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Abstract 

The presence of paternal class 1 MHC antigens (Ag) in situ on various 

cells of the 15 day murine placenta and the precise location of the 

antigenic sites were examined by an evaluation of thei r temporal (2 

minutes-2 hours) labeling patterns at the light ~nd electron microscope 

levels after a single intravenous injection 'of I 125 -1abeled monoclonal 

anti -H-2K K anti body (Ab) i nto C57BL/6 ,i'mi ce impregnated wi th CBA or C57Bl/6 

males. The results revealed the presence of H-2 Ag on the plasma membrane 

of a11 the three layers of (trichorial) labyrinthine trophoblasts, of 

spongiotrophoblasts, fetal stromal cell clusters, macrophages and 

endothelium of fetal capillaries, but not on trophoblast giant cells. Sorne 

of the trophoblast antigenie sites were located on microvilli. Labeling of 

stromal cells, endothelium and macrophages was partly explained by binding 

of Ag-Ab complexes via their Fc reeeptors. Labeled Ab or Ag-Ab complexes , 

were internalized by most cells, but sôme degradation was noted in 

macrophages and some trophoblast cells. In vitro binding of radi.olabeled 

anti-H-2 or unrelated (anti-HlA-DR) Ab to dispersed placentae in the 

presence or absence of excess lOOuse IgG indicated an equal incidence of Fc 

receptors (FeR) in homozygous and heterozygous placentae, but the affi ni ty 

of Ab bi ndi ng vi a FcR was found ta be weaker than vi a H-2 sites both at 4 oC 

and 37·C. Both placental types acted as potent barri ers agai nst the 

passage of Ab molecules to the fetus, but such a barrier function was not 
, 

selective for the antifetal type Ab. The l?arrier function was most likely 

exerted by fetal stroma 1 cells. endothelial cells and macrophages. 

Name: Vincenzo Agostino Colavincenzo 

Title of Thesis: Histological localizatfon of the Antipaternal Type H-2 
Antibody Bindi ng in vivo in the PlIrine Placenta 

Departaient: Anatomy 

Degree: Master of Science 

. 
-------------------------- -- ------- - -- ----------"---



· --_ ... , . .-------------------------------------

f 

1· 

- 11 -

RESlK 

La présence d' ant1~nes (.g) paternels de class 1 .etC in situ sur 

diverses cell ules placentai res de la souris l 15 jours de gestation et , 

la localisation exacte des sites antigeniques ont été investigué'es par 

une eva l uat ; on des n'Odes d' i mpregnati on a diverses péri odes (2 ",1 n - 2 

heures au microscope optique et electronique), après injection 

intraveineuse unique d'at:1ticorps <.c) IIIOnoclonaux anti-H-2K k marqués à 

l 125 dans les souris femelles C57BL/6 fecondées par des miles CBA ou 

C57BL/6. Les résul tats n'Ontrent la présence d' anti gènes H-2 sur les 

plasmalemmes des trois couches de trophoblastes labyrinthiques 

(trichoriale), de spongiotrophoblastes, des groupes de cellules 

stromales foetales, de macrophages et de l'endoth~lillm des capi 11afres 

foetaux alors que les cellules géantes trophoblastiques n'en montrent 

pas. De plus, quelques sites antigeniques des trophoblastes situés 

sur des microvillosités ont aussi été marqués. Le marquage des 

cellules s'tromales de l'endothelium e.t des macrophages peut-être en 

partie expliqué par des liaisons de complexes ag-ac par 

l'intermédiaire de leurs récepteurs Fc. Les ac et les complexes ag-ac 

marqués ~taie"t incorporés par la plupart des cellules, quoiqu'une 

certaine dégradation était observée dans les macrophages et les 

cellules trophoblastiques. les deux types de placenta homozygote et 

hétérozygote offraient une forte résistance au passage d'anticorps 

vers le foetus, cependant cette barrière n'était pas selective pour 

" ae de type ant i foeta 1 e. Cet te fonc t i on de barri ère éta 1 t fort 

probablement le résultat d'une rés istance offerte par les cell ules 

stromales. endothel1ales et les nacrophages. 
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PART 1 INTRODUCTION 

1.1 Nature's Host Commonplace Allograft 

The implantation of an embryo in the uterine endometrium and its 

deve10pment and survival as a feto-p1acental unit for the duration of 

gestation is an enigma that has for decades puzzled transplantation and 

reproductive biologists. The conceptus resulting from mating in a 

genetically outbred mammalian population is an allograft ~ith respect to 

the mother because of the inheritance of histocompatibility antigens of 

both parental allotypes by the offspring in a codominant manner. 

