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ffamlly preseht onlx:on eplthellal cells. _2
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‘“blastocyst.vthe mod ed’cav1tated s age of mammafian

‘Aembryos, con51st1ng of the 1nner cel mass, and a th1n

s

";‘chor1on-'membbane enc1051ng the entlre conceptus, derlved L

sh”

- from fetal cells (somatopleur or ectoderm plus mesoderm)

IS '.

"cytokerat1n5° prote1ns whéfh are members of a multlgene

~
I

cytok1nes..g1ycoprote1n medlators secreted by any type of

Cell o —— ,—,-m———“:-'?

- dec1dua' the area of endometrlum between the 1mplanted

'chor1on1c ve51cle and the myometrlum whlch becomes the

*

'lvendometriumijthe

nectoplacental co'

| or blaséocyst stage.

maternal-part of-the placenta.._

N

morula: the 'ass of blastomeres resultlng from the early
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1 cleavage d1,1s1ons of the zygote wh1ch ends at cav1tatlon
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“lovum: -ovulated mature female gamete. . . .
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'.4p acenta° the organ of commun1cat1on between the mother’

an&\the fetus hemochorial placenta' a type of placenta as  f
in man and rodents, in" whléh three layers of cells Ry .\;
_;(v1ll us eplthellumﬁ cqnnectlve tlssue and endothellum of ;\
the fe al blood caplllarles) are 1nterspersed'betmeen v .w
‘maternalland fetal¥;lood streams. f"':ﬂ “fogﬂVg f‘ﬂifbﬁy
trophoblagt the ectoaermal ceil layer coverlng the.h ﬂthh

' blastocyst whlch 1n some spec1es erodes the uterlne muoosa.-
"and through whlch ‘the embryo recelves noﬁrlshment from ?he

v.mother. Trophoblast cells are restrlcted to the e

-extra embryonlc tlssues and contrlbute to thé formatmon of

‘the placenta.' 5 h‘ AP ‘
’"trophectoderm. the outermost‘layer of cells in. the ," ;
: Fe L A . . : T
 mam) al1an blastocyst. S SN o

. . - oy d
vimentin: ‘the.main subunit ‘protein 6f intermediate’

. L LR o ‘ RART o

filament in endothelial cells. DARN ‘EQ_ o

| o e TR e
. .‘ . [ . : ‘ '
) - h \‘ . ‘ . \‘\ -
. ~ ,%& % -
’ \ . v.
. R
- |
‘ i
S . - "
’ xiv '



B R R TR St ‘AB;BMVIA‘I‘I-’C’)N’S"’ T T

ADCC. antlbody dependeﬁt cell medlated cytotox1c1ty ;

' AFP: alpha fetoproteln RRCE
. 4’\
JATS ant1~thymocyte serum ' L

l)

BCDF B cell d1fferent1at10n factor

]

' BCGF B cell growth factor
ConAx‘concanaValln A f*" e

f- CSF 1 cplany stlmulatzng factor 1 _

l CTL-icytotox1c T lymphocytesiL ' ::11‘f .‘,hf

EPC° ectoplacental cone

; -FAPP- fetal adherent phagocytlc placental cells , -
- , '

<.

GM-CSF- granulocyte macrophage colony stlmulatlng factor~
GPI- glucose phbsphate 1somerase *_h
thG human chor1on1c gonadotroplh .
JHTdR-~’H thymld1ne

'IGM'llnner cell mass ' _
'”% IFN°.y 1nter£eron ;i'.ﬂ

T1L=2: 1nterleuk1n 2.

rh;IL43 1nter{euk1n 3 v ) e
‘”.7yﬂc- major h;stocompat1b1lty complex." hi:e | | N
.MLR; m;xed lymphocyte reactlon’ “h';f;ffi{fff"\f“w’h”f_ehf-T?f
. OD~ optlcal den51ty ;“"7“:?f"

M“iffPHA' phytohemagglutlnln Cl

" PMA: phorbol myristate’ acefatef"b IS T o
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. 0. ' UCHAPTER I .-
~..¢t' - INTRODUCTION

,_.‘_

The 1mp1antatlon of the early embryo in the . :
: AN S
endometrlum and the development and surv1val of the”-w}-p

'hfeto placental un1t durlng gestatlon reflects a’hlghly

successful process of allotransplantatlon. The absence of

vascular cont1nu1ty between mother and fetus and the
o f . R

. eff1dlency of the placenta in- restr1ct1ng,'1f not entlrely

vprevent1ng, ‘the transfer of 1mmunocompetqht cells to the
:fetal c1rculatlon places the fetus in a very dlfferent
'category tharn* any surglcally transplanted tlssue‘or organr.A
'The élketlcally dlsparate components of the conceptus that

are exposed to the maternal host are: restr1cted to the e
\

i_ trophoblast and the extra embryonlc membranes.-Therefore,;.’v'

';beglnn1ng w1th a. descrlptlon of the functlonal anatomy of

o - * N N

the placenta,.thls sectlon w1ll concentrate on the
“'antlgen1c1ty of the feto placental unlt and on. how th1s

Hlnfluences the maternal 1mmune system.



jﬁblastocyst stage the embryo 1mp1ants 1tself 1nto the

| 1), ANATOMY. OF THE PLACENTA -

) 4 \\‘- . L T
° -.' ) \ . - :

: After fert111zatlon, the ovum undergoes holoblastlc.

’cleavage, becomlng a sofld sphere of cells called thelbf

‘ffmorula, wh1ch then glves r1se 0. the blastocyst The outer

\

_1ayer of blastotyst,‘the trophectoderm g1ves rlse to

: membranes that surround the embryo,'whlle the embryo -

fproper forms from the 1nner part of the blastocyst the

:so called 1nner cell mass (Gardner et al 1973). At the\

endometrlum on tﬁ! wall of the uterus, where 1t remalns ”'"5T“ﬁ

N

and is nourlshed uht1l b1rth
¢ S

In the murlne blastocyst,rthe trophectoderm 1n the
Ca

"abembryonlc and lateral areas glves tise to prlmary ' tf‘;d f
__trophoblastlc glant cells. Thelr funcbaon is not fully

“Nestabl1shed but probably 1ncludes an anchonlng mech&nlsm
.fdurlng the early stages of 1mp1antatlon. The trophectoderm':'~

"overlylng the 1nner cell mass at the embryon1c pole of the@jfi

‘blastocyst undergoes rap1d prollferat1on to form the';;'
&

;so~called ectoplacental cone,rcomprlsed of hlgh\g 1nvas1vef

' _trophoblast cells. From 1ts superf1c1al reg1ons arlse the-fﬂ
llﬁsecondary trophoblastlc glant cells that mlgphte outwards,gfh
ito lie at the marg1ns of the developlng placenta,_and
dr_ﬂpdownwards to surround the early embryo.‘These cells become;
ljhlghly polyplo1d by a process of endom1t051s (Chapman et

-»al 1972) and the1r funct1on 1s obscure. The prql1ferat1ngzifi




R

.‘A',centre of the ectoplacental cone produces tlssue that
d1fferent1ates to form the major fetal components of theff,

| placenta, the labyrlnthlne trophoblast and the 1 -
sponglotrophoblast (Flg.“l) “The g1ant cells and the
'sponglotrophoblast abut uterlne dec1dual tlssues w1th’
v’close cellular contact. In the labyr1nth1ne trophoblast
'iﬁ$:v(F1g 2) the t1ps of the v1111 fuse, the - fetal vessels u:
i’anastomose and the outer layer is- bathed by maternal blood
| ‘in ﬁhe placental‘51nuses." o —
'Afterilmplantation the human blastocyst giQés'rise';a*
two forms of trophoblast the inner: cellular."::
| cytotrophoblast and the outer syncytlotrophoblast (Flg
3). The syncytlal form.is der1ved by dlfferentlatlon

'f;s accompan1ed by cell fu51on and 1ncreases throughout

e

pregnancy At*an earller stage, columns of cytotrophoblast

push through the syncytlum, form1ng the v1llous pr1mord1a :
_ and spread out at the ends to form a shell around the |

embryo. The characterlstlc mature placental v1ll1 develop ;jff
ﬂultlmateiy w1th an outer coverlng of syncytlum and aﬁ“{hd |
fundbrlylng layer of cytotrophoblast wh1ch, in, the 1ater;;3;f;i
. stages of pregnancy,‘bécomes d1scont1nuous. It is. the -
h‘Vlgﬂous syncytlum that is bathed 1n the maternal Slobd,‘_”-ff&”

© and it 1s the trophoblast of the basal plate that 1s 1n
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= THE QUALIS& OF THIS MiCROFICHET[;ﬁA"QUALITE 'DE- GETTE 'MICROFICHE

o IS. "HEAVILY: DEPENDENT UPON THE: DEPEND GRANDEMENT DE LA QUALITE DE LA

~ “QUALITY OF THE THESIS SUBMITTED THESE sounxsz AU MICROFILMAGE. .
- FOR MICR@FILMfﬁG.:; Lo o o .

7;UNF0RTUNATEL¥ THE  COLOURED "'MALHEUREUSEMENT, LES DIFFERENTES?*
7. ILLUSTRATIONSY OF THIS THESIS'  ILLUSTRATIONS EN. COULEURS DE CETTE

' CAN ONLY YIELD DIFFERENT TONES THESE NE PEUVENT  DONNER QUE 'DES
" OF GREY. . i - EINTES DE; GRIS. e .
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7'1n the mouse (C3H/HedJ female mated to BALB/c male)-.

- MC= maternal blood cells, FC fetal blood cell\\\ﬁgrows show

»;Some trophoblasts. Magnlflcatlon x40x3 3% k\_._,fﬁ”‘”

e

B

; o o

® . ’ ‘ - . » B A ', »

' N~ FIGURE 2 - R
Aplacental labyrlﬁthlne trophoblast on day 12 of gestatlon ,CE;



Cellular and syncytlal :.crms of trophoblast 1n the 8 wéek?.’

G old human embryo. SYNCYTId- syncytlot’;zphoblast
_,_,CYvTO:=‘c_y.to'tr‘ophoblas_t YS yolk Sac, AM amnlon, EM embryo. ,
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;H%close contact w1th the uter1ne dec1dual 1ssue 1n the

””;organ1zed placenta..The chorlonlc membrane[ composed

"cmalni” of a layer of cytotrophoblast surrounds the

“f}remaln'er of the conceptus after the establlshment of the -pjjj
fmaln pl cental reglonr“%ﬁ' Al G .
r The hemochsr;al placenta is a complex organ _,fﬁ_
?contalnlng dlfferent types of trophoblast and ‘a var1ety of ;::
"other fetal tlssues snch as endothelaum and fetal blood _ggjéﬂ
';;elements..ln add1t10n, there are elements prov1ded by the
_maternal tlssues 1nc1ud1ng dec1dua, connectlve tlssue ﬁnd

,»blood cells. Immunologlcal studles have often neglecte

' the presence of these maternal cell populatlons and

‘

'.questlonable conclu51ons have been draWn as to the

LR

propert1es of trophoblasts..The 1solat10n of pure-';'

- Lo
trophoblast has been the subject of lntense 1nvestlgat1on.h

Rossant and Croy (1985) .u51ng embryo transfer and R
1} ..‘>. .

reconst1tut1ve blastocyst technlques, comblned w1th |
| 1sozymal and ln srtu genet1c markers, have establlshedg R
that approx1mately 70% of the 13=15. day murlne placenta is
trophectoderm der1ved,.30% is maternal in orlgln and 4%
develops from the 1nner cell mass, Recently Zuckermann and
‘Head (1986a) us1ng step gradlent separatlons of murine |
;placental cells, 1solated a cell populatlon with
trophoblast1c characterlst1cs. These 1nc1ude

"cytokeratlnrp051t1ve and v1ment1n negatlve expressxon,
) L . . :



v I L -.;u‘ T TSR - RE :
'ﬂ;growth as a mon%‘syer of polygonal cellsu and the ab111ty

=3€jto glve r1se to mono— and mult1 nucleated g1ant cells able ;;f

‘Qtéhsecrete progesterone. Some of these cells express

':alkallne phosphatase and are phagocytlc.‘The majoaéty 1s R
:icnon spec'flc esterase negatlve..These results show that |
':trophonlaSts con51st of heterogeneous cell populatlons
'fwhose 1dent1ty is: not yet clear._At the later stages of
.f;preqnancy the dlrect contact of the murlne' o T

h[sponglotrophoblast (and human cytotrophoblast) w1th
-_;maternal tissues 1nd1cates these to be the most 11kely
51te2 of maternal 1mmune recognltlon of. fetal ‘*'t'

.
alloantlgens. The nature of. the Eﬁﬁal alloantlgens as well

i’as theqr locallzatlon 1n the 1ntact platenta w1ll be /

: dls;'clus.sed- na o e
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Transplantatlon ant1gens encoded by genes~ofwthe U?f:vtj.h

major hlstocompat1b1ty complex (H 2 ‘in m1ce and HLA 1n'Ac,7f;7
¢ e

humans) tr1gger graft rejectlon.,Pregnanpgﬁls the only

f phy51ologlca1 51tuat1on known‘where the allograft surv1ves: Ll

’

desplte the presence of class I antlgens 1n dlrect contact
?\w1Lh allogenelc 1mmunocompetent cells. ‘This: sectlon 1s_ -

focussed on the expression, local1zatlon and nature of
' {
transplantatlon antlgens on the feto placental un1t

. \«'v_ 52

' A) CLASS I ANTIGEN EXPRESSION ON THE PLACENTA

qo

The development of sen51t1ve 1mmunoassays has.resofved

5many controvers1es on the dlstr1but1on of‘dlass I MHc\i
antlgens in the feto placental un1t. There is now a.
general concens;s that class I ant1gens are‘synthe51zed
and expressed only at low levels on the’ trophectoderm ‘
(Webb et al 1977 Goldbard et al 1984) These antlgensiv1

; dlsappear after 1mp1antat10n, (Searle et al 1976 |
Bllllngton et al 1977) and are detected on or after day 6”
of pregnancy on par1eta1 endoderm and Re1chert 'S membraneh

but not on the trssues of the ' embryo itself (Heyher 1973)

‘Class 1 antlgens are first expressed on the nlne to. ten'
/

L

day embryo, but thlS expre551on varles in the dlfferent.'
parts of the body and is stra1n dependent (K1rkwood and
B1111ngton 1981, Bell anﬁ§B1111ngton 1983)' Placental

e o '."

cells from day ten to%seventeen oﬁ gestatlon show

ot o e

!‘.



Doe N !

+

'”1s aple to spec1f1cally absorb paternal ant1 class 1

"f'f.el_t_.al 1979a, 1979b singh et al 1983)

N .
K 1

N S ‘.’ *;;l;' e . o . S
' Class I antlgen expre551on is. restrlcted to certaln :;’

wr

h7_ant1gens on the human chorlonlc v1ll1 (Faulﬁ”and Temple

=;1976) ‘was ex%@gpolated to all trophoblast populatlons.;A

l‘However,jlt is- now clearﬁthat HLA class’I antlgens are ;j

-fexpressed on those trophoblast cells in. dlrect conhact

w100

’1ncreased expre551on of class I ant1gens,»51nce the tlssuefﬁ;»

-A.antlbod1es from the c1rculat1on of pregnant m1ce (Wegmannl‘

'throphoblast populatlons. The absence of detectable class Inf:*

':5Q1th maternal tlssues (blood and dec1dual cap) (Sunderland;

7*et-al.‘1981 Montgomery and Lala 1983 Redman et al _1984 |

class I p051t1ve cells are local1zed in the-' -

,isponglotrophoblast (Jenkinson and Owen 1980 ColavinCenzo

'h

al. (1987) detected claSs I an

-‘and Lala 1985 Slngh et al 1983 Bllllngton and Burrows g

J986a, Ho et al. 1987) Although some 1nvest1gators-_

reporAed that labyrlnthlne trophoblast is class I pos1t1veh,"

(Chattergée Hasroun1 and Lala 1982) ‘their results could

not be reproduced (Slngh et al 1983)& Another unusual

\

.observatlon was madq in baboon placentae, where, u51ng

monoclonal ant1bod1es to human . MHC determlnants, ‘Sgern et

&
ns on the v1llous

iﬁ;

¥

syncytxotrophoblast However, 1n these experlments the

poss1b111ty of cross redct1v1ty W1th non- MHC baboon

'Butterworth’et al 1985) In the mouse and rat “placental S
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fljantlgens has not been ruled out In fact, the labyr1nth1ne'€
Z”Qg»i;; .
syncytlotrophoblast 1n the human placenta, may express -

itrophoblast 1n the mouse placenta,'or the -

W

y‘other unusual class I MHC ant1gens that the reagents and
‘w;technlques used 1n prlor ‘studies. could not detect

ﬁ:y(Hun21ker 1987X- ”gf"' ;: .;e'[y.;tiy . fﬂi.f'_t:"tt ;‘43

In. at least some speclgs, the. class Itant1gens .

."expressed on trOphoblast subpopulatlons do Qﬁt dlsplay
ke
ﬁ'cla551ca1 'MHC structures. Immunoprec1p1tat10n experlments

showed in both humans and baboons that'the heavy chaln of
]”class I antlgens on the placenta has a lower moleculari<$

'welght when compared to the. cla551cal MHC molecules, but o
. .), .‘ﬂ?
: assoc1etes normally w1thhbeta2—m1cro bulln (Stern et al

ﬁ1987 ElllS et . al 1986) The rat and mouse placentae

appear to bear both class1cal and unusual class I ant1gens.v7

b (B1111ngton and Burrows 1986a, Ho et. al 1987 Hun21ker L

- -

‘1987) “The sponglotrophoblast of rat placenta expresses an.

S apparently unusual class I antlgen, the Pa antlgen whlch T
F N o
‘Vhowever, has the class1cal molecular welght (Ho et al

f1987 MacPherson et al 198%, Ghan1 et al 1984) Murlne
trophoblast cells can spec1f1cally compete w1th |

..convent1onal tumor target cells in an alloreactxve '!br';

- -cell- med1ated cytotox1c1ty assay (Zuckermann and Head
1987a), wh1ch prov1des ev1dence for the express1on of

cla551cal MHC antlgens on the surface of these cells. Dot'&'

:-pfttggtf
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e

'-Kblot hybrldlzatlon technlques of placental extracts sh0wed

.._that mRNAs encodlng both cla551cal and non cla551cal class

R

‘\antlserum Trophoblasts are st1ll class II negatlve even

wlafter IFN- treatment (Zuckermann and Head 1986b)

’fImmuﬁoprec1p1tat1on methods revealed that Ia ant1gens.

i I ant1gens from the K D L and TL reglons are expressed

kS dur1ng m1d and late gestatlon 1n the mouse placenta

(Hunz1ker 1987) The expre551on of fetal class I antlgens

“1n the placenta shouId make thls tlssue antlgenlc. Indeed

'when placental or fetal cells are 1njected 1nto v1rgln

foemales they can 1nduce alloantlbody %ioductlon

(B1lllngton 1986b) The placental cells, but not fetal "“
'cells, stlmulate an antlbody 1sotype d1str1but10n ak1n to

fthat seen 1n allogene1c pregnancy, suggestlng that

n*maternal 1mmune cell recognltlon of allogenelc placental

.rather than fetal cells is the ba51s of maternal 1mmmun1ty

» .

durlng pregnancy,‘r‘. d : ‘;3

-

B) CLASS II ANTIGEN EXPRESSION ON THE PLACENTA ’
-Prelmplantatlon blastocysts and post 1mp1antat1on embryos

Kday 7. 5) arevhn1formly negatlve when tested w1th ant1 Ia

\

Loel N v'
flrst apasar on the fetus on day eleven of gestatlon andv_'

are restrlcted to the lrver untid day 51xteen (Delov1tch
‘et al: 1978) Immunohlstologlcal studles suggest that no

human trophoblast populatlon normale expresses class Ir.
‘% :

»antlgens such. as HLA DR or*DQ (Bulmer and Johnson 1985)

-~
-
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wHowever, 1n late stage placentae, HLA DR p051t1ve cells

“dendrltlc cells or macrophages and are not exposed to the _'W{'

: out'potentlally harmful anti-1

) . s R S A

”{;have been rdentlfled 1n the subper;pheral layer of the ?-"
:tf{amnlon,'and psparsely,'w1th1n the chorlonlc v1llous stroma

n(Sutton et al 1983) These cells are probably fetal

‘V‘maternal c1rculat10n (Sutton,et al. 1983 dlmer and

': Sunderland 1984a, Bulmer and Johnson’TQBQb)
:-Macrophages have also been 1dent1f1ed in late stage murlne
’_placenta (day 14 to 18 of gestatlon) 1n yolk sac

»membranes and in pregnant uter1 (WOod 1980 Hunt et al.

1985). Although the or1g1n of these macrophages is not

_ﬂclear, it has been postulatedfgzat the1r role 1s to. fllter

al antlbodles durlng R

- pas sage of 1mmunoglobul1n from.the mother to the fetus

'-(Wood et al 1978) The d15tr1but10n of Ia pos1t1ve cells

- may be 1mportant in thﬁ,generatlon of an 1mmune response'_y

-’:D (@

t_towards the fetus‘s%née an ant1gen must be recognlzed by S

"-;1mmunocompetent cells 1n assoc1atlon w1th Fn Ia molecu&evg-

o

1n order to generate a response.

~



Durlng pregnancy, ma y 1mmunolo

g 1place 1n the maternal system. Speeafac

-~

1’e1ther stlmulatory and/or suppressor 1mm'

' ’ LR v-‘t Q
Hfthe mechanﬂbal barrler og the p;acenta arm_
» . ,"v#»...“ e H
: PrOteCtlng the fetus..” , -~'u.:3}uy
’ e e SRR
3 : ' B “ ‘ ’.%,_ A Sy

) CHANGES IN: MATERNAL L!MPHd%YﬁEL
e

?na.w

Durlng pregnancy, there 1s an 1715,:

‘-hormones,;notably adrenal cortlco DI
) R ~v‘.~,. Ty T "J. =~ - . .
iinvolutlon of lymph01d tissues, ma1n1y the thymus, whlch

s

in the mouse may loose 70% of 1ts 1n1t1al welght (Beer and:

-ﬁf" L.

vyBlll1ngham 1976 Maron1 and DeSousa 1973, Nelson and Hall
d1964) The thymus is a ster01d respon51ve t1ssue and- the )
changes in stero1d blood levels . durlng pregnancy can after‘r

..the release of thymlc humoral factors and the'_.

e

‘d1fferent1at10n of precursor T cells 1n the maternal and s
'fetal thymus (St;mson 19831; Ind‘ ed, thymlc Ly1+ 2—‘ B
"‘bearing populations drop markedlé\dur1ng gestatlo.._Thls o,

could be explalned by the thymic 1nvolutlon resultlng

L prlmarlly from the loss of "’ 1mmature cortisone,sens1t1ve
lymphocytes (Mathleson»et al. 1979) The t1ssue | o
}d1str1but1on of maternal lymphocytes changes at different .

.tlmes durlng pregnancy (Chatter]ee Hasroun1 et al 1980) .

7
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The temporal patterns of change 1n the absolute number of .

‘o

lymphocytes 1n varlous !ymph01d organs are qualltat1vely

~

- e
51m1lar 1n both syngenelc and allogenexc pregnancy but the

‘. changeslare more promlnent in the allogene1c 51tuat10n. In4 jﬁ

pregnant females, Ly2 pOSlthe and I J bearlngf~3
lymphodytes, whlch mark theeappearance of Suppressor T

cells, 1ncrease durlng pregnancy as compared to v1rg1n(

females (Tanlguchl et al. 1980 Cantor and Boyse 1975 ;ﬂiff.:ﬁ

Chaopat and Voi51n 1981' Laia et al 1983) Successrve ff-"

waves of null cells increase 1n the bone m%rrow (day 6 to .
-~

§(day 12 to 14) In contrast, B cell numbers rema1n

K —essentlally unchanged durlng pregnancy (Lala et al 1983L%
*These changes may reflect the’ recogn1ﬁ10n and response to'
'ffan embryonlc antlgen.vAlternatlvely, th@»more dramatlc

';ncrease of these cell subsets seen durlng allogenelc o
LN ;
:pregnancy may‘represent a response to. the paternal

A
';alloantlgens. Slmllar responses have been seen?}.

'(transplanted mice: (Lala and Kalzer 1977 Lala a‘d McKen21e.yfV

7n1982) A small 1ncrease in. splenlc NK - act1v1ty (Lala et

alt 1983) may be: explalned byuthe rlse 1n 1nterferon f”

* .

levels dur1ng gestatlon (Fowler et al. 1QBOXA This ‘may .

AY

,‘tjrepresent -an adaptlve cell medlated response to. the.

‘_ 8), blood (day 8" to 9) spleen and para aortlc lymph nodes.f

3oncpfetal type ant1gens on the placenta,.?mthout anyg

aharmful effects on the conceptus. -'

. .
N L ’
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Chahges 1n the 1mmune cell populatlons also occur
1ocally 1n the dec1dua, wh1ch is’ the-maternal tlssue that
“is 1n closest contact w1th the fetal placenta. The totalf

ﬁ"cellular1ty of the dec1dua, 1ncludlng lymphocytes*“péaks,u
-on days 11 and 15 16 of pregnancy and the cell ‘ Q a

accumulatlon 1s hlgher 1n allogene1c versus syngenelczl

pregnancy (Lala et ai 1986) Null cells account for theda'
AL : .
major1ty of lymphocytes in thls tlssue. Although the
SR '
frequenCy of B cells is low, Thy 1+ cells and espec1ally

the Lyt1+2— phenotype have Qre same frequency as that 1n'“

the blood Late allogene1c dec1dua show an increase ‘of

o Ly2+1—icells. In add1t1on Mac-1 p051t1ve cells reach

max1mal numbers by day 12 of- pregnancy (Lala et al 1986)
Since T cells produce many facﬁﬂﬁs ab;e to stlmulate cell
'_.prollferatlon “the next sec ion w1ll brlefly hescrlbe the.ip
limajor lymphoklnes and the cytok1ne CSFL;b as p0551ble»*

' candldate molecules 1nvolved 1n the maternal fetal ‘

B

‘_1nteractlon in the mouse.:.l

B) LYMPHOKINES AND CYTOKINES
bymphok1nes and cytokraes are spec1f1c regulatory

glycoprotelns—the flrst secreted exc1u51vely by 1mmune

wcells, whereas the latter can‘be produced by any other
cell type. Some lymphoklnes, such as GM-CSF ang IL—3, are;‘

<1dent1f1ed because of the1r ab111ty-¢o stlmulate precursor

'cells to form colonles of progeny cells in seml SOlld

'
. .
I3
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= medlum and are referred to as colony st1mulat1ng factors
(CSFs) The best-characterlzed lymphoklnes are the CSFS"k
'controlllng granulocyte macrophage populatlons and the T
Jcell regulators, Interleukln 2 (IL 2) ~and Interleukln b
7j(IL 1), whereas the actfvators of the B cell 11neage (eg,.

