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Immunologic aspects at the feto—maternal interface
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II. &4 (Implantation)

Blastocyst& 9 318l¥ trophectoderm o 2 5-E
trophoblaste ¥ =29 E3& s&d 1) 4
syncytiotrophoblast2 E31sta} giwte] g B
(2/3)% AAsEA maternal decidua 2 YA %
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III. Immunologic aspects at the feto-
maternal interface

BotR A ARA Y WYy 7] o] s}l
s, FH A= ejo}E 'semiallogenic graft' @i
A 2Z+3led graft versus host reactione}@ts o]
™ 9 (transplantation immunology)2l A oA o]
faeigoy HZ FHL ojd: 24, Hd
2% (immunomodulation) 2 2 A3l st3 )
FHY o)A Yr| AT U2 EJEET 1) 2A
decidua$t #3332 U+  trophoblast® MHC
(Major Histocompatibility Complex) Antigens®
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o) BolsA ttE 1 2)invasiondt= trophoblast
o] Mg decidua®l ®WY wkEo] foreign bodyell
g 292 (immunodystrophism) B otE T4
z meolA Yh-g-(immunosuppression)eltt 2 8]
& trophoblasts® A%, F& =gFE 7™
(immunotrophism)E°] EF 7 &3t o|F
oA E F%3F WYZA(immunomodulation) 2 &
74X 3) graft versus host reactions]A 7+
293 cytotoxic T celld 7]%5°] A9 g1
decidutl ol A} trophoblastel & F8 & 3t
NK cell2A]
adaptive immunity®.T}E innate immunity7} F
" 71Heg 2&3dds FECT

A7A ol Azt AR wWHEHH 7A
9 %A WEES 1 Fadd AxEe= 7
€38zt g},

¥ immune competent cell

1. Major Histocompatibility Complex(MHC)
Antigens of trophoblasts

1) Trophoblast expression of Major
Histocompatibility Complex Antigens
Major Histocompatibility Complex (MHC)

Antigens(class I, O, 2] t}d o] o]4A] host
ZRE WY ARMS L doyAse F AU
o} trophoblastsE® 2% class I o E#deo] gl
class 1¥ villous cytotrophoblasts (syncytiotro—-
phoblasts)ol Al EAEHA ¢ EVCTAAR &
gy}, (Tablel) =&t  EA deciduaxe
syncytiotrophoblasts& non-selfglx 1432 &
3 EVCTolM EZESHE classical class 19
HLA-C, nonclassical class 1¢] HLA-E, HLA-G
9} decidual NK cell 2] A3 #A7F elop2 A3t
Ao st o] Y P9de

2) Functions of trophoblast HLA class I
antigens

HLA-G7} EVCTolAMzt EoldtA 2EHY
monomorphic3t22 2A|7} ®BlolE non-selfgt il
Aalatx] Ede FIEE e AoE dFEHA
goy?  opzxztx EVCT7F @8t HLA-C,
E, G9 71%5& 333 #HEHA &sked ol &9
ZTERES BA T cell ligand 4 HLA-A,

92 Zadx ¥ 45 4 Ach(Table
2) watA HLA-C, E, G E% Zd¥3 &= decidua
4] immune competent cell& T cell 2t NK
cell °] 38 9885 ddn Lojx 1 Utk

HLA-C : HLA-ABRUT less polymorphic3}il
T cell recognition molecule24 &A% & <oFaA7t
polymorphic paternally—-derived HLA-C molecule
o] allo-recognition®] 3] F83 3 imprinting
HAE gt

HLA-E : endoplasmic reticulum(ER)Wol A Tt}
& HLA class 19 signal peptides 7} load S %
& o AXFH LIS (HLA-C,G ¢ signal
peptide7t HLA-E peptide-binding sitedl] & %73
o2 & 2+r}) minimal polymorphisme 3
9l o}.(Figure 1)

HLA-G : ©& HLA class I Antigeng3# &
HoZ ofF {AMstL
(monomorphic)& Z3 $12™ imprinting= A &
3 specific CD8" T cell function FAHE {2
o}

negligible polymorphism

3) Leukocytes in the uterine decidua
Decidual NK cell ( CD56 "™ (D16 Large

Granula Lymphocytes : LGL)<& implantation

Class I MHC antigens

Class IT MHC antigens

present on most cells

expressed by far fewer cell types
(including macrophages)

recognized by T cell with CD8

recognized by T cell with CD4

cytotoxic or suppressor T cells

T helper cell

syncytiotrophoblast

no expression

no expression

extravillous trophoblast

HLA-G, C, E

no expression

Table 1. Expression of MHC antigens from 2types of trophoblasts
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site2]" decidua basalis®ll A
peripheral blood NK cells( CD56 4™ CD16")%&
tt2t}. NK cell isolated from fetal livers]
phenotypic features®} ®o| H|&x3dld AL A4
u}$- o] 2 A7} 2 €l (even before appearance of T
cells) EAdtE 2oz I8A Y HolREAL
AHol A innate immune system® F8 g&&

Lia=)

58 ol

Figure 1. The ABC..E of NK cell tolerance to self.