Nevertheless, the intrauterine fetal allograft does not evoke a 

rejection response in the IOOther, al though, duri ng pregnancy, she i s 

perfectly capable of rejecting. at other sites, grafts genetically 

similar to her fetus. This paradox has been the foeus of investigat10n
v 

for many years leading to several hypotheses, SOMe of ~hich will be 

discussed later on. 

An understanding of the mechanisms of success of the most 

commonplace allograft in nature has several practica1 implications: 

1. application in improving clinical allotransplantation 
2. improvement in fetal and neo"atal survival and 
3. possible elucidation of the ;""'unological escape and 

subsequent growth of neopl asms, whi ch may use several 
mechanisms. 

1.2 Mechan1sas of Allograft Reject10n 

1 n genera 1 \when a tissue 15 transp 1 anted ont'o a host wh; ch ts 

genetically nonidentical to the donor, the tissue 1s rejected. Rejection 

of a foreign tissue graft by the host 1s an immunologieal event which 1s 

mediated by thymus-derived T cells. Certain clones of T cells will 

r e c 0 g'n i z e par tic u 1 ars IJ r fa ce an t i 9 e n son the gr a f te dt' s sue 
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as non-self and give rise to effector cells medfating the graft 

rejection. These surface antigens are glycQ-proteins emedded in the 

cell membrane and are encoded by the Major Histoeompatibil ity Complex 

(~1HC) loci. These molecules are known as major hi stocompati bil i ty 

antigens: H-2 in mice and HLA in humans (Figure 1). There are two 

classes of MHC antigens 1) Class 1 antigens Le. H-2 K 0 and L in 

mice and HLA-A. Band C in hurnans 2) Class 2 antigens i.e. la in 

Mice and HLA DIOR in h",mans. Class 1 antigens are the targets far 

cytotoxie T eell Killing, are found on cells in a1f11ost every tissue 

of the body and are primary requirements for an a1lograft response. 

Class 2 antigens are found on certain cells ego B cells. macrophages 

and some other accessory cell s of the immune system and are only 

needed to produce a goad reje.ction response agaiRst a primary 

allagraft (Bach 19dJ) 

Precursors of eytotaxic T cells (P-Tc) bearing specifie reeeptors 

for cl ass 1 anti gens on the graft. when confronted with the fore; gn 

antigens undergo clonal proliferation and amplification with the help 

of T helper cells. At the same ti",e. precursors of T helper cells 

(P-Th) which bear receptors for the specifie class 2 antigens on the 

graft. will also undergo clonal proliferation and ampHf;cation when 

they encounter the appropriate antigen. giving rise ta functfonal T 

helper cells which produce interleukin 2( IL-21 (Figure 2). It 1s 

believed that after being triggered by the class 1 molecules, P-Tc 

e)(press receptors for IL-2. bi ndi ng of whi ch allows a fu rther 

amplification and maturation into Cytotoxtc T een s (Tc). Tc, upon 

recognition of cells bearing the stimulatory target antigens. will 

. ' . . 
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FIGURE 1 

Loci of the Major Histocompatfb1lity Compl ex (MHC) of the 

mou se 10cated on chromosome 17 (courtesy of Saswatf Chatterjee 

Hasrouni. reproduced fro", Ph. D. thesi SJ The l mmunobi 01 ogy of 

Feto-Maternal Relatfonships. 1981). The location of I-J remains 

questfonable. Recent studfes (Hayes et al., 1984; see also 

review by Sachs et al .• 1984) rnay suggest that two complementing 

genes, one li nked with MHC and the other on chromosolle 4 may 

control I-J antigen expression on cells. 
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kill and lyse ce1ls of the graft (Alter and Bach, 1979). The se~es of 

main events leading to an al10graft rejection is shown in Figure 2. 