A growth factor) and the e051nophil ser1es

(eoalnophql d1fferent1at1on factor) ‘are less well

Hcharacterlzéd (Metcalf 1986) In thls-sectlon I w1ll

)

'concentrate onighe descrlptlon of the murlne lymphok1nes

}.and cytoklnes used in the present study ) 7‘_ V'TA,L’{}

-

INTERLEUKIN 3. The only normal cell type so far"t

Jdocumented as belng able to synthe51ze 1nter1euk1n 3

~".».(IL 3) or multi CSF is antlgen- or m1togen pr1med T cells

d‘(Scﬁrader et al 1981 Schraden and Iscove 1980). HoweVer .
~
IL-3 is also produced toq§t1tut1vely by the myelomonocytlc,

\

' leukemlc cell l1ne WEHI 3B and by a T cell hybrldoma (Fung”

et a1 1984 Yokota et al 1984) The mature molecule of

RN

'}fIL 3 conta1ns 140 amlno ac1ds and has an approxlmate

fg:'molecular we1ght\pf 15 000-: daltons.,The IL- 3 gene exlsts

"“1as a s1ngle copy, has: f1ve exons and maps on chromosome 11

"(Campbell et al 1985 M1yQ§ake et al. 1985). In mouse
IL 3 is known to stlmulate granulocyte and macrophage ;
colony formatlon (CFU) _colony formatlon by multlpotentlal
:cells, BFU E, CFU- E, eos1noph11 and megacaryocyte

~

4. progen1tors and the prol1ferat10n of" mast cell 11nes and

TN

Y



ILf3Adependentﬁhematopoﬁethlcellflines gMetcalf"1986)ff-f

GRANULOCYTE-HACROPHAGE‘COLONY STIMULATING FACTOR‘Z‘

Mouse granulocyte macrophage colony stlmulatlng factor

l" T

(GM CSF) .Whlch st1mulates granulocyte and/or macrophage

"colony format1on,_was initially pur1f1ed from mouse lung,fﬁ

'cond1tloned med1um (Burgess et al 1977), and later was
found to be synthe51zed prlmarlly by T ce ls (Kelso and

Metcalf 1985)' It is a glycoprote1n w1th a molecular

we1ght of 15 000 daltons and contalns 124 am1no aclds.“itiﬁf

‘ex1sts 1n afSlngle copy genomlc form and ps to'

chromosomenﬂﬁ (Gough et al«‘1984) GM-CSF 1s*known to

stimulate granulocyte and macrophage colony formatlon and*

: at hlgh concentrat1ons, e051noph11, megacaryocyte, and

erythr01d colony formatlon (Metcalf 1986)

- . ~ \;ﬁ\ _ =
INTERLEQ\zN 2°’Th15 is a glycoproteln w1th a

—

molecular we1ght\qf 23,000 daltons. The IL 2 gene maps to

"wchromosome 12, ex1sts as- a 51ng1e copy, and ‘has four exonS»,

jfﬁusé_1934), It is produced by T lymphocytes (Smlth 1984

Paetkau'et al 1985) and is chégacterlzed by JtS'ab111ty"'*7

to st;mulate the prol1feratlon of actlvated»T lymphocytesL

&
It regulat s cellular immune responses and may replags 3

helper T céﬁhs in the generatlon of cytotoxlc T

lymphocytes, augment natural k1ller cell act1v1ty (Henney

a0 -

et al: 1981) generate lymphoklne actlvated killer cells

jlgﬁ&Qrimm et al. 1982) and B cell growth and d1ffereﬁ@1qt1on’

o~
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(Klshiﬂet al. 1985> Mond et al 1985) Thfs'is-thevbest
ﬂcharacterlzed lymphoklne, not only w1th respect to 1ts"
' 7molecular blology but to that of ts cellular receptor as

' dell The IL- 2 receptor has a. molecular welght of 55 000

~ et
EX

“v*daltons ‘and forms heterod1mers whlch mlght—be necessary i ]V,hr

SRR I8 '
;f for the formatlon of hlgh afflnlty receptors (Robb et al

1987 Neeper et al 1987) _

» cb‘tow‘ STI!‘{ULAT?IN'G:FACTO:R 1 -Trh'i’s"gl"yé:ép‘r'o'tei:nTis a
| product of flbroblasts, embryon1c yolk sac, whole embryo,
;nd pregnant mouse uterus._Colony st1mulat1ng factor 1 j

(CSF—1) is a dlmer of two 1dent1cal subunlts each hav12f_all“
molecular we1ght of 14 000 daltons. It ex1sts 1n a |

v51ngle copy genoqac form but 1n several messanger RNA

colonles (Gu1lbert 1985)

The changes in the var1ous maternal lymphocyte .
- subsets dur1ng both syngenelc and allogenelc pregnancy '.-”;fﬁ

2 suggest that the mother becomes fully cognlzant of the ';:

LA

conceptus 1n her reproductlve tract and responds to

v .

embryonlc antlgens as well as to paternally der1ved
alloant1gens expressed‘at the maternal fetal 1nterface. |

[y ‘ -« ," ‘-‘.""
The questlons that naturally arlse are- how doﬁthese

i

lymphocyte subset changes reflect the funrtlonal aspects

“of the maternal 1mmune response;agarnst the fetus and uhat

Lttt R
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ﬁole m1ght these changes have 1n fetal surv1va17 The
' mechanrsms prov1ded by . both maternal and fetal systems to

:ensure fetal surv1val wlll be dlscussed in. the follow1ng -

- Sz . .
[fod R .
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IV) MECHANISMS CONCERNING THE SURVIVAL OF . THE FETAL
ALLOGRAFT S _'71

;ln:the-literature\of'reproductive immunologyfjthere
are two major aspects of thf'surv1va1 of- the mammallan
_ fetal allograft. The flrst dealg W1th the nechanlsms that
o the fetus prov1des for 1ts own protectlon wthh are:'
concentrated{on the role of placental barrler. The second
aspect deals w1th the maternal 1mmune mechanlsms
elaborated to. protect not only fetal surv1val but the o

maternal system.as well. 1 w1ll now . examine each in turn

A) THE PLACENTA AS ‘AN IMMUNOLOGICAL BARRIER BETWEEN.
THE MQTHER AND THE FETUS v
T e. farst clear experlmental 1nd1catlon that the }.J' i:,{
dtgpphoblast plays a cruc1al protectlve role 1n theb" fﬂ'rln
'surv1va1 of the fetal allograft came from the early
: exper1ments of Slmmons and Russell (1962) They found
that although ‘the . embryon1c c0mponent of the :f : @'
fetoplacental un1t 1s rejected as an allogenelc graft the;;
trophoblastlc component 1s’completely untouched by
’hllogenerc?TEjECtlon mechanlsms. Maternal humoral 1mmuneifef

voe

responses d1rected agalnst the paternally 1nher1ted
‘ ahtlgens of the genetlcally al1en embryo have been _p -

- detected 1n several speC1es 1nc1ud1ng man, horse,-cow, fd” "f
'Er't ‘mouse and salamander (B1lK\ngton et al 1983), e1ther o

‘"@as ﬁree alloant1bod1es or as soluble 1mmune complexes.'[ﬂ]w..J



“

Early exper1ments by Sw1nburne (1970) 1nd1cated that the

placenta could serve as an. 1mmunoabsorbent barrler for -
:maternal anti - paternal MHC ant1bod1es made durlng d

allopregnancy ~More. recently,.experlments u51ng

rad1olabelled monoclonal ant1 fetal ant1bod1es agalnst

22

9y T

class I showed that these ant1bod1es w1ll bind
spec1f1cally (Wegmann et al. 1979a b, 1980' Chaouat et al.

1983a) and not to Fc receptors present on- cells in the

placenta (Tyan 1975) 1n two major sites: one ‘in the R

lateral aspect of the placenta where the yolk sag ]01nS»j,

the fetus and a second 51te in the reglon of

sponglotrophoblast (Slngh et al 1983) These antlbodles,‘

4? vnuch show a rapld turnover 1n the placenta, are dlgested
1ntracellu1arly.and then-released as fragments back into
the’ c1rculatlon of the, pregnant female (Raghupathy et al
1981 Raghupathy 1982) These stud1es suggest that the

' placenta can serve “as’ an 1mmunoabsorbent barrler to

,:v.

'_ antlbodles dlrected aga1nst the paternally derlved class I

" MHC antlgens Whlch are in d1rect contact w1th the materna1

>

c1rculatlon Although,some trophoblast populatlons eApress
class T MHC antlgens, it is generally accepted that_
trophoblasts re not susZeptlble to. ly51 by allospec1f1c
'CTL; act1vated natural k1llers, natural cytotox1c cells,;
ADCC or allOant;body and complement-tr ment. Early 4¢.

studles showed that pre— and post 1mplantatlon embryonic

and extraembryonlc tlssue can surv1ve when transplanted
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ﬂ”éﬂ;nt%'ectop1c 51tes in allogenelc rec1p1ents (Slmmons and
Russel 1962 Klrby et al 196@4 However, when'the.
aiec1p1ents were prelmmunlzed only Ehetectoplcallyy‘
g;trdnsplanted ectoplacental cone (EPC) surv1ved whereaS'
'lblastocysts falled to grow. Thls has been subsequently
ver1f1ed by. In VItPo experlments in wh1ch allogeneic CTL
or alloantlbody and complement could not - klllePC der1ved
trophoblast cells (Vandeputte and SOblS 1972 Jenklnson
fand B1111ngton 1974) Other-studles-have ‘shown thatrwhen
trophoblasts from the mature murlne placenta have been ;-_\\,J
st1mu1ated-w1th y-IFN to 1ncrease class I expressxon theyyd
‘become susceptlble to lyS1s by ant1 paternal or |

4‘heterologous antlseraﬁgpd complement whereas they are not

"affected by class I spec1f1c CTL (Zuckermann and Head

-~ .1987a, Zuckermann and Headﬁ%;87b) ddltnon o IR
1

itrophoblastg can spec1f1cal compete w1th tumor cell

o~

'targets whlch are otherw1se susceptlble to ly51s by

~

cytotox1c lymphocytes, i. e., they can serveﬁas cold target

"1nh1b1tors (Head et ‘al. 1987) The relatlve res1stance of o

trophoblast ‘cells. to lysxs by antlbody conforms to the .

'expectatlon posed by the/barrler hypothe51s, namely that C

© no harmfdl

- iz paternal antlbaiies can cross“

and reac'
4

'ar1ses whether ‘the placenta is a'lso 3 bar@rler ‘to maternal_"'

the sem1 allogenelc fetus..A qﬁfstlon then

<cells. The passage of sen51t1zed cells f%om the mother to
the-fetus through‘thexplacenta 1svcontrovers;al and rs__

R 4,
o
.



;rusually assoc1ated§§§th fetal abnormalltles..Colllnf et .
. al, (1981) ‘uszng MHC ant1gens as markers, reported that . ‘
fl30% of tht d1v1d1ng cells 1n ‘the l1ver of the newborn are. o
'To- maternal orlg1n. HOWever other 1nvestlgators, u51ng .
vthe glucose phosphate 1somerai!~(GPI) 1sozyme marker, |
‘wh1ch can dist1ngu1sh as l1ttle as 1% maternal cells. m;xed R
%§%§1th-99% fetal cells, failed: to confirm these reports_ T
fﬁun21ker et al. 1984) - In these%ﬁﬁudles Hun21ker at al
(1984) have shown that s1gn1f1cant numbers- of maternal
::ﬁcells were detectedfpnly in 2 of the 172 offsprlng tested
and.. that although some maternal red cells cross the V}h

placenta, maternal wh1te cells are rarely found in the

fetus.
. _ -
B) THE ROLE OF MATERNAL IMMUNE MECHANISMS IN FETAL
SURVIVAL f R
- leferent tYpes of 1mmune”suppress1ve act1v1ty have been
tstudled in pgpgnant females. Pregpancy-assocrated
'Substances suppress alloreact1v1ty in m1xed lymphocyte

culture (MLC) in vrtro (pregnany assoc1ated alpha- 2
:glycoprotein Stimson 1972 alpha-feto prote1n Murgita and
Tomasi 1975 human chorlonlc gonadotrop1n Stlmson 1983),
rolong allograft surv1va1 (progesterone Munroe 1971) and
depress lymphocyte prollferatlon 1nduced by m1togens

.(pregnancy assoc1ated alpha-2 glycoprote1n Stlmson 1976a,

alphaffeto protemn Gupta and_Good 1977,_pregnancy—spec1f1c
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beta 1 glycoproteln Honre et al 19767 humantplacental

'vslactogeﬁ Cern1 et a1 1977 human chor1on1c gonadotrop1n-:ﬂ

St1mson 1983) Placental cell products may also exert a'

dlrect 1nh1b1tory effect on lymphomye101d cells and may _v'ﬁv

25

dlrectly block the 1nteract10n between effectors -and the1r

"ftargets in- the CTL response, natural k111er celL}assays,.rf'

‘and ant§body dependent cell medlated cytotox1c1ty (ADCC)
- Y%
: (Ch%ouat et’ al 1979 Fauve et al 1984).\--

.: Maternal ant1 paternal antlbody may also exert an

: 1mmuno$uppre551ve effect. Antlbodles eluted fromhmurlne

‘placenta@%and g@%1n1stered to na1ve rec1p1ents allow the" ‘

“growth of paternal stra1n tumors (V0151n and Chaouat

1971) The effect has been ascrlbed to: the mask1ng of

VS

antlgenlc determrnantsr elevant to the stlmulatlon of hosﬂ““

-1mmun1ty (Chaouat et al 4979) Immune complexes are known‘.

to 1nduce a suppress1ve 'tate wh1ch may act on d1fferent

"“.'.\*

;nse. . g. ant1gen masklng, :

'hlevels of the immune res)
'through 1nteract1on w1th both ant1gen and Fc receptors on

B cells, through 1nteract10n between Fc receptors on B

cells” (antlgen non f'spec1f1c) effector cell blockade,»7'

/ Do
»act1vat1on of suppressor T cells, blockage of ant1gen

'breceptor on T cells, blockage of T’and B cell 1nteract10n,_

' 1nh1b1t10n of ADCC blockage of cell medlated lymphocytlc

reactlons or blockage of delayed hypersens1t1v1ty

L~

'(Theofllopoulos e; al 1981) Durlng pregnancy,

RS

anti- paternal antlbodles are found to spec1f1cally 1nh1b1t



",”and B1111ngton 1980 Stewart et aly 1984)

MLR ga1nst paternal lymphocytes, lymphoklne release and pf j{
;4gene:ation of CTL in VltFO (Chaouat et a1 1979 Robert et
:Qal: 1983, Bonneau ‘et. al 1973) These antlbodles are F ‘

Tt

i pr1mar11y of the non complement flxlng IgG1 1sotype (Bell

;h'Lymphocytes bearlng markers spec1f1c for' suppressor cells

‘ have been found systemlcally 1n the gestat1ng female } | _
Uhﬂa(Tanlgushl et al 1980 Lala et al 1983, Cantor and Boyse :
11975 Chaouat and Vo151n 1981, Sano et al. 1984) These 4
"suppressor cells are paternal MHC - restrlcted and Lyt 2
,p051t1ve. They are found in’ the spleen, per1pheral lymph
”fnodes and blood and the1r appearance rsuusually delayed

uptll after the firss allopregnancy (Chaouat and. V0151n o

1984, Nagarkatti and Clark 1983). These suppressor cells'."

" elaborate a soluble'antigen;speciflc suppressor factor‘frh Lo

SVIfFO Whlch 1nh1b1ts the generatlon of CTLs (Nagarkatt1
and Clark 1983) and ‘the MLC reactlon (Engelman et al
- 1978). However thxs suppre551on is not strong enough to
'“preVent rejectlon of grafts of MHC 1ncompat1ble paternal
.t1ssue in a prlmary or secondary response (Chaouat and '
Voisin 1981, Nagarkatt1 and ‘Clark 1983) and. cannot prevent
H;reject1on of paternal tumor grafts placed W1th1n the' .
uhuterus of a1101mmunlzed m1ce (Nagarkattl and Clark 1983) "
Another type of non-T suppressor cell can be 1dent1f1ed
durlng pregnancy whlch 1s non~MHC restrlcted and is.

concentrated_ln'the dec1dua at 1mp1antatlon_51tesJ and in



'suggests a role for the dec1dua in prolonglng fetal

. . SO o _".f ) , o o ' . “_\
. . . ;

;fﬁdra1n1ng lymph nodes of the uterus (Clark et al..1983)

Th1s suppre551ve act1v1ty 1s assoc1ated w1th cells that_*f

‘v

"“‘have cytoplasm1c granules, but are not NK cells,vand 1s'

;medlated by a soluble factor whlqh th1b1ts the . generatlon

"'fof CTL (Clark et al 1980) Th1s local 1mmunosuppre551on

e

aallograft su?§1val In add1tlon 1t[has been demonstrated

that the absence of these cells cgrrelates WIth abortlon N

(Clark et al 1983 1984) T%ese nvestlgators observed

' that CBA females pregnant by DBA/? males show an 1ncreased

Fd
spontaneous abortlon rate, Whlch correlates W1th the

. absence of suppressor act1v1ty 1n the dec1dua.(v

-resorptlo

I

1Furthermore 1mmunlzat10n of the CBA females w1th BALB/c

spleen cells prlor to. matlng by DBA/2 males lowered the

rate and 1ncreased dec1dual actlve suppre551on :

g'(Chaouat et al 1983) These observatlons suggest that '

4

"suppress(

_. =0 SR
T ce;ls should have an 1mportant role f?b k

‘preventlng the development of harmful types of ant1 fetal__"h

"Qf1mmune responses as. a consequence of succe551ve matlngs.

Another type of exper1mental ev1dence correlates the

~

generatlon of maternal 1mmune response w1th the 1ncrease

o of placental 51ze and fetal v1ab111ty Early observatlons

1nd1Cate that F1 hybr1d mur1ne placentae are larger than
those of elther 1nbred parental stralns (B1111ngton 1964)_”

»

'her there have been reports that females 1mmune to
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i'7paternal antlgens prodUCe 1erger placentae than tolerant S
females (James 1965 1967) . The;efore Clarke and Klrby

(1966 1967) postulated that maternal imm 'e regbgnltlon

"leads to 1mproved {etal v1ab1l1ty and there‘ore prov1des a -

mechanlsm that could’ explaln at least ‘some of the _4~?1
extenalve polymorphlsm thatxex1sts in the MHC locus. These
"observatlons are dlrectly analogous to experlmental
"s1tuat10ns where tumor development is stlmulated rather ")
“than 1nh1b1ted by an 1mmune response (Fendersoé et al
.l1983- Prehn and Lappe 1971,Prehn 1983) E:xperlmental"Q
51tuat10ns focu51ng on the nature of the uterus as an |
,‘immunologiCally unque site of 1mplantat;on”have-shown
that more embryos deVelOp in a uterlne horn t&at has been i
ffsens1tlzed agalnst paternal ant1gens with local skin.
grafts and cell challenges than in the contrala eral
»unsen51t1zed horn (Bllllngham 1971 Beer and B1ll1ngham
NVT974) However, there is an opp051te school of thought
'.n_whlch states that aﬂﬁfgﬁ the advantages of»the hybrld '
fetus are due to heterosls and not’ to actlvatlon of the.
unmmune system (McLaren 1975 'Flnkel and Lllly 1971
Hetherlngtondet al. 1976 Hether1ngton and Humber 1977)
Although we lack controlled experlmentatlon, in 'man there
“is ev1dence that 1mmunologlc factors w1th regard to
, maternal fetal 1ncompat1b111ty, 1nf1uence.placental
ggrowth "Warburton and Naylor (1971) have Shown that a o

large 1ncrement in placental welght 1n normal pregnanc1es A

° B . ’ : . . .| "



L exper1enc1ng spontaneous abort1on of unknown etlology

‘:occurred between the fléza and the second b1rth HoweVer

7.

" their "mate change group falled to- show th1s 1ncrement.n

b"Thls Suggests that the smaller place' al welghts in a.

',second pregnancy w1th d15$1m11ar mates’c n be attrlbuted
to the absence of prlor sen51t1zat10n by pa,f 3. Q

- . .
antlgens. Blood groups’*éy also make a differ nce 1n human
_pregnancy..Group o} mothers have generally the smallest

: E .
-placentae whereas AB;mothers.have the largest'(Jones-L'

o 1968). - - L R B 'f @
Recent observat1ons on spontaneous abortlons in humans P
have renewed the 1dea that maternal 1mmunlzat1on with
'paternal alloantlgens leads to 1mproved fetal v1ab111ty
;Women undergo1ng multlple spontaneous abortlons w1th no
_obv1ous chromosomal -endocr1nolog1ca1 or gynecologlcal
"abnormalltles carry pregnanq' to term 1f f;rst 1mmunlzed'p
A‘w1th paternal or th1rd party 1eucocytes (Beer et al. 1981,
:'Tay}or and Faulk 1981 Johnson et al 1984~ﬁhowbray et al
'"1985a9 Unfortunately,‘these tr1als, w1th the p0551ble |
'bexceptlon of the tr1al reported by Mowbray et al. (1985a)
.Tlack the proper double Bllnd cl1n1cal controls SO that -
f‘placebo efﬁects cannot be ruled out. In- some of these
studles, such couples showed 51gn1f1cantly more sharlng of t
fiHLA spec1f1catles‘€han do control groups (Kolmos et al
11977, Beer et al. 1981, Gérencer et al. 1978, 1979, Gill

| 1983, Taylor and Faulk 1981) The HLA sharlng in couples

N

¥

t
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' correlates w1th a marked alteratlon 1:‘the m1xed -f*a-=

5 ;

lymphOCyte react1on betwee{lpartners when compared w1th
.};MHC typed thlrd party stlmulators and responders (Beer et
: al; 1981)f as well as w1th the absence of IgG blocklng
.‘antlbody (Takeush1 1980) Immunlzatlon of chronlc aborters :'
with paternal or th1rd party lymphocytes enabled the ”
-_completlon of gestatlon and correlated w1th the generatlon
of anti- paternal antlbody However ‘%ome of the offsprlng v
of the chronlc aborters who concelved undén\{mmunotherapy ~\\\
~.developed 1ntrauter1ne growth retardatlon SCID or'
chromosomal abnormal1t1es (Beer et al 1986) Gill has
‘suggested.thatvthe farlure of these concethSes is due to
[_ithe action of homozwgous recessive'lethal geneshwhich '
escape e11m1nat1an under the protectlon of block1ng
ant1bod1es produce:i after treatment (G111‘31983)’I-n,;.
contrast other rnvestlgators have not found 1ncreased
sharlng of class ‘I HLA antlgens (Oksenberg et al 1983
1-Mowbray et al 1983, Johnson et aLu 19&4) but rather,_
depressed cellular response between the abortlng mother"J
arid’ her husband s cells but not other partners (Larultsenb
'*et al 1976) MOWbray s group has shown that although
k class 1 shar;ng was rniot higher than expected .
fstatlstlcally S1gn1f1cant class 11 antlgen sharlno
lfoccurrEd (Mowbray and Underwood 1985). ThlS concurs with
:.fapbergs observatlons on thewHLA sharing among'Hptterigés.‘
VShE,tound.that HLA'Dﬁ.sharingpresults in decr%ased»_ -

~



. 1983, 1985) and horses (Antczak and Allen. 1984)

"-et al 1985);

C31

7fert111ty in such couples (Ober et al 1987)

L]

Other Studles 1nd1cate that in rodents (Chaouat et al. Junﬁrff

'f1mmun1zat10n of the mother w1th cells of a
Tkh1stocompat1b111ty type related to the“paternal MHC can 1n
some cases promote fetal surv1val As 1 mentloned earller,
_ Clark and*hls assoc1abes observed that CBA/J murine _ ‘
jfemales pregnant by DBA/ZJ m\les show an 1ncreased rate of
spontaneous abortion when compareg~to other stralns or to
the rec1procal ‘strain comblnatlon (Clark et al. 19845
Immunlzatlon of the CBX/J females with BALB/cJ (but not
DBA/ZJ BALB B BALB K or CBA/J) spleen cells lé&ered the
resorptlon rate from 25% to 5% (Chaouat et al 1983 Klger"
et al 1985) and 1ncreased the act1Ve suppre551on agaxnst
NK cells in - the pjéééhta. Successful vacc1nat10n
correlates w1th the appearance of ant1 paternal MHC

5"
2he maternal serum Wiich may pass1ve1y

*ant1bod1es ing

\

*~transfer proté&tlon to na1ve v1rg1n CBA/J females (Chaouat

d

Antczak and Allen (19849 have notlced that the transfer of

¥,

_fdonkey embryos to horse foster mothers: resultS in fallure

wf endometr1a1 cup formatlon, and only 10% of these
'5pregnanc1es go to completlon. However, transfer of serum’
'from normal horse fetuses or 1mmunlzat10n w1th paternal
lymphocytes prior -to- donkey transfer can result 1n the

bxrth of normal donkey offspr1ng 1n 90% of the cases._
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c) OBJECTIVE AND RATIONALE )
'TThese observatlons p01nt 1nto two dlfferent dlrectlons. ;:'l!!
%lbne could speculate that a port1on of the maternal 1mmune
‘response generated durlng pregnancy accounts fo’ the
‘vgeneraglon of suppressor act1v1ty, whereas another portlon.
”accounts for the generatlon of growth factors stlmulatlng ‘
placentaldand fetal growth In eed it was shown that @he
same cell populatlon in the dec1dua secretes a suppressor
factor (Clark et al 1984), in. add1t1on to a factor(s),
st1mulat1ng placental cell prollferat1on and phagocytos1s"
(Athanassakls and Wegmann 1986). Slnce the number of T
cells, wh1ch are known to secrete,many grdwth factors,
increases durlng pregnancy,'these cellslare the best’
candidates for the stlmulatory act1v1ty exerted ‘on the
lplacenta and fetus Therefore[ the present study attempted ;
to prov1de a llnk between maternal T cells and suc@}ssful
pregnancy in the context of maternal 1mmune stlmulatlon
4and n&t-lmmune-suﬁg:e551on. Although T cells could“not be
'detected in. the placenta peh se (chapter II), they cou1d
hexert their stlmulatory effect through. their products in-
vthe v1c1n1tyvof‘the placenta. Thisg the51s héé as lts focus
the postulate>that once maternal T cells:become activated
byjfetalgalloantigens,'they can trigger placental
.proliferatlon through'lymphokine release and thus improwe_
the probab111ty of fetal surv1val Indeed we were able to

show that T cell- derlved multlpotentlal colony stlmulatlng

.\-. . " ‘ \



factors, Interleukln 3 (IL 3/mult1 Q§F) and the.~

v
'

fgranulocyte macr ge CSF (GM CSF) as well .as ‘the colony(

»
T

stlmulatlng factor 1 (CSF 1) can stlmulate prollferat1on
. 3

of a placental cell populatlon whlch 1s of fetal orlgln. 4

These cells are-adherent phagocytlc, staln p051t1vely for'

'—non spec1f1c esterase and bear CSF 1 receptors._Further

analy51s 1nd1cated that these cells are trophoblasts,'

N

‘ wh1ch also express markers in common w1th monocytes. The

1nab111ty of these "trophoblast macrophages" to

“Sprollferate 1n response to growth factors when - separated

”from the smaller ¢cell populat1on of fetal macrophages in

;‘Vthe placenta suggests the presence of a regulatory network

.between maternal T cells, trophoblasts and macrophages

-three %ect1ons represent manuscrlpts that descr1be *n1s

work in detall

e
Paralle’ exper1ments in VIVO show - that ablatlon of

maternal T cells with specific antlsera decreases s

placental cell prollferatlon and phagocyt051s. F1na11

showed that dec1dual cekl supernatants contain growthip

factors wh1ch promote placental cell growth, Thls actlvity

}ewas h1gher in dec1dual supernatants from allogenelc than_,m

from syngenelc pregnanc1es, and 1t was s1gn1f1cantly

reduced when the females were previously treated with
,“& is blocked by anti- GM- CSF antibody. Thoenext .

-1

el



' REFERENCES

P

),Xntciak;'D;F.; W.R. Allen. 1984. ThVasive”trophoblast'in-‘

‘genus Equus. Ann} -.'Immqnpl. '(_'In.sr.--Pas_teur),_-.; 1'3‘-.515";32_5.-._} o

d Athanassakis:.l,; T.G. Wegmann.:fQBC The 1mmunotroph1c ;
fv1nteract10n between maternal T cells and fetal | ,

trophoblast/macrophages durlng gestatlon ‘In ”RepPoductlve o
‘ Immunology” Clark D A, and B A, CrOy (eds) Elsev1er '

Splence Publ1shers BV p._99

'BEer, A.E., R‘E' Billingham. 1974‘ Host'reSponses'in"
1ntrauter1ne tlssue, cellular and fetal alIOgrafts J.

.~

Reprod Fertil. Suppl. 21:59.

5Beer; A'E B1111ngham R. E 1976 Non spec1f1c and :’& 

.spec1}1c weakenlng of the maternal lmmune respOnse durlng
pregnancy {n_"Tbe lmmunoblology of mammallan reproductlon”
A.G. Oster, L. Weiss eds. Prentlce‘Halh\Inc Englewood

Cl1ffs, NI, 119.

"~ Beer, A.E. J F. Quebbeman, J'W T. Ayers R, F Haines.
'1981' Major hlstocompatlblllty complex antlgens ‘maternalee,
and paternal immurie responses and chronlc habltual

abortlons in humans. Am d Obstet Gynecol 141 987

‘_l

Beer, A E., Je F Quebbeman, A.E. Hamazak1, A EJ Sempr1n1
1986 Immunotherapy o& recurrent Spontaneous abortlon.;In

‘&”Immunoreguratlon and fetal sunvzval" G111 III T J. and

N A
’ .



. Q '..

dfT:G;fWegmann‘Eds; Oxfdtd/;niyffpresé,'NY.:p{'2§Q{szﬁ'y

..Bell S. C., W, D 81111ngton. 880 Major ant1 paternal
.fal an 1body 1nduced by mur1ne pregnancy is non complement

5f1x1ng IgG1 Natune 288 387
"Bell S C., W D Blll1ngton..1983 Ev1dence of the nature‘
dand pOSSlble functlon of pregnancy 1nduced ant1 fetal

. |

. alloantlbOdY in “Repnoductlve lmmunology“ Isog;mi S
.fBllllng%on W. D eds. Elsev1er Sc1ence Publlshegs

,Amsterdamf P. 147

' B1111nghah, R‘E. 1971. The transplantatlon blology of

'.mammallan gestatlon. Am d Obstet Gynecol 111.469.
-v:B1111ngton, w. D. 1964..Inf1uence of 1mmunolog1cal;‘"
_d1551mmllar1ty of mother and fetus on\51ze of placenta in;e}

~

.ﬂmICe. Nature 205 613

HBillingtbn W. D.;*E J. ggenkmson, R. F.;Searle,_M H
Seliéns. 1977.{Alloant1gen expre551on durlng -early -

"‘embryogene51s and placental ontogeny in the mouse.«n o
eImmunOperoxldase and m1xed hemadsorptlon studles.l

ATPan$pIan Pnoc 93 1371

"Bllllngton, W, D., S.C. Bell 6. Smlth 1983.
, }HlStocompatlﬁlllty antlgens of mouse trophoblast of

"-51gn1f1cance 1n maternal fetal 1mmunologlcal 1nteract10ns o
N

'1n "Immuno]ogy of nepnoductlon” Wegmann, T G T J¢%§1ll

o o . o .‘_‘?{..d._ S



fffIIj;Eﬂe, Oxfé:deUan;jPress,¢N¥;hp‘205;[
5;Bxll1ngton,.w D., F J Burrbws. 1986a. The rat,placenta

fexpresses paternal class T _ajor h1stocompat1b111ty

;/ antlgens d Repnod Immunol; 9; 155 e ”Tfavf.:j lﬁﬁ”l"

el
b

; Bllllng%on, W D 1986b The nature of the feto~matern f

,1nterface “and’ maternal recognltlon of antlgens on th
'atrophoblast n‘“RepPoductlve Immunology“ D.A. Clark and

B.A. Croy (eds) Elsev1er Scmence Publlshers B. V p 40

Bodmer w F 1@92 Evoluxlonary 51gn1f1cance of the HLA

e
S

s ystem . Natur'e Lond 23 7 :13 9

s ”,,\51;_ ‘ : . v v . |
L Ty L
jfBonneau M., M Latour,/J P. Re6111ard M Robert J;

5ff@raeger..1973 Blocklng antlbodles eluted from human

f“placehfa,,rpanspJ PPoc 5 589.

N '.ii\v L I SPRTR T

',Bulmer J.N., C.AL 'Su:'xderla‘ncl-"1 TSéquAImmunohistological'
p

"lcharacterlzatlon of. lymph01d cell ulations in the early

, human glacental bed Immunolody 52: 349,

f' .
o 'n;’\-’
Bulmer J. N., P M. Johnson; ﬂ984b Macrophage populatlons

” - d‘ , ’

“1n the human placenta andﬁaﬁnlochorlon. Clln Exp.

