Centromere

3DL3 2DS2 2DL2 2DL4 3DS1 2DL5 2DS5 2DS13DL22DS3

C2C2C1 C1

2DL1

C2

J. Immunology 2008J. Immunology 2008

Immunology 2008
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Trophoblast HLA-C
CK:redCK:red

HLAHLA--C:C:
yellowyellow

KIR and HLA-C are both polymorphic
In each pregnancy:
• KIR repertoire will be specific for each 

mother
• Fetal HLA-C (group C1 or C2) will be 

specific for paternal and maternal HLA-Cspecific for paternal and maternal HLA C 
contribution

Are certain combinations of maternal 
KIR and fetal HLA-C genotypes 

associated with failure of placentation?

Spectrum of reproductive failure during pregnancy
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Do certain combinations of KIR and HLA-C 
increase risk of pre-eclampsia?

A
A

Mother’s
KIR

A
B

B
B

25

30

35

40

e 
%

Frequency of AA Genotype in 
normal and pre-eclamptic mothers

* *P=0.035Hiby et al 2004
J.Exp Med
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A
A
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Pre-eclampsia

Do certain combinations of KIR and HLA-C 
increase risk of pre-eclampsia?

A
A

C1 C1 C1 C2 C2C2

Mother’s
KIR

Baby HLA-C

A
B

B
B
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Certain combinations of KIR and HLA-C 
increase risk of pre-eclampsia

A
A

C1 C1 C1 C2 C2C2

Mother's
Baby HLA-C

badgood bad

A
B

B
B

good goodgood

goodgood good

Two representative KIR haplotypes 
of A and B type

Haplotype A

3DL3 2DL3 2DL1 2DL4 3DL1 2DS4 3DL2

C2C1

Haplotype B

Framework genes Activating receptors Inhibitory genes

Centromere

3DL3 2DS2 2DL2 2DL4 3DS1 2DL5 2DS5 2DS13DL22DS3

C2C2C1 C1

2DL1

C2

NK cell receptor repertoire

Framework
Inhibitory
Pseudogenes
Activating

Haplotype A

ev
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00
6

Haplotypes B
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50

60

70

80

90

100

Controls
n=269
Rec misc men
n=67
Rec misc women

Recurrent Miscarriage 

Telomeric genes of the KIR B haplotype are lacking 
in recurrent miscarriage women but not their male partners

fre
qu

en
cy

0

10

20

30

40

50 Rec misc women
n=95

2DL3    2DL1   3DL1  2DS4wt 2DS2   2DL2   2DS3   3DS1    2DL5   2DS5   2DS1

%
 

P<0.05

P<0.0001

Haplotype A Haplotype B
(Hiby et al 2008)

1

Maternal KIR2DS1 frequencies are significantly decreased in 
reproductive failure

Controls
Pre-eclampsia

FGR
RM women
RM men

KIR 2DS1

KIR 2DS1 with fetal HLA-C
+C2

**
****

0 10 20 30 40 50

Controls

Pre-eclampsia

FGR

+C1

+C1
+C2

+C2
+C1**

**

**p ≤ 0.01 (comparing frequencies of affected with controls)

Certain combinations of KIR and HLA-C 
increase risk of pre-eclampsia

A
A

C1 C1 C1 C2 C2C2

Mother's
Baby HLA-C

badgood bad

A
B

B
B

good goodgood

goodgood good

KIR2DS1
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2DL1/C2 is associated with 
reproductive failure

2DL1 NK cell- -
2DL1 inhibits 
uNK functions

Mother

TrophoblastTrophoblast

Pregnancy

Fetus

C2C2

2DL1 NK cell- -+
+

2DS1

2DS1 protects against reproductive 
failure if C2 in baby

2DS1 activates 
uNK functions

TrophoblastTrophoblast

Pregnancy

Paternal or maternal HLA-C2

HLA-E

HLA-G

HLA-C
Trophoblast

CD94/NKG2
HLA-G
dimer

ILT2

KIRKIR

HLA G

NK cell

NK cell

Inhibition of 
NK killing

NK cell

KIR2DL4
?

?

Macrophage/DC

?tolerogenic

ILT2

?cytokines
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The distributions of birthweight and early mortality rate
(n=13,730)

The data indicate stabilizing selection on birth weight since the optimum birth weight is 
associated with the lowest mortality (from Cavalli-Sforza, L.L. & Bodmer, W.F. In The 
genetics of human populations. (Freeman Press, San Francisco, 1971). )
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B haplotype telomeric KIR increased in frequency in the mothers
of the large babies compared to the controls (Norwegian MoBa cohort)

*
*

*p<0.05
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KIR and HLA-C and evolution

KIR only expanded in primates

Increase in activating KIR receptors in humans

Population differences in KIR gene frequencies

MHC-C1 appears in some orang-utangs
MHC-C2 only in great apes (not orang-utangs)