Other mechanisms which may also play a role in the destruction of 

an allograft are the production of cytotoxic antibodies, 'and subsequent 

complement-mediated lysis and/or antibody dependent cellular 

cytotoxfcity. Furthermore. T cells involved 'in the delayed type 

hypersensi t i vit y response, whe,; stimul a ted by recogniti on of rtHC 

antigens on the graft, may release factors which act as signals for the 

recruitment of cytataxic macrophages (Loveland et al. 1981). 

1.3 The Pl acenta 

1.3.1 Function and Anatomy 

The placenta is a tr~nsient organ that al10ws an exchange of 

physi 01 agicall y important mol ecules between the mother and devel opi ng 

embrya. It is entirely fetal in odgin and its engraftment on the 

materna 1 reproductive tract sepa rates the fetu s from the maternal 

cells. Maternal and fetal circulations, both of which pass through the 

placenta. remain cornpletely separated by a tissue barrier known as the 

"placental barrier ll which acts as the feto-maternal interface, 50 that 

a1l exchanges of œterial must take.place across this interface (80y$l 

and Hamilton, 1970). This interface also acts as a protective fil ter , 
preventing harmfu1 substances from reachfng the fetus. 

1.3.2 Types of Placenta 

Two maj or types of pl acenta exi st; the yolk sac (or chori 0-

vitalline) and the chorionic (or chorio-allantoic) placenta (Arey, 

1965). In the latter placenta, the placental trophoblast cell 5 which 

~-.-f~-- - _ . ..:.. 
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are of fetal or1 gi n const1 tute the innediate cellular boundary between 

-embryonic and maternal tissues throughout n.>st of pregnancy. 

Chorionic placentae have been further classified on the basis of 

the structure of the various ti ssue layers in the placental barrier 

(Arey. 1965). When the chorion is appased to an intact endometrium. 

the relationship is called epitheliochorial (e.g .• pig. horse). 

Ruminant placentae earlier described "syndesmochorial" (in which 

trophoblast dells are believed to breach the uterine epithelium and 

embed in the endometrial stroma) are now found to be epitheli ochori al. 

In the endotheliochorial placenta (carnivores), the trophoblast js in 

close association with the maternal endothel i ume In the hemochori al 
~ 

pl~centa (bats, higher primates, some insectivores, and rodents). the 

maternal blood comes into direct contact with the trophoblast tissue. 

In hemo-endothelial placentae (higher rodents) the trophoblast layer 

may be eroded, exposing fetal capillaries ta the maternal blood. Since 

the present study has been performed on the mouse placenta, abri ef 

description will be provided on the cell lineage studies of the 

placenta in this species. 

1.3.3. Cell Uneage Stud1es of the .... r1ne PlAcenta 

In the tranc;itiona1 period between 8 cell stage and morula (32 . . 
cell) stage of the embryo, the developl!Ient of progenitors of tlilO 

distinct cell Hneages first becomes apparent: an outer she11 of cells 

(trophectoderm) surroun'ds an inner core of cells, the ellbryoniç. cells 
, 

or progenitors of the inner cell mass (leM). At 3 1/2 days post 

coitum, cells of the trophectoderm are polygonal cells held together by 

tight junctions. This gives shape to a hollo., spherical blastocyst 

~ . .' . 
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containing a fluid fi1led cavity kno\lin as the blastocele. The 

bl astocyst lies free in the uterine lumen at thi s \stage. and i s 
1 

separated from maternal ti ssues by a fIlJcopolysacchari de coat. the Zona 

pel1ucida. By the 4th day, as soon as the b1astoce1e has developed. 

two populations of trophectoderm may be distinquished: the polar 

trophectoderm overl yi ng the 1 CM, and the mura l trophec tode rm in 

association with the blastoc~le. Initially. the mural and polar 

trophectoderm cells will have similar properties (Gardner et al., 

1973), though once the Zona pellucida is lost their individual fate is 

dtfferent. .J)n day 4, the blastocyst sheds its zona pellucida and later 

on the trophectoderm attaches on the antimesometrial wall of the 

uterus. After implantation, the mural trophectoderm cells stop 

dividing and form the prÏl.lary mononuclear trophob1ast giant cells. 

Biochemical evidence indicates that during giant ce1l transformation 

repeated endareduplication of the entire genome occurs (Sherman et al., 

1972) . 

The 'polar trophectoderm, however continues to divide, eventually 

formi n9 the ectop1 acental cone (E,PC). