Maveniotiplo AvTikNG ATTLKNC
ATMMEZ Egpappoyeg tng Brolatpikng

Texvohoyiag otnv YmoyovipotTnta -
Avbépikog kat Nuvaitkeiog Napayovtag

Avoooloyia tTnc Avarmapoywync

SwTtRpLoc Poptn¢
Metadibaktoplkoc Epsuvntic

Tunua Biolatpikwy Emotnuwy, MavemoTtripio AuTiking ATTIKAG



Avoooloyla

- H avoooloyio avadepetal otn HEAETN TwV GUCLOAOYLKWY OUUVTIKWY UNXOVIOHWV HECW TWV
omolwv 0 opyaviopog («o Eeviotnc») kataotpedel 1 e€oudetepwvel Ta €€va cwWHATO TIOU

gloBAAAOUV O0TO oW £ite MpOKeLTaL yia {woa elte yla pun {woa VAN.

- Avoolakn amavtnon / Immune response : glval N cUAAOYLKH KOL CUVTOVIOMEVN QATAvVTNON TOU
OpPYOVLOMOU OTNV ELoaywyn £EVWV OUCLWYV TIOU ETILTUYXAVETOL HECW TWV KUTTAPWV KAl TwV Hopiwv

TOU OVOOOTIOLNTLKOU CUCTAMATOC

«  AlaKpilvovTog To «i8lov» amo To «pn dLovy», oL AQUVTLKOL PnXaviIopoL:

1.

(mpootatevouv amod HKpoopyaviopoUc, dnAadn Hikpofla (toug, BoaktApla, HUKNTEG KoL
napaoctta),

QTTOLLOVWVOUV 1] QITOMAKPUVOUV N pLkpofLakns Guong EEva ocwpata Kat

KATAOTPEDOUV KAPKLVIKA KUTTOPO TTIOU YEVVWVTAL OTO CWHA, AETOUpyia N omola ival yvwoTA
KOl WG 0lVO- COAOYLKA EmLTAPNON.
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AvoooAoyLKoL pnyaviopot

- OLavoooAoyLkol pnxaviopol apuvag i avooia prmopouv va dtatpebouv os SU0 Katnyoplec:

* Mn e181koU¢ Kal (puoikn apuva)
* MNpootateVouyV ATEVAVTL OTLG EEVEG OUGCLEC | KUTTAPA TTOU ELGBAAOUV GTOV OPYAVLIOHO XWPLS va

avayvwpLloouv tnv 81K Toug TautotnTa. Mn povadikol pnxaviopodl. ANAnAemtidpaon

* EldkoU¢ pnxaviopouc apuvag (emiktntn avooia) E€aptwvtal amod tnv 6K avayvwpLon, oo ta
AepdokUTTOPA, TNG OUGCLOG 1} TOU KUTTAPOU EVOVTLOV TOU omolou Ba opyavwOel n emibeon tou
OVOOOTIOLNTLKOU CUCTAMOTOC.

* H eniBeon eival povadiki Kat arnauBUVETAL 0TH CUYKEKPLUEVN ouaia ] KUTTAPO.
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Duowkn Vs Emtiktntn avooia

OYXIKH ANOXIA EITIKTHTH ANOXIA

+ Je 6Aouc Toug {wVTOaVoUCG OPYAVIOMOUG +  Movo ota onovéulolwa
+ Eyyevnc (duoikn) r emayopevn

* Tpryyopn (amdavtnon o&eiag paonc) THIETEN QVootd

* Kuttapun + Kuttapukn
* dayokuttapa, NK kUttapa, Hakpoddya, + T Aepdokitrapa (KUTTapOHeSOAABNTIKA)
noAupopdonvpnva
© Xupkn « XUMLKA
+ C-avtuibpwoa TPWTEIvVN, AeKTIVEG, oloTnua * B AgpdokUTTapa KAl QVTLOWUOTA

OUUTITANPWHATOC, aVTL-ULKpoBLaKa emtidia
+  Emayetal HETA Qo avTlyoVIKO epéblopa
«  Mn edwKn: avayvwplon pEcw potipwv (pattern recognition)
npoimnapyovta potifa f S0HEG KOWEG yia TTOAAG pikpoPLokd - EWSIKA avayvhpLon Tou maboyovou
naBoyova, mou Sev UTIApPXOUV OTOo EevioTn , , , ,
* (n edkdtnTa Baoiletal o yeveTikoUG XOPOKTHPEC)

« AvVoOOAOYLKA UVAKN
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Immune System

learned
specific
TNty
EIIIKTHTH ANOXIA
EIAIKH 3rd line
of defence
innate " \'\ S
OYXIKH ANOXIA nonspedic Phagocytes . ;E
MH EIATKH imowniey (natural killer cells, of defence E
" granulocytes, macrophages) g
| st line

of defence




AepPLKa Opyava

AEYTEPOI'ENH AEM®IKA
[TPQTOT'ENH AEM®IKA OPT'TANA OPTANA

Mopdyouv Ta KUTTAPO TOU OLVOCOTIOLNTIKOU MEPLOXEC TOU CWHATOG OOV AapBAVEL Ywpa
OVOOOAOYLKA amokpLon
« Mugelo¢ Twv ooTWV

Nepdadeveg
« OUpoC

YAV

Secondary

Primary
Lymphoid Organs:

Lymphoid Organs:

ApuySalEg

Thymus

NePPLKOC LOTOC ouvdedeEVOC UE

varo ff BAevvoyovoucg oto memntiko (GALT), oto
2 Lymph nodes AVATVEUOTLKO (BALT) Kot oTLC TTAAKEC TOU

(Tonsils & Adenoids Paye r

Bronchus
Mesenteric
Peyer’s patch..)
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Eudutn Kol TPOCOPUOOTLK

Mn e101k1), €pgutn E161kn, mpooappootiky (Adaptive)

(Innate) = wmuniry ADAPTIVE IMMUNITY
Antibodies

% Microbe B lymphocytes _ i‘:\“:,.

Epithelial barriers

9 T lymphocytes _ | . Effector J
& s T cells S
Phagocytes ) . ' 5

@ Z
g
. =3 S
% ® ' ' n@ <Cg
Complement NK cells -
Y
0 6 12 1 2 3 4 5
Hours Days

|T|me after INfection ————



Blood stem cell in bone marrow

stem cell

Lymphoid

Erythroid
stem cell

stem cell

13 : \
‘ .
y ‘d; pod VesseT

Basophil Neutrophil Eosinophil Monocyte y

Inflammation Phagocytosis

Erythrocyte Platelets

. .

Ty Y YOO (A -
Gas Clotting Second line of defense
transportation and
inflammatic

Leukocytes
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Kuttapa rtou dtapecolaouv 6touc avoooAOYIKOUC
punxaviopoucg #1

Znueio Napaywyng Aewtoupyieg

1.Qayokuttapwon
Oudetepodlha  MueAOC TwV 0OTWV 2. AnteAeuBepwVOUV XNULKEC OUGCLEG TTIOU EUTTAEKOVTAL OTN
OAeypovn (ayyelodlaotoAn, xnuelotagia KAT.)

‘Exouv Aettoupyleg oTO alpa TAPOUOLEG L' QUTEC TWV
Baoeodpha MugAOC TwV 00TWV HOOTOKUTTAOWV OTOUG
LoToUG (BA. mapakdTw)

. . . 1. Kataotpédouv moAukuTIApLa Tapactta
Hwowod\a Mu€gAOC TwV 0oTWV p ¢ . ; p ;
2. JUMUETEXOUV OTLG AECEG QVTLOPACELG UTIEPEVALOBNGlOG

1. Exouv AELTOUPYLEC OTO Al TOPOUOLEG ' AUTEG TWV LOTIKWY

MovokUTttapa Mu€eAOC TwV 00TWV pokpodaywv (BA. mapakatw)
2. ELlo€pyovTal 0TOUG LOTOUC KAl LETOTPEMOVTOL OE HaKpodaya
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Kuttapa rou dtopecoAaBouv 6touc avoooAOYIKOUC
Lnxaviopouc #2

‘Qpua oto PUENS Twv ootwv (B Aepdokuttapa kat NK kUTtapa) AELTOUPYOUV WG KAVAYVWPLOTIKA KUTTOPO» OE ELOLKEG AVOCOAOYLKEG
KoL to BUpo (T AspdokUTTOopa), EVEPYOTIOLNUEVA OTA TIEPLDEPLKA.  OMOKPLOELG KOl £XOUV OUGCLAOTIKO POAO aTtd OAEG TIG OMOKPLOELC.

Aepdika 6pyava.

Aeudokutrapa

1. ZeKwvoULV TIG AVOOOAOYIKEG ATIOKPLOELG TToU StapuecoA0BOUVTOL aTto

QVTLOWHATO CUVEEOVTAC ELSLKA aVTLYOVO OTOUG UTIOSOXEIC TNG MEUBPAVNG TWV
T R B )\eud?OKurtdpwv, urfoéc’)xeiq Tou s'tvalt avocoodalpiveg ’

2. K0T TNV EVEPYOTIOINGCT) TOUG LETATPEMOVTAL OE MAACUOTOKUTTAPA, TO

omoia ekkpivouv aviliowpata

3. Napouaotalouv avtiyova oto T BonBntika Asudokutrapa

SuvSéovTal Le avTLydVa 0TNY KUTTOPOTTAQOMATLKY LEUBPAVN TWV KUTTAPWY
oToXWV (KUTTapa LOAUCHEVA ATTO LOUG, KOPKLVLIKA KUTTOPA Ko KUTTopa

Kuttapotofika T Aepdokitrapa (CD8 kUTTapa)
MOOXEUHATOG) KOl AUECA KATAOTPEDOUV AUTA TOL KUTTAPAL.

Ekkpivouv KuTtapokiveg mou BonBoulv otnv otnv evepyomnoinon twv B
BonOntwka T Aepdokutrapa (CD4 kUTTapa) AgpdOKUTTAPWY, TWV KUTTAPOTOELKWY T Aepdokuttapwy, Twv NK Kuttdpwy &
TWV Hakpodaywy.
1. Juvb£ovTal AUEeTQ KaL LN ELBLKWE e KUTTAPA TToU £X0uV tpooPBAnBel and
, LOUG KOlL e KOPKLVIKA KUTTOPA KOLL TAL EEOVTWVOUV.
NK kUttapa ; 7 oo g q
2. AettoupyoUv wG Govikd KUTTAPO 0TNV KUTTOPOTOELKOTNTO TTOU EEAPTATAL
arno avticwua (ADCC).
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Kuttapa rou dtopecoAaBouv 6touc avoooAOYIKOUC
punxaviopouc #3

Znueio Napaywyng Aertoupyieg

MNepidpepka Aepudoeldn dpyava , .
. P ,ud) n, Py . , Ekkpivouv avtiowpata
MAaocpatokuttapa  Aladopomolouvral amno ta B Aepudokuttopa Kotd thv
SLAPKELD TWV AVOCOAOYLKWYV QTIOKPLOEWV.

1. ®ayokuttdpwon
2. E¢wkuttapla e€oA0Bpeuon HEOW TNG EKKPLONG

Yxebov OAol ot LoTol kal opyava, dtadopormolovvtal . , ,
TOELKWV XNIULKWV OUCLWV

Makpodaya . .
arnod Ta LOoVOKUTTaPA. . . .
3. Ene€epyalovtal kal mapouaolalouv avilyova ota T
BonBntika AepdokutTapa.
Yxebbv o GAOUC TOUC LOTOUG KAl Ta Opyava,
MaoTokbTrapa Slapopormololvtal armo KUTTOPa TOU LUEAOU TwV AmneAeuBepwvouv LoTaplivn Kot GANEG XNULKEG OUCLEC
00TWV. TIOU EUMMAEKOVTOL 0T HAEYHOVH.
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AVTLYOVOTIOPOUGCLOOTLKA KUTTOPA

« E€elbikevpéva va mpooAapBavouv ta g€wyevn IAIOTHTEZ TQN  ANTIFTONOMNAPOYZIAZITIKQN
OVTLYOVO TWV ULKPOOPYOVLOHWYV TIOU ELCEPXOVTOL KYTTAPQN
OTOV OPYQVLOUO.