4) NK cell receptors for HLA class I
antigens

Decidual NK cell®] F# effector function<
cytotoxicity < cytokine A S EA receptors
for MHC class I antigenso] 2l3] ZAdgr}. 3
structurally distinct families®] receptors°] UL

o o]EL subsets of NK cellsd] FE
(overlapping)do] HE3AEY. =, & NK celld]
SAel 271 EE&  Zeolide KIR  and/or

CD394/NKG2 and ILTE ZHA 4.

HLA-C KIR

HLA-E CD94/NKG2

HLA-G ILT4(+ILT2)
KIR2DL4

Figure 2. Decidual NK cell recognition of trophoblast HLA
class I molecules

KiR(killer cell Ig-like receptors) :@ 2
(KIR2D) or 3(KIR3D) Ig-like domains$]
extracellular domains€ a2 KIR2D

receptor 7} 2 groups of HLA-C allotypesS ¢!
A FEsidct. Cytoplasmic domains®] % 5o
Wz Z, KIR2DL : with long tails containing
immunoreceptor tyrosine-based inhibition motifs
ITIM)# KIR2DS with short tails which
with ITAM(immunoreceptor
tyrosine-based activation motifs) containing
DAP-122 A inhibitory or activating formsel Z
A=}, (Figure 2, 3)

CD94/NKG2 heterodimers invariant CD9%4
9} small NKG2 family® +4 ¥ heterodimer®
A HLA-Eol th& higher affinity® %32 ith
CD94/NKG2A ¥ inhibitory signalg& A3ty
lysis® %3 CDY94/NKG2C2 activating signal&
Ag3s  transmembrane region?
residue®]] ITAME ZE39lE) signalling
molecule ¢1 DAP-12 7} associate Ho] N&Ag
£ 3.

associate

charged

HLA-C, E, G

HLA-A, B

Low surface expression
Few alleles
Polymorphism not concentrated
at antigen-binding aite polymorphism

to HLA-C but not to HLA-G

Reactive T cells occasionally demonstrated

High surface expression

Many alleles

Polymorphism concentrated at
antigen-binding site polymorphism

Reactive T cells readily demonstrable

Table 2. Characteristics of HLA-C, E, G compared with HLA-A, B
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HLA-E% 9] binding affinityE® #$3lE Qxtz
£ 1) CDY94/NKG2C =r} CD%/NKG2Ad 7
£33 2) sequence of the bound HLA-derived
signal peptide] we @A oE class I
derived peptide®t} HLA-G dervied peptideZE
HLA-E¢| loading #-& ® highest affinity7} ¢l
o} ®(Figure 2,4)

ILT(Ig-like transcripts) family : activating
and inhibitory forms 9] Ig domains$& 2t3 g1
KIR¢}= 24 monocytic leanage, B cells, NK,
T cell subsets?] 2 B3 9X ILT2, ILT4 ¥
57 HLA-GE X &% broad range of HLA
class T molecules® A& 3t} (Figure 2)

Cwn Cn

eC C »

18? C v é"
x &‘ﬁ
- 4

% %

i i

i -
TTAM FYTAM % ITIM

DAP12 DAP12

Inhibitery KIR Activating KIR KIR2ZDL4

Figure 3. Structures of KIR

Cp94 NKG2A Chs4 NKG2C
[ DAP12
2 1=
ITIM mam
Inhibitory Activating

Figure 4. Structures of CD384/NKG2

5) Interaction of uterine NK cells with
trophoblast HLA class I antigens
Allorecognition 580°] Sl T cell# NK cell
T EHolR A AWM E NK cello] FH 7%
€ @da 9AAzZ Uo¥ @2 EVCTY
HLA-C, E, G X383 NK cell 99 o]E9] o
%t receptor®t®] interactionol] ¢jsle A3
invadion®] Z7EX i spiral arteriole remodeling

S 58 RA) 8do] golAR FEI FIFH
A e At

Al 8 - 105} peripheral blood NK cell®]
5-20 % clAMgte] (2 HLA-C allotype® Z g3t
+) KIR2D7} @@= w3l decidual NK cell
M 50 -80 %A} EHEL  peripheral
blood NK «cell Xt decidual NK cello)
trophoblast®] HLA-C recognition®] © #Ag&
& & Atk 9 (o] KIR2D specificdt mAb
GL183 and EB6E At&3te & 5 Ut}

Loke $7¢ ®B1o) 93w 5% olie
decidual NK celldlA] HLA-E tetrameric
complexsl ZAIE 3dn ol CDYWM W

monoclonal abtibody(mAb)el & A=A =} &
Z HLA-EE & HLA class 1 molecule £9
BEASE A¥sA JehFE Sy
(sentine molecule)g dctm  FYTH =@
HILA-G-derived leader sequence® 7lA 1 Y&
HLA-E7} 2 A§%o] ZAsithes 9= decidual
NK celle] HLA-G+ trophoblast& <% 3}A 214
a1 ¥hg-3oiE FEoltl. HLA-GS EolstA &
38 NK cell receptors i &7 oj# &4
ILT49 ZA¥sln 1% =9 LT2H=E AY
Aoz &#A A% a3y ILT4, ILT2
HLA-G signal %9°] o}d broad specificity
Zn ez HelmAY AWM HLA-G
NK cell BtH= decidual macrophageo] o 3t
47t o 2 %= ? AHAIZdE& HLA-G7}
KIR2DIA4 ¢ Z3jtgo] wARAUE® KIRZDLA
£ Y& HLA class I molecule® transfection®
cell& killingdtA¥ HLA-GE transfection®
target cell® 21 killingo] A A E© . KIR2DIA &=
TxHo 2 E KIRFE 29 149 ITIME 71
I 919} inhibitory, activating 7154 o9& 4 )
£ “schizophrenic function” & 7FA 2 U&d =

do flr fu

o o o

FEHEFA =3I Eolsl4  de g§&
overlapping NK cell subsetdlx] F &=L}

KIRZ2DL4 £ %7]9A1A} decidual NK celloll A4 g+
EHHI blood NK celldl e H@EA ged,
# % decidual basalis®} A 2] KIR2DL4® HILA-G

o 45Age] ©E A7, FEHE T Ro)
‘:}_‘ll),IZ),IS)

6) Functional Implications

a. Decidua W  CD9%/NKG2Z EHo)
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up-regulation® $1&22 HLA-EE E#3:= A

E2 Z¥ F 2 killingel AXHEH
deciduatiel Sle AZHNEE ¥ F£ U=
fail-safe mechanisme2 9AXv A= HLA-E
£ survival molecule2 Z&3tE Ao|t}

ole

b. ETHE trophoblasty survival 7]
decidual NK cell& HLA-Eo| 93 HLA-G
leader sequence’} presentation g & 2 4]

trophoblast®] HLA-G E3 & ZAE £ Yz
HLA-G+ monomorphic3ts killing®®] @&+=t},

%, HLA-G= ¢4l9] A= invariant 'fetal’
signaldl Zelt})

c. HLA-C® Zgste KRS 7%
inhibitory ¢} activating % olx 7]%o]
dominant ¥AE o}d Rzm it FARGE
HLA-C2l polymorphismo} 7}% ZQagdd =
Aol KIRY genotype < 770 vt} tf g Ro|
22 717te] %7 A &%= 2A NK celld
genotype® HlololA EHE & paternal HLA-C
allotypedll @A @2td Rojrh

d. Loke $”¢ B:o]A HLA-class I mole-
cules, HLA-G, CD9%4/NKG2, ILT2 and KIRo}
¥ mAb(monoclonal Ab)E £A3ld] normal

trophoblasts & S A1 A H3te o
(cytotoxicity assay) trophoblast lysis7} A& o
o1tz el NK  cell recognition of

trophoblast ® survivald]l HLA-GE& u| &3 &
HLA class I  molecule®lyd  receptor®
wte] o ol2jo] & effector functions®] 7hs
4& AANTAT. Ashkar
A}l NK cello] A48+ Interferone- 7 7}
o B RAT AR A
o] HEPdE BIE YL 1)
infectionA]  cytotoxicity H®t}E NK  cell
cytokineo] 9] & mediateB e A 2) miced o]

14 -
EY2  micedl

ErE=3
spiral artery 7]
viral

€% NK cell-mediated allorecognition
HelAl NK cell cytokineo] {1 7-$ donor
cell engraftment’t <¢rEl3  ‘rejection’ BT}

t 4 %€ v"Fo ¥ o trophoblast HLA
class T molecule o] NK cello] #-¢3 F A
33t cytokineEol W@ A7) 2 £Ho) 2
Aot & Aot}