1';Immunol 57.393. ;éf.wg? B
e kv lﬂ-" oo . R
R+ N

;f'Bulmer J. N.,vP M ,gphnson._1985~ Antigen expression by
trophoblast popuéatlons in. the human placenta and the1r_

if p0551b1e 1mmudqﬁlologlcal relevance. Placenta. 6: 127 Y

v,P d;
o ‘*& o
,‘;f P



- - 55 i ;1 ?;57
N PRRREIE ANt ﬂ'lﬁ“- e
5Burgess, A w., J. Camakat1s, D Metcalf 1977 o

S

;'Burlflcatlon and propert{es of colony st1mulat1ng factor 3

D

]e‘from mouse lung condztloned medlum. d Brol ghem,-

fzblotﬁn av1q1n perom1dase immunoh

”7monoclona1 antlbodles us1ng 51ng¢e and. double

\

. 252 1998 ’,~,“3~j"sgg'p»' >f;'ﬁ§; o |
' v '\; . . " . . “/" AIREA . :& “‘ . . . % : i . ‘s ..
anButterworth B.H. f v, Khong, 1.} ‘¥bke, W, B Robertson '5§,

1985 HumanacytotrophoblaSt populatibns studled byvl tcﬁvff

. "!(, L

_tochemlstry d Hlstochem

¥, ¥

"Cytochem 33:977. '5f7j"-""‘ff,__ e
‘Calatronl; A. and Nf Df Ferrantb 1969 The e 'fif}
*fglycosamlnoglycans of human term Qlacenta. Carbohyd Res., "

'Clonlng and nucleotlde sequence of the mu:}n

3 gene.»Eun d Blochem 150 297 ,_\g“" ’f

[ Y

. ,' . LR "'. oo . co
sy . . . <

Campbelh H D., $: Ymer, M c ?ung, I.G. Ydung 1985 Sk

1nterkqg§1n

»c.. N

;‘f

’ ‘o : . M . . . 3

' Cantor, H., E. A Boyse. 1975 Functlona& subclasses of

R S 3 b =
g

T- lymphocytes bearlng dlfferent Ly antlgéns.._f The S

'generatlon of functlonally dlstlnct T cell subclasses 1n a'

m
d1£ferent1at1ve process 1ndependent of antlgens. d Exp

-Med 141-1376 I S ;,'~.~ A
T ’%-,* . S ‘Ai' Lot
Cerni, c. - G. Tatra and H Bohn 1977 Immunosuppre551on of

,

',human placental lactogen (HPL) and the pregnancy spec1f1c

beta 1- glycoproteln (sp 1) Anch Gynecol 223 N

e



Chaouat G., G A Vozs1n D Excaler, P 'RoBert}.1979~
-_Fac1l1tat1on reactlon (enhanc1ng antlbodles and suppressor

P

~'tcells) and re3ect1on reactlon (sens1tlzed cells) from the
-mother to" the paternal ant1gens of the conceptus. Clln
._Exp Immunol 35.13. . | 4

ﬂChaouat G., G A. Vo1sxn._1981 Regulatory T cells in
-lpregnancy V Allopregnancy 1nduced T-cell. suppressor

factor 1s H 2 restrlcted and bears Ia determlnants. Cell.

~

Immunol 62-186

1Chaouat' G., J.P. Kolb 0T, G Wegmann. 1983a. The murine
_placenta as an 1mmunolog1cal barr1er between the mother

and_the fetus, Immunol.rRev; 75.311

Chaouat; G., N. Kiger, T G Wegmann. 1983 Vacc1natlon

.against.abortion in'mlce d RepPOd Immuno7 5.389.

Ghaouat G., J.P. Kolb N K1ger, M Stan151awsk1, T. G
Wegmann.-1985 Immunologlc consequences of vaeblnatlon'

against:abortlon in mice. J. Jmmuno} 134 1594

4Chapman, V. M., Ansell J D., Mc. Laren, A.'197é
—
: Trophoblast giant cell d1fferent1at1on 1n the mouse.
Expre551on»of.GPI—1.electrophoret1c varlants in
- transferred and chimeric embryos. Dev. Biol. 29:48.
Chatterjee—Hasrouni,_S., V.ysanter,fPLK. Lala. 4980,'

vCharacterization of maternal lymphocyte subsets during;

1 O . : R ’ N : : .
R . . . : s R - . B . L <



- F

ﬁafallbgeneic:preghanC§mlﬁ“mOUSeL Ceff;fIhﬁuhdj};SO§2QQI‘]'

ipate;nal H- 2K ant1gens on murlne trophoblast cells

f_vzvo J. Exp Med 155-1679

" c1@rk,ﬂ) A.,}M R, McDermott M.R. Szewczuk 1980.

C_Ce]l Immunol.fz 106 Lo

...

. Impag¥méht of host versus graft reactlon in pregnant m1ce

-

4

'Cha terjee—Hasroun1,ﬂS.; P L. Lala.’198é .Loéallzarieﬁ'dfgf

Clark D A., R. M Slapsys B'A._Croy, J. Rossant,,:u.\”

McDermott 1985\)Regulatlon of cytotoxlc T cells e

uter. Immunol Today 5 111 S

L

1}

- T».G.,,.T J. G1ll 111, Eds, Oxford Un1v. Press NY, p 341

Clark D A., R M Slapsys,’B A. Croy, J Rossant 1984‘ |

Immunoregulat1on of - host versus graft responses 1n the

Clarke, f., D.R. S K1rby 1966 Malntenance of

-ih1stocompat1b1l1ty polYmorphlsm Natune 211 999,

: Ciarke B., D.R.S. K1rby 4967. Some genetlc aspects of

Gynaec .B“r‘it: Cwlth 74 839._

“locallzatlon of ant1 paternal H 2 antlbody blndlng ln v:vo ’

‘Colavzncenzo V., P.K, Laﬁa 1985 Ultrastructural

'"be cells of the murlne placenta. Anat Rec. 3:211

pregnant mice. in ”Immunology of r‘epr-oductlon" Wegmann, o



oll1ns, ﬁ‘pAlder. 1981‘ Maternal L

L,
3

g S “'3
cell traff1g' hllogene € mbryos. d RepPOd Immunol
% Y ﬁi

X CoAa .
) 2 o 163 <. T : F o s ?_n,@. S w
- . s S 0f : . T

Curr1e, G A 1970 The concepts of an

o
allograft Immunologlcal reﬁct§v1ty of the motﬂ%r Phoc.

| .'%‘-‘s"qﬁ ‘;(
Roy. Soc. Med. 63:61. "%/
S0 ¥ 20C. HEd. B3rbL. . "ﬁ%,,

7
. ‘g'ﬂ C
' Delov1tch T L., Jd. L Press,fH O McDev1tt 1978"
ExpreSS1on “of murlne Ia antlgens durlng embryonlc

. N » .\, :', .
. development, J. Immunol. 120:818:; '
Ell1s, s. Ao, T.L. Sargent C.W.G. Redman, 3.J. . McMichael.

1986 Ev1dence for a noveBDHLA antlgen found on. human

extraV1llous trophoblast and a chorlocarc1nama cell 11ne.

~Immunology 59 595,

Engleman}n‘. G., A J McM1chae1 H.0. Mcne;@tt | 19785
Suppre551on of the mlxed lymphocyte reactlon in man by a

soluble T cell faétor' spec1f1c1ty of the factor” for. both

responder and stlmulator. dJ. Exp Med 147.1037.

'Faulk,(w;P;, A.‘Temple;’1976. Distribﬁtion of.betag_
- mietogthulin andiHLA in chorionic Vil;i of-human
" .placentae. Nature 262:799. |

)

Feute, R3M., B. Hevn “H. Jacob J A Galllard F Jacob
1984 Antllnflammatory effectSaof murlne mallgnant cells.‘:_

Pr~oc Natl Ac_ad..Sc._,7-1.4052.

o -



“%']Jl"'f' ;1,41_

Fenderson, B A., P F Bartlett, M Ed1d1n.v198“;lMaterna1lfa*

1mmunost1ﬁﬁlatlon of a teratOCarc1noma der1ved '61L31iné1 ;;A

TerCs. d Repr'od Immunol 5 287

s

- Frnkel S I.,,F Lxlly 1971 F‘Eluence of f

14

4:51ze in- m1ce. Natupe 234.102

h1st0compat1b11fty between mother and fetus on placental

M
- Q) :

'rawler,_a.x.;,c.p. Raéd,gb;q.‘cfrcn;;1gap; Identification

y”offan"interferon in nnrinerplacenta;’N?fune'286:26§. o

B Fung, M. C. A.J. Hapel S Ymer b R.. Cohen,_'fR' Johnscw,

'1n mouse blastocyst reconst1tuted from 1solated

_women w1th recurrent abnosmal pregnanc1es of unknown

3 .
H D. Campbell 1. G Young 1984 Molecular clon1ng of cDNAr

PPN

for mouse 1nterleuk1n 3 Natune. 307’233

Fuse, A., T Fujxta, H. Yasum1tsu, N. Kash1ma, K;4’

»

Hasegawa, T Tan1gu1ch1.'1984 Organlzatlon and structure o

. of mouse 1nter1euk1n 2 gene.&llc ACId Res 12 9323

.

Pad

Gardner,.R L., Papa1oannou, V E., Barton, S C. 1973,

K .

» Or1g1n of the ectoplacental cone and secondary g1ant cells.

[ )

)

trophoblast and inner cell mass J. Embryol Exp Morph

Gerencer, M., A, ’Kastélan",‘i Drazancig, V. S

»

30 561.

| Kerhln Brklac1c,.M Mad)arlc. 1978” The'HLAVantigens in.

et1ology.<Tlssue Antlgens 122 223 o
‘ e



.}::-j_geetﬁtlonal dlsorders. Fertll Steml 31 401

‘:Ghani, A., H.W. Kunz, T.J. Gill III. 1984,

"Geégncer[~M{,:A 'Drazancic;'l. Kuvac1c,,z Tomaskov1c, A

R 4

]yPregnancy 1nduced§Eonoclonal antlbody to. a{un1que fetal

antlgen;

Transp I8 iéioh;" 3503; 3 'é%[ 2 ,‘l_ﬁ e

"\ . Sy B o o .'\" &

L d

/ - .
.G;ll T/u/ I, 1983. Immunogenetlcs of spontaneous

"/

aéort1ons in. humans. TFanspkfgt 435‘1 -

v

‘v.42-

”tKAstelan 1979 HLA antlgen studles 1n women wth recurrent

doldbard ’S’B.,-s o. Go11ﬁick C.M, warner:’1984.fA“high1Y'

g

sen51t1ve method for detectlon of ceﬂl surface antlgens on.f

lpre1mplantat1on mouse embryos. d Immunol Methods

_268.137,w

Gough N M., J. Gough D. Metcalf A Kelso, D. Gra11

: N A N1cola, A, w\ggurgess, A R. Dunn. 1984 Molecular

'

v s
cloning of CDNA encodlng a. murlne hemop01et1c growth

ifactor regulator granulocyte macrophage colony stlmulatlng

factor Natune. 309.763. . : ‘ R I ,"

Grimm, E A;,"A Marumdé&,lﬂ, Zharg, S.A. Rosenberg 1982.
Lymphoklne actlvated klller cell phenomen0n° lysis pf
natural klller re51stant fresh SOlld tumor cells by

1nter1euk1n 2 actlvated autologous human per1pheral blood



. “lymphocytés. '_ J. -Exb j.j | Med 15 5’: 1_ s_z 3':-. o
‘Guilbert » uJ, 1985 Mononuclear phagocyte progenltors and f;

4.

PSRN

;1growth factors.‘In “Mononuclear Phagocytes and

':,Inflammatr@n“ Cohn Z “R. Von Furin apd S. Gordon (eds) g’lﬁz

R
_-Martlnus Ni) _Qt; The Hague, Boston P.233. o
Gupta, S"R'A -Good 1977 Alpha fetoproteln and human
'lymphacvte subpopulat1ons. J. Immunol 118:405. n'. e
. ‘_Head J R., B. L. Drake \md F.A, z'u'ck‘e'rmann.-" 1987 "Majo_r

R

'3‘h1%gocompat1b111ty antlgens on trophoblast and thelr
-_regulatlon- Impllcatlons 1n the maternal fetal ‘

'1relatlonsh;p.,Am{ d,_Repno%:'Immunol. Mjcnoblol, 15:12.

.,Henney, C. s K Kur1bayash1, D E Kern ‘S, 911115. 1981
Interleuk1n 2 augmg@ts natural klller cell act1v1ty '_3{'
'Nature 291: 335 | | "

Hether1ngton, G. H., D P Humber ‘AlG. Clarke; 1976. .
Genetlc and 1mmunologlc aspects of|litter size in the

_mousg, J. Immunogeqet; 3;245,‘”
Hether1ngton, c. M., D.P. Humber» 1977"The efféét of
pregnancy on lymph node welght in: the mouse. .

g‘Immunogenet 4:271.,

Qﬁﬂeynér; S; 1973,_Detécfion,df_H—zfantigéns on the cells of .



‘ .

-earIYiﬁoueebembryo@ Tﬁansb7aht‘16:675;f

-—

le H. N., T A, MacPherson, H. W, Kunz,.T J. Glll III 1987

-

'jMfcroblol 13: 51 ~:' S \r_-“

G.W. wOod 1985 Locallzatlon'and character1zat10n of

fOntogeny of expre551on of Pa and RT1 .Aa. antlgens on the e

3 rat placenta angﬁgn fetal tlssues Am d. RepFOd Immunolf

nonre, c H“w' C.M. ‘Towler," R G p Pugh Humphneys, A Ww.

Thomson, H. Bohn 1976 Pregnancy spec1f1c beta-1 :

G B g L
glycoproteln —fa product of the syncytlotrophoblast
Expenrentla 32:1197. . "f

F]
2

'tchell " J.R. .Selanaers,
r

emacrophages in murlne uterus.’ d Leuc BIOI 38,255.

-Hunziker, R.D., P. Gambel T G, Wegmann. 1984 Placenta as o

a selectlve barrler to cellular trafflc. d Immunoi 'ﬁl

133:667. "” | o _g P a

Hunziker, R.D. 1987 Immunolog1cal con51derat1ons of the

l

. maternal fetal 1nterface. the placental barr{er to

Nature 205:613. . - e

B

cellular- trafflc and nature of antlgens 1nvolved PhD

J o,

.theSAS. Un1vers1ty of Alberta, Edmonton, Alberta, Canada.

James, D.A. 1965, Effects of antlgen1c dlss1m11ar1ty

N ’
5.. :
-

between mother and fetus on size of placenta in. mlce."-

4



@60

James, D. -3% 1967 Some effects of 1mmunolog1cal factorsybn‘;

"

gestatloxb m mlce. d Repr'od Fer'tll 14 265._

Jeekel J 1973 The behav1or of male skln grafts 1n

-’

§1sogen1c postpartum female mlce.,Tﬁansplant 16 570

)
H?,

Jenk1nson, E. J., B1ll1ngton, Ww. D 1974 leferentlal

a

suscept1b111ty of murlne trophoblast and embryonlc tlSSUE

to immune cell 1y51s. %%ansplant 81.28é.-

7

. JénkinSOn,'E Jo, V. 0wén:‘1980"Onéoéeny-and‘diSﬁribdtion"

of -MHC antlgens on. m0use placental trophoblast J. Repﬁbd.

Immunol 2: 173
Johnson, ? M., R. M R. Batnes, C. A'«Hart W.J.A, Fréncis.

1
1984 Determlnants of 1mmunologlcal respon51veness in

.recurrent spontaneous abortlon Iransplant 38 280

Cog

Johnson, P. M.{ J.M. R1sk» J N. Bulmer ‘z N1ewola, J,.

Klmber. 1987 Antlgen expre551on on human materno—fetal
. ¥

1nterfaces. In “Immunonegulatlon and’Fetal Survival"'T J.

i3 <
NY p. 181

'r‘: . . .-

III G111 and T. G. Wegmann (eds) Oxford'Unlvgrglty Preps,

9”‘ l 7' .
Lo

S :
PA . B '-':" : . 8 v

"09“ \ o . fv : L. ) . - .
P Kelso,‘A., D Meto@if.}1985 The character1st1cs of

colony stlmul %1ng factor productlon by murlne T
S vﬁﬁ¥, _

B rg"



46
~ lymphocyte clones, Exp.~Hematol. 13:7.
Kiger,Vugs:G;'Chaouetu’J”PI'Koib"T G. .Wegmenn‘and J;L.

Guenet; 1985. Immunogenetlc studles of spontaneous

abortion in mice. I Prelmmunlzatlon of females: w1th
allogeneic cells. J. Immunol. 134:2966. o T
xitby; D.R.S. "w.b"ﬁillingtOn;‘n A, James;‘196€
'Transplahtatlon of eggs to the kldney\and uterus of W
s ] . o

1mmun12ed mice. TPanspl 4,713;

. »
' 0

‘kirkwood» K.:J., W.D. Billington.‘1981' EkpresSion;Of

‘serologlcally detectable H- 2 antigens on m1d gestatlon

, mouse embryonlc tlssues..d Embeol Exp Morphol 61 207.

Kishf;:H., S Inu*, A, Muragushi,. T"Hirano, Y. Yamamufa,
- L S
Ts K1sh1moto 1985 Induct1on of igG secretlon in a hum@n

"B cell clone by recomblnant IL-2. . Immunol 134.3104.
L . ) ‘ - / o s + o .

e . _
L.}’Rr Zomir Hv Joshua, J. Halbrecht. 1977 ..,e

Clin. rpmt.mol Immunopathol. 7:330.

Lala, P.K. L Ka1zer. 1977 Surface markers of'Small

N

?”ly” hocxtes appearlng in murine TA- 3(st) solld tumors,

H ' Host spleen and“ blood. d Natl Cancer Instlt '59:237.

'7 1.0 1% . L.

o<, i 2 9‘*{, o .

bf?ala,.P.K.,_I F.C.%McKenzie. 1982.-An analysis of T

B | : : C .

[ ] o . . . .

. lymphocyte subsets lgitumor transplanted mice on the basis
L R L B T



a7
f}ef‘Lytéantigenic»markersrand;functipns. Immunology 47:663.
hLala, P.K,g S.-Chattefjeevhasreuni, M. Kearns, B.
-Montgomery,'v.‘ColavincenZO.‘1983; Immuhoblology of the
7fetq—placenta1;intefface. Immunkl Rev. 75: 87
Lala, P.K.; R.S. Pathar, M Keamns, S Johnson, J.M.

[}

Se:odae.h1986.’Immunologlc aspects of the dec1dua1
»-:eepense. In ”Repnoduct1ve=ImmunoJogy"-D.A. Clark and B.A. .
- Croy (eds)‘Eleevfer Stience.Pubﬁishers B.V.hpItQ0; |

D | N v :h: | . .

Larnitsen, J.C., T. Kristensen,.N. Grunnett.']976.

\Depreseed mixed_lymphocyte-culthre,:eactivity injmothers 

;3hwith‘recut:ent‘abOftion.:Am;-d. Obset . GyneCO].'135:35.

-,"Macbherson, T. A.;°H Hong-Nerng, H. W“-Kunz, T.J. Gill III.
-‘,1986 ;ocallzatlon of the Pa aq?ﬁgen on the placenta of

the rat. Transplantatlon 41 392 B L e -

Maroni; E's'%ﬁ? A.B. DeSbusa. v@73 The lympho1d organs
during pregnancy in the ‘mouse. A compa1son between a

syngenelc and an allogenelc mating. Clln, Exp. Immunol .

13:107. A LT '»;::D
Mathieson, B.J., S.0. Sharrow, P.S. Campbell, R. Asofsky.

. . ‘ ‘ . ¢
1979. An Lyt—differentiated«thYmOCYte subpopulation-

detected by flow micro*fonmeery},NatUPé 277:478.
McLaren, A. 1975. Antigenic disparity;does it affect

-

T



-

'.J

lplacental s1ze, 1mp1a tatlon or populaflon genetlcs 1n.
- "Immunoblology of the tr‘ophop.last" Edwards, R. E., C w S.

?7Howe[ M H Johnson Eds, Camrldge Unlv. Press, Cambrldge

i oMW
» London p 255 s C : .
e - P R

Y .- '_ . i o R

 Metcalf, D. 1986 The molecular b1ology‘of granulocyte

"macrophage colony gtlmulatlng factors. Blood 67: 257
L . : ) : ' ‘ ‘ . ‘ : ’ . ﬁ
Miyatake4 S., T. Yokota, F. Lee; K.I. Arai. 1985.~

Structure of the chromosomal gene of murine 1nterleuk1n 3.

" Proc. Natl. Ac‘f"aa._»Scz USA_._-82.316. e e
fMond,.J;q,, C T. Thomoson, F.D. Finkelmann}'J Farrar,ﬂn;‘
_Schaefer}'ﬁ J ‘Robb. 1985 Afflnlty purlfled 1nterleuk1n 2

"'v1nduces prollferat1on of large but not small B cells. s

Q.Pnoc.,thl._Acad. sci. USA 82:1518. . v

E 4

vHoncgomery, B. P K. Lala. 1983 Ontogeny of the MHC

| antlgens on human trophoblast cells during the flrst

| trlmester of pregnancy d Immunol 131-2348 o

' ‘Mowbray, J.F., C.R. Gibbings A‘.s‘., Sidgwick, M.
Ruszkiewicz,vR.W. Beard. 1983;-Effect§10f tranSEUSion.in
'women with re urrencrsoontaneous abortion.'Tﬁanspl. Pﬁbc;

-

10:896.

L
S

jL Underwood, R.W. Beard ntr
treatment of recurrent spontanegp abortlon by “

ca L 2



Mowbray, J. F.,J L. Underwood 1985b Immunofwgy”bf J‘ f;;ff”

"abortlon. Clln Exp Immunol ‘14.'.{_;11;ﬂ5 Q
SRR e s a s ot i

Munroe, : 1971 Progester01ds ' 1mmunosd€2resslve N
. 9:361.. m& e

\

"antlgens. J. Retlculoendothel

"‘_ . S ‘f

~ Murg1ta, R AY and T, B Toman. 1975r’Suppressioh“o'mj

- R
_1mmune response by alpha fetoprotelngl and 1., Exp. »ed?,?v .
‘ r41.269,and 420. -f B I P

gagarkattl, P S., D A Clamk 1983. In VltPo actlvlty andv““
' A

in vivo correlates of alloantlgen spec1f1c murlne

suppressor‘T_cells;;nduced by»aliogene1clpregnancy,,dq"

Immunol. 131:638+ - f  S ’A;',"fafi‘ﬁf

‘Neeper,»ﬁ“PQ; H—M,xKuo M C K1e£er, R. Qs@tobb 1987,
Structure functlon relatlonshlps for the IL 2 receptor
system. III._Tac proteln m1551ng amlno ac1ds 103 Lo 173

?

(exon 4) 1s upable to b1nd to.IL= 2. Detectlon of spl1ced
' S

proteln after L cell transfection. d Immunol. 138:3532.

Nelson, J.H., J. E ‘Hall. 1964 Studiesvon the -

Thymolymph01d systeqfwn humans. Am J. Obstet Gynécdfl

Ober,'c.,'J néhﬂh{51mP50n, M. Ward R M. Radvany,-‘fmv ;n,_jgf_j

Andersen S. E11as, R Sabbagha et al 1987 Pvenatal



. R

vl
K

) effects of maternal fetal'HLA compatlblllty. Am d

'Reppod Immunol MICPOb107 \15 141 ”‘ﬁ_T" S T,?“' N

‘ kaenbetg, J,R;; E. Persitz A. Amar, J. SChenker, 5.

“Segal, D. Nelken, c. Brautbar. 198,

'abottlons. Fertll.,Stebjl 39 52'

. Lymphocyte react1v1ty

4 -+
N -

nO'l respon51veness 1n couples Wl

\Paetka&- V.,'D':Riendeau R;C”vhleaCRLey 1985

v

_'Pur1f1catlon and propertles of murine 1nter1euk1n 2. Méth

'Prehn, R. T;; M A, Lappe. 1971, An lmmqnostimUIation:theory‘

s

.Enzym 116:526. | R

>

of tumor development Transplant. Rév.=7:26;f'

g
L]

3_Prehnl R.T. T983~ The dose‘;eSponse curve in tumor

.f1mmun1ty..IﬁT . Immunophafm3607 5 255, .‘ . j'oa

]

‘Raghupatbyj“ R., B S1ngh Barr1ngton Le1gh T G Wegmann.

'1981 .The, ontogeny and turnover k1net1cs of paternal H-2K =~

‘antlgeh1c determinants on the allogenelc murlne placenta.

‘jd,-I@munol. 127: 2074

&

Raghupathy, R. 1982, Expre551on and relevance of paternal

I

. MHC antlgens on the mur1ne placenta. PhD The51s UofA,

1“_Sunderland A. T1ng 1984;_Class I majo:- ’

'Edmonton, Canada. : ' A - ./

1 4

-

Redman, C.W. G., ‘A, J McM1chae1 G.M. Stlrrat S C.A.



51

hlstocompatlblllty complex ant1gens on human extra v1llous

trophoblast Immunol 52 457

..\‘

Robb R. J., C M RuskJ J Yodo1, w C. Greene. 1987
Iﬂteéﬁeukln 2 blqdlng molecule d1st1nct from the Tacbl'
prote1n° Analys1s o!gtﬁs role ‘in format1on of hlgh

: aff1n1ty receptﬂts. PPoc Natl Acad Sci 84 2002

Robert M., H. Betuel J.P, Rev1llard 19?3 Ihhibition of
. the m1xed lymphocyte reactlon by sera from mult1para -

g\ss Antrgens 3139, | | |
-l&Rossaht' J;, Croy, A. 1985 Genetlc 1dent1f1cat1on of‘

tlssue of. or1gln of cellular populat1ons w1th1n the mouse“‘

placenta. . EXp Embr‘ Mor-ph 86'177 ‘ R :,' D e

A}

| Sano M., S M1ake, Y Yosh1ka1, K Nomoto./1g84
l\ . B " .
Ex1stance of suppressor cells 1n the spleen of allogenelc
and syngenelc pr1m1parous pregnant mlce. d RepPod |

Immunol 6: 239

£ s

Z) Schrader, J W S Jﬂ Lewxsg I [

-4

198.1. The peg51st1ng cell hlstam1n3 content regulatlon byg'

€ NERY
a xhcell der1ved factor, orlgln“fromwa,bone marrow
q " . -'d ~
precursor and relat10nsh1p to masx cells. Proc Natl
2 N AT R

Acgd SCI ‘USA. 178: 323 '{'l*2-5i'~”r¥7r'i)

i o L ‘ .
. A . ‘ PR Y
/\—‘\ t 40-.' 'q-""’-i" - "\,. PR e

tharder, M H "N, N Iscovef'1980 Hemagopbletlc growth _o

',
factors are released in. culxhres of H 2 restrlcted helper_r.*

.“"v .

e
B



6

;T cells, accessory cells and spec1f1c antlgens. Nature.
287:228. 0 4 @"”f' |

<

fSearle;?RﬁF;,-M.H. JohnSOn:vaD B1111ngton, J. Elson, S, _

' »Clutterbuck—JaCksbn;”1974. Investlgatlon of H 2 and
"non -H-2 ant1gens on the mouse’ blastocyst. TPanspl 18: 136

R ‘if v .
'“Searle, R. F.,‘H~H Sellens J Elson, E J Jenkxnson,.w D.

UB1111ngton. 1976 Detectlon of alloant1gens durlng

pre1mp1antat10n development and early trophoblast

52

A

S_imrnons', .RL '.and 'P.S. "Rus»sell. 4962. The an'ti.genicQ,'.ofbr _

‘mouse trophoblast Ann. NY Acad Sc. 99;7i7~

i

51“9h Bey R. Raghupaéhy, D.J. Anderson and T .G. Wegmann.“"‘

1983 The placenta as an 1mmunolog1cal barrler between
mother and fetus In ”Immunology of Reproductlon" Wegmann‘
T G. and T.J. Glll (eds) Oxford Un1ver51ty Press. p..

231-2580.

smigh, K.Ay 4y

.

dtern, P.L.

ﬁgéxesford; Cc.I. Fiedman V C. Stevens,
J.M. Risk and P.M. Johnson. 1987. Class I- 11ke MHC

'Tmoleculesgekpressed by baboon placental

.-

'syncytiotrophoblast; J. Immunpl. 138:1088.
| . e

iteérleukin.2. Ann. Rev. Imfunol. 2:319.



Steward G M., R J Masén, M A R Thomson, LA, M MacLeod

GQR D. Catto.v1984 Noncytotox1c anﬂ&bodles to peternal

.ﬁ“‘?.

antlgens 1n maternal se%a and placental eluates. Transpl

38:111, o

B T T SRINASTHE
Stimson, W.H, 1972. Transplantation: nature's success.
| Lancét. _i 684 ; ’

Stimson, W. "1976a1 StUdies the 1mmunésuppre551ve'
propertles of'a pregnancy assoc1ated alpha macroglobulln
§71n Exp Immunol 25 199 | | . S R ;‘

Stimsen;kw H. i1983 Thevinfluence of‘pregnancy—aSSOCiated

serum protelns and ster01ds on the maternal lmmune\

WVresponse. 1n "Immunology of nepnoductron" Wegmann, T G.,.‘

e\ .J. G111 III eds. Oxford Tnlv. Press 283
. | . N . vyv > ‘ .

Sunderlqu C A. C W G. Redman, G ‘M. Stxrrat '1§81F;HLA'Ae"F

B C antlgens are expressed on non- v1llous trophoblast of‘

the early human placenta. d Immunol 127 2614

.
Sntton,vL.,kD.Y, Mason,nG;W.G.hRedman; 1983._HDA-DR
n'po's'itive\ce_.J'.?isi‘n the~hnmanfplacenta; meunology 49;103;

Lo

~ Swinburne, L.M. 1970 Leucocyte antlgens and. placental

b

sponge. Lancet. 2 592.,

Takeuch1,.h{ 1980' Imunology of

| hydatlform mole..Am. dJ. Repﬁod

e

oy



JTheof1lopoulos, a. N.[ N G1e1cher, A,ﬁ.,Peregra! F U.,.,ﬁg e
. tﬁ . -, PR

v.Dxxon. 1981 Qhe blology of 1mmune complexeseand the;r m?*fﬂﬂ

©150:237. . - o B T TR R

:.Tan1gusch1,'_., J Take1, T Tada.,1980 Funct1onal and Ai}l
. molecular organ1zat10n of an antlgen spec1f1c suppressorlj"

B factor from = cell hybrldoma. Natune 284 227, S '5.’