- AV\KOUV O€ OpPKETEC TAelc Kkuttapwv (B - 1. Exouv PayokuTttaplkl Kol €VOOKUTTOPLKN
KOTTOPO, pakpodaya, SevopLtika). dpaon yla va tpoocAapBavouyv ta avtyova.
- Ta APCs é€xouv enudpavelakols UModOoxelg « 2. Ekppadlouv otnv enipaveld toug popta MHC

avILlyovwyv Tou cuvdEovtal Kal pocAapfavouv Il.
T avilyova e dayokuTTdpwon N

gVEOKUTTAPWON. - 3. Mmopouv va TopPAyouv £va OUVOLEYEPTLKO
OAMO TIOU QITALTELTAL YLOL TNV EVEPYOTIOLNON TWV
+ 2Tn OUVEXeLa emetepyalovVTaL TA QVTLYOVA KOl TO Ty

ouvdEouv pe popla tov MHC II.
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MéeLlov ocuumnAseypa totoovpBatotntoc (MHC)

« Ta popta tou MHC eivat mpwteivec tng pHeUPBpAvNG TwWV QVTLYOVOTIAPOUGCLOOTLKWY KUTTAPWV
(APCs) twv omoiwv n amootoAn eival va mapoucldlouv TEMTOWKA avilyova, WOoTE va

avayvwpilovtal anod ta T kuttapa. (AvBpwriva Aeukokuttaplkd Avtiyova - HLA).

« Ta popta MHC eivat 6Vo Tunwv:
* MHC taénc | kat
* MHC taénc Il.

« KaBe poplo MHC umopei va cuvdeetal e Eva pACHUO AVTLYOVIKWY TIETTLOlWV.
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T,-MHC Il
T- MHC |

- Ta T, Aepdokutrapa avayvwpilouv To avtlyovo Otav eivatl cuvOESEUEVO PE popLa
MHC taénc Il.

« Ta T, Agpdokuttapa avoyvwpi{ouv To avTLyovo Oty £lvol cUVOESEUEVO LE pHOpLa
MHC taénc I.

Immature Antigen Immature Antigen
+
CD4'T cell Antigen | CD8'T cell Antigen
Presenting Presentin
Cell Cell
TCR
MHCII MHCI
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Mature helper Mature cytotoxic
T cell T Cell
(Thl orTh2) (Tc)




CD4 koL CD8

« OL mpwteiveg CD8 kot CD4 eival emLKOUPLKA
HopLa mou cuvdeovtal ota popta MHC taénc |
kot 1.

« Ta etwkuttapla tuApata twv CD4 kot CD8
ouvdéovtal HE TO oUumAeypa mentidio/MHC-
HOplo TOU ekPpaletal otnv emidpAvela TNG
KUTTOPLKAC MEUBPAVNG KoL LOXUPOTIOLOUV TNV
ouvdeon Twv T-AeUPOKUTTAPWYV UE QUTO.

- Ta CD4 kot CD8 cupPaAiouv otnv petafifaon
ToU pnvopoatog oto T-Aepdokuttapo, adou ta
eVOOKUTTAPLO TUAMATO TWV HOPLWV OUTWV
ouvdEovtal LE ELOLKEC KWVALOEG.

A MHC class |

CD4

T cell

receplor

B MHC class|

peptide S5

T cell
receptor

APC
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Eneéepyaoia kal mapovoioon avtiyovou

MPOKELUEVOU EVal EEVO TIPWTEIVIKO OVTLYOVO va avoyvwploBet amod éva T Aepdokuttapo, mpéneLl va dlaomacOel og pikpa
QVTLYOVLKA TtemTidla, Tou va oxnuatioouv cupmAgypata pe popta MHC taéncg I i Il.

Av TO avVTLYOVO £ival e§WYEVEC, TOTE:

- Henefepyaoia kol mapouvoiaon tou yivetal amo ta e0IkA avilyovomapouolaotika kuttapa (APCs), kot
- H napouociaon yivetal pe tn ovvdeon tou pe popta MHC I,

- Evepyomoleital n kuttapikn avooia tTwv Ty, KUTTAPWV.

Av 10 avTLyovo ival eveoyeveg (T.X. ano evOoKUTTAPLO LO), TOTE:

- H enetepyaoia kal mapouvaoiaor Tou yivetal otnv eMLPAVELO TOU KUTTAPOU-EVLIOTH I dayOoKUTTAPOU,

- H napouotiaon yivetat pe ovvdeor tou pe popta MHC 1.
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- Evepyormoteital n kuttopikn avooia Twv T KUTTAPWV




Evboyevec kal €wyevec LOVOTIATL

Endogenous pathway | Exogenous pathway
(class | MHC) ! (class Il MHC)

Endogenous :

antigen & |
Endogenous antigen is :
degraded by proteasome. j S

l Proteasome/§)  reticulum (RER) -
2 J
?Pepﬁde is transported to » Invariant S::si::::::' :::i':
RERLVI TAE o blocking binding of
TAP 6\ endogenous antigen.
Tapasin A\ @)
B,-microglobuli I lass Il MHC complex is routed
MHC  |Calnexin | MHC through Golgi to
| endocytic pathway
3 : : compartments.

Class | MHC a chain 1 @\J
binds calnexin and ERp57, : ' invariant chain is
then B, microglobulin. Golgi complex degraded, leaving CLIP
Calnexin dissociates. fragment.

Calreticulin and tapasin,
bind. MHC captures peptide,

4
Dbpestac Exogenous antigen is
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| invariant
chaperones dissociate. [ oae l :‘d ® Eakoart G chagradod, %
: —~ routed to endocytic 5
| 7 pathway compartments. %
a I = ¥ : i
Class | MHC-peptide is | (_ g\ 2,
transported from RER to | '{ Exogenous Z
Golgi complex to plasma : antigen ,é
membrane. | m 5
: O HLA-DM mediates g
| l exchange of CLIP for <
4 : antigenic peptide.
|
2SS S 6
: O Class Il MHC-peptide is
Class| | Class Il transported to plasma
MHC ! MHC membrane.




Mopouvoiaon Twv AVILlyOVWY OTNV KUTTAPLKN
eTiLdAVELA

« Ta T,,Aepdokuttapa avayvwpilouv PLovo TEMTLOLKA aVTLyOva TIou ivat cuvdebepeva
le ta popta tou MHC Il tng emidpAvVELAG TWV AVTILYOVOTIOPOUCLAOTLKWY KUTTAPWV

(APCs).

« Ta APCs eival kuttapa e€elSLKEVUEVA VA TIPOCAOUBAVOUV TO OVTLYOVO TWV
LLKPOOPYOVLOUWY TIOU ELOEPXOVTOL OTOV OPYAVIOUO, UE PayOoKUTTAPWON N
gevOOKUTTAPWON.

« 2Tn OUVEXELQ, eTeEepyAlovTaL TA AVILYOVA, TA SLOOTIOUV O€ TIEMTLOLO KoL ToL CUVOEOUV
ue popta MHC
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AmnoteAeopa TN eneéepyaociac Kat Tapoucioonc
QVTLYOVOU

MpooAnyn 1 ovvBeon Mapougiaon ApacoTikEg AsiToupyieg
TOU avTiyovou TOU avTiyovou TV T KUTTapwv

A) NMapouoiaon eEwKUTTAPIOU aVTIyGVOU OTa
BonBnrikd T kuTTapa p€ow MHC Tagne Il

_ Makpogayo
2 ﬁ =gy Evepyonoinon Twv pa-
EEwKUTTAPLO Kuttapokiveg KPoQAywv: KatagTpo-
Mhe avty6vo p @1 TOU QaYOKUTTAPW-
Ll CDA4 BonBnTiko HEVOU avTiyGvou

E3IK6 yia o T Aepgokuttapo

__avryovo B kuttapo

“EKKpion avniowpaTog and
EE‘DKL'"TQDIO Kuttapokiveg TaB Klimpn: Oﬂvﬁetm a-
aviyovo VTIYGVOU KaI avTIoWHaTog

(B> Mapougioon KuTooOAIKOU aVTIYGVOU 0Ta KUTTAPOAUTI-
Kd T AepgokutTapa péow MHC tagng |

w0
=)
>
c
>~
g
o]
=
S
<
o]
=
>~
o
~<
o
o]
S
<

Auon Tou KuTTGpou-

OTOX0U TToU EKPpalel
CD8* KuTtapoAuTIKG XTO avTly m:':)p ¢

T Aepgokuttapo

- Kuttapormaopatkog
MHC HIKPOOPYQaVvIOUGS
1aéng |




AvoyvwpLon Twv oVTLyovwyv oo ta T-kuttapa

Ta T-Aepdokuttapa pépouv unodoyxeic (TCR) mou
UIopouV va avayvwpioouv kot va cuvdeBouv- pe
To oUMMAoKO avtlyovou-MHC Il Tng KUTTAPLKNC
emupavelag twv APCs - pE TO OUUTTAOKO
avtlyovou-MHC | twv Kuttdpwv EevioTwv ToU
€XOouVv ev8oKuTTApPLA OVTLYOVA.

H ouvbeon twv T AgupOKUTTAPWY  OTA
OVTLYOVOTIOPOUGCLOOTIKA KUTTOPO EVIOXUETOL QTO
eLSLKA popla TPookKOAANONC, TLG LVTEYPLVEC.

A) TCR

cD8 ]. @ . Hypervariable region
1 Constant region
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Arnavtnon Twv T-KUTTapwVv

-+ X€ amavtnon tng avoayvwplong, ta T, AepdokuTTopa €KKPIVOUV KUTTOPOKIVEG TIOU EMAYOUV TOV
TLOAAQTTAQOLALO O TWV OLleyeEPUEVWV T KUTTAPWV.

= Emiong, oL KUTTAPOKIVEG UEAVOUV TN XNHLKI CUYYEVELD TWV WVTEYPLVWV ME Tta T, Aepdokutrapa,
kol SleuKOAUVOUV TN ouvdeon.

= Je amavinon Tng avayvwplong ta T. kUttapa evepyomotovvtal, ToAlamAactadovtol Kot
QITOKTOUV KuTTapoTtoéLkn dpaon
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Evepyomoinon T-Kuttapwv

- Ta napBéva T-Aepdokuttopa (KN evepyomolnpeva) cuvavtwvtal otoug Aepdpadeveg pue ta APCs
Kol ouvdéovtal He EL6LKOUG UTTOSOXELC OTNV ETLPAVELA TOUG.

- H ouvbeon odnyet otnv evepyomoinon twv T KUTTAPWV.

« Ta T AepdokUTTOapa EKKPIVOUV KUTTOPOKIVEG TTOU EMAYOUV TOV TTOAAQTTAQGLOCUO Kal TNV wpipavon
Twv Sleyeppévwy T KUTTAPWV.

- Mapadyovtal €tol Spactikd T-AepudokUTTAPA, TTOU TIPOEPXOVTAL amo ta napbeéva T KUTTAPA, LETA
QO EVEPYOTIOLNOT] TOUC.

- OL KUTTapOKivEC aUEAVOUV TN XNHLK OUYYEVELQ TWV WTEYPWWV HE Tat T AgpdokiTtropa, Kot
SdteukoAUvouv tn ouvdeon pe ta APCs
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H avoooloyia epmAEKETAL AMECO N EQECA O KOBE
daon TnS avBpwrmivng avarmapoywyns
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Avoooloyla Kol avaropaywyn

Elooboc¢ kal mapapovr) Loto-acupBatou epfplou otn uTpa

AvtaAAloyr} aVOCOAOYLKWY OTOLXELWV HETAELY pnTEPAC Kal epPpuou
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Nopadoéo tnc kunonc #1

EniBiwon epPplou péoa otn HATPO: aviyua,
© K0Bwg UTApXeEL aApeon emadr HETAEU TOU  UNTPLKOU  OMOTOC KOl TwV  EUBpulkwv
TPodOBAACTIKWY KUTTAPWV

To €uBpuo amoteAel yla tnVv UNTéPA €va NUL-OAAOYEVEC LOOYXEUUO KOBWG TIPOEPYETAL
OO ATOHO ToU OLov €idoug, aAAd KATA TO NULOU SLadopeTIKOU YEVETIKOU uTtodBpou.

To avoooAoylkO ocuUoTnUO TNG MNTEPAC &Vw amopplmtel KABe AANO TATPLKAC
TIPOEAEVONG LOOXEV A, TIPOOTATEVEL TO AAAOYEVEC EUBpuo.

Kata tn Sldpkela tng KUNONG TO OVOOOAOYLKO CUOTNUO TNG MNTEPAC Eival TIANPWC
AELTOUPYLKO WOTE va tpootateVeTAL Ao TNV eRdAavion maboyovwy 1 VEOTIAACLWY, EVW
nopatnpeital 6K avoyxn vavtt Tou nui-aAAoyevouc epppuou.

wn
=)
>
3
>~
g
o]
=
S
<
o]
=
>~
(@)
~<
o
=}
S
<




MNopadoéo tnc kunonc #2

Billingham and Madawar, 1953

no. 4379 October 3, 1953 NATURE 603

‘ACTIVELY ACQUIRED TOLERANCE' OF FOREIGN CELLS

By Dr. R. E. BILLINGHAM?®*, L. BRENT and Pror. P. B. MEDAWAR, F.R.S.
Department of Zoolegy, University College, University of London
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Napadoto tnc kunonc #3

To €uBpuo dev gival pooyevpua

AvtiBeta, avantuooeL P
LSLalitepn avoooloyikn
anavtnon ANOXHZ mou guvoel
Vv anodoyxn tou

H €ykuog «BAETEL» TO NL-
aAloyeveg EuBpuo, Opwg dev

TO amnoppimntel

Avoooloyia Avamapayoyng




H eykupoouvn €ival por Lovadulkry avoooAoyLKN
KOTA.oTOLIoN

Lumen of the uterus

Commensal
Endometrial bacteria
epithelial cell

H avBpwrmivn eykupoouvn Oswpeital €va
HOVOOLKO avOOOAOYLKO Tapadelypa Tou
QTALTEL  UNTPLK)  ovox oOTo OAAOYEVEC
EUPpuO Kal mpootaoia ano TG AOLUWEELC.

Macrophage

Maternal
blood vessel

G
[f \\
.

NK cell \§ i

ij cell

©
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Decidua

Mor G, Aldo B, Alvero AB. The unique immunological and microbial aspects of pregnancy. Nat Rev Immunol. 2017



Systemic response

'//‘ i = \\
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! bi-directional |
\ I-airectiona J

Fetal-placental unit response

\_

@ T cell
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< _‘V 1 .
Macrophage . < Bcell )// Antibody # Virus .e Cytokines

Ar

* Dendriticcell & = Neutrophil

Ding J, Maxwell A, Adzibolosu N, Hu A, You Y, Liao A, Mor G. Mechanisms of immune requlation by the placenta: Role of type | interferon and interferon-stimulated genes signaling

during pregnancy. Immunol Rev. 2022



Alertadn pntepac-epuBpuou: avoooloyLkol
vrtortAnBuopol

[* Mother

(decidua)

Fetus

(placenta)
Decidual
stromal cell
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Morelli S, Mandal M, Goldsmith LT, Kashani BN, Ponzio NM. The maternal immune system during pregnancy and its influence on fetal development.
Research and Reports in Biology. 2015



Madawar: Oswplec pun amoppunc

lH UNTPA Elval AVOOOAOYLKA TIPOVOULOUXOC XWPOG

® |OTIKA pooxelpaTa oU UdUTEVOVTOL OTN UATPA aTtoppLtTovTal

To €uBpuo elval «OVTLYOVLKA QVWPLUO», UTIOAELTIETAL TNE LKAVOTNTAC VO SLEVELPEL TO

OVOCOTIOLNTIKO CUOCTNA TNG UNTEPOG
\J

® AVT-eUBPUTKA, AVTL-TIAAKOUVTLKA KOl OVTL-TIATPLKA OVTLOWLOTO AVIXVEVUOVTOL OTOV 0pO EYKUWV
YUVOLKWV

Katad tn SlapKkela TnG eyKLUHooUvNG, UMOPEL va TIPOKOAELTAL N ELOLKI) CUCGTEULKI] 0VOGOKATACTOAN

* H €ykuog glvat tkavr va anopplmtel tAAOLOOXEVHATA KOL VO TIPOOTATEVEL TOV EQUTO TNE KAl
TO £UPBpuo amod AoLUWEELC

O mMAaKoUVTAC ATOTEAEL EvaV AVOGOAOYLIKO PppayHo TpooTaTEVOVTAC £T0L TO EUPBpUo.
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* AvTLyOVO KOL QVTLOWHOTO SLEPXOVTAL EKAEKTLKA TOV TTAQKOUVTA




Metapooyxeuon

- «Metadopd KUTTAPWVY, LOTWV 1] OPYAVWVY» aTto pia avatoulkn 6€on og pia aAAn.

« MoAAEC aoBEveleg pmopolv va BepamevBolv pe peTapodoxeuon vuylolg opyavou, Lotol
A KUTTAPWV (LOoxeupa) amo evav avBpwro (606tn) o Evav aAlo (6€ktn N Eeviotn).
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Mooxevpata

autoloyo pooxevpa  (autograft) eivat outd mou
LETOLOOXEVETOL QMO Hia TIEPLOX TOU OWHOTOC O Mia
AaAAn, oto idlo atopo.

To woopooxevpa (isograft) elval LotOC MoOU pPeTAOOXEVETAL
METAEY VYEVETIKA TIOVOMOLOTUTIWY OTOMWV Tou iblou
eidouc.

To aMopooxevpo  (allograft) elvat  wtO6C¢ TMMoU
ILETOLLOOXEVETOL METOED YEVETIKA OLADOPETIKWY OATOUWY
Tou (6lou eidouc.

To €evopodoxevpa  (xenograft) elval wotdéc Tmovu
LETAUOOXEVETOL METAEU QATOUWV TIOU  OVAKOUV  O€
SladopeTika €L6N.

_ ) <jf| Autograft

[ Same individual ]

” Syngeneic
graft

[ Identical twins

individuals

J
ﬁ[ _ ]ﬁ <‘qJ Allograft

@ l- <# Xenograft

Different species ]
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ESNIKOE OPTANIEMCE
METAMODXEYZEQN
Suped oggavi, Sipo Jwric!

YT1roupyeio
Yyeiag

Q
\

‘Eva npdypappa and tov EOM kal o Yroupyeio Yyeiag
He TNV urteoTAPIEN Tou Idpvpartog Qvaon

MEPIKA ATNZTEYTA ZTOIXEIA NOY MIOPEI
NA BOHBHIOYN NA ANCEZETE TH IYZHTHIH

LYMBOYAEZ [1A TH IYZHTHIH

NapaxdTw Ba Bpeite pepmeg 16€eg Now prtoped
va cac fonfnoouv va culNToETE Pe TNV OIKOYEVEXQ
oag 1o Tt 8a BéhaTe va cupPel ota 6pyava cac.

*  Bdahte 6An v oxoyéveld cacg otn culfjmaon.

*  Mn facteite va pneite karevlelav oto 8épa,
HE onowvbnoTe kat onowacdAnoTte nAKiog.

*  Mnv avayKGoETE £va HEADS TNC OIKOYEVELQG Wa
axoUoE! 1] va MEel T ywopn Tow vi' autd 1o 8épa.
Ano évav 50t opyawuv pnopolv

& Aciad &abixtu ' '
VaTPEETE OTO 0 yia va fpeite onavirioag va owdolw &g xal 7 Jwéc.

OE EpWTACEL TIow prtopel va £xeTe. ot celida Tou
Efvivol Opyawopol MeTapooyedcewy eom.gr.

+  Orav avolfete v kouBévra, va £xeTe autonenolBnon
ka1 BeTkr) oxkEYn — ot cuvoAnTEg oag Ba avtidpdoouv
ora cuvalclrjpara oag.

«  Na BupdoTe mwe n Swped opydvwy pmopel va cwoe Mﬁ:mmw
f} va aANaes Jweg. ‘ :

tonRoe 'i* ONASSIS

SUETAN08 X8 Y5 6O FOUNDATION
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Antoppupn LOGXEV LOTOC

« H avantuén avoooloylkng amokpLong EVAVTIOV TOU HOOXEVUUOTOC Elval TO HEYAAUTEPO
EUTTOOLO yLO LLaL ETLTUXNMEVN LETALOOXEUON.

« H mo dtadedbopevn petapodoxevon €ival n HETAYYLON OLUOTOC KATA TNV omola sival
OXETLKA €UKoOAo va PBpeBel mARpw¢ ocupPatog d6tng €dpoOcov UTIAPYXOUV TECCEPLG
Baoikol tuTtol opadwv ABO kat SUo tumot Rhesus.

« Ouwg, Ootav 10 pOoxeupo TepAAUBAveL gumupnva KUTTAPO, TIPOKOAEL TAvta pLa
OVOOOAOYLKN amokplon amo tov &eviotl. H avoooAoyikry amnokplon odeiletal ota
nmoAvpopdkd popta MHC. H télela tavTion autwyv Twv poplwv eival duvatr povo
otav o 60tTN¢ Kal 0 SEKTNC lval ouyyeveic (n amoppdn o auth tn MepimTwon Unopel
va odeiletal og SladopEC oe AAAA CUOTATLKA).
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Metapooyxevon Vs kunon

Metapdoxeuon

<®UO>|




Mooxevpa Vs Eppuo #1

YTIC AAAOYEVELC QVTLIOPACELC UTIAPXEL LAl SLTTr) AVOOOAOYLKN QAvTNnon ou AAAOTE €lval EVVOIKN
Kol AAAOTE BAATTTIK VL0 TO KUTTAPO-0TOXO 1oV eKdpAlel Ta AAAO-avTIYOVA

Mooxevpa EuBpuo
+ Kuttapotofikd KUTTapa Kol avTLowpaTa -+ Avtlowpato Tou Sev eVEPYOTIOLOUV TO
TLOU EVEPYOTIOLOUV TO CUUTIANpWHA CUUTARPWHA

« T KATAOTAATIKA AepudOoKUTTAPA TTOU EXOUV
EUEPYETLKEC LOLOTNTEC OTOV AVTLYOVLKO

1 - l

AIIOPPIWH AIEYKOAYNXH

AIEYKOAYNXH AITOPPIWH
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Mooxevpa Vs Eppuo #2

Mooyeupa EpBpuo
Thl ANOZOAOTIKH ANANTHZH Th2 ANOZOAOTIKH ANANTHZH
IL-2 ] IL-4 —
IFN-y __ Kuttapikn Avooia IL-5
TNF-B B IL-6 — XUMLKN Avoola
Th17 kOttapa | IL-10
IL-17 IL-13 B
£
IL-21 5
__ Kuttapotoéikn avtidpaon , —~ 2
IL-22 Treg kUTTOP g
IL-23 TFG-B — Avoyxn- Avocoppubuion _g
IL-26 IL-10 B 3
— Z




ThO
|
|
Th1
IL-2
INF-gamma
TNF-beta
L J . L J
@
®
o7 Y oo
Immuno-stimulation Down-regulation of

adaptive immunity

OyxL amoppun
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2tnv KUnon n andvinon dtadEpeL amod tnv anoppidPn LOOXEVUATOC KAl LOLALEL TIEPLOCOTEPO HE ATIAVTNON
TIOU ETUTPETEL TNV QVATITUEN TWV OYKWV

DOI : 10.6696/1JHNS.2017.0102.03



https://doi.org/10.6696/IJHNS.2017.0102.03

AvoooAoyla EYKULOOUVNC
Mnyaviopol avoooAoylkne dtapuyng
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Mnyaviwkot ppaypol

« O mAaKoUVTAC ATOTPETEL TNV UETAKIVAON KUTTAPWY KL OVTLYOVWY ATtO TNV UNTEPA OTO EUPPUO KAl Ao
TO €UBpUO OTN pPNTEPQL.