2. The Th1/Th2 balance
Z2ko] Al2E m decidua W Thl/Th2 balance
T YAI1HQ Thl bias®! A7t Ha ol F2

TNF-e 9 & 939 intrusion, invasion ¥
o] ety ol AYPHWA Th2-type cytokine
bias2 shiftdth. ©]¥ Th2-type cytokineE o]
decidua } macrophage, NK cellEo] 2#-£3
24 inflammatory and cytolytic activity® =&
3tAl 5=49 Thl-type cytokineEe] %7] ¢4l
2z AFE 713 34 A5 fuaHEAy
& olm F319] A ojry,

olm] & el ulel o] Thl cell& IL-2

IFN-ry, TNF-e¢%€ BH|389 cytotoxic
immune response ¢ macrophaged] 93k

inflammatory response® €278 Th2 cell®
IL-4, IL-5, IL-10, I.-13 < #4359 humoral
immune response®} allergic  inflammatory
response® A= gch prevailing cytokine
environmentdl W2t &, IL-12, [IFN-7 & naive
T cell(Th0)& Thl cellZ, IL-4% Th2 cell2 &
gslA g, YAIAl  pregnancy-associated
hormons¥ proteinE9] 9# o2 A Th2 shift7}
A71EA BE3 AEEAE AT 1)
progesterone, estradiol, PGE; $°¢] Th2 shift&

Fadle IL-444¢ BAsx, E3 PGE, &
IL-128 inhibitd}2 T cell® F#3}A7|9
macrophageZF-E12] 11.-10 A& Z7iNPo=z

A Th2 shift o A zF&gdcn dAd dx 2)
gene PSGl1°] encodingdt:= pregnancy specific
glycoprotein®] monocyted] IL-10 AA-& Z7}A
71% 3) placental protein 14 $©] T cell 24 &
IL-2 4% JAZTT g4 A Hode
Interleukin-18¢} naive T cell(Th0)2] Th2 cell®
£3E #5319 innate immunity ¢ Thl- and
Th2-driven immune responsesE &3&:
uniquedt cytokine22 B31® @ u} gloy A
Al Ejo} AT AWM Hd F& A7 o)
Folzof gt}

3. Lowered complement activity
Trophoblastd] ¥WHel XEH¥E  paternal
antigen® 2| antibody isotypeo] ZA%EA =
H  complement cascade’} AlEEHo TAHIE=
complement®] &3 Ajxeto] g 4 vt 1
gy o]ZHH RIHE 71de F MXE 1)
membrane  complement protein(MCP) 7}
complement®] antibody binding site$ block3}#
v 2 factor(DAF)7}
complement FNAPRoR

decay  accelerating

destruction rate®
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trophoblasts7} 232 4 ot 7 (Figure 5 )

Sl
‘/ DAF
M !
mes,, Maternal
@ |
¥ % ‘
A o
g Foatal
e Syncytictrophoblast pant of the
Mesenchyme placenta
Figure 5 A potential role of complement-inhibitory
mechanisms.

4. Indoleamine 2,3-dioxygenase(IDO)
IDOE= immune cello]A]
tryptophang 3384 immune cell€ inactivate

Aoz d#HA o

mice®] maternal

5. Hormones

Placental progesterone < Ejo}2.H|7+ A WHo|
] decidua LIF(Leukemia Inhibitory Factor) A
A& F7HA19]3 Thl/Th2 balance® Th2 shifto)]
#ojgn geix Yo

6. CD95 and its ligand

Trophoblast’t A4 &= CD9%  ligand’}
decidua W T cell CD9%59) Z¥3tY apoptosisS
dozlezx BEdE 4 Yop?

7. Annexin I

Trophoblast?t A8+ Annexin I 7} =A
lymphoproliferation 3} IgG, IgM &4] & 9%
224 placenta® B3 @ctn masEgn ¥

8. Others

1) Hidden trophsblastic antigens : Fetal-
antigen-specific blocking antibodies, fibrinoid
material or sialomucin %$°| Ho} F9E& BF

3t3 QI anti-idiotypic antibodiesE& Ejo}
g de] i3 =2 A antibodiesEE block gt}
deA gl #

2) decidua°ld 2¥=+= Leukemia inhibitory
factor(LIF)$} trophoblast receptorzte] @A €

OFRAZE AHeN WHr|HRTIE FHF =4
vl #o&A T Thl/Th2 balancedl &= #H3}e
Aoz AAIH.

III. Conclusion

BolZ A7t AWM AL FY o4
Hoojaos g2 A T cell systeme] ofd NK
cell allorecognition®] 2% 7|3 (complement=
#od)oln EVCTZF ¥d3sE HLA-C, E, G &
359 NK cell receptorE3 A5 @A77} 2 8
Aolt} ligand 9 receptorE9l H|AAA S w(d
€ EY HLA-CY allotype®} KIR genotypes]
Fz385)0] &AZF Ho] cytolysis?t HHA] o}
U A% F NK cellel 4438l cytokineo) Wt
decidua W cytokine network £¢] & ulg}
lysis or survivale] Z2AE Aol 28yt NK
cell cytokine & H|E3F 7)o BAHE B
& 7HREY FEHA AY2FARI}) @ QA
9 dqFe AAHA € RAow Z A g
d7E, 53] EVCTY HLA antigens® receptor

€9 ZAE7A, cytokine, complementSol] 3
HE B2 33o] o]FRAE Ao,
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