L *

Taylor,!C.; w P; Faulk 1'9'8-1 Preventlon of recurnent

rabortlon w1th leucocyte transfu51ons."Lancet 2 68

Y

» »n .’
p0551ble role in’ pregnancy AmeR, J Rep&Ode lmmunql PR
1 : 92 " ) . V Lo : o ‘ ‘ . ‘ ‘“"';“:‘,;' “.-‘\“ fﬁ",\'.': f':}" r;} ‘l#; -‘L'F..s_;‘ ;‘:’:ii

R - Q‘ﬁ.!ﬁ! T Do
- t poen
5 5. s ‘a ? . @: RS

Tyan, M.L. 1975~zOntooeny of Fc and complement fedéﬁtors

o

r &

e aw 'Cf;_"
‘k c~ RN )
RERENE L 8

' in mouse embryon c tissues. PPOC. Soc Exp. BIO? Med‘ ]ﬁ,,j‘

f

. L .. A | R * .o A N . . Sy e A Ty
e E o . o L é;:,"-, T A

- - . : - . T T TN

RPN P I

Vangegutte,.u;, H. Sob1s '1972 Hlstocompat1b111ty '~{:Jvﬁ

an gws on mouse blastocyst and ectoplacéntal cones,»fki,;fl
P L R T D A S AP
TPanspl,,1$.331- ‘.1ﬁ~'en;[;¢f";;?Fﬁ,f,'iﬁ*:lj’;lm'n,ﬁflﬁy;

Vo1s1n,v¢., G Chaouat 1971: Demonstrat1on of the nature

and propertles of ant1bod1es flxed on placenta and o
vdirected against paternal antlgens. J. Repﬂod FeFtll _'
SUDP7 21:89. ’.'f ﬂff f S ‘ ?lg 7?”55'*“ '”};;fﬁ;

4 v
~

Warburton, .,’A‘F.'Naylof};1971" The effect of . pafify:cn”
placental welght and birth welght an 1mmunologlcal _55ﬂl;f ,
phenomenon7 Amer d Hum. Genet 73.4]. f._"f A R



" Webb, C.G., w E. Gall Gm. Edelman. 1977, sylthes1s and,l““
1d1str1butldn of H 2 antlgens 1n»ﬁfe1mplantat10n embryos ;
'u Exp Med 146923 T | |

Weémann;‘T G;,'B singh71G A‘;Carlson. 1979a.'A110geneie‘;'

‘placenta is a paternal stra1n ant1gen 1mmunoabsorbent dbl

R

}gImmunO? 122 271, o

‘fﬁegmann, T Gﬁ, T R. Mosmann, G A Carlson O 011Jny,.8,
oa51ngh v1979b The ablllty of the murlne placenta to absorb
,7monoclonal ant1 fetal H-2K antlbody {rom the maternal |
',;c1rcuratlon.,d. Immunol. 123:1020." | "t
f;ﬁegmann,?T.G., a. Barr1ngton Le1gh G.A. Carlson T:R:.
,fﬂﬁoSmann, R. Raghupathy, B. S1ngh 1980. Quant1tat1on of
“l.he capac1ty of the placenta to absorb monoclonal Hav .
:;fantlfetal H—2K antlbody - Reprod Immunol 2 53

ﬁ;.o B o : N L o : _
Wong, G G., P A Temple, A, c Leary,’J .S. W1te12 G1annot1,
l.-:éijy c Yong, A B Czarletta, M. Chung, P. Murtha, R an, B
ZTIR J Kaufman, Lo R.rFerenz,vB S..S1‘iey, K J Turner; P. M :
ﬁyHew1ck S C” Clark N. Yana1, H. Yokota, y Yamada, M.
lfSaxto, K Motoyosh1,.F Takaku 1987 Human CSF 1:
'"tmoleculargglonlng and expr3581on of 4 kb cDNA encodlng the.

'F human urlnary proteln. Scrence 235 1504

.,_: Lo

'?yWood,‘g w., J. Reynard L Racela.:1978. Immunob1ology of

f‘&the human placenta I IgGFc receptors 1n trophoblast1c -




- ‘vi‘lli‘.-'__C[eI:?_'_.: Immunol. 3st191.. . @&

l;y. 1980 Immunohistochemicafﬁldentificatibnuof

WOod

' rophages in murlne placenta, 9&k sac membranes and'f+
regnant uterl. P7acenta 1 309 ;f‘,}f , J“5¥ ' . =
o . . . it o l ] " i ' ) » : “r.
, ’,7 -," o R ) 5
Py

.. F Lee,_D.,Renhxck ‘c./Hall, N. Arax,.T.';f
7I G. Nabel H Cantoﬁ Kf Ara1. 1984 Isolatlonfu

and characterlzatlon of ‘a full length cDNA for ma;t cell
7" V.

,growth factor from a«meﬂse T cell clone. Expre551on“ulw

monkey cells. PTOC Nat7 Acad °5Cl Usé 81.&070’ S

- T . o N B Ve v ) /
B} J PR

Zuckermann, F. A”‘ J'R Headh 1986aN'Isolat19n anq;

characterlzatlon of trophoblast from murine placenta.

L
“

Placenta 7 349 "f=_v o s ?{7' 'g g
B - ,' L : ‘ ;J’ n_ . ) ,, ,\] :'“ ’\\1‘ .
’ J .
Zuckermann ”F A., J, R Head 1986b Expressieﬁ of MHC
\
antlgens ‘on mur1ne trophoblast and the1r.modulat1on by
1nten éron. d Immunol 137 846 fﬁff' A
.. . ~ ,/.
_ZQCke;mann, F.A., J. R Head 1987a Mérlne trophoblast

}res1sts cell- medlated lys1s. P’Re51stance to allospec1f1c
: L .
'cytotoxlc T lymphocytes.,db.Immunol (;n press)u;

-

L - ' L "
7 o ’ c Ao

,;2uqkermann, F.A., J .R. Head.,1987b P0551ble mechan1sms of
iinon rejectlon of theafeto-ﬁlacental alﬁ@graft- Trophoblast
' #* .

res1stance ‘to lysnsbby cellular 1mmune effectors.

fe %

Transplant Proc 19,554.w,-_:3_ : ‘x, v s .



’~CHAPTEn_11i

&

'«‘*'

INTRODUCTION

an'plaCenta setuesaas'an‘immunological_.
'harrler betwu,:;the maternal and fet\l c1rculat1ons,
preventlng the potentlally destructlve maternal 1mmune
‘response from damaglng the semlallogenelc fetus (1) The_
manner in Wthh this barrler functlons is the subject of
'1ntense current 1nvestlgat10n (2) . One hypothe51s advanced
‘to explaln fetal surv1val is that local 1mmunosuppre551on‘?:
-prevents the sen51tlzat10n of thermaternal 1mmune system
hto paternal alloantlgens and . development of subsequent
effector functlons (3 6) A related p0551b111ty is’ that
maternal 1mmune recognltlon of fetally derlved cell
surface‘antlgenS'results in the secretlon of.factors that
promote the growth of placental tlséme,.whlch in turn .
prov1des a- fort1f1ed barrler to externalldamage from

-.maternal 1mmun1ty or Mlcrobes (7). Thls~mechan15m,»termed

| the,lmmunostlmulatlon.hypothe51s, has'direct analogy to

——.——.-———————-—————-—

, is chapter has’ been publlshed Irene Athanassakis, R.
[C ris Bleackley, Verner Paetkau, Larry Guilbert, Ph111p J;*,
Barr, Thomas G, Wegmann. Journal of Immunology 138 S
37-44: 1987, } R |

hffﬁi:‘;
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ékbefimentél:situétibns"iﬁfwhiéb tumor ceilslarei: .
ﬂfsﬁimﬁlated;;ather £ﬁéh'inhfSit§d by aﬁ?immune :espoh§é:2‘
(8,9). This, of éoufse; qédld'céekisﬁzwith = |
immunoéupprggéioﬁ‘éo-that fﬁéFIOCal:ﬁété:nal.immude‘
reéponse does not deStroy'thé pregnancy.ﬁindireqt
.experimental‘suﬁédft'for thevimﬁunostimUIatioﬁ.hypothesis'
CameAfrom early QbServatiohs that F1vhybridv‘Prine: ' A\‘ff

placentae are larger thaﬁuthose of either i ed.paternai

strain (10). It has also been reported that  ales immune

to paternal:éﬁt?&ghs;prédﬁcé larger pladéntaﬁ Fhan
tolerant females (13,12). Based on these.obSerQations,
‘S§me auﬁhofs-havéjéuggestédvfhat thé maternai immune
resﬁSnse is necessary for, or at least has a‘bénéficialZ‘
effect on, theimaintenante of pregﬁancy (13—15).;Howe9er,
~the'evidéhce in suppert of fhis ;dea5is:w§ak_andvsubjeéi
.t0j5§raihfv§fiation (16). Recerit ébsérvatiéhsdﬁith respect
to spontaneous abortions-in huméns.haQS'reﬁéwéd'intérest
ﬁ‘in‘the immunostimUlation_hypothesis,cwomen_undefjoing |
&ultiple spdnpgéeous abortions with no obvious
chrbmosomal; éﬁdocginologiCal or’ gynecological
abnbrmalitieg gan_been.observed to carry pregnancy to.
erm if first immuﬁized'gith_paternal_or third-party' 
aleukocytes (17-20). Othef_studies indicife.that in rodents
(21,22) and horses (23).imhﬁnization of'the_mother with -
.cells relafedAﬁb the paternal ma}bf-histocompatibility
cémplex can in sohe cases promote*féfal survival. Afairect.



»vmolecular explanat1on for these maternal 1mmune effects on'ff“'

tfetal surv1val however, 1s lacklng Morover 1t 1s
Lreaspnable to th1nk that 1mmunoregulat10n affects the

placenta, where maternal 1mmune cells come 1nto dlrect,

Q
contact w1th fetal tlssues.

:In this paper we descrlbe in VltPO exper1ments Whlch

-

-1nd1cate that CSF GM and IL- 3 generally accepted as’- T
cell-der1ved lymphoklnes, prov1de a’ p0551bletmolecular

basis, for the 1mmunost1mulatory effect observed on the-

placenta in vivo. We demonstrate that the placental cells -

which prol1ferate 1n'response_tovCSF-GM”are'fetal in

S
w

59

‘ origin,'and'appear’to be macrophage—like;,Finally we”show"'

¥

.that e11m1nat10n of maternal T cells durlng pregnancy by L

. yﬂ..:

in vivo 1njectlon of e1ther anti- thymocyte serum or antlbe

Ly2 1 monoclonal antlbody leads to a reductlon 1n the

i prol1ferat1ve-and‘phaqocytlc capac1t1es.of'the day-12
‘_placentae._These observatlons support the hypothes1s that
‘maternal T cells can stzmulate pldcental prollferatlon B
through lymphoklne release, thereby 1mprov1ng the
..probablllty of fetal,surv;val;

" ) )
2 N .
v %
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R 'MATERIALS AND METHODS

.Mic.eg'_'

N

BALB/cJ and C3H/HeJ were obtalned from the Laboratory
Anlmal Breedlng Unlt at the Un1ver51ty of Alberta (

‘(Ellerslle, Alberta) or the Jackson Laboratorles (Bar

4

‘“Harbor, ME) . BALB/cJ and C3H/HeJ m1ce d1ffer at the

glucose‘phosphate 1somerase locus’. (Gp1—1) C3H/HeJ are o

' homozygous for the fast electrophoretlc variant Gpi-1
/Gpi-1. wh11e BALB/cJ are - homozygous for the slow varlant
Gp1-1 /Gp1-1'. Each’BALB/cJ or. CBH/HeJ female was checked“

“ v

for oestrus, caged overnlght with a BALB/cJ male and .

'examlned-for‘the'presence of a vaglnal plug the following'
,_mornlng The day on which the plug was observed ‘was

I . '

con51dered to be day zero of pregnancy.’p

Placental ceJ‘Il cultures o o “
. JEN o ‘ ' ..Q_Q‘
' Placentae were obtalned from females on day twelve of
-pregnancy After removing the maternally derlved dec1dual‘
layer(24) wh1ch in eur hands carrleg the percentage of
fetal glucose phosphate 1somerase 1sozyme in the placenta”
from 44% to 55% (Athanassak1s I. unpubllshed
observationS) 51ngle cell suspen51ons were prepared by
pushlng the placenta through a ane*mesh wrre*scr’én 1nto

Leibowitz med1um (GleO, Grapd Island NY). The cells were _

oo



waahed‘threeftimes-andioulfureafin RPMI 1640v(Gibco)l.
'eupplemenﬁed Qith 10% FCS (Flow Lab, MisSiSsauga;»dnt)'af
107 cells/ml in 96 well plates (Llnbro, Flow Labs McLean
‘.VlrgLnla) w1th or without varlous lymphoklnes and
m1togens. Mltogens used for actlvatlon were either. .
vConcanavalln A (Con A, 2.5 ug/ml) or phorbol myrlstate
-acetate (PMA 10 ng/ml) and were always added at the.
beglnnlng of culture. Cultu*es were assayed for “H '
Thvm1d1ne QéHTdR) 1ncorporat1on -on days two or four. One
"'uC1 of JHTdR was added. per well ;8 hours prior to harvest,
~ and the cells were placed ‘in sc1nt1llat1on fluid

°

(t%luene/omnlfluor - NEN, Boston MA 1.38 g/1) and counted
\ ' & .
/fgl beta em1551on in an LKB 1218 Rackbeta Counter.

L ymphok"in'es' t

'Partiallbuvi

chrofiatography§
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derived lymphonW(variant E4) which had been activated

with PMA (10 ng/ml). This preparation, termed F3, contains

Sy : C . v
at least the following lymphokihe5° IL-2, IL-3, CSF-GM,

 BCGF and B-cell d1fferent1at1ng factor (BCDF)(25) Fufthef'

d
'pur1f1caton was achleved using gel flltratlon qolumns,

'yleldlng the follow1ng fractlons : fraction 4’ (effluentvv

of a Phenyl Sepharose column) contaanlng ma1nly €SF- GM ,
fraction 5 ( effluent of a DEAE Sephacel columa) wh1ch is

‘largely IL- 3, and fractlon 6 (obtalned by reverse phase



.’Q

N 4 - 3 ._ o ‘.' . . ) PR . . '.'\
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hlgh performan e lqu1d chromatography) wh1chxls pure IL 2

-

i,,(25) Partlally purlfled CSF 18 was obtalned from serum

free - cell condltloned medlum (27). o ;; ';Uilyltf
TRecomblnant murlne Cer- '(rCSF GM) was proghced in yeaq‘
) G-

C'from synthetlc genearessentlally as descrloed by C R J

";Bleackley et al (?6) (a complete account of thlS yeast

ntuexprSSIOH SYStem w1ll be descrlbed elsewhere) .

v,-‘ . v

‘ﬁ(Recomblnant IL- 3 expressed in the COS (monkey) cell 11ne

was a generous glft of Dr. T1mothy Mossman (DNAX L;a | o

! L4 .. X
Corpoﬁatlon,_Palo Alto, Ca)[28) The act1v1ty of the IL 3f;;%ﬁ
’ fo

’,;preparatlon wad’%ested on the IL -3 dependent cell 11ne

PR 3 . ; B e o . . B T L
. DA- (data not shown) . '_3 1-;;“3 Lo Y "A:'@ BRI
S s - SN ' N o T - o

f "Fr'a_c;t_.}i,onat-iorz' 'of ;'p‘la.cen‘tal‘ce-llsl. e

h . - B '. - N . . . S tv»' . -~

Three”&ay old BALB/cJ blagtocysts were surglcally ’V

‘fftransfered to the uter1 of C3H/heJ females 1n the1ﬁ~second
'h:day gf pseudOpregnancy as determlned by vaglnal plug

“.dformatmon after mé

1ng w1th vasectomlzed males.tS1ngle

’ﬁ“m twelvé day placentae were obtalned

. ‘ RN

i cell suspens1ons;

(as descrlbed above, and then centrlfuged at 2000 rpm for>

;30 m1n through a dlscontlnuous Percoll gradlent (80% —: -

- 65%, Pharmac1a, Dorval,: P Q ). The oells collecte'at the

:. 80 5%% 1n;erface,.wh1ch are of maternal or1gfn by GPI

'f'typlng (Athanassakls I unpubllshed observatlons), were

‘f:dlscarded The remelhlng cells (67% fetal bx GPI typlng)

were washed and cuitured w1th or w1thout monoclonal aH2 K* ’5j
P T ';@": PR ;q T ”fg'ﬁfﬁf” PO

¢ T v T ’ oo s W S
. . BN . i i B Y



antlbody, {Shblt complement (Low Tox at a dllutlon of 1 6 hti
,1v/v, Cedarlane, Hornby,,ONT) and CSF- GM The aH2 K“’ 3£=*“' |
antlbody is a proteln A pur}fled IgG bractlon derlved fromf'l'
asc1tes fluld produced by the ce l1ne 16 3~ 1N (29), and B
‘was used ‘at a d11ut1on of 1/100 (v/v) Control experlments;flf
1nd1cate that under Phese condltlons it ‘is. cytotox1c ‘for _
C3H/HeJ (H 2Kk) but not BALB/cJ (H ZK ) spleen cells. On%if':
h day four of culture the cells were asseSsed for
prollferatlon by aHTdR 1ncorporat10n and maternal versushzy
’ fetal«orxgln. The latter was, assessed by .?a;’thhl,;}.ilflf@‘d
electrophoret1cally determlnlng the 1sd§§me of glucose . |
phosph;te 1somerase as’ descr1bed elsewhere (30) Brleflyi-A
the cultured cells were collectéd ‘was d 1n PBS _,f \
submerged 1n 11qu1d ﬂltrogen and stored at'—?O C untal w ;—;

'electrophores1s was performed GPI 1sozymes 1n the cellj;fb“’

J?‘lysates were Separated by u51ng’starch gel electrophore51s

and were developed by the n1trocellulqsd§overlay techn1que

— — e - i

(30 31) Quantltatlve measurements of the relat1ve

bw scannlng *he stalned n1trocellulose fllters (mounted on J)‘

'\m1croscope slldes) 1n an Electrophore61s Scanner model | |
80100 (Camag, Mutlenz,ASwltZerland) The 51gnal produced
was analysed by us1ng a nglett Packard mode 3390A SR

Integrator (Palo Alto, GA) wh1ch determ1ned the area of

each band as a %ercentage of the et»otal pé‘ttern o




i P‘Iacental-_.‘:CeI:I, Ph_agocyitosis in’ Vif‘F‘O"'- :

Sk

,{1_Q§ Placental cells were cultured fn the presence of
var1ous-lvmphok1nes 1n 96 well plates. After four days Sul
_'vof fluorescent beads (fluoresbate fluorescent monodlsperse

carboxyLated m1crospheres, D 0 57u, Polysc1ences Inc,'

Warrlngton, PA) were added per well and the cultures were =

1ncubated for 30 mlnutes at 37 C After washlng the

qpherent Layer 5 tlmes; 0 2ml of PBS wgfe added per well
o and phagocyt051s of the beads determlned by measurlng

absorbance at 414 nm-in an ELISA plate reader (Tltertek

. Multlskan) The background (optlcal den51ty of cells prlor

: to phaqocytosxs) was substracted from the values obtalned.
. -

i In another ser1e§ oﬂ experlments bacto latex beads (leco)
'< e ’
- were used and phagocyt051s was evaluated by m1croscop;c

'H'&'

1nspectlon._y-

i .;~o~‘r>+sne'c'-f-'f_ic‘tﬁi's.te'nj‘a;sfé-;,;é;féff'hlfng .

“}ﬁ',: The placental cells were

_ultured 1n chamber slldes
(Lab Tec M1les Lab Naperv1lle,

: descrlbed above._The adherent layer was flrst assessed for-
: -3

phagocytd51s of fluorescent beads and then stalned for

l

non spec1f1c esterase accordlng to the method descrlbqj by

.

IL) under the tohdltlons ff“

&

S ea

ks
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| One utl of‘°HTdR was added to each well contalnlng.

';placental cells on day 3 of culture..On day 4 cytosplns of
ﬂ._thé adherent and non adherent layer were obtalned f1xed .,”]h
Sxﬁ 1ce cold methanol for 20 mrnntes, r1nsed 1n dlStllled F
7,hwater and a1r dr1ed The slldes were dlpped 1n warm (42 C)
;femulslon (Kodak NTBZ Eastman Kodak Co.,Rochester, N Y. )
p-‘drled and enclosed in l1ght excludlng contalners for 4 hjfd'.ﬁ
~ days- at &°C After warm1ng to 22° C the slldes were ”a |
v;ideveloped for 2 mlnutes 1n Kodak D 10 developer r1nsed forfh
na30 seconds in. {%_("/") acetlc ac1d flxed for 3 mlnutes 1n
;Kodaw>f1xer and washed in 5 changes of-dxstllledeater.4” |
';_After drY1ng, the preparatlons were stalned w1th Glemsa at 5;

’~pr,6.5 and the percentage of cells conta1n1ng nucleus

,.»v' o e .
~ : .

"'ucéﬁ/ﬁea fe ales pregnant by BALB/cJ males were '
- 1n3ected three tlmes 1ntraper1toneally @u p ) w1th 0 1m1

) ”' N ; . 't” N
of rabblt antl—mouse thymocyte serum (ATS M A :;_,u;;,*;i
=l-~Baoproducts, Walkersvrlle, MD 98% k1111ng of thymocytesr;“jn
' ' : *-*‘wm¥“t SREEECREE

pregnancy. This treatment was found to give‘h@&xmal ﬁ}f[;;

at 1 80 dhlut1on In vttPo) on days 8 IU

. suppre551on of the‘splenocyte prol1ferau1ve response to hfﬁff*

phytohemaglut1hln (PHA) ATS suppresszon was:meaSured'asu

Lz L at '.‘
[ A , B T L S i. WL
RO SN ) R B N T

ER R LY
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'_follows :'1x107‘spleen cells/ml were cultyred in RPMI

= culture by‘*HTdR uptake. A 51M1lar protocol was used

ftreatment w1th t%e ant1 Ly2 1 (HB129 ATCC Rockv111e, '

idrMaryland) monoclonal ant1body (33) Placental

'd1lutlon) and assessed for prollferatlon on day four

| ‘-'medlum (G1bco Lab _Grand’ Isl,and NY) SUpplemented with 10%

“'Fetal Calf Serum (FCS Flow) w1th or w1thout PHA (1/40

'prol1ferat10n Jn VIVO .was assessed by 1nject1ng the m1ce

, “\ o
"w1th 27uC1 of ’HTdR il p.. The follow1ng day the m1ce were N

‘kllled by cerv1ca1 dlslocatlon and all placentae and dj‘?f{
Tfspleens were removed Ind1v1dual placentae were cut 1nto'7;ff§

" small p1eces usxng flne sc1ssors, put 1n 3m1 of NCS AC§

fsolut1on (1-10 T1ssue solub1llzer/aqueous counting gnbLﬁ7y

',sc1nt111ant Amersham Oakv1lle ONT) ,'shaken thoroughly

-~jand counted 1n an LKB beta counter. Each spleen was'

\'*

ff_1nd1v1dually tested for respo szveness to PHA

. 18. 68 T helper»cell 11ne,‘ref 34) as controls.,The ATS

%,

‘G}In other experlments the mr e were treated w1th normal_

{;rabb}t sera (NRS) or ATS' absorbed w1th T cells (ant1 Poly

v,ﬂ,i‘

17iwas absorbed byllncubat1ng the packed T cells w1th an;

':i¢qua1 volume of ATS for 45 mlrutes at 37 C'-v<{7;;2f :

 Pracental cel Phag'oqyt.. sis invivo,

Céll suspens1ons of 1nd1v1dua1 p,acentae from day 12

..-‘. A




L
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L

';1yzed by hypotonlc shock After two washes the cells were

hresuspended in PBS and optlcal den51ty (OD) determlned 1n

"

"{an ELISA Counter. In some exper1ments a. v1sual assessment

'-of phagocyt051s u51ng a fluorescent m1croscope was also

S Lo R S
- establlshed _’« ,_-Yl_. o S T

In another ser1es of experlments the fluoresc1enated
[ T
{flatex beads were 1njected d1rect1y 1nto the uter;ne artery

'.

':of anesthet1zed ﬁe@ales and 30 m1n later the placentae :

.were elther dlssoc1ated and determ;ned 1n the ELISA reader

. 4
A Lrom

or proeessed for hlstologlcal exam1hatlonl For the latter
'~rp1acentae were 1solated faxed 1n 10% fo malln, o
;gﬁdehydrated paraff1n embedded_and long1tud1na11y

r;dseCtIQDEd Sectloﬂk were ‘"ned 11th Hematoxalln and

'f‘Eos1n and 1croscop1cally 1ned u51ng brlghtfleld and

L. o . A

‘%fluorescent llght. _;jffv 7.
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T Cell derivednLymphoklnes Stlmulate Placental Cell

¢

Prollfenatron

. As an 1n1t1a1 test o£ the 1mmunost1mulatlon

'fhypothe513‘ &e examlned whether cells derlved from 12 day

-;,placentae can: prol1ferate 1n response to varlous T

a4

'cell der1ved lymphok1nes. Placental cells were- cultured.
.dfor 48 hours wath a partly pur1f1ed prepa;atlon (EB 1/40
" v/v) of medlum condltloned by the" T cell derlved lymphoma
. EL= ; (varlant E1) Whlch had been actlvated with. PMA (25)
‘1F3 produced an eleven fold 1ncrease 1n JH thym1d1ne s

‘blncorporatlon by placental-cells compared to these cells

'hcultured 1n the absence of EL-4 supernatant (Table 1)

determlne whlch‘lymphoklne glves opt1mal prollferatlon,'ﬁ

i;fractlonated samples of F3 1nc1ud1ng CSF GM IL-3" or IL-2""

'“fwere addga”ln graded doses to placental gelI cultures.vxjpf~"

s1gn1f1cant nncrease in. 1H- thymldlne 1ncorporat10n was o

observed w1th the CSF GM preparat1on. The stlmulatory

'effect was not due to act1 atlon by resldual PMA 51nce

Ve . ,

“;.PMA was unable to augment placental cell prollferatlon 1nhi

,'“‘- e

‘hfthe presence or absence of the lymphokines (data not

1

!

L o\
'“nact1v1ty, however, the fract12?,th;t was used 1s free of

rfshown) The CSF GM preparatlon may

f.hBCDF s1nce»1t was unable to-s 1mu1fte*

ffcell‘prollferatlon

soﬂetlmes contaln BCDF“;l”

g



‘fias compared to 6 IU/ml rIL 3 needed for max1mal

:igprollferatlon)

~hhwas necessary in ord

F-";;.‘and ’antlbody productlon,t‘-leemse, r.ecombma“t CSF GM

ﬂ;Stimulated 31gn1f1cant pnoleeratmod gTable II) Pure IL 2

U N
’ o . 19 L3 (l

Ay G

'ﬂirncorporation 1n a dose dEpenﬁent mannerl cqlumn purlfledl

N

~Vmater1al had llttle efﬁect (Table II) probably due to the=~

h \\)r :

C.,(

”%210w actlulgy of the latter pxeparat1on (added at 0 3 IU/ml

J:
REE R
- o
‘1,. A W

..0\,

:j*cells requ1re more than one lymphoklne to prollferate. To

L m” PR

',,,

ture, almost doubled the stlmulatory effect obtaxned

5ffw1thﬂa'51ngle addltlon at the beg1nn1ng of culture. The R

"j1nterval of 48 hoursﬁfetaggn the two addit1ons of CSF-

‘3doub1e dose added elther at the onset, 18 or 24 hours of

*bculthre gavé no greater stgmulatxon than that obtalned by

:Q'CSF GM 91Ven at 1n1t1at1on of cultute'a;:

fThe re&e¢se combznatjon,vl

followed 48

‘fjhours later bY IL-3 1ncreas:d the prol1£erat;on t3 fdld.

-~3 followed by CSF GM at 4&

Lymphoklnes are known(to be short 11ved and some

ﬁi?was unable to stlmulate placental cgll prollfenat1on evenf:e.”

jliat high concentatlons. Although rlL$3 1ncreased the,’HTdR"'

.{fevaluate'whether placental cells exh1b1t these proPertlesd_ﬂ'”

-follow1ng experlments were done. We flrst showed that i

T to 1ncrease prol1feratlon, 51nce a B

1‘fa 51ngle addatlon oﬁ CSF GM at the onset.,Furthermore.ja?l”

-uhours, dxd not increase pr leeratzon over bhat;cause& by,,gﬁ



Tﬁ IL 3 alone. The colcny st1mulat1ng factor 1 (CSF 1)
) v Y

stfmulates only~macrophage product1on (35) waS'able

\actlvate placental cells and allow them to reach the same ;

o ‘q
SN

,/ ieyel of prol1feraﬁlon as’ that seen w1th the Qartlally
‘,/\\r
purlf;ed CSF~- GM (Table ITQ‘I

.

”ff' ' Lymphoklne—Regponsrve Cells ln the Placenta are of

Fetal Onlgln

P

contalns an approx1mate on ‘to one ratlo of fetal to

maternal cells when made 1n‘

1s therefore neceSsary to e%§51ne the o;1gln of the -

prol1ferat1ng cells 1n the placental cell cultures._Inf'

order to d15t1ngu1sh between materna'j
v b/

the placenta, we. typed the cells forg 1sozyme”
expre551on by m1crostardhsgel electn

‘are” homozygous for the 6pl-1 allele ’ss an asozyme»

that mlgrates faster in an electr1c'f1eld than the form

expressed by Hp141 homozygous mlce. Heterozygotes express

.w, o

. . |
both bands as vell as.a heterodlmerlc band w:th ‘j¢f

)

(s

il

and heterozygou' cells does not allowfe sy quant:t§t1on

because of band overlap. To cxrcumvent hls pifblem, we

transﬁered BALB'e x BALB ‘c orexmflantatxon blastocysts 1gfffft

(Gpi 7 ) :nta the uherx of pseuw“pregnant Q3H/Hea (Gp] 1 )

1ntermed1ate mob111ty Therefore a m*xt#re of homozygous \

0,__'; oy

'4cellular suspen51on (24) It'

d fetal cells in f.f_'

515. Mlce that ﬂJrha

o.
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pl-females. The fetSﬂ and maternal GPI bands are thus -

7,1e1ectrophoret1cally unamblguous and lend themselves to J/”’
'sens;tlve quantltatlon u51ng den51tometry technlques.nqhe

: ' T

'1solated placental cells xere 1ncubated w1th varlous .