- Yrowxela yla kivnon kot mpog tig dvo kateuBbuvoelg otn diemadn pntépag-¢uPpuou meplthappfavouv
HUEAETEC TTOU OVODEPOUV TN MUETAVAOTEUCH KUTTAPWV TNG MNTEPAC OTO €UPpuo kol TNV mapoucia
EUBPULKWV KUTTAPWVY 0TNV KUKAOdOopia TNC UNTEPAC

O,
Nutrients
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co,

Fetal blood

Wastes

Aquaporin (e.g., urea)

Ly

Maternal blood

Pinocytotic
Hormones vesicle
* Carrier
Amino acids, Antibodies

carbohydrates,
lipids, vitamins
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A Decidia Boatiis }_aaf = Uterine decidua Placenta

[Fiacoma Desidus
- /| Patetols

[Fv‘..i “ﬂ?*;!ll)"‘-}

Labt rdous masie oytotopacbiast <y G T smepotcicaine
wTn
Fetal cn ity
Watorl gl ol b fert o) ¢ lacenty Villous cysmoghcl s ovl v
v ST Bwmodabed Lbarne sordl aeary
Mo Aeve cely
. C ok A Atier (Trane) wd
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Yekre g é Etsector moemory (Tem) T cots catoling
poicho sl Sacd
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Utector mermory {lem) | cola ppoolieg Seeoes

Decided) mocrophige Maternal vs Fetal
R D) Manernad devveed colls 73 t 55
Fetal cerved Solly a0t

Lec dus wormal el

B. Anatomy of the MFI within the decidua basalis C.

Maceots - rets’ s

\
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Routes of maternal T cell circulation and migration

Placents - Fessl Tissue

D. MHC - I/ll expression

Placents - Fetal Tissue
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Delong, C.S.; Maurice, N.J.; McCartney, S.A.; Prlic, M. Human Tissue-Resident Memory T Cells in the Maternal-Fetal Interface. Lost Soldiers or Special Forces? Cells 2020
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Th2 amavtnon Kot ovoxn tou eppuou

+ MpoguduteuTIKA
* OpLOVOEEAPTWUEVOL TIOPAYOVTEG

- Mapadyovtec otn UNTPLKOEUBPUIKA emipaveLla emadnic
* (POBaptoC pE popla tpodoPfAdotng)
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QoBnAakloppnéia

- QoBnAakloppnéia
* [poyeotepovn
* PIBF (progesterone induced blocking factor)
* KataotoAn dpaotikwv Aettoupylwv T Aepdokuttapwy Kat Th2 tTou amavinon.

Progesterone J | i) T cell Activation

ii) Induce Tolerance co8 ()\f CDa Tew
D8
@ HLAG / . o / Trosa
Monocyte %IL-IO
bC

-’

CD4 Effector CD4/CD8
é L4

Effector CD8 IL-10

Th7/Th

Neutrophil
O I @ o8 Toe"
Treg Thi?/ @
Th

Effector
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iv) Cytotoxicity T coll
SR e [ v) Induce Tolerance at Maternal Fetal Interface J
/r‘:\ @ \Q Cytotrophoblast
@

g Macrophage O COBTew |, s

Treg CCt20

cCLz2

T, HLA-DR cxcLo
\ > m Syncytiotrophoblast
INKT cD4

Shah NM, Lai PF, Imami N, Johnson MR. Progesterone-Related Immune Modulation of Pregnancy and Labor. Front Endocrinol (Lausanne). 2019



Yuvouola

- Juvouoia
© InEpua
* MNpootayAavdivec & TGF-B

*  AvOOKOTOOTOAN
Maive T cells Treg cells

Lymph node .~ & E@ — é

Cytokines

Chemokines

9.|.| t a 2 -g

v 3

o e 'g‘

S

=

S

<

Seminal fluid E

- TFG-B =

o

- PGE - : S

implantation %

* TLR4 ligands

Insemination

Schjenken JE, Robertson SA. The Female Response to Seminal Fluid. Physiol Rev. 2020



[oviporolnon

+ Novipomolnpévo wapLo
* Ekkplon IL-10 amd T Aepdokuttapa

SP-A

- — T —
Vit D3 ,

17B-estradiol

Genetic
Variations

o 1]

l LPS- induced T regulatory JAK1/STAT3
Pre-term l lymphocytes a“dt Pathway t
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Prostanoids Delivery tolergenic DCs
Pre-term Ny
Delivery iy

Mobini M, Mortazavi M, Nadi S, Zare-Bidaki M, Pourtalebi S, Arababadi MK. Significant roles played by interleukin-10 in outcome of pregnancy. Iran J Basic Med Sci. 2016



MntplkoeBpuikn emupaveLla emadnC

Dendritic cell

B@ﬂ’*ﬁ

Th cell

sox
[* Mother

(decidua)

Fetus

(placenta)
Decidual
stromal cell
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Artovcta MHC | & 11

trophoblastic
cell debris

}{ »
:.i}

Placenta Endometrium
HLADR
2iad 2 extravillous trophoblast DC takes up
amniotic fluid (EVT) trophoblastic cell
debris

I (Adams ¢t al., Placcnta 2006)

sHEA-G,
Fas ligand on EVT

Tolerance)

Mother’s Tells
(microchimerism)
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Villous trophoblast S,
cytotrophoblast = SHLAG =

al osis) o

syncytiotrophoblast 14"""'”'"' ) \ s %
MHC class 1 (-) CEA L1 coe g

N 3 -
MHC class 11 (<) CD1d PD-T T 3
cos 2

i et inhibition of T Tolerance S

(microchimerism Killer activity ‘ ' = o)

Tnhibition of antibedy )

production >
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Saito S, Shima T, Nakashima A, Shiozaki A, Ito M, Sasaki Y. What is the role of regulatory T cells in the success of implantation and early pregnancy? J Assist Reprod Genet. 2007



Exdppalovtal povo HLA popLa mou emayouv ovoxn

ol
Itixtr:vi:)l]ou: ® ® @ Arterie
rophoblas ® . .. .

Maternal
part

Expression of ®
HLA-G

HLA-F
HLA-C
on extravillous
and villous
trophoblast
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Rapacz-Leonard A, Dgbrowska M, Janowski T. Major histocompatibility complex | mediates immunological tolerance of the trophoblast during pregnancy and may mediate rejection
during parturition. Mediators Inflamm. 2014




Exdpoon poplwv Ko mopayoviwyv otnv tpodofAaotn

M2 M@ \DSC) dNK
g (\(nm\i(u\
110 /,"_.l‘— N‘/ . /&’Kp“
IL- l’ .k {\ i Trophoblast @ @
\]P 1DO

Ch14 (\(l 16 - KIRs TNF-a IL-4
CD209 sRANKI ; ®
perforin

TL-34
D163 ¢ RT\ v 3 s
{ (\(Rﬁ T luRB/ @

Lumen of

~
B
-
Q

Decidua  the uterus
L 4
K 5
=
-
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~ T ~
() N
— w
- . £
TRHCG S
T €
:..‘_ IL-3 g
| Srcr CTLA-4 5
'0 I =
O- /HSPET S
//// <
‘/(D-PT g
//
>
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| O ; g
L v \ y o
" S Z
Th2 iTg35 Tregs

Wang XQ, Li DJ. The mechanisms by which trophoblast-derived molecules induce maternal-fetal immune tolerance. Cell Mol Immunol. 2020



HLA-G

1) HLA-G on extravillous trophoblasts (EVTs) binds to

KIR2DL4 on NK cells or ILT2 on macrophages, and in kRl A2 | VR
this way stimulates the production of IL-6, IL-8, and é@ WAk g e ) *e <o Remodeling of spiral arteries
VEGFa. Soluble HLA-G binds to KIR2DL4 on NK cells ) | i s |
and induces the production of IL-6 and IL-8. Thus HLA- " i) we [ oee
G promotes vascular permeability, angiogenesis and ‘O ‘ f_}; = ; L2
EVT invasiveness, and thereby participates in the ol e © vr agoce (e
remodeling of oTeLpOESWV apTNPLWV. by | o

. HLA-G 83 — TGE-B Immune tolerance
2) HLA-G on EVTs binds to ILT2 on NK cells, ILT2 and K™ e P Y4
ILT4 on macrophages, and ILT2 on Treg cells, and ,/.Mﬂ(_.\\ i
reduces levels of cytotoxicity towards fetal tissues. - W el ’_*@ |
3) HLA-G on EVTs binds to ILT2 and KIR2DL4 on NK o= ol g QD0 ot romtme e

cells and promotes the secretion of growth-promoting
factors PTN and OGN, thereby facilitating fetal growth
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Xu X, Zhou Y, Wei H. Roles of HLA-G in the Maternal-Fetal Immune Microenvironment. Front Immunol. 2020



M2 pakpodaya

Mepimou 20% kuttdpwv PpBaptou
Aeltoupyiec M2 pakpodaywv

IL-4,IL-13

IL-4,1L-13, IL-10, IL-21

ILIR

Functions Fizz1 Arg TRICD205 e Qﬁ
Enhance endocytic activity, \j} \ & < /}/}',
promote cell growth and \ 4
tissue repair TNF-q, IL-1a, IL-18, ®) ! v %
O ’

TLR antagonists

Functions

Proangiogenic ability and
promote tumor
progression

16, 112, 123, cxcts,
=t CXCL10, CXCL1,
TS~ CXCL16,CCLS 00

IL-10R

STAT3, STAT6, IRF4, , v
_ KLF4, JMID3, PPARS, c0209 ~~~~~ IL-12R
\ PPARy, cMaf, cMyc
FIZz1 Immune complex, / o (#)
TLR ligands, IL-16 \ O M N -2 o © IL-10, VEGF
O # 8 ' J e o QGA
O < IL-10R .

0 N vma/2 z
< >
(+ ] 128 Glucocorticoids, o
o° o O O |L10,76Fp ccl, IL-10, TGF-B S
© O ccui7,ccus, ccL22 , ; D163 H
O O  cclag,cxeus, veGr Functions Functions =
Functions Promote Th2 dlffere.ntlatlon / Phagocytosis of g
Anti-inflammatory, tissue regeneration and fand pla!'a:Ite,_ bacterial, and / A €D206 apoptotic cells 3
repair, phagocytosis capacity, angiogenesis upeaipiections / L TIR8 g é*
and immunomodulation, tumor formation TNF-a, IL-1B,  / IL:10, TGE-P, <
and progression L6110, E)c(tﬁ,sccus, S
ccLL / g
<

MELWUEVN AVTLYOVOTIAPOUCLAOTIKI LKAVOTNTA
AvoooKaTaoTaATIKN §paon

Yao Y, Xu XH, Jin L. Macrophage Polarization in Physiological and Pathological Pregnancy. Front Immunol. 2019



Mnyaviopot 6paocnc M2 poakpodaywyv otnv KUnon

Trophoblast invasion

Angiogenesis and spiral
artery remodeling

Phagocytose apoptotic
cells

Samples

Human

Human

Human

Human

Mice

Human

THP1 cell line
RAW264.7 cell line

RAW264.7 cell line and
human

Mice

Human

Human

Human
Human
Mice and RAW264.7

cell line

Human

Mechanisms

Decidual macrophages can inhibit NK cell-mediated lysis of CTB via TGF-g1
secretion;

IL-1p facilitates trophoblast invasion by degrading the extracellular matrix, the
enzymatic activity of MMP-2, 9 is positively correlated with the level of IL-18;

sHLAGS-polarized macrophages promote the secretion of IL-6 and C-X-C motif
ligand 1 to induce trophoblast invasion;

Decidual macrophages regulate vascular remodeling by secreting VEGF, PIGF, Fit-1;

The expression of INOS and VEGF is higher;

The sFit-1 inhibits angiogenesis;

VEGF promotes macrophages polarization into the M2 phenotype;

PKC inhibitor enhances the VEGF secretion and decreases the sFlt-1 secretion;
PSG1 upregulates the VEGFA secretion;

PSG22 upregulates the VEGFA secretion;

IL-12, p70, IL-1B, IL-8 are decreased, whereas IL-10, IL6, IL1Ra, IDO are
upregulated;

Fractalkine and calreticulin are increased in VSMCs;

TGFB induces monccyte differentiation into M2-like macrophages and enhances the
capacity of phagocytosis;

sHLAGS-induced macrophages polarize into an M2 phenotype with enhanced
phagocytic activity;

Tim-3 blocking antibodies cause macrophages failed to phagocytose apoptotic and
dying cells;

Decidual macrophages secrete IL-1p and TNF-« to induce M-CSF expression, which
initiates caspase-dependent EVT apoptosis.

Yao Y, Xu XH, Jin L. Macrophage Polarization in Physiological and Pathological Pregnancy. Front Immunol. 2019
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Sun F, Wang S, Du M. Functional regulation of decidual macrophages during pregnancy. J Reprod Immunol. 2021



AevOpLTLKA KUTTOPO UNTPOC
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T AepdokutTopa

° aB
* Avixvevovtal aAAd givol epLloplopéva o€ aplopo.

+ Otav avayvwpioouv avilyova tou uppuou, eAattwvovtal (avoxn).

* Otav evepyomolnBouv, amormintouy .
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Miller D, Gershater M, Slutsky R, Romero R, Gomez-Lopez N. Maternal and fetal T cells in term pregnancy and preterm labor. Cell Mol Immunol. 2020



T AepdokutTopa

° V6
* MeyaAutepo mooooto T kuttapwv ¢pBaptou
* Oxt MHC nteploplopog
* Th2 otpodn
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Effector cells

Mincheva-Nilsson L. Pregnancy and gamma/delta T cells: taking on the hard questions. Reprod Biol Endocrinol. 2003



T puBuotika kutTapo-Tregs

Three types of functional Treg are found at the maternal-fetal interface

CDZSHI”“‘ i - Metavaotelouv amo tnv TepLPEpela N
‘ K napayovtal de novo.
PD1HI |4 ﬂ" wum ﬂm; ,
1o - H nmapaywyn kuttapokivwy (IL-10 & TGF-B)
TIGIT+ \'“"’“'"’/{ 0pa TpooTATEUTIKA Yyloo TO E£uPpuo,

LELWVOVTOC TOoV ToAAAmAaolaopud twv T
KUTTAPpWV Kal tnv Opaoctikotnta twv T
ok KUTTAPOTOSLKWY  KUTTApwv  kat  NK

Treg are induced by decidual macrophages and HLA-G+ EVT

Decidual _4

Macrophage ' H
. €p25™
MHC-I |
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HLA C an -
HLAG 7PD1Hl

w0
=)
>
c
>~
g
o]
=
S
<
o]
=
>
o
~<
o
o]
S
<

Salvany-Celades M, van der Zwan A, Benner M, Setrajcic-Dragos V, Bougleux Gomes HA, lyer V, Norwitz ER, Strominger JL, Tilburgs T.
Three Types of Functional Regulatory T Cells Control T Cell Responses at the Human Maternal-Fetal Interface. Cell Rep. 2019
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Atadoporioinon T BonBNTLKWV KUTTAPWV KoL O
POAOC TOUC OTNV EYKUOOUVN
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IFN-y — IL-10
TNF-o IL-4
-2 IL-5 IL-17
IL-9 IL-22
IL-13 B
O Immune surveillance O suppress inflammatory
O Modulation of trophoblast U Promote anti-inflammatory O Anti-microbrial immunity immunity Role during
invasion immunity U Modulation of trophoblast O Promote tolerance towards 1 pregnancy
U Angiogenesis | O promote foetal growth | invasion paternal antigens

Graham JJ, Longhi MS, Heneghan MA. T helper cell immunity in pregnancy and influence on autoimmune disease progression. J Autoimmun. 2021



loopporia Twv BondnTtikwv T KUTTAPWV KOTA TNV
SLAPKELA TNC EYKULOOUVNC

15t Trimester 2nd Trimester 3rd Trimester

Implantation Fetal Development Parturition
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Fig. 2. Balance of T helper cells subsets during each pregnancy trimester. The first trimester of pregnancy is associated with a predominant Thl cell envi-
ronment which is necessary for blastocyst implantation. Following implantation The second trimester, the major phase of fetal development is characterized by an
anti-inflammatory and Th2 type immune microenvironment that is necessary for fetal growth. Finally, in the third trimester, there is a switch to an inflammatory and

Th1 cell associated immune state, which is required for parturition.

Graham JJ, Longhi MS, Heneghan MA. T helper cell immunity in pregnancy and influence on autoimmune disease progression. J Autoimmun. 2021



NK kUtTtapa #1

« 70% kuttdpwv ¢pOaptoL
* EAQTTWHEVN KUTTAPOTOEKOTNTA
* AvoooppuBpuotikn Spaon

(n

® Human cytomegalovirus
® Granulysin (GNLY)

®® | steria
monocytogenes

K
Defend against @'—! J'
microbial infection LA-C2
/e |
KIR2DL1

(4
On

Fetal growth

Pleiotrophin
;?;o Osteoglycin

Osteopontin

IFN-y

@ HLA-C2* trophoblast cells

KIR2DL4

\V/
° HLA-E
’0. ® : Trophablast
NKG2C invasion

Spiral arteries
remodelin

LILRB1

NKp44 Spiral artery D
NKp46l yDecidua
NKp30 O
NKp80
CD39 '\Q/

NKG2A

CD48* cells

Immunity tolerance /

‘EAeyxog Sileioduong tpodoPAdactng
Alapopdwaon omelpoeldwy apTneELWY

Xie M, Li Y, Meng YZ, Xu P, Yang YG, Dong S, He J, Hu Z. Uterine Natural Killer Cells: A Rising Star in Human Pregnancy Regulation. Front Immunol. 2022
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NK kUttopa #2

- Ta mo adpBova amod ta UNTPLKA AVOOOKUTTAPA TOU UTIAPYXOUV
otov $pBapto eivat ta kuTtTapa dNK, ta omola otpatoAoyouvtal
and Slddopouc TOPAYOVIEC Tou ameAeuBepwvovtal amd Ta
OTPWHATLKA KUTTapa TNV TpodoPAdactn Tou MAaKoUVTA.

H ameAevBépwon tng IL-15 TG LATPAC MPOAYEL TNV WPLHAvVON TNG
dNK. To wpipo kuttapo dNK mpoadyel tnv avadlapopdwon tou
deAtiou kal tnv gpuduteLon PAACTOKUOTNG UECW TNG EKKPLONG
kuttapokwwv [IFN-y, VEGF kat TNFa]. H aneAleuBépwon tng IL-8
Kol Tou CXCL10 amod to dNK mpodyel eniong tnv eloBoAni EVT. H
KUTTOpOTOELKOTNTA TwV Kuttdpwv dNK eA€yxetal amd tn
déopevon Ttou HLA-G (mou ekdpaletat ota EVT) otov
avaoTtoAtikd umobdoxéa KIR2DL4. Ta pokpoddyo mapAyovtag
IDO, eumodilouv TNV evepyomoinon tTwv T KuTtapwv. Ta KUTTOPO
Treg puBuitouv TIC dpaotnplotnteg 1000 WV
OVTLYOVOTIOPOUCLOOTIKWY KUTTApwv APC 600 Kal Twv teAectwv T
(Teff). To SYN mpoadyel emiong T HNTPLKA OVOXN EKKPLVOVTOC
eEwowpata mou ekppalouv TRAIL kat FasL kot Adyw tng EAAewdng
gEkppaonc MHC.

Ander SE, Diamond MS, Coyne CB. Immune responses at the maternal-fetal interface. Sci Immunol. 2019
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AvootoAn 6paonc twv NK kuttapwv

TargetCell
MHC |
Inhibitory
Receptor
NK Cell

Activating
Ligand

Activating
Receptor

A) Normal Pregnancy
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HLA-G and NK kuttapa

- Ekppaon HLA-G avtiyovwyv 6Toug
TpodoPAAOTEC
* Npoodévovtal otoug utodoxeig KIR twv NK
KUTTAPWV

* Houvbeon autr epnodiletl tnv
Kuttapotofikotnta Twv NK Kuttapwv

+ Avamntuén avoxng tTng UNTEPAC EVAVTL TOU
eUBpLoU
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Trends in Immunology

Ferreira LMR, Meissner TB, Tilburgs T, Strominger JL. HLA-G: At the Interface of Maternal-Fetal Tolerance. Trends Immunol. 2017



[ToCOOTA KUTTAPWYV TOU OVOCOTIOLNTLKOU KOTA TNV
gykupoouvn #1
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Yang F, Zheng Q, Jin L. Dynamic Function and Composition Changes of Immune Cells During Normal and Pathological Pregnancy at the Maternal-Fetal Interface.
Front Immunol. 2019




[MoocOOTA KUTTAPWYV TOU OVOCOTIOLNTLKOU KOTA TNV
gykupoouvn #2

Cell type Marker Stage of pregnancy Biopsy Method References
First trimester Second Third trimester
(%) trimester (%) (%)
NK CD56 84.5 (77.8-88.5) 50.4 (37.9-58.1) Remain stable Decidua FACS Bartmann et al.
(53)
CD56 462+28 48.7 £4.0 290+ 33 Decidua basalis Immunohistochemical ~ Williams et al.
(120)
Macrophage CD14s 344+28 333+£19 173+12 Decidua Basalis Immunohistochemical ~ Williams et al.
(120)
CD14 9.1 (5.0-14.0) 18.2 (12.9-24.2) Remain stable Decidua FACS Bartmann et al.
(53)
Th17 CD4* Tcell IL-17 0.31 £ 0.06 Periphery Blood Flow cytometry Santner-Nanan
etal. (151)
Treg CD4*+CD2sMiah 3.12+0.26 Peripheral blood  Flow cytometry Santner-Nanan
etal. (151)
CD4*CD127°*CD25* 6.98 + 0.42 Peripheral blood ~ Flow cytometry Santner-Nanan
etal. (151)
CD4*Foxp3* 6.26 + 0.32 Peripheral blood ~ Flow cytometry Santner-Nanan _g
etal. (151) S
ap T cells 8.2 (5.4-11.0) / 26.7 (20.7-39.7) Decidua FACS Bartmann et al. g
(69) g
CD8*T cells 17.3 (12.4-23.9) 17.3(12.4-23.9) 24.6 (20.5-32.6) Decidua FACS Bartmann et al. E
(53) o]
CD8*T cells 31.7 £ 3.1 270+ 46 348+55 Decidua basalis Immunohistochemical ~ Williams et al. %
(120) o]
CD3*T cells 349+37 346 +49 403 +68 Decidua basalis Immunohistochemical ~ Williams et al. ';
(120) =
o
This table describes the proportions of major leukocytes in the decidua during different stages of pregnancy. NK cells are the most abundant in the first and second trimester, where they 8
participate in trophoblast invasion and spiral arterial remodeling, and they decrease as pregnancy progresses. Macrophages are the second major cells in the maternal-fetus interface %

in the first trimester, and they are stable throughout gestation. T cells have different subtypes that can play totally different functions in a successful pregnancy. The table describes the
subsets of T cells and the dynamic changes in their proportions during pregnancy. Studies on the dynamic changes of DC are rare, and we do not provide information on the dynamic
changes of DC.