'N

"_comblnatlons of ant1 maternal class 1 monoclonal antlbody o
-.,(antl H- 2K*) complement, and CSF GM (added at the |
t{pbeg1nn1ng and at 48 hours pf ;ulture), and assayed fé"
::prollferatlon and 1sozyme COntenQ ‘The resultsP shown 1n
uh.Table I1I, clearly 1nd1cate that the cells wﬁlch

"“prol1ferate 1n resgpnse to CSF GM must be fetally derlved

e

"ibecause v1rtuaIly complete ellmlnaflon pf the maternal

‘7f1ayer contazned prxmarzly large, grandlar, vaculated

fngells, as shown byv&sozyme analys1s does not: quant1tavely

. p,.; '

,h’affect CSF GM drzven prollferatlon.r v_:;sfifpfffﬁpp ;ﬂp'f;

The Prol:feratlng Placenta7dpel7s Dlsplay Macrophage ?

"fd{ﬂi : on Tnophoblast Characteristics

The plaantal cells prql1ferat1ng in- response tok
I

7‘CSF GM were exam1ned fo: the1r m1croscop1c appearance

'.;after £our days 1n culture.-Two populatlons could be

t’

“pfd1s£1ngu15hed non-adherent and adherent. The non adherent

n Lﬂcel s dxsplayed varxable mdrphology 1ni1u 1ng both

-ﬂilmat%rnal and fetSI red blogd cel ’lhld an;xrregularly

lgfshaped granular cell of undefxned orxg1n‘ The adherent

",

ﬂéﬁh}'

c%}ls~ Autoradxographxc-s%udxes showed that only the

Fe . Cee e
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';adherent cells prollferated 1n response to CSF GM %mce
'34+8% of these cells (wh1ch represent 12% of the total
‘cell populatlon) 1ncorporated SHTAR at day four of .jﬁksﬁ

adherent cells, whersﬂ\‘

culture. ThlS contrasts w1th the‘nin

'-only 0 5+ 0. 3% (0 3% of total ceLls) prolaferated (Tahle

S1nce the adherent cells are prol1ferat1ng 1n
response to lymphoklnes that are known to stlmulate ".i}>
llmacrophages, and 51nce they morphologlcally resemble
HVmacrophages, we next 1nqu1red whether they dlsplay other
macrophage characterlst1cs. Thus we st1mulate€'these cells
;f:w1th CSF- GM or’ IL 3 and then assessed thelr phagocytlc |
vcapac1ty on day four of culture by measurlng the uptake of uhl

7lfluoreseent beads as determ1ned by optlcal dens1ty ;3.‘f .
“freadlngs.;Parallel cultures were assessed for ’HTdR

L‘fincorporatlon. There was a dlrect correlatlon betWeen he :9'
Tamount of prollferat1on and phagocyt051s (r 99) (Flg re
'»1A) Phagocyt051s was further monltored by m1croscop1c

‘1fexam1nat16h/ﬁf adherent cells st1mulated by SF GM or IL 3
_ S

L

f;dand then 1ncubated Wlth ba!tb latex beads.;Cells
fﬁjproleeratlng 1n response to CSF GM are large and have a j;.'
‘,tdamkened cytoplasm due to the 1ncorporataon of the latex

ﬂfhbeads

s "

IThe adhefent cells 1n the IL 3 stlmulated cultures .f5
1ffare c ns;derably smaller and do not have the darkened | |

'fﬁgcytopl‘Fm characterxstac of extensxve bead uptake (Fxgure



Co ",f : _ S -..{a : o
‘hlﬁ). In anotherbset of experlments the cells were‘
”1ncubated w1th fluorescent beads and subsequently sta1ned B
Lfor non spec1f1c esterase. All phagocytlc cells stalned

. p051t1vely for este;ase whereas non phagocytlc cells were
";negat1ve (Flg. 1C)‘ Fewer than 5% of adherent cells P
growlng 1n response to CSF GM were: found to bear Mac 1, a
_{plasma membrane ant1gen typ1ca1 for murlne macrophages ” _ ‘
*_(36)(data not shown) Thus the fetally derlved placental—;:uu
‘lcells that prol1£erate 1n response to CSF GM are adherent

-gphagocyt1c esterase pos1t1ve and Mac—1 negatlve.ilf-fu'

| g% Matennal Tneatment with ATS Reduces Placental

:*@}. e "f w: Pnolrfenatlon rn vivo - | 'J: S

ﬁav1ng demonstrated that T cell lymphoklnes enhance

L YRS

fjtfetally derlved placental cell prol1ferat10n in vrtPo,_we'_?.
,p”next 1nqu1red whether prol1ferat1on and phagocyt051s ‘in.

: %,
the. 1htact placed/\ bu&ﬁ be reduced by maternal T. celﬂ:

- deplet1on,,as would be pr@d1cted by the 1mmunost1mulat1on .
1hppvfhe51s and tge results presented above. Thls was f1rst

jhfaddressed by glv1ng three 1 p 1n]ectlons of 100pl of ATS

‘Thion days 8 10 and AR of pregnancy. Thls treatment

: jcon51stently suppressed the PHA 1nduced prollferatlon of
'psplenocytes to approx1mately 5% ‘of normal levels. On day
.1 11 the am1mals were Eurther 1njected w1th 27 aC1 of ’HTdR

'mri’p and 24 hours later 1nd1v1dua1 placentae were removed



A Q JERE PR 5 EEE
| processed and assessed for ’HTdR uptake. The ATS —treated?“ft
.fema%es showed approx1mately 50% reduct1on in. the ’ “

. placental prollferatlon as compared to that seen 1n

nonftrfmdedvor NRS- treated pregnant m1ce (Flgure 2): é?l*ﬂfV

17 femalessdlsplaylng reduced PHA responsrv\ness én thelr;
--splenocytes also had reduced placental JHTdR
‘1nd6rporat10n Three females that had no reduct1on 1n
:the1r splenocyte response to PHA also showed no reduct1on

;1n placental JHToR 1ncorporatlon (data not shown)

~{'The dgta 1n Flgure 2 also 1nd1cate that the ATS treatment -

'had a Sllf: ﬂbut statlst1cally 1n51gn1f1cant effect on .
fetal resorptxon.vThere was no d1fference 1n placental 4
ffwe1gh“ between the ATS and ‘non treated,groups (22;2__,5;1@

s:versus&30 521. 6 mg,,respectlvely)

“To strengthen the conclu51on that the ATS medlated -;fJ _.t

P

_"reductlon of plq;ental prollferatlon is- due to 1ts tﬁ'
'~‘react1V1ty agalnst maternal T cells and not to ‘

*non spec1f1c k1ll1ng of another matexnal cell populatlon

;: we absorbed the ATS w;th an equal volume of cloned Tf
ke helper cells. Thls pretr atment ellmlnated the ab1114y of :1v4
uifATs to reduce placental.’HTdR 1ncorporat10n in Vlvo l; h"l"
1p(F1gure 2) Curlously,balthough the absorbed serum d1d not v
b ffect placental cell prollferatlon plenocytes from< |
;these mxce Stlll showed redUCed PHA respons1veness (Flgure
dy

5v‘2) Th1s could 1nd1cate that a non 1. cell contrxbutes to.
' |

PHA responsxveness and 1s elxmlnated by the ATS treatment.,r,



uiln-vlewﬁofdthe'abowe“results, two other explanatlons for
ddthe observed effect of ATS on placental prollferat1on in -
VIVO were con51dered The f1rst is that mature T cells 1n
lfthe placenta are respons1blé fdr the reductlon of ’HTdR
k ptake; To determlne whethervfunctronal maternal 'gellsl‘h”
_,ex1st 1n the dax 12 placentae, a placental cell _d‘. b_l
'Apreparatlon was cultu?%d for 4 days w1th 2 5ug/ml of Convd
'ﬂhA Th1s treatment did not 51gn1f1cantly 1ncrease‘.HTdR |
-*p1ncorporatlon ahgve background levels (1 123+160 versus d_'d
"1 007£225" cpm ih control cultures) . - .

A second p0551b111ty is’ that ATS has a d1rect cyeotox1c
i:effect on fetally deiived placental cells. To address thlsn
j‘questlon, we determlned whether ATS and complement could
”fabol;shbthe in VIfPo prollferat1on of placental cells in’
tpiresponSeuto:CSF -GM.. Placental cells from C3H/HeJ X BALB/ch-
iipregnanc1es were cultured w1th or: w1thout CSF GM ATS: and,;??’
fr_complement.‘The presence of ATS and complement 1n thejhg};ﬁfd
{;aculture did- not affect the prollferatlve actlvrty of -
fﬁ;placental cel S 1n response to CSF GM,\whlle completely;f»
i “ellmlnatlng t e PHA respon51veness of parallel cultures of;

?x Spleen cells Table v) lvn; ;»t‘f o "',’7 Y'?l”h



Mater'nal Tr*eament wrth ATS Reduces P7acental
N : PhagoCytos:s m vztr'o aﬂd .m vrvo

w"

Slnce CSF GM caused placental cells to deyelop
bhagocytlc functlon ln VJtPo,_the results 1n F;gure 2 _
predlct that ATS treatment ln vlvo would reduce placental

phagocyt1c capac1ty ; We tested'th1s p0551b111ty 1n two

ways. In the flrst set of experlm
'v't »‘

from ATS treated m1ce were made 1nt7 cell suspen51ohs and

105'cells 1ncubated for th1rty mlnut"s w1th 5u1 of

LISA plate reader. The results 1nd1cate that placentae
from ATS treated mlce showed half as much phagoeyt1Caf7f'ﬂ
capa01ty as control placentae..Mlcroscop1c examlnatlon of
the same cell preparat1on 1nd1cated a much lower |

N

percentage of phagocytlc cells 1n ATS treated versus i_.th

normal placentae (Table VI), A second method of exam1n1ng

the reductlon 1n phagocyt051s was: vo dlrectly 1nject 1 1}gyf

- -of the beads 1nto the lumen of the uter1ne artery of
ATS treated and control anlmals..Placental cell 5
preparat1ons ceuld thencbe exam1ned dlrectly 1n the ELISA |
plate reader. The reSults 1nd1cated a s1gn1f1cant '

h‘ reductlon 1n phagocyt051s of the ATS treated placentae QT7&

Flnally,.to 1dent1fy the phagocytlc cells 1n the placentaesﬁg

ﬁ'»1njected w1uh fluorescent beads, hemaﬁbxalln and eos1n‘

iuvstalned sectlons were prepared V1rtua11y all the cells .;S”‘

’

ftﬁ& day 12 placentae f@ﬂfff?

~



e e o R

f‘conta1n1ng fluorescent beads were large mononuclear cells -f;rj

located 1n the compact reglon o!'the labyr1nth1ne zone 'ﬂf
(Flgure 3) These cells are ord1nar1ly descrlbed aéﬂ ;;fi_;J
_ trophoblast cells by mogbhologlcdl cr1ter1a u_yii;g'pu-;.»

w———b——ﬁ-
Maternal Treatment w:th antr Ly2 1 Reduces Placental

Prollferation and Phagocytosrs.ln vrvo - w«:¢_¢;a

Because of the heterogeneous nature of the antlserum B

'jfpreparat1ons,_the results obtalned w1th ATS do not

-iellmlnate the poss1bi11ty that the ATS is affectlng some PR
Hﬁfetal cell populat1on that 1nfluenCes placental }_'fc Q{fet
'?prol1ferat1on and pha90cyt051s. We therefore applled the
fsame 1n3ect10n protocol u51ng mouse ant1 Ly2 1 monoclonal .
:}iant1body whlch moreuspec1f1cally depletes pregnant females fli
hvof Ly2 pos1t1ve T cells..Table VIL shows that the B -
'.etreatment causes ‘a- reductlontln both}plac\htal ';ff'” llﬁéfﬁ

K}

*'prollferatlon and phagocyt051s comparable to that seen'*'

ffw1th ATS Slnce the Ly2 marker does nofﬁ\bpear untll after
:;%day 14 of ontogeny (37 38) two days after the .:f7\\ /
—w:termlnatxon of the exper1ment, these results also‘wfd;5’:'
::demonstrate that maternal and not fetal T. celis contrlbute g
ﬁz to placental prol1ferat10n and phagocyt051s. | tl
o ‘} | .v [ B



f{two d1rect pred1ct1ons of the 1mmunost1mulat1on of

BT R T L q R

The experlments reported here were de51gned td test
B e

v{placental growth hypothe51s. The frrst 1s that T cell

lnder1ved lymphqklnes should be capable of stlmulatlng

.‘.

1Lcells in VltPO, the second 1s_that mater al- T cell

jiablatlon dur1ng pregnancy'should retar”,

ox

'~growth and/or actlvatlon of fetally—derlved placental

T

placental cel,
pr°11ferat3°n and fUﬂCtlon lﬁ%yxvo. The results. are 1n‘ffﬂff73
accordance W1th these pred1ctlons.~”h_.fﬁiyL S

2 . . . ’ ) . ‘." - it RSN .

The f1;st observat1on was tqét placent&l cell T\\g‘_lﬁ

preparatlons, contaanlng both maternal and fetally derlved

./

cells, would prollferate 1n response to crude supernatants _
o{ PMA stlmulated EL 4 cells. It 1s 1mportant to note that if*
nelther PMA nor Con A stlmulated placental cells to ‘iiﬁj
prollferate, 1nd1cat1ng that they are not 51gn1T1tant1y \_..-
contam;nated w1th maternal T cells. By u51ng part1al4y .

purlfned as well as recomb1nanb lymphoklnes v1rtually the ‘

ent1re prollferatlve effeétvcould be ascrlbed tmphjfs

1ymphokrne§ of the‘CSF famlly, 1nc1ud1ng CSF GM, CSF'T"and
IL 3. ILA2 and BCDF had no s1gn1f1c5ht effect e1ther alone
OF: 1n conjuct1on~w1th CSF GM CSF GM IL 3 and CSF,J _ .*Q;,
preparat1ons are known to 1nduce prollferat1on of murlneeﬁufh
cells of the macrophage llneage (35 39). The exlstence of

e



:,gsuggested (35) but not'Yet been described f'ah'f?f;'“

3 e LIy e

v .",. A U r\' . 3 e ° T ce A :

Hav1ng 1dent1f1ed wh1ch lymphoklnes CQU1Q'5t1mulatef;t'

placental cell prollferat1on we then proceeded through affﬁ?

ser1es of steps‘%o characterlze these cells. The f1rst
by T ‘
po1nt establ1shed was that v1rtually all of them are of

fetal or1g1n. To\do th1s, we 1mplanted embryos thaé weregljw

" .
hgmozygous for both the qgg and the GPI 1sozyme locus 1nto

pseudopregnant females homozygous for dlfferent alleles at ff'

these lodg ThlS allowed us to show that although

bf monoclonal ant1 maternal MHC class I ant1body plus T\;Ui;‘j;

complemenﬁ V1rtually ellminated cells bearlng maternal

) . .-‘ N
1sozyme from CSF GM-stlmulated cultures, 1t had no effect

on prollferatlon; Thus 1t LS very 11kely that the.cells in:

questxon are of fetal or1g1n. f

]

large, herent to plast1c and p051t1ve for no]

'; esterase Sta1n1ng, suggestlng the1r macrophage llke'f;

nature. In addltlon, these cells prollferate in response ‘

xo the same growth factors as do macrophages' 1e, CSF 1

—spec1f1c o

The placental cells that 1ncorporate 3HTdR wereir \pr'

thought te be spec1f1c to mononuclear phagocytes/féo 41)‘_

-CSF GM. and IL 3 (35) Although the cells are Mac 1
_negat1ve,.some (Kupffer cells) macrophages 1ack thlS
"antlgen (36) Nonetheless, the phy51cal propertles of the

. 1ymphok1ne respons1ve cells descrlbe both trophoblasts



-ef42 43) and macrophages.,Therefore, the cells are be1ng

"_further characterlzed by a panel of monoclbnal antlbodlés
.that W1ll mpre clearly d15t1ngu1sh between the two f?f?}“’;

-

‘*p0551b111t1es. Ident1f1cat1on of the cell as macrophages

':would p01nt to a central role for these cells 1n placental

3xgrowth f on the o\i\r hand the Eells are ttophoblasts,

'vthev\would have to share the growth factor respon51veness
::of m&@gophages. Interestlngly, transcr1pt to the -

:hdproto oncogene c~fms, h1ch encodes the receptor to the

q,macrophage speq1f1c factor, C§F 1 (44) has been

p f;»«k _v: . :

‘*31dent1f1ed in the ngan trophoblastlc cell l1ne BeWO (45)
'8 . [

f:Thus,rlt 1s p0551ble that trophoblasts e1ther are_gf'*‘gf*'n.'

_f_macrophages or have evolved 1dent1cal phy51cal propertlesh; tf

'4Qand growth reqU1rements.q;jr,ﬁiﬁ}ﬁf;ﬁf~ GRS

Elther of the above p0551b111t1es 15 1& accord w1th

our suggestlog that 1ymphok1nes stlmulate placental

growth Other’investlgators have 1dent1f1ed f] -'h'h;'z?fL

?acrophage l1ke cells 1n both human (46 47) and murxne -fdf:d

ﬁw&48) placentae, but the1r role as well as the1r relat#%n ;

to the trophoblast llneage, 1s st111 unclear._One t_ S

p0551b111ty 1s that these cells fllter out harmful

ant1 fetal ant1bod1es,_v1a thelr Fc receptors, durlng ‘”1;{i¢
: i S

passsage of 1mmunoglobu11n from the mother to the fetus

(49 52) Another is- that they~proV1de ‘a phagocytlc barrler

)

ﬁ?

to the entry of harmful m1cr9bes and maternal cells 1nto

: o B . . P . .. . : . oo LR B T
'-”é.-;. S .-".H“?'. aat :"'f L ‘[:fﬂ.f‘f -
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The second serles of experlments were de51gned to »jg{f]m7

rﬁtest whether 1mmgnost1mu1at10n of the placenta-by maternal

Pl

-ﬂvT cells occurs duf1ng normal pregnancy To evaluate thls,'f

':we treated pregnant femalbs w1th rabblt ant1~mouse

;~thymocyte serum. ThlS treatment lowered both the N

tprollferatlve and phagocytlc capac1ty of 1ntact 12 day
lflplacentae to half the1r normal vaIUes.v51nce avifblusrﬂ;'i
5_¥heterologOUS antlserum was utll}ied '1t was necessary to

ascertaln that the effect was due to ablatlon of maternal

T cells and not to a d1rect cytotox1c effect on fetal orfj}e”i

.;.

placental cells. The former conclu51on was Strengthened by

B

absorbing the ATS w1th cloned T cells, whlch elamlnated

'"'the effect of the ATS treatment on the placenta.,jn;'~'ﬁ'
’.addlblon ATS plus gsmplement,‘whlch 1sle£fect1ve in ﬂ'“* g
.,jellmlnatlng PHA respon51veness ln v:tro, had no effect on

'fplacental cell response to CSF GM Nevertheless, the ATS
\

A could be affectlng a fetal cell-populatlon produc1ng .
4jfp1acenta1 growth factors.:To rule thlS out, we treated the
pregnant females w1th monoclonal ant1 Ly2 1 wh1ch reacts o
ﬂrw1th T cell subsets that .are not present 1n the 8 12 day ;~fl
:.old fetus. Comparable results were obta1ned clearly _y7-~:"
_1mpl1cat1ng maternal T cells in the placental

:jprollferatlon and phagocyt051s.;’h?ﬁf‘ s ,;’ “If'f'ng



el A S o

ﬁ_ = These,results,.then, conform +0, one pred;ctlon of the“&”

L

: e1mmunost;mu1etlon hypothes1s, namely that maternal T cell

C“

;f;ellmlnatmon should have a measurable effect on placental

:jprollferatlon and funct1on. Thls cgnclu51on is ;_l}fjf:fffila'~
_?gstrengthened:by'compar1ng the in vrtPo results to those
3f0und in vivo.,In each case there 1s a close correlat1on
Qbetween the amount of placental cell prollferatlon and

7f“phagocyt051s, whether both are enhanced by CSF—GM fn

-._ :

'\

7f?v1tﬁo, or reduced by ATS treatment in vrvo._ag'*

Experlménts 1nvolv1ng 1nﬁ CthP of fluorescent beads

e
\—,',

1n the ute;1ne artery permlt ’dtentatlve 1dent1f1cat10n of
// the cells 1nvolved 1n phagocyt0515\ based on subsequent |
fﬁfplacental hlstology V1rtually all the fluorescence was ii'-%
'}ﬁfound 1n the trpphoblast cells of the compact area of the
‘“flabyr1nth1ne zone. Other workers have also determlned that
; hhthese are the pr1nc1ple phagocytlc cells 1n the placenta.rflfl
"thn addltlon,'we haVe_shown, u51ng the GPI 1sozyme Eﬂfﬂhu'
_ana1y51s, that the‘labyr;nthlne zone has no detectable o

Mot

_maternal cell contr1but1on, stre ;

fhenlng our conclus1on.
_.lthat the cells in questlon aqgﬂﬂetally derlved ‘ |
.'l(Athanassakls et al manuscrlpt in preparat1on).“¥siLf;_;fii
: In conclu51on,_these experzments lend credence to the
1dea)that maternal T cells contr1bute to the growth and
funct10na1 capac1ty of the placenta by lymphok1ne

stlmulatlon. The functlon 1n questlon 1s phagocytos1s,_jf

RN T

"40‘._



wh1ch Hﬁs an QbVlOUS relatlon to fetal health and .
'flv1ab111ty. The experlments of Ed1d1nfand h1s ciﬁleagues 1{t?!"
arelrelevant in -tk 1s‘context (8) These 17vest1gatgrs '°lf_'

showed thatnperltoneal exudate cells from muIt1parous but

i not v1rgln female m1ce can 1nduce prollferat1on of both
teratocarc1noma cells and embryon1cublastocysts=ln VITFO.
A number oﬁ.groups have shown that cel}s in the v1c1n1ty

{ of the fetoplacental unlt are nonspec1f1ca11y

1mmunosuppress1Ve and release‘factors that medlate'"'
N ‘ " -

1mmunosuppress1on of maternal lymphocytes ln v1tPo. It 1s

s
p0551ble that the true ln VIvo functlon of thjge cells 1'%
to prov1de growth factors for the blacenta, but the two

. p0551b111t1es are not mutually exclu51ve, and may coexlst

J ,'.

to prov1de plgcental growthwln the absence of 1mmune .g&‘s”“

damage.~51nce nelther treatment w1th antl-thymocyte serum .
E . o :,
j“‘nor antl—LyZ 1 monoclonal antlbody 51gn1f1cantly ‘”%M‘

compromlze fetal v1ab111ty, ‘one. cannot cla1m that maternal
F cells are essent1a1 for fetal surV1val under condltlons

' of.optlmal anlmal care. It 1s clearlx well known that nude

3 \l

m1ce can breed under approprlate germ free condltlons. The

<l 51gn1f1cance of the current observatlons may pertaln to gQV;"
T ‘ SRS

cond1t1ons in. whlch pregnancy 1s cbmpromxzed by m1crob1a1

N'\

assault Nevertheless, the current experlments forge a
more dlrect llnk between maternal 1mmune funct1on and
placental dlfferentlatlon, although the detalls of/th1s

-

1nteract10n awalt better characterlzatlon\of the cells,

. ‘(. R
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‘Fig.71 Corrrelatlon between prollferagkon and

.

':phagocyt051s of placental cells in culture.»BALB/cJ

'iBALB/cJ placental cell suspen51ons were culture@ for four
fdays as follows placental cells alone as a negat1Ve ‘”-‘_.

;control (I) placental cells treated w1th IL3 at bhe—omset

1)

of culture (II) placental cells treated w1th CSF GM at f(

the onset of culture (III) and'placental cefls‘treated

l;phagocytoslng bacto latex béads. Magnlflcatlon x40 I ; *f:

ﬂ{lC shows that the phagocytlc cells are\also esterase
i 051t1v .1-' R . RS Ja“?*‘J .ﬂ'. R ’”Vf? o
L gt T T e e T
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VIvo. C3H/HeJ females pregnant by BALB/cJ males were‘

Flg ATS treatment reduces pladental prollferatlon In

1mmunosuppressed w1th ATS and 1n3ected W1th ’HTdR in: order:'

g
to test prollferatxon. Ind1v1dual placentae (placental

N >

unlt) were 1solated and

dlssoc1at10n 1n NCS ACS

\

s

RN

B

the whole tlssue was counted after"

solpt1bh (see materlals,and
- v eriazs. anc..

-'methods)
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9. 3. Locallzatlon of)phagocytlc eills 1n the placenta.ffwjh

C3H/HeJ females pregnant by BALB/CJ males were 1njected on,?d?

*day 12 of pregnancy in the- uterlne artery wlth 100#1 of

' f/porescent beads. Th1rty m1nutes later the placentae weref e

-

‘removed flxed 1n 10% formalln, paraff1n embedded Snd\
longltldlnally Sectloned The sectlons were then stalned
_'w1th ﬁematoxllln and eQ51n'andhphotographed underie‘u

brlghtfleld (A) and. fluorescent (B) llgh* (x40x3 3)

R .f' P

LB labyr1nth1ne trophoblast SP sponglotrqphoblast. Arrowsﬁdrd

.

‘1nd1cate examples of trophoblast cells gh1ch are

4
~2

‘ phsgocytlc and become fluorescent after 1ngest10n of

-~

Q fluorescent bead§: The same fleld was photographed under_:lffi

S

normal and fluorescent llght (x40x3 3) Only cells from

group IV are Show"'f-;:‘,’;i‘%\;'

-, N N -0 . : ¥
- X iy - .
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- ReCOmblnant CSF-GM and IL-3 stimulate placental cell S
prollferatlon the same way as. purifled CSF- GM, IL~3" and CSF—l- .

-

3HTAR uptake (épmispif‘ : ff,‘} N

SR .HBecomblnantj B COlumn‘Purlfled'ﬁ ot

SRR factors o o o factors -

‘%‘.

Exp. #1

vgqntfél _ ':;‘ ‘ L - _;:550;3.205 'F:‘f 
- GM-CSF S S _4,’2:46“‘_-1_-_3 2200 . 4,997 + 491
" cSF-l : ”;; -'f"&;:"' : R ’."'A.":74;565Fi.868a' 
Cewes@ x0T Boi2x e 10,234 ks0s

LesEel (2w oo NaC 9,802 %825

.

Control LT 1,068 % 28
%F GM SN . .ND % 1o 813 + 344

csF- GM (2x) = ¢  ND- 19,507 * 618

+
O .
[s)]
(o]

Cfpes 0 Taz,7s3 x1,111 0 2,821

A

U NA = not available - !
+ND_= not'dore - = . ) !
- ,
“ A

g

.
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. FETAL ORIGIN,OF ‘THE PROLIFERATING CELLS IN THE PLACENTA - . % -
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csF-GM (1X)x T 7.2.%0

U csP-GM (2%)# - 3307

COULmABLE IV oo 0T

Autorad1ograph1c Determ1natxon of the Adherent Nature'

"9

of Prol1£erat1ng Cellsfd*; '*‘”:uf f‘.d'.f' '.~i

\

&

'ﬁtii; o % of Cells Incorporat1ng ’HTdﬁl;d

" - ‘ : ) : » | (+ SD) Among-
' Treatmedtxf ;'; »'Adherent“Cells"m Nen Adherent
' S . o Cells >

t-3 0 3o sos o mesonal b

I+ P
o
L]
O
N
. .
W
+
(]
[$)]

I+
[e))
. . ]
I+
o
L
!
§

’ “‘-3“,‘1 L

" N . .. v‘. ‘A ’ i : ’ ) ".l‘ ' ) A‘
N .

% CSF-GM ‘was added at beglnnlng of culture . ' B

~',.A

- # CSF~ GM was added at beglnnlng and at 48 hou1s of

culture. o - i
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' 'E££ect of rabb1t—ant1-mouse thymocyte serum and complement

E.;' }ﬂi.l' J'f' ‘on the placental cell prdl@ieratlon in VItPo

’HTdR Uptake (cpm SD)

. . B :_ .. . _v‘.""“ . -. C . E v-'v'ﬂj‘. - "
Culture Conditions | ' :

Without CSF-GM - 5'WithrCSFeGM*

I+
-_a "
© .

Ce- 7 986 4 ‘f_“‘11 970 2 902 7
et 568(:~158,,.; S 9, 792 954 o

, o ars 3J,;11 897 575 T 11,17475 1;583f

- ‘. C' -* ATS‘ v‘ ‘; . 1'5'62 i 592 E | \:. v." 9 '531 :!:45:9 .- o »»

“ spleen.cells;, Withoht PHA = . - - With PHA . '

8,086

ETIRE

+949 28,690

7 e ! ~

£ 83 . 9,259 % 5617 .
ATS +.314 710 36,1987+°4,430

: 591 £ 334 - B36 ¢+ 255-. 1"



'“‘ Numbereof Mice '

T TABLE VI -

¢

at 414 nm't D¢ 0.224-% 0.039

.oﬁiNormal Pléeentée__,.; 755'12

.

T DR R
. % of Phagocytic.Cells e 16

I+
oo
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1 C3H/He] feuales pregnant by Balb/cJ ma.lesvwere mjected on days 8, 10 and 11 of
v pregnancy with. the appropnate antlbody.e, g . : T
: 2 Prollferat.lon 1s assessed by 3H‘IﬁR uptake 1n3ected in vivo 24 h prxor to . o
sacrifice, ' Ind1v1dual placentae ‘were dlssoc1ated and c.bunted din a @ counter.
3 E‘stlmat.ed as’a percentage of £luoreseent-bead p051t1ve cells anong dxssoc:lat.ed

', placental celli S T '.;-. -
4 28.8 1sm anti H—Zkb prots’m A purlfled IgGZa monoclonal antlbody, not expected

o react in this stram canbmatlon. ", Lo e e K ,

5 Antl-Lyz 1 derlved frcm armonnm sulfate pmclpltauons of cultaure supernar_ant.s
’ cof the HB 129 hybndcma, wh:Lch is| specxfmcally cyto&oxm at tzhe dllutlon Qaf
1/10(} Thls treament dJ.d not mgmfxcant.ly affect t_he rate of - fetal resorpnons

(23% as ccmpared to 11% of unr_rea-ted controls) ¢ - . e

@ -
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,Fetally der1ved Mqune Placental Cells Slmultaneously T

’tﬁnxsplay Trophoblast and Macrophage Character1st1cs fﬁ,\qj ;{i;é
.INTRoDUCT;on_Z

" The most 1mportant maternal fetal 1mmune 1nteractlons take?}:"l
tplace 1n the pkncenta, a chlngrlc organ that conta1ns f'f:
lufetal and maternal cells in dlrect contact alth maternal
1 c1rculatlon. ThlS tlssue is of obv1ous 1mportance to the
f;surv1val of the fetus,¢ ) only because 1t provzdes the 5pch
_nutrlents and hormones necessary for embryonlc 7
F:Adevelopment, but also because 1t serves.as a partlal
'barrler to cytotox1c maternal cells and ant1bod1es

———

_idlrected agalnst the fetus (1) “The trophoblastlc placenta
;dor1glhates from the out51de layer of early embryonlc cqlls‘
_and by day 11 has dlfferentlated into. an outer 1nvas1ve
':sponglotrophoblast reglon wh1ch is. m1xed w1th |

,maternally derlved cells, ‘and an 1nner labyr1nth1ne zone,

’jwhlch is 100% fetal (2).

Recent experlments 1nd1cate that 1mmunlz1ng female

m1ce w1th spleen cells related to the paternal type

'dramatlcally reduces the rate of fetal death (3) Such '3”

-
'Thls chapter has been submltted for publlcation. Irene R
o AthanassaklsT—Samon Vass111adls, Larry Gullbert and Thomas ;'g
_,G Wegmann. Journal of Immunology. 1988

’

105



al;cells recognlze fetal MHC clasg I an

V whether FAPP cells are trophoblasts or mononuclear

_;’ G ';TZ

- 1mmunlzat10n 1eads to an 1ncrease 1n placental and ES@al

ens 1n the {:f
_i\\

v‘>sponglotrophoblast and thereby cause 1ncreased placental i
growth and fUthlon through‘the release of 1YmPhok$nes in ?~H'

» L
the placenta*(G) The generalxzatlon that T cells can'v,;u:“

cause non lympho1d tlssues to grow has been called
1mmunotroph15m (7) In exper1ments de51gned to test th1s

hypothes1s we showed that ant1 thymocyte serum orl'pjf

.'V monoclonal antl—T cell antlbody depletlon of maternal T

cells dur1ng pregnancy results 1n decreased prol1£erat10n

and phagocyt051s in the 1ntact placenta (8) 'as well as

o abortlon 1n some,straln comblnatlons (Chaouat G., E.

N

'¢f parat1on) In addltlon, we' have ‘isolated a 1ymphok1ne

placentas whlch 1s adherent, phagocytlc, and non- spec1f1c &

ﬂ Muno, I Athanassak1s and T G Wegmann, manu5cr1pt 1n ii:"

'respon51ve fetal cell populat1on from 12 14 day old mur1ne

esterase pos1t1ve (FAPP cells) These cells prol1ferate in.

+

VItro 1n response to the T cell derlved lymphoklnes
Interleuk1n 3 (IL 3), and granulocyte macrophage colony

st1mulat1ng factor (GMrCSE) They also resgpnd to the

monocyte—macrophage llneage spet1£rdkhemopo1et1c colony'“

st1mu1at1ng factor CSF 1 (8) The qUest1on arlses as to':’

"—Vet'. .

Phagocytes._,v ;

Y

ff;wezght (4 5) We have therefore pr_posed mhat maternal T :’ lﬂ}




The objectlve.of the current report 1s to determlne.
whether FAPP cells represent a homogeneous or | |
_heterogeneous cell populat1qn and to determlne whether
'they are- macrophage or tropgoblast 1n naturer Thus FAPP B
.,,.;cells were reacted w1th%ser1es of monoclonal ant1bod1es

'that 1dent1fy trophoblast- and mond&yte spec1f1c markers. :I‘f'

',In addltlon, d1fferent1al d1ssect10n and grad1ent a-;'fﬂff.ﬂ -

. e

i_centrlfugatlon were used to separately characterlze the
d‘FAPP cells that re51de in the sponglotrophoblast S
‘.(1nva51ve) and labyr1nth1ne zones of the placenta. ;ere we.
'report that FAPP cells con51st of at least two o
hnpopulatlon5° placental macrophages, and -

- macrophage trpphoblasts whlch co express what have been.
‘thltherto regarded as dlStlnCt macrophage and trophoblast

E

icell ‘surface- markers.

"/ Y 4,7§%
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Tlmed Pr'egnant M:ce v g ."_ — .f T TR P

» BALB/cJ and C3H/HeJ m1ce, 6 to 8 &eeks old were-‘
“obta1ned froF Jackson Laboratorles (Bar Harbor, ME) Eg%h
v]?C3H/HeJ or BALB/CJ female was examlned vaglnally for '_p;jﬁfltl
'foestrus, caged overn1ght w1th a BALB/cJ male, and obserVed
‘each mornlng for the presence of .a” vaglnal plug ;2. he day
j on whlch the plug was observed was de51gnated day zero of

e Lo e
pregnancy.. S ) C

‘ ?Ant' ibo‘dies S

The rat IgG2b monoclonal antlbody to. mur1ne/human :f'f{
x:;;Mac1& ant1gen (M1/70HL Hybrltech San Dlego,.CA) blnds';'z |
*vhﬁto macxophages at the opt1mal concentratlon of 0. 5 uJ/ml
- (1/200 d11ut10n) The rat monoclonal antlbody secreted bY‘ Fif

the F4/80 hybr1d0ma 1s an IgGZa antlbody d1rected agalnst }vh‘
='va 160K plasma membrane glycoprote1n of mouse macrophages.;h:;‘
:It was. used as. a culture supernatant at a dllutlon of ﬁ§¢;'f'

1/10 The mouse IgG mo oclonal ant1bod1es to cytokeratln
nge

. (PKK1, Labsystems,' els1nk1, F1n1and) and v1ment1n (PK v,

o Labsystems) were used at a d1lut10n of 1/10 The "
ant1 H-2Dd class I monoclonal ant1body (I%iga) produced
by the 35 5 85 cell 11ne (ATCC) and the ant1 Ia‘ class II

monoclonal antlbody (IgGZa) produced by the MKDG cell 11ne




Rt L LT e
?Cf(ATCC) were used at .a d1lutlon of 1/100 Prote1n B ]
7}‘A pur1f1ed mou5e or rat IgG ant1bod1es from normal serum,.'“'
hs_were also used as negatlve controls for the mouse—'and o
1J}rat der1ved monoclonal antzbodles at.a concentrat1on,‘f“
’equ1valent to that of the antlbodles belng tested“h -

‘*;Embnyoérhansﬁen;'

BALB/cJ females were 1nduced to ovulate by 1nject1ng

‘“them i. p..w1th SIU of pregnant mares serum (SIGMA ‘St
hLou1s, Mo) followed 48, hours later by the A p 1nject1on
tlfof SIU of human chor1on1c gonadotrop1n (SIGMA) Each '
ﬂ?}female was palred wlth a BALB/cJ male 2 to 4 hours after
\‘th/ last 1njectlon. Blastocysts were obtained on the e
bafternoon of the" th1rd day of pregnancy by flushlng the‘»rf:t;
1solated‘uter1 w1th LElbOWItZ medlum (GleO, Grand Island k

: NY) Four to~f1ve blastoqysts 1n Le1bow1tz medlum;f

,supplemented w1ft 5% fetal calf serum (FCS Flow ff’:
5: Laboratorles, Mlssﬁssauga, Ontarlo, Canada) were ‘
:vsurglcally transferedplnto each horn of anesthet1zed
pseudopregnant C3H/HeJ females on day 2 of '
pseudopregnancy, t1med from matlng by vasecton1zed males.-b
S - : = SRR .A._Q.g;A -
~Djssecf10n‘of'the‘PJacenta_‘ff_, J o

’ Pregnant m1ce were k1lled by cerv1cal dlslocat1on on}ﬂd‘;
days 12 to 14 of pregnancy In some exper1ments theAu

maternal c1rculatlon was flushed by 1n3ect1ng normal



:sallne 1nto the vascular system via. an 189 needle 1nserted
'1nto the left aorta of anesthet1zed mfte and held 1n place

?]jby forcepsr Placentae weqe placed 1n Le1b0w1tz med1um,,hhe ld

: rema1n1ng uterlne t1ssue,xv1sceral yolk sac and R!ﬂchert s

V-nmembrane d1scarded and the dec1dual cap was carefully

ﬁremoved and stored at -70 C. unt11 GPI analy51s was" RO
V{yperformed The sponglotrophoblast, wh1ch is the white,d“u"qﬁ»
':nouter zone of the placenta, was separated from the
"flabyrlnthlne trophoblast (red central zone) us1ng f1ne
“1r1s sc1ssors. Both preparatlons were froiEn for GPI
Qnana1y51s. S - o
‘";:In other exper1ments these tlssues were made 1nto s1ngle"

jcell suspens1ons by repeated flushlng through an ]8G
Y. :

hsneedle and fractlonated u51ng ?Dd&scontlnuous percoll

_;gradlent (see below) The cells—recovered from each and
'“iof the gradlent were elther tested for respons1veness to R

o

"growth factoxs or frozen for GPI analy51s..

- .F.r'act:iOnat’iOn of}j P acentaz ‘cel ] s[ |

Labyrlnthlne trophoblast sponglotrophoblast or, whole
placental cell suspen51ons from elther embryo transfered
, 5 =
or allogenelcally-mated females were 1solated on day 12 to

14 Qf pregnancy and fractlonated on a percoll gradlent.pfl>~"

| u”Isotonlc percoll solutlon (Pharmac1a, Dorval PQ ) was

‘o;}mlxed w1th 1soton1c PBS to g1ve flnal d11ut1ons of 20 40

o P 4
.:60 and 80% (1 02 1 04 1. 06 and 1 08 g/ml) The gradlentr°




‘._ (] ta-v ...',
B _centr1fuge tube. Two m111111ters of cell s@&pensgog

'-.v t"'"‘v ll, ql-

."

)

'f‘mlnutes, the cells atwé%e gradlent 1nterﬁa%es were"”

ollected in Lelbow}tz medlum and washed §bpanate ff.f

allquots were tested for responsmgeness and krp@ang«to . ;;&;

a.v -
"'Fmttih

. -‘_- ;'- . v< ) } ) L ) ‘ .:, o x'.. ,..‘.. “ . o )
thawingQ'for maternal versusﬁfetal=qupg§gtaq 'GPI "~
‘isozyme asSay-described below. - =~ :‘fé:‘»rf e]{"frlzi&b,.;p
- . . P

| _-Pfla'c'ehta'r ce'z7-_;cu1.fw_~‘es,::
After remov1ng the maternally derlved dec1dua1 layer

of 12 to 14 day placentae, 1ngle cell suspen51ons werelt
prepared by pushlng the m1nced organ gently through a f1ne

mesh wire screen 1nto Le1bow1tz medlum (Glbco)._The cells 57{

; -.l

%% were washed three tlmes and cultured 1n RPMI\\640 (Gmbco)

supplemented w1th 10% FCS at 10’Acells per ml 1n chamber:'
sl1des (Lab Tec, Mlles Laboratorles, NaperV1lle, IL) or 35
mm plates (Falcon,.Becton quylnson, New Jersey) w1t’?

' var;ous growth factors. In other exper1ments placental(i

’.‘cells were fract;onated on a percoll grad1ent and then

A
' cultured 1n 96 well plates (Llnbro, Flow Laboratorles,

McLean,»V1r91n1a) w1th or w1thout optlmal doses of

recomblnant GM*CSF (Immunex, Seattle, WA, 5 pg/ml) or ,Jﬁ

(N



'CSF*1 (stage, 9) added at the beglnnlng and at 48 hours

;} of culture. The ceils were assessed for the 1ncorporatlon ff,.ﬂ

of tr1t1ated thymldlne (’HTdR) on day four(~} culture One

Y

uCl of 1HTdR (NEN; Ontar1o, Canada, spé%lflc act1v1ty 20,‘_H;if

| C1/mmol) was added per well prlor to harvest and the cells

o were placed 1n sc1nt111at1on fluxd (Toluene Omnlfluor,

"\NEN Boston, MA; 1. 38 g/l) ai unted for beta emlssson o

1@ an LKB 1218 Rackbets Counter.-The results are expressed b

N
' as an 1ndex of prol1feratlon, whlch 1s. prollferatlon of

<

f' ‘treated#chlS (Cpm)/prol1ferat10ﬁ of untreated COntrol
f_ cells (cpm),\ ‘ ‘,yzb

ﬂfocytosks Was assessed by 1ncubat1ng'the cells.for 30
' migﬁ%es w1th fluorescent beads (D 0 57 u, Polysc. Inc.,,f

ﬂé{\

,v-Warr1ngton, PA),\washlng and readlng under a fluorescent '~

e N

mlcroscope. Cells Were scored as’ phagocyt1c when more thanydff

10 beads were seen 1n the cytoplasm.’

13

iGPICAhalysis o

: M1ce that are homozygous for the Gpl-1b allele.

'express a dlmerlc 1sozyme that mlgrates faster in anfjgw-'

f‘aelectrlc £1eld than the dlmer expressed by Gpl-7a

'v\

?',”homozygous m1ce. Heterozygotes express both homod1mers as'”'

‘Nﬁ

dweli assa heterodlmerlc band w1th 1ntermed1ate moblllty.-kf”“

L

?fmlxture oﬁ\homozygous and heterozygous cells does not :it'

n;allow easy quantltatlon by den51tometry because o£ band

o

fyoverlap. To c1rcumvent‘thls problem, we transfered BALB/CJ; b

. : Ca- : - ' :




.‘.‘

BALB/cJ pre1mp1antatlon blastocysts (Gpl-1a) 1nto the
iijuterl of pseudopregnant C3H/HeJ (Gpl—1b) females. The
‘fetal and matennal GPI bands %re thus electrophoretlcally‘
'~'unamb1guous'and lend themselves to sen51t1ve quantltatlon‘ i
hUS1ng dens1tometry technlgpes. ThlS assay has been y

\descrlbed in’, deta1l elsewhere (10) Brlefly, Gp1 1sozymes g'”

T

';1n the cell 1ysates were separated by using starch gel

N

:_ electrophore51s and then developed by IBnltrocellulose

“~

..y_overlay techn1que (10 1), Quant1tat10n of- the relatlve ﬁ y.vt

Y

. h
Hcontr1but1on of maternal and fetal cells was obtained by
f'scannlng the stalned n1trocellulose fllters (mounted on

; "j-t_mlcroscope sl1des‘) us1ng an ElectrophoremﬁScanner model ‘

e

80109 (Camag, Muttenz, Swltzerland) The 51gnal produced\
was analysed by u51ng a Hewlett Packard model 3390A
,Integrator (Palo“ Alto,.CA) Wthh determlnes the atea~of

'each band as'a percentage of the total attern. Art1§1c1al -

-

m1xes of cells bearlng the relevant 1sozymes generate a ,* ;vf

'}standard curve to whlch unknown samples can be compared

. o e

~ The\sen51t1v1ty of the system is- guch that 1% of the:f’:d7-"
minority 1soZyme can be detected 1n an art1f1c1al mlxture. S

' Each sample was,run~1n‘tr1pl;cate;_

Indirect’ I-mmunofiubiﬂesc'ence‘ Sl

Ny . R

Placental cells were prepared as prev1ously descrlbed o

.aand cultured 1n chamber slldes. The cells were sﬁumulated

N

B ’

: &
~at the beglnn1ng and at 48 hours of culture w1th an.

Y
R
-

1/ o



opt1mal concentratlon of partlally pur1f1ed GM CSF (Sng/ml

N

~~;prote1n) klgdly prov1ded by Dr. cC. R. Bleackley (Dept of

Blochemlstry_ Un1ver51ty of Alberta) After four days of S

,culture the nonrldherent cells were dlscarded and the

: adherentigells flxed\gn 1ce cold menhanol for 5 mlnutes

and processed for 1mmu§o£luorescence.,After 1ncubat10n 1n _,;f”

N

' PBS supplemented w1th 1% d@imal goat serum at 4° C for 30
mlnutes, 0. 2ml of the test ant1body, dlluted as. descrlbed
*ahove, was added to each well and 1ncubated for 45 m1nutes
at 4° C The cells were washed SX wlth PBS FITC conjugated

Qf goat ant;-mouse IgM IgG or FITC conjugated goat ant1 rat

'1’IgG antlbody‘%Cappel Laboratorles, CochranV1lle, PA) was'bffﬁ -

iy

a(,then added for 45~m1nutes at 4 C followed by EXte“51ve fhd‘
wash1ng w1th PBS For‘double dmmunogiuorescencebvs L

’W;exper1ments, the cells were prepared and stalned‘w1th
wfantl—Mac 1 or F4/80 followed by FI%C conjugated goat
"antl rat antlbody as descrlbed above. After wash1ng w1thl
,/PBS the cells were further ;hcubated wlth'antl cytokeratln
"f'for 45 mlnutes, washed and exposed‘to RITC conjugated goat
j”F(ab )z antl-mouse IgG ant1body (Tagdgﬁnc. Burl1ngame, |
d?CA) Non spec1f1c Fc b1nd1ng was ruled out by u51ng

lsh‘ant1bod1es of the same 1sotype Eut of 1nappropr1ate.

3spec1flc1ty.11n the negatlve controls no f1rst antlbody

- .

Jwas added There is. only m1n1mal cross react1v1ty betweenfﬁ3Q

'5fthe goat ant1 mouse ant}body and ‘the. rabblt ant1 rat
3?.1mmunoglobu11n at the d11ut1on used (see crossw1se PBS _ f,f

: r

TN
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V. controls,.Table 2) Fluorescence was evaluated v1sually
9 .

‘.u51ng a Zelss fluorescent mlcroscope..<

1251 CSF 1 Bmdmg Assays

(\-

e Methods for the preparatlon of purlfled CSF 1 and

3"5Q—CSF 1 have been descrlbed 1n detall elsewhere (9) Ihf

br1ef CSF 1 was 1abelled w1th "’I u51ng ‘a mod1f1ed o
]

chloramlne T method to achleve a spec1f1c act1v1ty oﬁ\.

8x10" cpm/mol of pro"

‘}n (9) Placental cells werq‘p

.

‘\qultured e1ther 1n 35'mm Petr1 dlshes (Lux Sc,_Corp. |
Newburg Park, CA) or.in chamber slldes as descrlbed above
and stlmulated at zero and 48 hours of culture w1th S

.”GM —-CSF . On day 4 of culture the non- adherent cells were

.jfdlscarded and the adhe{ent layer was’ cultured in growth

*l:“factor free medlum for 24\hqurs to 1ncrease the CSF 1°

'receptor dens1ty and then washed tw1ce w1th PBS in

a
. \\ o

. preparatlon for the b1nd1ng react1on (12) B1nd1ng of
'f"’I CSF 1 to adherent cells was carrled out at 37°c, in
- an atmosphere of air conta1n1ng 5% coz, 1n Iscove s medlum

'b

(IMDM GleO) and'av~

C in IMDM munus b1carbonate tltered

to pH T~3S w1th NaOH
Y

-deterq;ned as the amou

\'mB)..Spec1f1c b1nd1ng was o
of"*’IFCSF-TZbinding that5Cah‘be

blocked by a two. hour pr batlon Wlth 2nM unlabelled

. CSF-1 (9, —42) 'The b1nd1ng reactlon was stopped by 5 rap1d :
washes Mhe adherent cells w1~th 1ce cold &?S . The cells .

in the plates were elther solublllzed with 5% SDS in’ 50. mM

R



‘.Trls—HCl at pH 7 4 for countmng 1n ,a LKB rack gamma
*hjcounter, flxed 1n methanol at 4 'C and processed forﬁul

vdfautoradlography,:or ma1nta1ned at- 4 C for elutlon

”“;experlments. ”5Q

'1'zisr+c5Fe1j Ejgtion ©* o T
' Dlssoc1atlon of cell assoc1ated "’IicéFtlfior‘its'*

°.

5;ﬂdegradatlon products) from the adherent placental cells

was carrled out in 1ml of IMDM at 37 C or Imé at ‘a° C in 35

mm d1shes. Medlum ‘was harvested (for "SI count1ng) and -

Rat "_

vreplaced with fresh medlum at 5 15, 30, 60. and 90 m1n.‘At

fthe end of 90 mlnutes the cells wére solub1llzed and the
~ SN i
"remalnlng cell- assoc1ated radloact1v1ty wasgoqunted.‘”

. Autonadioghaphy )

3 The sl1des were dlpped in warm (42 C) emu151on (Kodak

'i”NTBZ Eastman Kodac Co., Rochester, NY) drled and

~

'fenclosed 1n l1ght exclud1ng contalners for 5 and 10 days ; 1
‘at 4 C. After warmlng at 22 C the slldes were developed

nm:for 2 mlnutes in Kodak D~ 10 daveloper, r1nsed for 30
' 'seconds in 1% (v/V) acet1c ac1d fi Xed for 3 mlnutes 1n '

[

N Kodak flxer and washed 1n flve changes of d1st111ed water. o
S o\

'-After drylng, the preparatlons were stalned w1th Gxemsa“at;.jn
- ""'r’ S
- pPH 6. 5 and the percentage of cells wlth 10 or, more 511ver

gralns,above.them.waS;determlned, - "' fﬁ7‘fjﬂ,f,,f”‘f,giw”'
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;Bone Marrow—denlved Macnophages
,&2’ ‘. .» P i ‘ L . ok :—»"‘

':%nl‘51ngre cell suspensrons from femoral and t1b1al B

”'imarrow cells were cultured in RPMI medlum supplemented o

w1th 18% hcrse serum (Flow Laboratorles) 2%=F S and 10%7'*laib

L= cell conditloned medlum at 10‘ cells/ml for 7 days..

“nTMacrophages were then harvested by O 02% EDTA treatment at o

e c for 30m1n (13) e

"v“":”"" i K : R, . ! oo
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FAPP C__é.l Is Sh'ar_-'e':. T'r-'ophébra'stj and Macpcbﬁage. Markeﬁs "

We have prev1ausly 1solated a. lymphoklne stlmulated

“'EFAPP cell populatlon from the placentae of 12 to 14 day

]

: pregnant m1ce..By GPI analy51s these cells are fetal 1n
.“orlg1n and d1sp1ay a number of characterlstlcs typlcal of

- both macrophages or trophoblasts (8) They are adherent

'ffphagocytlz{/sta1ﬁpp051t1vely for nbn spec1f1c esterase,*,
1

'ﬁfand they

| ‘the growth of mononuclear phagocytes (14). CSF 1 has bfen

'descrlbed as spec1f1cally stlmulatory of macrophage

respond to subclasses of the CSF famlly of

-”mfgrowth factors (LL 37, GM~CSF and CSF 1) known to stlmulate

o prollferat1on (15) In order to evaluate whether FAPP

-

57we reacted them w1th antlbodles dlrected agalnst surface
,’9-'-——\ .
markers prev1ously descrlbed as llneage spec1f1c for these.A?

two populab1ons; Antl Mac 1 1s known to b1nd to the C3b1‘m;fsf

‘(16) F4A80 blnds to a. membrane glycoproteln found only on

:~mouse macrophages and 1ts b1nd1ng correlates Wlth CSF 1

'ﬂfresp0ﬂ51ven855\(17) cytokeratlns are members of a

"t-mult1gene famlly present only on ep1the11al cells, whereas

4 \

"735v1ment1n 1s the mazn subunlt prote1n of 1ntermedlate

"l:dhfllaments in flbroblast01d cells (18 9) Trophoblast

1fig,;d

2] ,-x‘. e

_‘-A.

';complement receptor (CR3) on granulocytes and macrophages L




”.,placental cells after 12 14 days of gest%tlon w1th an :

7'“cells are known to sta1n p051t1vely w1fh antlbodles to ;d L
"f*cytokeratln but not v1ment1n (20 21) ’whereas macrophages |

show the reverse pattern (19) The FAPP cells £o be

g;exam1ned were obtalned by st1mulat1ng C3H/Heﬂ x BALB/CJ

'hopt}mal dose of - CSF-GM The adherent layer was " flxed 1n_ -
1ce cold methanol and processed for 1mmunofluorescence.‘
,After background stalnlng was subtracted approx1mately”
;h'half o;fthe adherent cells staln p051t1vely for Mac—1‘;,h'
f}F4/80 and cytokeratln antlgens.‘They show only background
flevels of sta1n1ng w1th antlbodles spec1f1c for v1ment1n, =
ras well as for class I and class IT MHC antlgens, whereas
“ﬁthe latter ant1bod1es staln the'majOr1ty of bone fnfl‘@fh”

"=~

'marrow—derlved macrophages (Table I) Non spec1f1c b1nd1ng

1fawas,pontrolled for by u51ng 1sotyp1cally 1dent1cal

nimonoclonal antlbodles that d1d not react w1th the FAPP
cells. Rat IgG ant1body used at a concentrat1on equ1valent
vto the proteln content in. the ant1-Mac-1 and F4/80\;-
preparatlon, as; well as. mouse IgG ant1body used at the o o
‘“hsame concentratlon as ant1 cytokeratln and antlwg;mehtln,?.~é&

,_a—-.—;'——_———————_———

'2IRa prev1ous paper we ‘reported in the d1scuss1on that

_ FAPP cells were Mac-1 negative after harvesting with EDTA A
. (8). However, we have subsequently found that: harVest1ngv

“the adherent cells with EDTA leads to a'high- background

- sta1n1ng with the anti- 1mmunoglobu11n ‘second antibody. and.-
" that this background obscuréed-the specific: antl-Mac 1_
interaction. Culturing the.placental cells int -
chamber-slides allowed the adherent: layer to- be dlrectly
_ fixed and sta1ned without need for- harvest, - thereby -
'__gdecreasxng the background and reveallng spec1f1c sta1n1ng



'rhshowed that these sta1n negatlvely for cytokeratln and >

A A e R TR e
o showed only background lewels of b1nd1nd,4Parallel

' exper1ments u51ng BA&B/CJ boge marrow derlved macrophages’fﬁ]_

'ffp051t1vely for Mac 1, class I class II MHC antlgens and

-

'ﬂhv1ment1n (Table I) 1h7 .;'a‘h': 1fd;;_;'17vf~L‘f; IfoiFl;fhd

These results show that FAPP cells sta1n strongly for'

'both macrophage and trophoblast markers and suggest that

2some of the cells may bear both”markers._ln order to ff
e'ermlne whether both types ohﬁﬁarkers are 1ndeed
'd1 played on the same cells, werperformed double

f;flmmhnofluorescence sta1n1ng The samg%sell populatlon,was ‘""

Q.;reactedif1rst w1th rat ant1 Mac 1 or rat F4/80~ant1bod1e5;Ti,e

d"and then w1th mouse ant1 cytokeratln antlbodﬁ u51ng FITC
‘antl ratﬂlg and RITC ant1 mouse Ig-conjugated second ¢
fant1bod1es for detectlon. All cytokeratln p051t1ve celbs

rhsta1ned s1multaneously w1th ant1-Mac 1,_and wlth F4/80 ﬂ'~.

'(Table II). The possrb111ty that art1factual croas

q B A

f_hreactlon between the é?TC ant1 rat Ig and the mouse 7

'@fantl cytokeratln or between the RITC antl-mouse Igfanﬁ the

,5‘ , R S SR . . ,'l N

:”(Table II)

';”‘Thus 50 60% oi ¢he lymphoklne stlmulated adherent'fi_f;ec;.id;

4 . e . S ' R -
NS o PR . : A ‘



'-f;marker exv

prlacental cells are (1) trophoblasts by the crlterlon of
'fbe1ng§p051t1ve for cytokeratln and negatlve for v1ment1n,

'-and (2) "acrophages by the cr1ter1on of‘Mac-1 and F4/80

 ,ss1on. ThlS 1s 1n contrast w1g@§fone
’ -marr0w derlved macrophages, wh1ch in. our hands are Mac 1

’ 'F4/80 and v1ment1n pos1t1ve but cytokeratln negatlve (see ]

-&n v"u o

LY "~

‘Table I) ,?, ’v “4 ' (., A » gyg'



FAPP cells prolr& rate 1n response to CSF 1, a growth

factor'restrlcted\to the mononuclear phagocyte 11neage at

. .
“

AN
late stages of d1fferent1at1on (8 15) In order to

*Eeterm1ne whether thls 1s a dlrect effect of CSF 1 on\

N

7f1nd;v1dual FAPP cells, we asked whether they bear the‘

”fCSF <. receptor, wﬂgﬁher éﬁ%s receptor shares b1nd1ng |
'fiipropertles wlth the CSF 1 receptor on macrophages and

fltwhether the cells bearlng the receptor grow 1n responselto‘
‘x“;CSF 1. Placental cells were sglmulated”w1th GM CSF ‘or’ '

Q:

lq.CSF 1 and after four days nh culture{the non adherent

/u

l;layer was dlscarded\and the adherent cells were cuitured

B

",fwlthout growth factor for 24 hour o'allow maxlmal

expre551on of the1r CSF 1 receptor% (12) "*‘I CSF 1 |
”“,blndlng was examlnd at 4 C and 37 c, and at 15 m1nutes and
2 hours after add1ng the labelled CSF 1 The results show )
'that spec1flé b1nd1ng occurs -at both temperatures (Flg.>/ﬁf
:1A) After b1nd1ng 1“I CSF 1 the cells release very ;b
) 11tt1e rad1oact1v1ty at 4 C whereas at 37 C apprec1ab1e
IEL\IS released (F1g IB) These observatlons are in f‘"
fﬁfaccord w1th published reports that at 37 C CSF 1
reverszbly b1nds to spec1fic cell surface receptors.on }
‘dmacrophaQES and 1s 1nternallzed and degraded whereas at

”4 o the b1nd1ng 1s essentlally 1rrever51ble (9, 15) These

L:e;%esults 1nd1cate that the FAPP populatlon spec1f1ca11y l5f7“

:\‘




;:b1nds CSF -1 and that the 1nteract10n is qualltatlvely théf_")
“.same ‘as- w1th macrophages. E s R i
‘ In order to determlne the fractlon of the populatlon able?;gdj
@tp b1nd CSF 1 CSF 1 stlmulated FAPP cells were 1ncubatedh1])?

.w1th "51 CSF 1 for 2 hours at 4 C washed f1xed and

o prepared for autoradlography More than 60% of the FAPP

'fcells were found to spec1f1cally b1nd CEF 1 (Table III) S
' o
'To determ1ne whether the dtlls bearlng CSF 1 receptors are. 3d

I . (Y

: jthe-same as those prol1ferat1ng in response to growth

'jrfactors,'°HTdR waSaadded to thé cultures¢18 hours pr1or to_jsf

CSF- 1 b1nd1ng Thls allowed 51multaneous eiamlnatlon of
eiF 1 b1nd1ng (511ver gralns over the membrane and -
'cytoplasm of the cells) and prollferatlon (gralns pver the
'lnucleus) (F1g 2) The results show that the same .
'populatron that blnds CSF 1 prollferates in response to
7CSF-1 (Table III) ThlS conclu31on also applles to ;

LGM CSF stlmulated cells, Wthh show 51m11ar capac1ty to
‘blnd "51 CSF 1 (data not shown). From these experlments
'“we conclude that FAPP cells are d1rectly stlmulated by
CSF- 1 after it b1nds to the CSF 1 receptor on the cell’d

.surface.



e
’ Pu;%fr‘f_?icéf iéh of. FAPP.'\'Céi‘i-s' jf .

‘ These results 1nd1cate that the ma]or1ty of FAPP-"°
‘7*cells have both macrophage and trophoblast / ‘f*rsﬁﬁitft frf

',‘characterlstlcs. However, the low YIEld of éell numbers

_,_r,

w1th the techn1que used above does not allo eff1c1ent
_characterlzat1on. It 1s espec1a11y 1mportanz to determrnef
rwhethen FAPP cells are a;unlform cell populatlon or |
7f;whether they are heterogeneous. We thegffore fractlonated
'?.ffreshly explanted placental cells Vlth a percoll den51ty
»step gradlent The cells collected from the 20-40% (40%
band), ‘DGO% (60% band) and 60 80% (80% band) 1nterfaces
Hpﬁwere tested for GP
g
i'tactors and marker

phenotype, respons1veness to growth
eXpre551on. : "“ ‘ )
.”,The cells from the;)O% band were large, vacudlated
vsomet1mes multlnuclear and represented approx1mately 65%
~; of the total populatlon. The cells 1solated from the 60%
‘.?band were smaller 1n 51ze and‘%helr number corresponded to'
5- 10% of the total populat1on. The cells 1solated from the 1iv
80% band were small and represented about 25% of the totall_;f

.populatlon (Table IV) S .~;,j@w;.

_ In order to determlne whether the cells orlg1nate_~'
from the mother or the’ fetus, placental cells from embryo._‘ﬁ
transfer der1ved p\acentae (BALB/cJ x BALB/cJ blastocysts,”}zﬁ

:1nto C3H/HeJ pseudopregnant mothers, see methods) were

o~

' fractlonated on a percoll gradxent and the recovered cells:



. Ve ) - K ‘
','were frozen for GPI analy51s. As shown in Table 4 hex_:,,
o cells 1n the 80% band were 100% maternal 1n orlgln,i;jf :

“f.'whereas the cells of. the 40% and 60% bands were 76 and i?%""
a

f,fetal in or1gln, respectlvely Flush1ng out the matern

'ﬁc1rculatlon by 1n3ect1ng normal sallne 1nto the left aorta

vof anesthetlzed mothers d1d not change the percentage of'
' maternal cells in the placenbal cell preparatlon (data not
shown) The percentage of fetal cells 1ncreased to 95 and
h75% in the 40 and. 60% baggs, respect1vely, when the cells_.v.
\zere cultured for 24 hours, and only the plastlc adherent'?“
' populat1on was assayed for chlmerlsm by GPI bandrng :
'aiFluorescent bead uptake showed thatﬁcells in-the 40 and
",60% band were phagocytlc,‘whereas the 80% cells were not

'b(Table IV) 1h_'-' ~!1»,e_ e ;5;_
) All cell populatlons prorfﬁﬂzated (1ncreased the1r if{
l_level of 1ncorporat10n of ’HTdR) in response to GM CSF G
when it wa? added at the beglnnlng and at 48 hours of |
u-culture (Flg. 3) However,.’HTdR uptake df the cells ‘in
the 60% band was 10. t1mes hlgher than the chls in the 40%
band (Flg 3). | B _ ‘ . '
To further characterlze these two cell populatlons,.we:
tested them for surface express1on of Mac 1 F4/80 v
ig7]cytokerat1n and v1ment1n as prev1ously descrlbed We

.observed that adherent cells derlved from cultures of

'placental cells from the 40% band (FAPP40) express the.i
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. e

L

lsame markers as FAPP cells der1ved from the unftactzonated
s populatlon' Mac 1 F4/80 cytokeratln p051t1ve and
. L4 & .
jv1ment1n negatlve. Thls was seen regardless of w_ether

they were stlmulated Wlth GM—CSF 1n cultu&e (Table 1

“Adherqg; cells from the 60% band (F%iPGO) stalned Wlth"

_F4/80 and ant1-Mac 1 1n the absenc of growth factor'
fstlmulatlon. However, they stalned p051t1vely only w1th
antl-Mac 1 ant;body when cuitured w1th Gﬁ CSF In both
:cases FﬂPPGO cells were negatlve for cytokeratln, Wthh
,allows them to be cla551f1ed as placental macrophages andl;
E d13t1ngu1shes them f;om FAPP40 cells. The BO%gband Qells,w
 15% of wh1ch were adherentA'were negat1ve forhdllgteStedy:l"

lmarkers,'51nce they sta1ned to no grea‘@rAektehd~theh;didhfff

‘.‘. N 2 B

the negatlve control



:ffd;lpt vg:ff“-f{;vlfu;tija.l':fdpf];‘ir. ,3; ;'.t:‘ivlu;jjéf-hl
fLaCafizéf}ahfof EAPP Cejls?fn‘ihe,ﬁfacénta’" S
- Lo U B X
The surface marker expre531on of FAPP40 cells suggest

'Athat these cells correspond to the 1n1t1ally descr1bed
'FAPP macrophage trophoblast cells.:In order to determlne .

fwhether l’ lO cells are located in: the sponglotrophoblast

'*‘lzone or 1n the labyr1nth1ne trophoblast zone,«the two_»L'

Y

5Iayers were d1ssected from day 12 14 placentae and then
*fract1onated w1th a percoll step gradlent as d65cr1bed
3above. The fractlonated cells were tested for GPI :fiS\
g phenotype,_respon51veness to growth factors and CSF 1 |
'_fblndlng GPI analy51s was:performed on tlssue and on cell
';_SUSpen51ons of the dlssected placental tlssues.:"h ”[ "(.; o
”Sponglotrophoblast con51stenly y1eIded a smaller gl(J . | ,a
fpercentage of fetal cells 1n each band as expected from
1the results of others (2) A pure. fetal popu&atlon was. -

‘obtained from the 40% percoll band of labyrknth1ne

A

g trophoblast (Table Vi), s

All percorl fractlons were fu;ther cultured,hg.the
presence of GM CSF or CSF 1 and tested on day four for
"’HTdR uptake (Table VII) Cells 1n‘;ll fractlons o V-[A‘ .5
m1togeh1cally responded to’ the growth factors by “ék'
1ncreaslng ’HTdR uptake over background 1evels. Relative h
to background (Spontaneous) growth cells 1n the 40% bén@

‘»showed a 3 to : hfold“increase of prollferatlon, and those

in the 60% band showed a2 to 4 fold 1ncrease. However{ginx‘i

o - o



terms of absolute ’HTdR uptake, FAPP40 cells are much less

»_drespons1Ve to the growth factors than FAPPGO cells (Table'

e

?

VII) The 80% cells also gave a prollferat1ng respohse to o

CSF 1 and GM—CSF but thelb\maternal orlgln d15t1ngu1shes_ﬂ¥”

:them from the FAPP cells. In order to determ1ne how many

Q

'cells 1n each fract1op bound CSF 1, cell surface b1nd1ng

- of "’I CSF 1at a°c was assessed byaautoradlography on

1 ..'

'adherent cells after 24 hours in culture Tﬂe results show

that the majorlty of FAPP4O cells, and only a smaller

»proportlon of FAPP60 cells bear the CSF 1 receptor (Tableﬁa'

A

' VIII) - : ;. ;.. ,”:.; _ ir_‘l_ T

t

Thus FAPP40 (macrophage trophoblast) and FAPPGO

(macrophage) cells are derlved from both , _
S

spong1otrophoblast ‘and’ labyrlnthlne trophoblast. Cells X

from both fract1ons respond to GM-CSF and CSEr1 and_~

conta1n cells bearlng t%f CSF 1 receptor. However, FAPPGO

vcells grow much better than FAPP40 cells, even though theg g’

have fewer CSF 1 bear1ng cells. Interestlngly; CSF 1 has

‘:the largest relatlve effect on the #APP4D cell populatrbn f

,because thﬁy do not prol1ferate 1n the absence of growth

facxor.g.w'f '*Nthdff.



¢t/ DISCUSSION

La

L Our prevrous observatlons that adherent phagocytic
vvplacental cells of fetal origin- (FAPP cells) prollferated
in response to lymphoklnes of the CSF famllly suggested
.that e1ther placental trophoblasts or fetal macrophages
fwere the target for the 1mmunost1mulatory gffects on 1
placental growth observed 1n allogenelc pregnanc1es (8)
\\FAPP cells were therefore examlned for surface antlgens
dcharacterlstlc of macrophages (Mac—1 or F4/80)\and

' trophoblasts (cytqkeratln) Although ‘Mac-1. 1s cons1dered a

‘universal macrophage"marker; it is also found on

neutrophlls (16)' However,‘F4/80 appears to. be speCific to;f

-mononuclear phagocytes (17) Trophoblasts are typlcally
'characterlzed as.a cytoketatln p051t1Ve and ..

:v1ment1n negatmke fetal cel populatlon (22) DOuble'label

.,1mmunofluorescence experlments w1th the macrophage markers"

Hand the trophoblast marker cytokeratln show that about
'Hglf @é the FAPP cell populatlon bear both types of

markers. Fractlonatlon of placental cells on percoll step

'gradlents prlor to culture clearly separated these cells o

from the fetal macrophages; wh1ch do not stain for L -

cytokeratln. These results show that FAPP cells are a

: heterogeneous populatlon conta1n1ng predomlnantly cells

C

;d1splay;ng both macrophage and trophoblast

,character1st1cs, some fetal macrophages, and very few‘

3

Al
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h Cells bearlng only the’ tro'

fas;;maflerifThis~c¢aeiu5155fﬁ,,'
715 further SUpported by recent 'servations usingQFACSﬁh ;’;w

" analys1s, that 1ong term cell 11nes der1ved from R
l 1ymphok1ne st\mulated placental cells bear all the‘

| characterlstlcs of the FAPP macrophage trophoblast cells

'descrlbed here (Mogll R., manuscrlpt 1n preparatlon)

At least half of FAPP cells, therefore, are‘both

-

'macrophages and trophoblasts by the cr1ter1a of gross' ‘

umorphology,rfunctlon (phagocyt051s) and surface antlgen

»

'.expressron. ‘We have prev1ously shown that FAPP. cells

'fprollferate'ln response to three factors known to

.

st1mulate macrophage growth: IL 3 GM:CSF and'CSF-1'f85.
IL-3 and GM CSF are broadly act1ng lymphok1nes that
stlmulate the prol;ferat1on or dlfferentlatlon of"
j:neutrophlls, basophlls, e051nophlls, macrophages,
'ierythrocytes, megakaryocytes and NK cells (23) However,

‘the ex1stance and b1nd1ng k1net1cs~of a receptor to CSF- 1'

i‘ -

o appears to be restrlcted to mononuclear phagocytes (9, 14)’

.

v.and therefore serves as add1t10nal marker,whlch is

3

_]apparently specgfic for macrophages, We find that'over

o

’.'f,%s_bind +231-CSF-1 and respond ta CSE-1 or
?ihe same receptor bearlng cells respond'gggl
.these factors’ M;us, even. though fetal macrophages - e
-hconst1tute only a small fractlon of the total populatlon,

"the majorlty ‘of FAPP cells bear the receptor to the

"
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e

a

d_C).ff ils R

= -

factor CSF—1 These results support the above conclus1on

R ®

: that the ma]orlty of FAPP cells bear markers spec1f1c to-“-:

.t

o

.mononuclear phagocyte spec1f1c growth and d1fferent1at1on

"qgth macrophages and trophoblasts. They are also in accord.ﬂ'

f”wzth recent reports that the human chor10carc1noma cell
: glxne BeWo b1nds CSF 1 and expresses mRNA encoded by the,
bproto oncogene c fms,_the product of whlch 1s the CSF 1

'receptor (24)
Ty

- The 1mmunof1uorescence data show that 60 to 70% oﬁ

ngAPP cells sta1n p051t1vely for macrophage and trophoblast.

‘fmarkers. Parallel exper;ments show that pure populatlons
3¥of bone marrow derlved macrophages staln’77% pos1t1ve for

| Mac—1 wher fas perltoneal macrophages sta1n only 45%

p051t1ve for Mac—1 (data not shown) Thus,‘relatlve to theyf-

ﬂpure populatlons, the FAPP populatlon stalns as - )b

. S
v\u NP

' predomlnantly macrophage trophoblast. However,.
lmmunofluorescence cannot determlne whether m1nor

subpopulatlons of cells bearlngqonly 51ngle sets of

- -markers are present. Placental cells were therefore

'fractlgnated on percoll step gradlents in order to furtherih

:pur1fy the ma]or populatlon by sepiratlng out m1nor
'subpopulat1ons of d1ffer1ng den51t1es The majorlty of
-placental cells appear 1n the 40% baﬂ@ and cons1st oE\
Mac- 1, F4/80, cytokerat1n pos1t1ve, and v1ment1n negatlve‘

'adherent cellSs(macrophage trophoblasts) Th1s procedure



Jtrevealed a m1nor subpopulatlon of phagocyt1c, Mac 1 F4/80
f;pos1t1ve, cytokerat1n negatlve cells of fetal or1gin _
blder1ved from placental cells bandlng at the 60% 1nterface.
;;By all the above cr1ter1a and respon51veness to CSF 1 and
ldGM-CSF these adherent cells are fetal macrophages.;.ff‘
oiIndeed the number of cells 1n the 60% band agrees well
w1th the populatlon of placental macrophages reported by l‘“
i;other 1nvést1gators (557% 25 65: The placental cells o
- separatlng out at the 80% 1nterface were ne1ther of fetal
% or1gln nor phagocytlc, and thus are: not con51dered FAPP
.cells. Agalu very few adherent cells staln only w1th thef/j
::trophoblast marker. Thus, the adherent placental cells '(Lyiz

'.reported by Zuckermann and Head (22) to d1splay

- characterlstlcs of trophoblast (c gokerat1n p051tIVey‘v
vv1ment1n negatlve) may be macrophage~trophoblasts., L
ftHowever, these cells derlve from cultures of denser’ruf?zh"
l_placental cells (1 05 to 1 06 g/ml on’ percoll) Ehan the

' iFAPP40 cells (1 Q2 to 1 04 g/ml) and are negat1ve for .
"Qphagocyt051s gas measu;ed by zymosan partlcle uptake)

'lThey are also not st1mulated by lymphoklnes or cytok1nes,v'

1n contrast to the cells studled here."

The observat1on that all the macrophage trophoblasts,_

v;7but none of the fetal macrophages or adherent maternal

Va -



{ (FAPP4Q eélls) were 1solated from the‘ASbyrlnthlne or .
fiépong1o}rpphoblast zone. Dlssect1on of the. two zones pr;or
laﬁtOzperCOll separatlon and adherence selectlon shows FAPP40i{i
{.cells are present in. both zbnes but the majorlty is. L

‘:alsolated from tge labyr1nth1ne trophdblast.‘Approxlmately;CH

,equal numbers of fetal’:"‘rophages (FAPPGO cells) come

‘ftrespondkln 51milar fash1on to the same growth faceors. ﬂhtf
;EThUS' growth factor spon51veness does not dlst1ngu1sh p
:jthe macrophage trophoblasts found 1n the two trophoblast'7;:
f*ﬁzones.vHowever, our studles have been concéntrated on -
'relat1vely mature placental cells. Fenderson et al haverlu'
-descr1bed a system where perltoneal exudate cells from. |
‘.multlparous but nét-v1rg1n females sggmulate b ;stocystsf"
;rto 1ncorporate "‘IUdR (27). In cong&?st, Hlll‘kt al. )
ij;showed that actlvated lymphocyteaoijmacrophage produdts
{l;could 1nh1b1t blastocyst fbrmatfonffrom two cell stage‘
iqlembryos (28). Ther“fore, thedgrowth factor dependency ofc“
'Q{trophobﬂasts dﬁpends onvthe developmental stage of these
: s . T
A_%” L
.,v? é" '
Interestlngly;j%nce separated from the other two -

&ﬂsubpopulat1ons,jj PP40 cells adhere 1n culture and bear:fh“

-

'{the CSF 1 receptor but grow very slowly

e Je

. .::.. a
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fitotal populatlon and#bver 80%ﬁof CSF 1 receptdr~bear1ng

s bt ; '
gln the placentah gultures,.yet account for 1ess than o

‘hthe prollferatzvé\response to CSF 1 (calculated from

- PR .f('.

"lbles VII and VIIIF Most 6f the response to. CSF 1 1n

ih,separated cultures comes from fe‘ macrophages (FAPPGO

""cells) and adherenf cells ofumaternal orfg\h bandﬁng at:

1

‘fthe 80% percoll 1nterface whlch together acéqunt for less* :

14

than 2% of the CSE-T, feceptor bearlng pOPUlatlon. In o

v,
. .

'junseparated cultures that are lymphoklne-stlmulated
macrophage trdphoblasts constltute about 60% of the FAPP N
J;cells and all appear to bear the CSF- 1 receptor and,sxmfgi;;f
'respond to CSF A Thus,'1t appears that " |
”_macrophage trophpblasts regulre not oply macrophage growth |
”factors to prollferate but also somethlng prov1ded by
:other placental cells present 1n the gnseparated cultures.;i
i{pFor example,,fetal macrophages maflrespond to CSF 1 by
'nelaborat1ng placental growth faotors such as the B ch%ln hﬂ
'_lof PDGF - (29), wh1ch 1n turn’has been shown to be a: : n
"'trophoblast growth factor (30) Placental trophoblast '
'stlmulatlng factors have also been shown to be produced by'
A;maternal T lymphocytes and 1n part1cular by dec1dual cap ,“f
”.'cells (manusﬁr1pt 1n preparat1on) These observatlons .
l‘fargue for the exlstance of a growth regulatory network

v_1nvolv1ng several placental cell types of both maternal '

-
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effect of the maternal 1mmune response 1s on fetal

o su§b1val and growtb there ex1sts an 1mportant st1mulatory:fl

i 'owmponent of the response wh1ch can be quantltated and

vhxch 1s medlated by a novel phagocytlc cell of fetal

¥y

orlg1n that shares the propertles of macrophage and

trophoblast. Thus the results are 1n agreement w1th the ;g‘

'“.1mmunotrophlsm hypothe51s, accordlng to wh1ch paternal

alloantlgens stlmulate maternal T cells to secrete

products that create an. env1ronment favorable to placentalf"”
growth: wh1ch 1n turn can lead to 1mproved fetal surv1val
.Ackngwlegments-"'

We thank D Branch for help w1th the manuscrlpt and

M R1tze1 for prov1d1ng us the bone- marrow der1Ved

g macrophages. v o o L

L F1nally, these results 1nd1cate that whatever the netfej
S
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Specxfxc bmdmg of "'I CSF-% to FKPP cells. ’ :

) .' ‘.'A Adherent placental celIs were mcubated \uth "'I-CSF 1 at 4°C

- ‘Ot 37 C for 15 mm and 2 hours and spec1£1c bmdmg determmed as

=t )

.'desctxbed m the methods. Bars denote standard dev1at10n. A
-B stsoc1at1<;3if ;ell bound '“I from FAPP cells after 2 hcars
- of mcubatwni, h ‘“I (;SF 1 at 4°C ‘l') or 37 C (o) ‘

mcubatwn ans is. expre#d as the percent of specxfxc

- ‘“I-—Re}ease.v * Co Cen T e D e

D1ssoc1at1on was’ Carned out at the same temperature as the

>
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Double aut:adlography showmg CSF 1
-"HTdR uptake on

Al blndrng B ’HTdR

APP cells.‘:‘['fig—csﬁg

' 'uptake showmg one- cell ‘in, tﬁe °S ﬁfx s@ghd one in - 4

E -'the same cell & The dark nucieus corresponds to' ’HTdR

§

P ' AN -
"-_1ncorporat10n and thg dotted membrane and cytoplasm to 4

CSF 1 b.1n_d,1'ng.

i anaphase. C.' ‘“I CSF 1 blndmg and’ ’HTdR uptake seen on
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. =2 R S AT L T
'.df,.Index of JHTdR uptake 1n response tJ‘ﬁM CSF on :hl}///;
7uPercoll fractlonated placehta The placental cells wereu -
ifraot;onated u51ng a den51ty step gradlent cons1st1ng of
b“fgthe ﬁollowrng peicentages of per 1 40% (20 40%

. anterface) 60%. (40" -60%’ 1nterface) and 80% (60 80%

: _1nterface) The cells were stlmulated w1th an optlmal d§
- of GM*CSF at the beglnnlng and’at 48 hours of tulture a ﬂ;'
. [’HTdR uptake was assessed on day 4 of»culture. The'resultsll‘

'f‘are expressed as an 1ndex of prollferatlon:f treated

'rfcells/control, where the control correSponds to the

_u"unst1mulated groups, The respectlve values of controls 1n

-..'-_'net «cpm/Jos cells are-‘ 40% 831 107 g%._ 870 359
ZuQ'BO%.-QZ;;vB,_ - o

20/ :;f__frf’_’:;e;_ S

INDEX OF PROLIFERATION - *
| ‘OF PROLIFERATION - .
(@]

40°/o . '_'v oo/o - 80°/° |
PERCOLL |NTERFACE "- ’
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.- F4/80
Cytokeratld

'§.~' Vlmentén'f-”

Class ID

f% Class IT: Iag;;“

-Mouse . Igﬁ
ﬁat IgG

9T ‘Mac-1
" 'F4/80
Cytokeratln
Vlmentlg
Class I k-
Class IT Ia
Mouse IgG
Rat IgG

e

ke Mouse IgG antlbodles were used .as negatlve controls.for mouse,

Antlbééles.ii

dlrected aga1 st

- ‘Bone marrow-derived macrophages’

.ai ,
04

vein
93+7 "
1245

84+9
83+7

R 3

7942

4+2°
w9il .

8+2

-~

‘-fl]3g:

o

M&crophage and Trophoblast marker expre551on on FAPP cells
tested by 1mmunofluorescence. S

Y

- anti- cytokeratln, ant1—v1ment1n, ant1~class I and antl-class II xﬂ

‘antlbodles.

-

+ Rat IgG was used as negatlve control for antl—Mac-l and F4/80
wh1ch are-rat antlbodles. ,
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TDoublevstaininggon;fixed FAPP cells.
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‘v!gxl'.e‘ L s _‘Peggint of‘gells thatostaln fdrf"“": ‘
AntlbOdY Comblnatlon‘l',FI RITc2 FITCHRITE

.'-Mac—l‘-“ - ';.z‘:f. ,_;78+9‘an S —— - 3;.5_‘_‘
- Cytokeratln P ‘.“-77i7d o el

‘ F4/go 2 g P &;'75+4* e e

o PBS° ,t'i S0 1246 'n,_'6¢3 R :
» ”Cyt S R 60+5{'ﬁ,V'l‘ 8+6. : . . 60 - R N
ffPBSRf~‘%§-g S 72¥5 ., 6EL oAt SRR
4 cytR ¥ U 93%3 . 65%2 . 0 65 e
PSR - v .70%4 . - o 7EL 05 S
cytR 7 10%37 o714 6
PBSR“r L ,17+2,"f ! 1411*_‘1"_ 5
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RS
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L
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1 Rabblt antl rat FITC conjugated antlbody was: used to detect o

:"-the rat. ant1~Mac—1 and F4/80. monoclonal: antlbodles.

2% Goat ant -mouse- RITC conjugated antibody. was used to- detect
. "the .mouse C) tokeratin monoclonal . antibody. - o
o3 Control ‘group. where antlbody was repla ed by phosphate buffer.»*
| F: EITC; R: RITC. e awﬂﬁ R __éi | N

Co Double stalned cells were flrst stalned w1th antl—Mac 1 and/or K
_F4/80 u51ng FITC then stalned w1th cytokeratln detected by RITC.M

. -

ey L SR




wgutoradlographlcwgnalys1s of CSF 1 blndlng 1;J o ‘;l'ff
‘ by CSF-1+ stlmulated cells. R
R _ .
5

S Treatment - j‘“7 kY cells w1th qralns above-.{b'

nucleuS' cvtoblasm/membranef‘
. . . ‘er . . -~ . : !

LR A

+
o 5

°3HTdR

© Syrar + 1251 -CSF- 1c - 82 + 14

‘a

FERN

.a) The nucleus or cytoplasm/plasma membrane of a cell was -
Oscored positive: when more than’ 10 grains were seen- above it.
'b) Pr elncubatlon blocking by 2nM unlabelled CSF=1.

g) The CSF-1 stimulated. adhering cells were" flrstllncubated w1th fm”

HTdR .and then. processed for“ I-CSF-1 binding.
The cells having silver . grains over both the nucleus and Ca.
cytoplasm were con31dered double p051t1ve. =



 ~ ,':@ R . fractlonated on Percoll

.GPI analy51s and phagocyt051s of- placental cells ,,':f'”,f
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Marker expresslon on the adherent cells
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'Percoll

fulnterface

GM—CSF2
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. TABLE V
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'F4/80 "

percoll fractlonated placental cells. B

_Vimg

derlved from

RN

,f control
(no 1st Ab)

L%

40%
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of culture:ﬁ‘
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S expo

7847
67+1

1846

79413

6848
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- TABLE VI

.

- | : ' v o . o : N . » j( »
~ GPI ‘analysis on dissected placentai
4 -. ‘, . ,":“‘. - .'

g

.3 FETAL CELLS -

SPONGIO. - LABYRINTHINE
" pissue | S sexs 100
qéll.Suspy R IR . | 63+8 ' ._”' o 7418
.f40%'§ercoll . o 89+3 - 99+l
60% 3042 Y TS

% OF TOTALCELLS ~

S

40% Percoll . o 1s#s L 646,

60% - 2 TR ¥ R R 4+1

l No cells appear in the 806 band from the labyrlnthlne Y

The 40 " 60 and 80% correspond to the Percoll 20 40% 40- 60% and
- 60-80% 1nterfaces.

» o
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TABLE \*\1 R O

‘Prollferation of fractlonated spbngiotrophoblast and labyrlnthlne SR

trophoblast in response tb GM-CSF and CSF 1.

4 4

L e Lo s e

0 Ret tlmulatlon—»ger 'Oéceils (epm)h

csF-1 . . | GM=CSE

N

Lab®a0%x 7,238+1,547 | . '”»'1 5704 27y

“Lab aQ%Aﬁ,F o .. 69,500£8,200 .36, 3oo+3 133
spd 40% ' (,.f__ S ;jgx“z 5oo+.v"965~ o 1'338i' sssﬁf_'

- .

'gSp 1 603 f,'.;" C o 49,76744,367 ¢ Y 18,500£3,367

sp- 0% "']".v~73 00044,600°  3/564£3;700 o

;'a. Cells.were stlmulated w1th optlmal doses of GM CSF and CSF-1

- at the begining and at 48 hgurs of. culture, and prollferatlon ‘was

~assessed on day 4. 1uC1 of
prior.to harvest. :

®

b. The respectlve values of untreated controls in. cpm/lo6 cells .
are: Sp 40%, 762+87; Sp 60%, 17,100+6,833; Sp 80%, 15 900+5 700,
Lab 40%, 657+80, Lab 60%, 34 033+13 133. Lo

Lab. labyrlnthlne trophoblaswt T .-, ‘ '.'f

d..Sp sponglotrophoblast

> : L .

’

'HTAR was added per well" 18 hours ».C) s
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~ TABLE VIII

.
-
“'sc,_

B o “*Autoradlbgraphy of CSF 1¢b1nd1ng
Percent of labelled cellg

& o .mort HOT + COLD’3

&

R I Y TR SN,
Labl 40% . ‘z§7¢f o RTEd 2943 W

CLab e0% . . o a0ka S 1exe

spP 4ok L gows 7 asE3

1:'Lab—1abyr1nth1ne._‘ G A R T e

©.2¢.8 sponglotrophohlast.

S.33 Blndlng not blocked by,cold CSF41 used'at‘saturating R
' ",condltlons. , . ' , _" ' , .
40, 60 and 80% correspond to the 20 40% 40 60% and. 60 so%r
Percoll gradlent 1nterfacei2

" cells were incubated with 51 CSF-1] ‘for.2. hours at- 4°C
washed . fixed and processed for autoradlography.

e
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< L CHAPTER';IL‘V_’.'- E

Mur1ne Pregw

~The mammallan placehta 1s a unlgue ch1mer1C/organ 1n¢

'whlch fetal trophoblast cells, bear1ng class I MHC

”ant1gens, come. 1nto dlrect contact w1th maternal dec1épa1

q
"cells as, well as matexnal c1rculatlon’ Recently, 1t Has
. L AP
become clear that {here 15 maternal lmmune recognntlon of

.,J

' fetally derlve allogenelc tlssue in the placenta aurlng

normal pregnancy (1) Thus allogenelc p%egnanfles show a
' greater 1nf1ux of maternal T cells 1nto the dec1dua than
. . I‘ VV . _\I

do syngene1c pregnanc1es (2, 3 4),aw1th the peak response
occurlng shortly after the appearange 1n ontogeny of Class

1 express1on in the placenta (3) ThlS is also reflected

7.

1n 1ncreased dralnlng lymph\node 51ze and macrophage _,?'
Q

-knhlbltlon factor release Lnyallogenelc versus %yngenp1c

’ '

0 pregnanc1es (5 6, 7 8) Snch maternal 1mmune recogn1t1on

,110
. Te

coy
i~
Yot

7
-

has conseguences for Tetal Surv1val because there are

v '-,...__..'.__.....' __________ «' s / ; "-'

*This .chapter’ has been submltted for publ;catlon. Irene
-Athanassakis, Doqald R. Branch Maria I. Garc1a‘Lloret/

=o ~Larry Guilbert and Thomas G Wegmann. Journal of

Immunology.-1988
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ulcell recognltlon of f_ﬂnéem1 allogenelc placenta leads to.
_lymphoklne and cytok1ne releaSe at the maternal fetal
'1nterface Wthh 1n turn stlmulates trophoblastlc growth
sand 1mproves the chances of fetal surv1va1 by somehow

lilmprovmg placental functlon (11) : " - @

-7

"In our prev1ous work we have subjected th1s' }lﬁ‘sh'
‘Mhypothe51s to two dlfferent sets of JXperlmentalf
f'yer1f1catlon,-one in vrtPo and the other ‘in vivo. We .~

showed flrst of all that fetally derlved placental cells

7d'grow in tlssue culture in response to T cell derlved

lymphok1nes of the CSF fam1ly, 1nclud1ng GM CSF %nd IL 3
S (12). They also respond to the cytoklne csrzg (12)
.levels of wh1ch are 1ncreased in the’ uterus by the
hormonal changes assoc1ated with early pregnancy (13)
,have subsequently 1dent1f1ed the cells that respond to g
Bthese molecules as trophoblasts because they are’ |
cytokeratln p051t1ve and v1ment1n negat1ve (14‘

AthanaSSaRLS#iubm1tted for publlcatlon ). We have also*~-'

| 2Athanassakis et al. 1988, Fetally der1ved murine .
‘~-placenta1 cells slmultaneously dlsplay trophoblast and_r



S yeg

achleved 1ong ophoblast qrowth u51ng 1ymphok1ne

supernatants Mogll et als subm1tted for publlcatlon ).
secoqd l1ne o experlmental test has 1nvolved remov1ng <
maternal T cells 1n m1d gestatlon to exam1ne what effect -"

thlS has on placental growth and functlon. We have a',eady

reported that treatment of pregnant female m1ce dur1'

“mid- gestatlon w1th ant1 thymocyte serum as well as.

.; ‘ant1 CD8 (Ly2 1) monocléhal antlbody leads to a: two-

reductlon 1n placental prolvferatlon and phagocyt051s in

vivo (1_2_).

. ' 9
In the current report we have extended thls set of
observatlons by show1ng that maternal T cell depletlon in

“vvvo by monoclonal antlbodles d1rected agalnst T cell

determlnants not: only affects allogenelc pregn%?c1es, buR\
can also reduce the prollferatlve and phagocytlc capac1ty
'of syngenelcally pregnant mice as well “In both types of
egnancy we find that- ant1 CDB antlbody 1n3ect10n leads

“to a reductlon of placental prollferatlon;and o
I

phagocyt051s. Antl CD4 antlbody, on the other hand, only
affects placental prolg&\ratlon, 1nd1cat1ng that there is
a complex network of immune 1nteract10ns affecting '

.placental growth and funct;on; In an attempt to localize.

s

-—..‘———.-'——.———l——_,——-

2 (cont'd) macrophage character15t1cs, submltted for
publicatian. «
3Mogil 1988. Immunoregulatory effects of lymphokine~- dr1ven
placental cells on cloned T cells, submltted for
' publlcat1on.

e



the source of thlS T cell medlated effect we-haVelyfu

?

establ1shed dec1dual cell cultures and have ﬁound that

y supernatants from these cultures have the capac1ty to.

‘.

'st1mulate trophoblast cell growth To determlne the. nature;”l"

. of: the substances w1th1n these culture supernatants we_'
;added them to cell llnes whlch are d1fferent1ally
~ sensitive to members of the CSF famlly of lymphoklnes. We .
.report here that these dec1dual supernatants can st1mulate
'.prollferatlon in the cell 11ne DA 1, wh1ch 1s respon51ve
_:to both IL 3 and GM CSF (15)w Allogenelc supernatants are 44:
: more potent in th1s regard than syngene1c supernatants,
‘5fand both show ontogenetlc:patterns wh1ch correlate w1th
“the pattern of maternal T lymphocyte 1nflux 1nto the
dec1dua. M1d gestat1ona1 T cell depletlon by monoclonal
'antlbody 1njectlon lowers the capac1ty of both allogenelc _hl
vand syngenelc dec1dhal cells to produce these growth
&actors in tlssue culture. Flnally, we report that '
treatlng the supernatants w1th antlbody spec1f1c to GM CSF '
_completely e11m1nates such growth act1v1ty, 1nd1cat1ng
that GM- CSF 1#’released from dec1dual supernatants, and
that allogenelc dec1dua has. a gre‘ter capac1ty to produce

GM- CSF than does 1ts sfhgenelc C‘y rpart. Both types of

dec1dual supernatant also contaln SF- 1 act1v1ty, a result
-that conf1rms and extends the work of Stanley and his
3 collegues (13) The current results prov1de further o

‘,‘ ev1dence in- support of the placental 1mmunotroph15m'



hypothe51s as applled to allogenelcally mated m1ce, and

l

r.‘extend 1t to syngenelc pregnancy as well



R Jthout varlous culture: supernatants. Cultures were - LR

157

MATERiALS.AND‘METHODS”

‘Mice;/ .
_ A . .
BALB/cJ (H 2x ) C3H/HeJ (H 2K*) 6 8 weeks old ,were

obtalned from Jackson Laboratorles (Bar Harbor, MB) Each

.

C3H/HeJ female was checked for oestrus, caged overnight

with a BALB/cJ or C3H/HeJ male and ‘checked for the

presence of a vaglnal\\lug on the follow1ng mornlng The

e )
~day on which the plug was observed was con51dered to be
,day zero of pregnancy. . L

Cell Cultures . -
nglacentae-wepe'Obtai (oP rom females on day 12 to 14
of pregnancy. After ren ' maternally derlved

decldual‘layer,-single e n'sions were prepared by

Ta f;ne'mesh wire screen into
LB o

puSHinglthe'placentae-t‘

-Le1bow1tz medium (Glbco,‘Grand Island NX) Thercells'were

washed three +imes and cultured in RPMI H640 (Glbco)

-supplemented with 10% FCS at- 107 cells per ml 1n 96 well

bplates (Llnbro, Flow Labs, ‘Mc Lean, V1rgln1a) w1th or . B

¥

;,_ :.& .

,assessed for;’HTdR 1ncorporat10n two days later. One uC1
:of ’HTdR was added per well pr1or to harvest and the cells;"

-fwere plaaed in SC1ntlllat1on flu1d (toluene omnlfluor,-

NEN Boston,iﬁk, 1.38 g/l) and counted for beta em1ss1on'
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dinan .'L_R_'B.;.]?.1'&_.Rack‘be-ta."..Coun:t_er’i.' o

SR

Dec1dua1 layers were 1solated from days 1? : {ii3h‘;

jf-;and 14‘?5 pregnancyu ‘nf lnto cell suspen51on by pushlng

',tne tlssue through a mesh w1re screen,’washed and cultured

S in RPMI 10%5FCS at 5x10‘ cells?ml ‘in 24 well plates

T s,

lhf1ml/well) Culture sapernatants were collected from day @”' |

B one to day 51x of culture,‘and tested for the1r ab111ty to

’DQ.O' .

' .:1nduce prolleratlon*df placental cells and'DA 1 cells.»f

v CellB. S '_w;'.f;- S SRRSO TN : v‘___-',_'.",tf" &

(IL 3) for growth and also respond to G%—CSF and

ﬁconta1n1ng 10% fetal calf serum'(FCS Flow Laborator1es,]f

hifSpleen culture SUpernatants irom day 12 of pregnancy were S

1dprepared the same way as descr1bed for the dec1dual cap

.p - . B
“ S
Coee

o -Hd”‘»ﬁu‘,;’,u St e e AR

}' o

I

Murlne DA+1 cells'q‘" dependent upon Ihterleukln 3

-

a'erythropo1et1n (EPO) (15 16 17) DA 1 cells do. not

"'prollggrate 1n response to CSF 1 (TS) The cells were

4 .

‘;foutlnely cultured ‘in suspen51on 1n Iscove S modlﬁaed

giDulbecco s medlum (IMDM Glbco,tGrand Island NY)

----- “ .0

‘.:M1ssrsSauga, ONT) o&us 29% medlum condltlohed by hEHI 3

5SayS u51ng DA 1 cells vere performed u51ng¢ f‘"

~

-73m1crot1ter plates as prev1ous§y descrlbed (15) wlth sllght

‘j'modlflcatlon. 25 ul of each c lture supernatant was addéd

R .
[P

e -



n‘h “to the 96 well flat—iottom mlcrotlter plates (Llnbro, Flow

:“.;j*incubateé-for -2 hours at

vuﬁrﬁ(rout1ne) or 15% (ant1 GM—CSF block1 g studles) IMDM to

H'ﬂisc1nt111atlon. 9051t1ve controls cons1sted of WEHI 3CM

";3ﬁ(50%), pure natural murlne IL~3 (300 U/ml, Genzyme,_frfj:trjhyl

‘ffLw1th p051t1ve or negat1ve con;rol cuIture supernatants to ]pff'

tj;;‘glve a f1na1 concentﬁatlbn of 2% v/v5¢The meture was

'hﬁ{a1ncubated for an Addlt;onalczo hours prlor to pul51ng w1th

Laboratorles) to glve a flﬁal concentratlon‘of 50% v/V-g'y]p?‘

Each well contalned 10"DA 1 cells suspended 1n 5%

'{fglve a f1na1 volume of 50 ul The plates were 1ncubated
]for 24 (antl-GM-CSF Eﬂocklng studles) to 48 hours ,wauﬂ;*fd
‘i«(routlne) Prollferatlon was assessed by addjﬁg 1#C1.ff,f;

7Q°H Thymldlne (’HTdR NEN Boston MA) per well 4 hours prlor

"ejto harvest, and countlng radloactlve uptake u51ng gamma'ﬂ;*"
g [ . R R

’ MA) pure recomblnant'murlne GM CSF (10 pg/ml or e

& f'aos\t' n,

a glft from Dr. R J Tushlnskl,'Immunex, Corp. ;dfff"

:“fcontrols ﬂonslsted of medlum alone. Rabblt ant1~mouse

uf_‘GM CSF (ant1 GM-CSF) used 1n 1nh1b1tlon experlmeﬁts was a

{‘w,;glft from Dr. J F Delamarkterﬁ B1ogen Geneva,"wﬁwf°7frgjfi-7

W

7fSwitler1and Antl GM—CsF or normal rabblt serun was m1xed

n

;37 C 1n the m1crot1ter wells

nghpr1or to add1t10n oi DA 1 cells.,Assays were then

-7i?HTdR and harvestlng.“,. fﬂj};;aﬁxgj},,hi~ ”ﬁ r';
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C3H/HeJ females pregnant by BALB/cJ or C3H/HeJ males
were 1n3ected on days 8 10 and 11 of pregnancy w1th 0 5 L’f“"

'l mg. of ath L1T4 and/or ant1 Ly2 1 1ntraper1toagally

"t;f*’HTdR i. p.. The followlng day the mlce were kzlled by

:Iantl}Lyz 1 (H129 ATCC) were used as concentrated

'Q'antl—L3T4 or- ant1 Ly2 1 antlbodles for 30 m1nutes at 37 C \\

;sTox rabb1t cqmplement
}WK1111ng was evaluated by llght m;croscopy after trypan

- blue sta1n1ng. For the 1mm0nofluorescence assay,;spleen ;:;}f(

> 1n§ect1ng the mzce on day 12 of pregnancy w1th 27uC1 of '

:~(1 p ) Ant1 L3T4 (GK1 5 ATCC Rockv1lle, Maryland) and

,”supernatants for In VIVO 1n3ect10ns.xThls treatment )
"fyspec1f1cally e11m1nated L3T4 or: Ly2 1 p051t1ve cells from L
'-ﬁmaternal spleen as; tested by cytbtox1c1ty and _?f{;*l~:g3;”'”

1mmunof1uorescence (Table I) For theycytotox1c1ty assay

' ‘.

| 10‘ spleen cells from treated m1ce were 1ncubated w1th

‘d‘hen washed and 1ncubated for 30 m1nutes at 37 C WIth Low .jff

4 .
¢T0 v/v,§Cedar1ane, Hornby, ONT )

_u\ ._.‘ e '

R

lidells were 1ncubated wlth ant;—L3T4 or Ly2 1 antlbodles at

4 C for 30 mlnutes, washed and exposed to FITC conjugated ‘*
goat ant1 rat Ig antlbody (Cappel West Chester, PA) for

v30 m1nutes at 4°Ca TQf percentage of fluorescent cells was

evaluated us1n9 a ZeLss fluorescent m:cr03cope.;c.ﬁﬁ;vf‘ “

,‘ . ..“

Placental prollferatlon was assessed ln vrvo by




ﬁt,cerv1caL dﬁslocatlon and placentae and spleens were

. S

”ff;removed 1nd1v1dua1 placentae were cut 1nto small pleces

”~“.an LKB beta counter. Each spleen wa; 1nd1v1dually made

Ty

f?u51ng f1ne scnssors, placed 1n 3ml of NCS ACS solutlon
f(1.10 Tlssue solub111zer/aqueous countlng sc1ntlllant,u

‘lf Amersham, Oakv1lle, ONT) shaken thoroughly and counted 1nf¢‘l

Vae

A'ﬂfa 1nto a cell suspens1on and tested for elimlnatlon of L3T4

'Vﬂfestlmated V1sually w1th a fluorescent

;gor Ly2 1 p051t1ve cells by complement medlate@
‘cytotoX1c1ty and bx 1mmunof1uorescence as desér1bed above.t-?"

e
A:A“:_. R .

Phagocyt051s was assessed on cells derhved from the,--'

MThe suspended cells were 1ncubated thh

(D'O 57 u, Polysc1ences !hc. Warrlngton,;'~°

'at 37 C and washed Phagocytosxs was

1croscope. A cell

szas con51dered phagocytlc when more ‘Aan 20 beads were
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T Cell Depletlon ln vrvo Affects Placental [-fft-;ud

: “i;PPOlIfEPatlon and phagocytOSIs in bOth Allogenelc and
”'--:,.".Syngenes(,c Pr‘egnancles T |

8 .

'i We have prev1ously shown that maternal T cell :
?/Zf~deplet1on by rabblt ant1 mouse thymocyte serum (ATS) or:
'#rvantl CD8 (Ly2 1) monoclonal antlbody treatment durlng

\ -
ra allogénelc pregnancy results 1n a two fold reductlon 1n

o - \
placental prollferat1on and phagocyt051s ln-vvvo (12) :ﬁ;f.“
CDB pos1t1ve T cells represent only one subset%of the T i

“‘;ljcell populatlon, the other major subSet belng CD4 p051t1ve_t

T tells. We have therefore treated”% egnant m1ce WIth both
an£1“CD4 (antl L3T4) and antl-CD8'4ant1 Ly2 1) monoclonal

-.. >
‘antlbodles on days 8 10 and 11 of pregnancy..An

v

-~

i;;{fvlnterestlng dlfference emerges between treatment w1th the‘ .
.df{two dlfferent types of antlbod;es, as shown 1n Table II
Both antl CD4 and ant1 CDB treatment have an equalreffect b
"1n reduc1ng placental prollferat;on, and the comblnatlon‘
Lof the two ant1bod1es'15 no more potent 1n th;s effect ff;;/;ﬁ

th4n the two separate treatments.nA clear cut difference

(‘_ . $'




placenta. However, phagocyt051s 1s not affected by
ant1 CD4 antlbody Nelther treatmeﬁ% affected fetal

V1ab111ty or placental welght 1n this stra1n comb1nat10n.,ﬁd»{“
Allogenelcally pregnant m1ce have larger placegtae

and uterlne dra1n1ng nodes than do syngenelcallx Pregnant %Q‘

: P
as well as a greater ;nflux of T cells 1nto the

e h,,,. / LT e
o e e R
"\" t N

‘ antlgens to wh1ch the mother 15 n_

.; ; e

observat1ons led us to 1nqu1re whether deletlon of

,;tolerant (23) Thesef,;ﬁjf'

o

abbve, u51ng the same t1m1ng and dosaget;mhe;rEsults,'i;fﬂgyfh
shown 1n Table III 1nd1cate that control syngenelcally

Pregnant m1ce (C3H x C3H) haveqauiower tr1t1ated thYm1d1nen e

caily;pregnant'mlce, but
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,‘\t"-_-"-.

:}ff? reflects a d1fference 1n placentaI 51ze 1n the two
s1tuat1ons. Treatment w1th ant1 CD4 and ant1 CD8

ant1bod1es had v1rtuaI1y 1dent1cal effects to those seen
l

1n allogenelcally pregnant m1ce. Both ant1bod1es reduced,;J
placental prollferatlon, whlle only the ant1 CD8 antlbody_il“fp
showed a s1gn1f1cant effect on placental phagocyt051s.Lf:j

Once agaln, there was ho obv16us effect on e1ther

placental welght or fetal surv1val These results lead to
the conclu51on that maternal T. cells play a role 1n;fj'j1:pk;7
placental prollferatlon whether or not the fetus 1s

allogen1c to the mother. CDB T cells 1n both 1nstances
el

seem to be 1mportant for st1mu1at1ng placental |
“?Tj prol1ferat1on and phagocytos;s,_whereas CD4 T cells appear
. to play a comparable role 1n stlmulatlng placental djiv*%“r”
prollferatlon bu$>hot 1n promotlng placental phagocyt051s.:
These results focus attentlon on local 1mmunoregulatory
events dn the dec1dua and led us to examlne the effects of
. maternally derlved dec1dual cell s:Fernatants on the sfgi‘ ;'”

growth of placental trophoblast and lymphoklne sens1t1ve

Cells. o - ‘ ~‘ . v-ui' » - \.. , .

Dec:duaI\SupePnatants COntaln Trophoblast Gnowth'

: . , 4 N 4 S ﬁﬁl;v"' :
Factors ;;v“ S A S

at ST § SRt S e T - : Tw

_ ' . »" ey Y 2 el “ . J
décer. We have prevzously shown thaﬂﬁlymphoklnégkandfgd”4’_,fjgg
cytok1nes,6f thé CSF gamrly have an effect on,t}:ftjf]fgfi;?fl

trophoblast1c prol1feratxon ln VItPo and the results e
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“gffpresentediahove 1nd1cate that“maternal T ce}r'&eietlon

RS e )

,?'*”durlng pregnancy has an eiﬁect oqsplacental grollfecat1on“f??5f
... N . } . )

) ’ o ) .‘.. -
_1n both syngenel;,and allogene1c.pregnanc1es* Jn order tdg;”"
..1ocal1ze thlS effegt, we next determlned whethef dec1dualgffe¢ﬁ
P ;r_ i » UL e ‘*,J “-'.'.‘

' & s N
f,f'ells darlvedgfrom such pregnanc1es w111 release 3«,P;_v,5-

, %'{substances that can 1nfluence placental cell growth Thus“i7
Sl uans Thy;

»H}ﬁs?we made dec1aua1 cell suspen51ons at-day 12 of pregnancy

¥
. ,. B
L oate .
" <
v
” o
‘
.
..

| 'f'oF1gure 1 show that both allogenelc an syngene1c

The

”jlferatlon.

o

lﬁﬁdec1dual cell cultures, because s 'een cell suspens1ons L
; _ )

;-{fmade from’ the same pregnant females have no effect on *’}“f,;j

-

'=fplacenta1 cell prol;feratlon (See 1egend FlgLre 1)
_iStlmulatloW of placental cells by GM CSF whgch we’ have_f;fl;if

e -1.

- PreV10051Y shown to be a trophoblast well growth factox, ,,.;,g

. P

.; is’ 1ncluded asxs'pos1tive control Hav1ng founé that the

‘ff act1v1ty of dec1dua1 cell supernatants can cause Qlacentar.
. i ) 5 "
'c‘cédlsvto ptol1ferate, the next quest1on we addressed was~:v
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12§Q;¢th Factors Presentfln Deovdua Supennatants—Affect'
fhélLVmphéklne-Sensrtrve Cell Lpne DA-1. T ..':t
N ;; . } N 'r]'-", . 0_;v,. . o ‘),v ( A
,115

e ~‘ADA i cerls are known to prollferate 1n response ‘to
o .

frIL—B GM CSF zand\erythrop01et1n, but not to CSF 1" or IL 4 i;U}

TR
PR ‘ / .. -“'
'~J;(v5 17) We therefore ¢ ltured decid@al cells taken from ”;;_
: L % R
5 1c)days 11 lf 13 and 14 f allogenelc (C3H X BALB) or ;'yp

‘s§ngene1c (C3H X C3H) pregnancy. C;;tured supernatants

;were collected dally and- were 1nd1§?l |

';thelr capaCLty to stlmulate prollfefpgf"f

'-fibcefls. As can be seen 1n Flgure 2 both allogeme1c and.
‘fntSyngenelc dec1dual cell supernatants stlmulateﬁthe growth
.'.of the DA 1 cells, but the allogenelc supern ts had a

| :12 of

pregnancy ThlS pattern closely corre‘ates

| ih1stologlcal appearance of T lymphocyte 1nf

decidua as’ described by. dthers, both 1n rank order of
al109ene1c versus sxn@egelc pregnancy, and wdth respect to :H;x

o 4\'! .
. PR

7-*max1ma1 response o}v_ 91ven day of pregnancy. Th1s fft.
,..hcorrelatlon between'T cell migratlon 1nto the dec1dua and
o 'growth-{actor—release from deczdual cells 1n culture f.l>h,f

| ;productlon 1s dependent upon the 1ntegr1ty of phe maternal

-ifraxses the questxon of whether,the growth factor

T cell SYStem‘?*fV{;3<af;f?a¢.47li:~f';f‘d_rffl;

\\ Do LR FOARR SR 141',‘_‘,'..",

° 4". S f . : - RS NP . . KR v Lo .




Matehna] T Cell—depletion in vtvo Reduces Growth

Factor Pnoductlon by Decidual Cel‘f f”f "’"}:,, ﬁ”f f}jﬁzl'

| In order to determlne wheEher dec1dual growth factor Jqd

productlon 1s a functlon of maternal T cells (19 20), we fﬁ:

awt

L3

treated allogene1ca11y (C3H X BALEX and Syngénelcally‘}C3H ;v::

- x C3H) pregnant m1ce w1th ant1 Cb4 and antl CD8 monoclonal.fh.‘

. )‘v"c

»

growth Eactors present in’ the decxdual cell sugernatants;l?

i e

antlbod1es on %zas 8 10 ané AR of pregnancy, as descrlbed
above. We examlﬁgd day 12 dec1dual cells to see whether '

they could release growth factors capable of st1mu1at1ng

the prollferat1on of DA 1 cells. The results,,shown 1n 3:n5f'°ﬁ

':3 Flgure 3 ‘1nd1cate that such treatment s1gn1f1cantly

reduces the capac1ty of both allogenelc'apd syngenelc 1l’4yf;ﬁ.

dec1dual cell supernatants to promote ’HTdR uptake by DA- 1
cells. These results 1nd1cate that maternal T cells 1n Y
both allogenelcally and syngene1cal y pregnant mlce are ﬁfi

necessary for growth factor productxOn by dec1dual cells.;

~

'”7*w In-. add1t1on thzs observat1on strengthens the correlat1on

L
e o . !

between h15tolog1cal appearance and growth factor

productlon clted above. These results led us next to

1nqu1re whether T cell derxved iymphokrnes m1ght be the ;%E7fi}

1f»" . e RN "«' a



'ﬁf?to IL 3 GM=- CSF and,erythrop01et1n, butgnot to CSF 1

':ftyngenelc dec;duae,,

therefore 1nqu1red whether treatment of pooled dec1dual .,

\cell supernatants w1th rabblt ant1 GM—CSF polyclonal .
antlbody could block DA 1 cell prollferatlon. As shown in,
Flgure 4 the presence of ant1 GM-CSF antlbody blocked the 3
vstlmulatory act1v1ty of both allogenlc and syngenelc 7' o
dsupernatants of 13 day dec1duae. Slmllar results were _
l‘pobtalned w1th dec1dual supernatants from days 11 12 and
ﬁf‘i14 of pregnancy (data not shown) Addltlonal data in. thlS
é:flgure also 1ndlcate that the rabblt polyclonal B | |
agdant1 GM—CSF antlbody was spec1f1c for GM—CSF s1nce 1t was:_;l*
L'raunable to block response of DA 1 cells to IL 3 or
erythrop01et1n, whlle completely blocking theff
ﬂpr011ferat10n of these cells in. response to recomblnant :
';GM CSF The results 1nd1cate that the T cell dependent:*
:"fgrowth factor present in decrdual cell supernatants, whlch—.

. 1s produced 1n greater quantltles 1n allogenelc than

lﬂ .

lS GM~CSF, a lymphoklne wh1ch we have

"”5fhprev1ously 1dent1f1ed ‘as- bezng a growth facter for

fﬁfftroghoblast Cellso'These results prov1de clear evxdence j_f“»-

N v

i for spontaneous T‘cell actxvatxon at the ma\grnal £eta1

cflnterface\ thh some of 1t due to the proqenc@ of fetal -

SR »:_
R Y



‘
By

- (C.F. .allogeneic Qerspsﬁéyngehéid GMfCSFﬁlevelg){

kS . - -
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I@i~-al oantigens and some due to as yet unknown mechanisms -



"”Sf,maternal T cells w1th elther ant1 CD4 or ant1 CD8

',hypothe51s 1dto syngenelc pregnancy. Thus deletlon of

-;In order to begin to dmssect thls 1mmunotroph1c

‘DISCUSSION
In our - 1hg ial attempts to evaluate theffgdj: RS
"1mmunotrophlsm hypothe51s (11 12) we selected o f_f Gl

allogene1cally pregnant females as an experlmental model

NG

to- see whether deletlbn of maternal T cells 1n _ "v.TNQ ’

'."mld gestatlon would affect placental prol1feratlon_and

\

”phpgocytos1s. We expected to f1nd smgnlflcant results 1f-""

"the hypothes1s was correct because the fetal placenta.."

.’\z‘

jl expresses fore}gf @15tocompat1b111t1 alloant1gens wh1ch

Rl
B s

"the maternal T cells can. recogn1ze (1) The results

'zlpresented in thlS paper somewhat surprls1ngly'extend t71s 3

: "Tmonoclonal ant1 T cell*ﬁnt1bod1es at mld gestatlon of ~~¥ﬁ
g : '

”% *"\""’ .: e T T e

,syngenelc pregnancy leads to a comparable reduct1on 1n

placental prollferatlon, 1f one con51ders the uptake of

170

trltiated thym1d1ne per mllllgram of placental tlssue.;Inf

Ihaddltlon we obtalned results whlch 1ndlcate that, whlle

ant1 CD8 ant1body reduces the capac1ty of the placenta to T

;phagocytose latex partlcles, ant1 CD4 ant1body does not
;‘have tn1s effect and thlS pattern holds true for both

';allogenelc and syngene1c pregnanc1es, suggestlng that

J'w

*:f,51m11ar 1mmune mechanlsms operate 1n both c1rcumstances."“

PR RER :

:li;nteract;on Between maternal T cells and fetal placental “ S



;~df:{ff T
o o , £ .
lcells, ve explored the capac1ty of dec1dual cell

-supernatants to stlmulate the growth of placental cells ffﬁ*
,VItPo. They did so,_and surprlslngly both allogenelc and
syngenelc ﬂec1dual cells had roughly comparable act1v1ty. yhlif

It was thus necessary to&begln to 1dent1fy the types

2of growth factors be1ng released from these dec1dua1 cells:'hlh

¢ .

lat varlous stages of gestatlon. We therefore took
Jadvantage of the DA- 1 d“ll llnef whose 1ymphok1ne
‘-refpon51veness has been characterlzed (15 17) The f1rst

’fobservat1on obtalned from apply1ng decxdual cell
[ 48

'.supernatants to thls cell ll& was’ that those from

7allogene1c dec1duae were .more- stlmulatory than the C
_': % : \
i"supernatants from the syngenelc dec1duae, and the

2 . -

ontogenlc pattern corresponded roughly to the relatlve

.nflpx of T cells 1nto the two types of the deciduae, as

Uy; w1th the peak at 12 days for the former and-13 'iﬂi
Nielfor the latter, and a hlgher overall peak 1n the R
' nenelc case. Th1s pattern 1s reflected in the dec1dual
-{cell suﬂernatant stlmulatory effect on the DA -1 cells, asf".
yswas showm in. Flgure 2 Thls suggests that the g}owth |
'dfactors 1nvolyed are released by T cells follow1ng thelr'?ﬁ
“~m1grat1on into the dec1dua. ThlS posszbflrgy was

4

yfstrengthened by observ1ng that maternal T cell deletion

v