Yang F, Zheng Q, Jin L. Dynamic Function and Composition Changes of Immune Cells During Normal and Pathological Pregnancy at the Maternal-Fetal Interface.
Front Immunol. 2019




Set-points in pregnancy

Classical Monocytes

The most abundant monocytic phagocyte and act as
precursors to gut and tissue-invading inflammatory
macrophages. Increased in all trimesters.

Granulocytes (Neutrophils)

Blood granulocytes (>95% neutrophils) are professional
anti-bacterial phagocytes but also produce extracellular .‘5
traps which facilitate immunothrombosis an
antimicrobial mechanism. Increased in all trimesters

Intermediate Monocytes

Derived from classical monocytes and are thought to

act as an additional pool of antigen presenting cells in y /S
the blood. Increased in all trimesters, but particularly

evident in the third trimester,

Regulatory T-cells

Maintain tolerance by suppressing the function of other T (T
cells, B cells and dendritic cells. They also inhibit J
inflammation by removing damage signals such as ATP.
Increased in all trimesters.

Non-classical Monocytes

Not Pregnant

1% Trimester

Platelets

Facilitate and take part in clot formation. Thought to form the
core of immunothrombosis an antimicrobial mechanism.
Gradually decrease as pregnancy progresses

B-cells

Adaptive immune cells that can present antigen but also
form antibodies (plasma cells) and immune memory. Mild
decreases are inconsistent between studies but are more
prominent in the third trimester.

u CD4+ T-cells

Adaptive immune cells that co-ordinate with B
cells to provide immune memory and facilitate
antibody production. Decreased slightly in all
trimesters.

' J |CDS+ T-cells

Anti-viral ‘killers' that recognise MHC-I
bound antigens from infected or damaged
cells. Decreased slightly in all trimesters.

Natural killer cells

Anti-viral 'sentinels’ that monitor MHC-1 and MHC-I-
like molecules on all cells, Can kill antibody bound
target cells. Decrease starting in the 27 trimester,

Dendritic cells

Thought to be the primary mobile immune sensors that
initiate adaptive immunity through antigen presentation.
Increased in all trimesters (primarily myeloid DCs)

PR T 39 Trimester

Sharma S, Rodrigues PRS, Zaher S, Davies LC, Ghazal P. Inmune-metabolic adaptations in pregnancy: A potential stepping-stone to sepsis. EBioMedicine. 2022
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Cell Type 1 2 3 NP 1st 2nd 3rd Likely drivers of cell number alterations

WBC 6487 7960 8.710 9937 Primarily neutrophils and monocytes

Neutrophils 3.710 5340 6,160 7080 Estrogen & Progesterone- G-CSF, GM-CSF, ACPS3, reduced apoptoss

C. Monocytes 239 286 280 338

Estrogen & Progesterone- GM-CSF. ACPS, reduced monocyte and monoblast
Int. Monocytes -6.9 147 154 28 e ¢ MR
apoptosis
NC Monocytes 13.5 15.2 14.2 13.1
FC
mDCs 23.9 28.3 29.3 23.6 Estrogen & Progesterane- GM-CSF, ACP5
4

pDCs 8.2 11.7 11.1 10 Estrogen-GM-CSF i 5

T-Regs . 66.9 133 120 100 Progesterone-Vitamin D N ..

B-cells 189 178 161 159 NP

CD4+ T-cels 1014 858 850 860 Lymphocyte decrease is likely a consequence of precursor -14

CD8+ T-celk 525 455 455 447 commitment to the granulocyte/ macrophage lineage -2

NK-cells 170 175 147 16 . -

Platelet 273,000 251,000 230000 225000 Hemodihtion, aggregation, peripheral consumption

Eosinophis 140 135 150 115 No significant alterations, any drop may be linked to mcreased precursor

Basophils 25 20 25 20 commitment to the granulocyte/ macrophage lineage
Table showing the mean number of cells per microliter of blood during pregnancy taken from several studies (supplemental references®***). This table and associated figures are to
be considered descriptive and only to be used as an estimate of immune cells alterations, however we are confident this broadly reflects the literature. Mean numbers, rather than
ranges, may be more informative for visualizing set-point alterations. The embedded heatmap depicts the fold change (FC) from non-pregnancy levels. NP = non-pregnant, 1st, 2nd,
and 3rd = trimesters.
Table 1: Immune setpoints in pregnancy.

Sharma S, Rodrigues PRS, Zaher S, Davies LC, Ghazal P. Inmune-metabolic adaptations in pregnancy: A potential stepping-stone to sepsis. EBioMedicine. 2022
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MnxaviopoL 0lVvOCGOTOLNTLKNC QLUUVOLC TOU TTAQKOUVTA

] 1 1 ’ ’ ’ k4;/0metri:Jm—r_ "\";‘n—‘\ i ‘\_7,-—) ‘:/ /‘\‘\; 4
O mAakouvtag €xelL €vav aplOpod EYYEVWV OVOOOAOYLKWV £ i
HNXAVIOUWV YLl TNV TIPOOoTaola Tou gUBPUOU QO CUYYEVELC
AOLUWEELC OAWV TwV TUTWVY, oupnepllapBavopévng g

ékppaonc umodoxewv avayvwplong TPOTUTIWV Onwe oL

Spiral artery — ) Extravillous
~—— trophoblasts

Maternal

untodoxeig tumou Toll (TLRs), n ouvotatik €kbpaon twv IFN e — i
tortou I (IFN-A). kot tnv omeAeuBEpwon OQVTLULKPOBLOKWY . Chermokines 2B Neonata

’ ’ ’ ’ ’ Maternal . v 2 c_ : %FC receptor
nentdiwv. H mapousio HIKPOOPYAVIOUWY EMAYEL TNV EKKPLON  bood  * = Q 76 .f |
XNHELOKWWY, uttodnAwvovtag otL n nwoAuvon aAAalel n Sivel gondil 2 Bacteria

’ 1 ’ ’ ’ \( i’r" ‘\Q\ %
ofpoTa o€ KUTTOPA TOU OVOCOTIOLNTIKOU TIOU TIPOEPYOVTOL aTtod ¢.o°°"\
N Untépa. )E LRS \ /& 2 x |
=4 IFN AS " . @* § - — Antimicrobial %
; = = Y / \ Q‘?. *. " peptides
o . R ﬂ ! \ a *
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Ander SE, Diamond MS, Coyne CB. Immune responses at the maternal-fetal interface. Sci Immunol. 2019



ALaPOPETIKO TIPOPIA KUTTAPOKLVWV AVOAoya LE TO
otadlo TNC EYKUHOOoUVNG

- Tplo avoooloylka otadLa KOTA TNV EYKUOCUVN
1. To mpwto TPIMNVO TNG €YKUHOOUVNG oXetiletal pe ¢Aeypovr, n omola amatte(tol ywo tnv epduteVOn TNG
BAaoTOKUOTNC.
2. To 6eltepo TPlUNVo Yapaktnpilletal and €vo avilbAEYHOVWOEC KAl OVOOOTIOLNTIKO pikpomeptBaAAov tumou T
helper 2 (Th2) mou elval amapaltnto yLia tTnv avantuén tou epuppuou.
3. 210 tpito TplpNnVvo, uTtAPXEL pia petaBaon os pla pAsypovwdn Kol aVvoooToLNTIKA Kataotoon tumou Thl, n omnola
glval amapaitntn yLo Tov TOKETO.

First trimester Second trimester Third trimester

« Implantation = Fetal growth « Inflammation

= Inflammation » [, 2-type response * T, 1-type response
* Labour

Lumen of the uterus

Fallopian

Endometrial ~ {
epithelial cell |

Uterine
lining

Uterus l
Placenta "%

Umbilical
cord

Yolk sac
Blastocyst
Embryo
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Placental cells




EykupooUvn Kot 0VOCOTIOLNTLKO CUOTN LA

First Trimester Second Trimester Third Trimester
Inflammation iInflammation
Th Th1

§ Pro-inflammatory To avoooAoyLko meplBaAAov aAAalel cuveXwS
b @ p KalL Tipooapuolel ota  Slddopa  otadla
- avAmTuénG tou epBpuou

Anti-inflammatory
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Decidual i
Macrophages

Other
immune cells <4
affected

Trophoblasts )
affected

—

.

Normal Pregnancy Pregnancy Complications

CD163 CD206 CD209 M

IL-10, TGF-B, IDO TNF-a, IFN-y, IL-1B
PO-LLPD-L2TIM3___ — —

PD-LL PD-L2TIM3___

Th2 advantage NK Cytotoxicity

EVTs invasiveness EVTs apoptosis

Sufficient uterine spiral arteries remodelin R
SRV,

e——

Sun F, Wang S, Du M. Functional regulation of decidual macrophages during pregnancy. J Reprod Immunol. 2021
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FAS/FASL otnv eykupoouvn

O poAog tou FAS/FASL a§ova

- Ta kUttopa NG TPodoPAACTNG OTNV TPWLKN UYL Itervillous space maternal blood)
gykupoouvn ekppdalouv TtOoo FAS 0600 kat FASL, -
duvnTikA KaBLOTWVTAC TA ETUPPET OTNV QATOMTWON
mou TpokaAeital and to FAS. H mapouoia tou FASL
(CD95L) otnv tpodoPAdOTn TAIEL EVEPYO POAO OTN rumodeingof matermatariey
Staypadn Twv €EVEPYOTOLNMEVWY T-KUTTAPWV TIOU ‘
dEpouv FAS (CD9I5). AtileL va onpelwBel otL to SlaAuto
HLA-G emayet tnv €kdpoon Ttou CDI5L o¢
gvepyomolnuéva  kuttapa  CD8+T, mpokaAwvtog
anontwon in vitro. H ékdppaon tou FASL otnv
TpodoPBAdotn SleukoOAUVEL emiong TNV AMOMTIWON TWV
evOOBNALOKWY KUTTAPWY, ETUTPETMOVIONGC (OwC TNV
Sdtelobuon kat tnv avadlapopdwon Twv OTELPOELOWVY
apTNPLWV.
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Sagrillo-Fagundes L, Bienvenue-Pariseault J, Legembre P, Vaillancourt C. An insight into the role of the death receptor CD95 throughout pregnancy: Guardian, facilitator, or foe.
Birth Defects Res. 2019




CD95/CD95L otnv eykupoouvn

TABLE 2 The presence and actions of the CD95-system in cells involved in the pregnancy

Cell type
T-lymphocytes

Uterine endothelial
cells

Smooth muscle cell

Hofbauer cells

Proliferative evTB

Invasive evTB

vCTB

Syncytiotrophoblast

Genotype CD95

Maternal

Maternal

Maternal

Fetal

Fetal

Fetal

Fetal

Fetal

+

+

CD95L  Cell actions during the pregnancy

+

Rise of the immune response
to fetal antigens

Materno-placental blood exchange
Materno-placental blood exchange

Involved in the success of the placental
vasculogenesis

Proliferative cells which differentiate
into invasive evIB

Placental invasion and replacement
of uterine endothelial cells

Differentiation and renewal
of the syncytiotrophoblast

Outer layer of the placental barrier;
direct contact with the maternal serum

CD95-system involvement

Induction of cell death of cells bearing
alloantigens

CD95-mediated apoptosis. Replaced by
invasive evTB

CD95-mediated apoptosis. Replaced by
invasive evTB

Control the uterine invasion

Avoids the cell death mediated by
maternal T-lymphocytes

Avoids the cell death mediated by
maternal T-lymphocytes

Avoids the cell death mediated by
maternal T-lymphocytes

Avoids the cell death mediated by
maternal T-lymphocytes

Note. +: structure present in the cell. —: structure absent in the cell. evTB = extravillous trophoblasts; vCTB = villous cytotrophoblast.

Sagrillo-Fagundes L, Bienvenue-Pariseault J, Legembre P, Vaillancourt C. An insight into the role of the death receptor CD95 throughout pregnancy: Guardian, facilitator, or foe.

Birth Defects Res. 2019

Reference
Stenqvist et al., 2013

Ashton et al., 2005
Harris et al., 2006
Zorzi et al., 1998
Murakoshi et al., 2003
Murakoshi et al., 2003
Zorzi et al., 1998

Zorzi et al., 1998
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Ertidpaoeic CD95/CDI95L otnv eykupocuvn

TABLE 3 Modulation and effects of the CD95 on pregnancy-related abnormalities

Preguancy-related Effects and outcomes
abnormality CD95 CD95L Maternal Fetal Placental Reference
Infertility 1T cells TSerum TCell free DNA Poor implantation N.A Guan et al. 2015
Recurrent | Uterus 1T cells and Shift for Th-1 Ist trimester 1CD95-mediated apoptosis ~ Brown et al., 2014
pregnancy loss macrophages cytokine profile miscarriage
Preeclampsia T cells TSerum Inflammatory Poor pregnancy 1CD95-mediated apoptosis ~ Resic Karara
| Placenta overreaction outcomes et al,, 2016
HELLP « T cells TSerum Hepatic failure High mortality TCD95-mediated apoptosis  Prusac et al., 2011
TPlacenta caused by CD95L
IUGR —Amniotic fluid  TAmniotic fluid  Inflammatory Severely small fetus ~ TCD95-mediated apoptosis ~ Vrachnis et al., 2013
overreaction
Gestational diabetes  |Placenta | Placenta TBody weight Macrosomia | CD95-mediated apoptosis ~ Magee et al., 2014

Note. T = increase in the cell or tissue; | = decrease in the cell or tissue.
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Sagrillo-Fagundes L, Bienvenue-Pariseault J, Legembre P, Vaillancourt C. An insight into the role of the death receptor CD95 throughout pregnancy: Guardian, facilitator, or foe.
Birth Defects Res. 2019




Indoleamine-2,3-dioxygenase #1

| Activation
|
| Surface recognition | cel death | m2 macrophages ——
receptors ‘
L NK cells : DCs and macrophages
J
IDO
! Kynurenine and downstream
| L-tryptophan metabolites
T cells T célls

Arrestin | Activation Selective Sele;:tive Reduced CD4+ T-

| Glyco- ;
mid-G1 and ietabolin differentiation apoptosis cell proliferation

phase cytotoxicity I

FIGURE 1 Indoleamine-2,3-
dioxygenase (IDO) contributes to
maternal tolerance to semiallogeneic

| Fox;;3+ T Apoptt;sls of | : : ;
Rl Thi fetal tissues in normal pregnancy. This

1Cell death | immunosuppressive role is mainly played
through the suppression of T cells, natural
killer (NK) cells, dendritic cells (DCs), and

macrophages
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T-cell suppression

Chang RQ, Li DJ, Li MQ. The role of indoleamine-2,3-dioxygenase in normal and pathological pregnancies. Am J Reprod Immunol. 2018



Indoleamine-2,3-dioxygenase #2

TABLE 1 The expression of indoleamine-2,3-dioxygenase at maternal-fetal interface and endometrium

Non-pregnant Pregnant
Menstrual
Follicular phase Luteal phase phase First trimester Second trimester Term
Trophoblast NA NA NA Questionable” 12 +710 +7:10
Stroma cells +11,16 +11,'16 +11,16 +9,11,13,14 +15 QUEStionableq'ls
Macrophage _22 _22 _22 491517 4915 491518
Neutrophils Not mentioned Induced by IL-1 beta?®
Chorionic vascular NA NA NA -715.24 +/-%4 +715:24 A
endothelial cells Z
>~
Maternal vascular = + §
endothelial cells restricted to spiral arteries and (:apillaries25 mainly restricted to arteries?* =
>
Epithelial cells +47 +2° +23 +2.26 Not mentioned Not mentioned fj
=
(@)
~<
o
3
S
<

Chang RQ, Li DJ, Li MQ. The role of indoleamine-2,3-dioxygenase in normal and pathological pregnancies. Am J Reprod Immunol. 2018



Anti-inflammatory VIP

Vasoactive intestinal peptide (VIP) is a neuropeptide expressed in trophoblast
( ), and contributes to smooth muscle relaxation and
vasodilation in the uterus. VIP also has anti-inflammatory effects and, like
progesterone, promotes a Th2 shift through the stimulation of IL10. DCs
differentiated in the presence of VIP induce T, inhibiting allogeneic CD4
responses and increasing TGFB, suggesting a dual responsibility at the
maternal-fetal interface (

Thus, maternal recognition of the fetal allograft seems to be necessary for
the development and maintenance of a healthy pregnancy, with activation at
least within maternal innate cells at the maternal-fetal interface facilitating

vascular remodeling.
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https://rep.bioscientifica.com/view/journals/rep/141/6/715.xml#bib39
https://rep.bioscientifica.com/view/journals/rep/141/6/715.xml#bib15
https://doi.org/10.1530/REP-10-0360

Leukemia Inhibitory Factor (LIF)

LIF is a pleiotropic cytokine of the IL-6

family.

Three lines of evidence are consistent with

such arole

i) LIF mRNA and LIF protein levels in the F‘
endometrium peak at the time of Blastocyst | %
implantation.

i) LIF receptor beta (LIF R) is expressed in it
endometrial tissue in both the proliferative Floias: @

and secretory phases of the menstrual RgE Ech

cycle.

Endometrium ;

iii) Secretion of LIF was lower in cultures of
human endometrial explants from women
with repeated failure to implant and from
women with unexplained infertility.

Avoooloyia Avamapayoyng




Timeline during pregnancy

1* Trimester : 2" Trimester 3 Trimester

Microbiome stabilizes

Trophobi
lasts Promote Immune tolerance

ntal ex e MICTo imeric cells
-
ACCUllllllaﬁOlIO' cHDNA. place! tal exosom s, fetal chl il
.
:

Fetus/Placenta

Leptin (plo-mnammalory‘)

Maternal
Metabolism

hCG

Progesterone
Estrogen

Maternal Endocrine Status

Maternal
pTreg cells
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Decidua/Maternal-Fetal Interface

dNK cells encourage uterine remodeling and récruit inflammatory cells

Peterson LS, Stelzer IA, Tsai AS, Ghaemi MS, Han X, Ando K, Winn VD, Martinez NR, Contrepois K, Moufarrej MN, Quake S, Relman DA, Snyder MP, Shaw GM, Stevenson DK, Wong RJ,
Arck P, Angst MS, Aghaeepour N, Gaudilliere B. Multiomic immune clockworks of pregnancy. Semin Immunopathol. 2020




OPHOVEC Kal KUTTAPO OlVOCOTIOLNTLKOU KOTA TNV
gyKUpOOUVN

First trimester ' Second trimester ' Third trimester

Increased severity:
Influenza
Malaria

ANOQyEC ota emimeda OpUOVWV KOL OTA XOPOKTNPLOTLKA TOU Hepatitis E
QVOOOTIOLNTKOU OUOTAMATOC KATA TN SLAPKELA TNE EYKUUOOUVNC. i P e
KaBwg mpoxwpd n eykupoolvn, n O&pactnpotnta twv T-
KUTTAPWYV, N 6paoctnplotnta Twv GUCLKWY KUTTAPWV GOVEWV KoL Monocytss nd phagosyioss
mBavwe n SpaoctnpldtnTa TwV B-KUTTAPWVY PELWVOVTAL, EVW TA Polymorphopyglear cel
enineda a-apuvoLvivng Kat n §paotTnPLOTNTA TWV LOVOKUTTAPWY, /”R‘egmatoyrce"s
TwWV  SevdpITIKWY KUTTAPWV KAl Twv ToOAUpopdomlpnvwy i :
KUTTapwv awéavovtal. H ehovooia, n nratitida E kat n nmatitda e
kKat n 6tadoon tou LoV tou amAol €pmnta) au&Avetal PE TNV RO

' Cytothicity

Poodo TNG EYKUHOCUVNG

Progesterone

Estradiol
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Kourtis AP, Read JS, Jamieson DJ. Pregnancy and infection. N Engl J Med. 2014



Entimeda oppuovwy Kota TNV EYyKUpoouvn

Kata tn SLapKela Twv TpLWV TPLUAVWVY TNG EYKULOOUVNG, UTIAPXEL L. 0AAQYr) OTNV LoOpPOTIia TwV MPOodAsyHLOVWSWY Kal avtipAseypovwdwy amokpioewv. MExpl To
TPito TPipNVvo, oL avilipAeypovwdelg amokpioelg, cupnepltAapfavopuévne tng SpaotnplotnTag Twv Hakpodaywv M2, tTwv Kuttdpwv Th2 kal tTwv pubulotikwv T
KUTTOPWV, €lval auénueéveg Kal ol pAeypovwdeLg amokpiloelg, cupmeptAapBavopévng tng dpaoctnplotntag Twv Kuttapwyv NK, Twv pakpoddaywv M1 Kot Twv KUTTApWVY
Th1, pewwvovtat. Ot aAAayEC OTIC CUYKEVIPWOELG TWV OTEPOELSWV TOU GUAOU, CUUTIEPIAQUBOVOUEVNG TNG OLOTPASLOANG, TNG OLOTPLOANG KAl TNG TPOYECTEPOVNG,
06nyolV og avoCOAOYLKEG AAAAYEC KATA TN SLAPKELD TNG EYKUUOCUVNCG.

Anti-inflammatory

Proinflammatory
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Robinson DP, Klein SL. Pregnancy and pregnancy-associated hormones alter immune responses and disease pathogenesis. Horm Behav. 2012
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Floating Vilous Fetal stem cells

trophoblasts

Placental debris
exosomes microparticles),
fetal stem cells

Cytotrophoblasts

Fetal blood vessel

Syncytiotrophoblasts

Apoptosis of CXCL16

4 - -
‘ NK cell { 259} fetalreactive T cells
modulation (Y o
CXCR6
dNK' |EN-y

= Trophoblast \
invasion

WY g

Maternal blood

W

Arterial ’ HLA-C v . CXCR6

CXCL12 vasodilation ’ i —— DO 7

CXCL16 P_-KYN é,
Monocyte

IL-8 Yo T cell

v ’ IFN-y Arrest of tDCs in a

Galectin-1 tolerogenic state

De novo NK
CXCR4 CXCR3 ' | VEGF
’ cell generation 2; L DC T
dHSC B

v ;~{; TGF-B l\° 'l:

psc o @
Ve ee Q;A

NK cell recruitment

@ @

Galectin-1 Generation
TGF-1 of Ty, cells
IL-15
SCF Hormonal effects:
Decidua MIC-1 Progesterone
Glucocorticoids
- hCG
Myometrium Estradiol

Myometrium

Decidua parietalis

:
Decidua basalis
.

Key pathways involved in immune tolerance toward the fetus
during the first trimester of human pregnancy. Anchoring villous
trophoblasts attach to the decidua and further differentiate into
syncytiotrophoblasts, cytotrophoblasts and EVTs. Floating villous
trophoblasts carrying fetal blood vessels are bathed in maternal
blood and can shed placental exosomes, microparticles and fetal
stem cells. Expression of chemokine receptors and their cognate
ligands orchestrate the invasion of EVTs and migration of maternal
leukocytes into the decidua. EVTs establish direct contact with DSCs
and maternal leukocyte populations. Via IL-15 and stem cell factor
(SCF) production by DSCs, de novo generation of dNK cells occurs
locally upon differentiation of tissue resident linnegCD45+CD34+
decidual hematopoetic stem cells (dHSCs). Macrophage inhibitory
cytokine-1 (MIC-1), TGF-B1 and galectin-1 production by DSCs
and/or NK cells promotes the arrest of decidual DCs in a
tolerogenic state (tDCs), and NK cell-derived galectin-1 induces
apoptosis of activated T cells in vitro121. Upon dNK cell-derived
IFN-y secretion, the enzymatic expression of IDO in human decidual
CD14+ monocytes, another predominant decidual cell subset of the
innate immune system, is upregulated in vitro. Monocyte-derived
IDO may enhance fetal tolerance via the generation of CD4+ Treg
cells or selective apoptosis of effector T cells. Synergistically with
tDCs and monocytes, dNK cells promote the generation of Treg
cells and apoptosis of effector T cells. Decidualization is modulated
by pregnancy hormones such as progesterone. The anatomical
position where these maternal adaptations occur is indicated by
the white square in the insert of a pregnant uterus. hCG, human
chorionic gonadotropin; KYN, kynurenine; VEGF, vascular
endothelial growth factor.

Arck PC, Hecher K. Fetomaternal immune cross-talk and its consequences for maternal and offspring's health. Nat Med. 2013
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Some of the mechanisms operating at the feto maternal interface that contribute to the
immune tolerance towards fetal antigens. The immune regulatory processes operating at
the level of the maternal fetal interface are highly dynamic and invoke multiple and
sometimes redundant mechanisms and/or factors to reduce the likelihood of maternal
immune rejection. Together with this redundancy, it is widely accepted that fetal factors
drive changes in maternal immune responses and that both the fetus and the mother
actively contribute to the successful pregnancy. A) General overview of the anatomical
relationship between the feto placental unit within the uterus. B) Humans have a
haemochorial placenta characterized by a high level of infiltration of maternal tissues by

¢ * ©°\ ) extravillous trophoblast cells and the release of maternal blood into the intervillous
v Bl —3 space. In this form of placentation the mother and the fetus are separated by a villous
W trophoblast layer which consists of an outer syncytiotrophoblast layer and an inner
> '/;f'/_ . . . o
"* - cytotrophoblast layer. The syncytiotrophoblast is formed by the fusion of the underlying
:—« . © mononuclear cytotrophoblast layer to form a multinucleated syncytium. C) Numerous
:' o o> M8 ) st factors are expressed at the maternal fetal interface which can regulate the maternal
( ~ T \— . . .
i B ( } f immune system to tolerate the presence of fetal antigens. These factors can be carried
N . , ) . .
CELLILAR RINE : — > ' by either syncytiotrophoblast or extravillous trophoblast or may even be produced by
:\T/:g;n:m:‘g:m‘v!assel : - e) maternal immune cell subtypes present in the decidua. Multiple strategies are used by
] Otrop! as! . e . . . . .
D: Decidua ii —s = TSR . trophoblast cells to avoid maternal immune cells and antibody-mediated cell destruction,
dNK: Decidual Natural Kiler Cell - <> = » 4 . . . . . .
e g ettt e including altered HLA expression (HLA-G, HLA-C), synthesis of immunosuppressive
- [ 5= . .
s T S @:;S:LS./?’;\ o molecules such as FasL, PDL1, IDO, and expression of high levels of complement
P P Vst ipgnge - R S regulatory proteins (DAF, MCP, CD59) that protect the extraembryonic tissues from w
RO; SN Gy Rprophcmet maternal anti-paternal cytotoxic lantibodies. Uterine changes during pregnancy also =
M: Myometsium HLA-C: major histocompatitility X . . . . . i . 3
MA: Maciophage complex, class I, C \ help contribute to maternal immune adaptation, including alterations in the relative >
MB: Maternal Blood 1DO: Indoleamine 2.3 -dioxygenase 2 o . . . . . e
MVE: Wu-Vesicuter Body KIR: Kisler Inhibitory Recoplor Sge proportions, phenotype, and functions of leukocyte subpopulations, induction of S
acenta « MHC Class | Chain-Relst . . . . . .
ST. Synclotoghotine A s immunosuppressive molecules (progesterone, prostaglandins), and changes in cytokine 5
% ell CD3+ . s Co-factor Protein . . . -1 .
TC: Trophoblast Column o Sl sench o b h/ profiles across gestation. D) More recently, studies detailing the secretion of =
CRH: Corticolrophin-Reloasing HOmone s a.: autubte meior st | ! & immunosuppressive exosomes by trophoblast cells have led to the hypothesis that 3
DAP? Dacey Acoelersing cxs compatiity complex. ciass |, G | placental derived exosomes may play an important role in the shift from a Th1/Th17 z
FasL: Fas Ligand ULBP1-5: UL 16-binding Protein 110 5 § | a . . A A 2
""""""""""""""" immune response, which promotes rejection, toward a Th2/Treg cell response that S
promotes tolerance as it inhibits Natural Cell Killer cytotoxicity against trophoblast cells. S
E) A number of immunosuppressive molecules have been documented as being carried <

by placental exosomes, including FasL, PDL1, MHC molecules, NKG2D ligands as well as
miRNAs that may modulate the immune response.

Schjenken, J. E.; Tolosa, J. M.; Paul, J. W.; Clifton, V.; Smith, R. In 11 Mechanisms of Maternal Immune Tolerance During Pregnancy, 2012.
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Trimester: First Second Third

Normal Pregnancy
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Pro-
inflammatory 4 anti-inflammatory
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Atatapoaxec ot petaBaoelc Thl-Th2

Trimester: First Second Third

Normal Pregnancy

Pro-

anti- Pro-
inflammatory inflammatory el LS N E— Parturition

Pre-term Birth

ant- Pro- anti-inflammatory Pro-

inflammatory  inflammatory inflammatory Parturition

Early Pregnancy Loss

anti- Pro- Pro- e
inflammatory  inflammatory  inflammatory [EEEEER Parturition

Implantation Failure

anti- anti-
inflammatory inflammatory
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sHLA-G
IL10
Th1 Th2
Cytokines e Cytokines
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CD4+T cells can differentiate into type 1 (Th1) or type 2 (Th2) helper cells. In the presence of proinflammatory cytokine IL12 and increased quantity of antigen, CD4+T cells
differentiate into Th1 cells, important in cell-mediated immunity and protecting against viral infection. Th1 cells mediate allograft rejection. In the presence of IL4 and IL10,
and low level of antigen, CD4+T cells differentiate into Th2 cells, important in cell activation and mediate allergic responses. Th1 and Th2 cells mutually inhibit each other.
Extravillous trophoblast secretes soluble HLA-G (HLA-G), inducing regulatory type 1 T cells (TR1) to produce IL.10, promoting maternal tolerance.

https:/ /doi.org/10.1530/ REP-10-0360
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The plasticity of Tregs and Th17 cells. TGFB drives the differentiation of Tregs in the absence of IL6 in clinically normal pregnancies. In pregnancies affected by
preeclampsia, maternal monocytes produce both IL1B and IL6, driving the differentiation of Th17 cells and subsequent production of IL17. These cells are implicated in
transplant rejection and autoimmune disease. Tregs are able to switch to a Th17 phenotype; however, this is inhibited by the presence of indoleamine-2,3-dioxygenase (IDO),
a molecule expressed by extravillous trophoblast (EVT). EVT also expresses vasoactive intestinal peptide (VIP), stimulating the production of maternal dendritic cells (DC) to

produce IL10, promoting Treg differentiation.

https:/ /doi.org/10.1530/ REP-10-0360
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Th1/Th2 paradigm
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Balance of maternal immune response in pregnancy

Pregnancy outcome

Poor

Good

Maternal immune response in pregnancy

Intracellular

/1PNy, TNFB. 112 ]

Cellimediated
phagocyle dependent

Pathogen Extracellular |

Response /(T2 type | \

Cytokines| L4, IL-5, IL6, IL-9, IL-10 |
Immunity Humoral antibody

Reid TM. Striking a balance in maternal immune response to infection. Lancet. 1998 Jun 6;351(9117):1670-2.
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Kapkivoc Vs Eykupoouvn
Opolotntec kat dStopopec?



ALTTOC pPOAOC KUTTAPWYV TOU OlVOOOTIOLNTLKOU
OUOTNLOTOC

: . ~ Antitumor Immunity Key Cytokines:
4 High Levels of Effector T Cells & Cytotoxic Cells in TME IFN-y, TNF-a, IL-12, 1L-18,
Necrosis, Apoptosis and Decreasing Vascularity IL-10, IL-13, IL-6, IL-2

High Antigen Presenting & Cytotoxic Activity
Th1 Inflammation
‘Tumor Shrinkage

Key Cytokines:
TGF-B, IL-4, IL-6, IL-8,
MCP-1, CXCL1/2/3, C
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VEGF, COX2, PGE =
Elimination Equilibrium Escape
Net loss of tumor cell number Little change in tumor cell number Net gain of tumor cell number
Net tumor volume shrinkage Little change in tumor volume Net gain in tumor volume
Net loss of tumor vascularity Little change in tumor vascularity Net increase in tumor vascularity

Burkholder B, Huang RY, Burgess R, Luo S, Jones VS, Zhang W, Lv ZQ, Gao CY, Wang BL, Zhang YM, Huang RP. Tumor-induced perturbations of cytokines and
immune cell networks. Biochim Biophys Acta. 2014




Graft vs Pregnancy

Pregnancy-specific
barriers to fetal rejection
(reproductive immunetolerance)

3
Local factors

 Uterine entrapment of antigen-
presenting cells

» Chemokine gene silencing by
decidual stromal cells

Organ transplantation

* Discordant alloantigens expressed
by the graft are recognized as
immunologically foreign and prime
activation of T cells that cause

| rejection

Pregnancy-specific
functions of immune cells

* UNK cells alter vasculature,
lymphatics

» Cytokines and chemokines signal
endometrial remodeling for
implantation

* Protection of fetus against

| microbial challenge

Systemic factors

* Expansion of maternal regulatory
T cells with fetal specificity

*» Release of tolerogenic placental
debris into maternal circulation

* Immune modulation by
progesterone and its downstream
factors

Allograft organ 7
Semiallogeneic fetus
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PrabhuDas M, Bonney E, Caron K, Dey S, Erlebacher A, Fazleabas A, Fisher S, Golos T, Matzuk M, McCune JM, Mor G, Schulz L, Soares M, Spencer T, Strominger J, Way SS,
Yoshinaga K. Immune mechanisms at the maternal-fetal interface: perspectives and challenges. Nat Immunol. 2015




Basic difference:
* Function of Tregs in pregnancy is a normal physiological process
* Immunosuppression by Tregs in cancer is pathophysiological

Placenta/decidua Cancer
Maternal A -
decidua i Nl | T ——— g
4 ez .". TN "'.;-l?‘a.' e, '.‘..‘,_. L
K »&Q o §
7 ' \:..-'/,'Tumo \ %
s N S Cells &)
-~ Nn it Al P
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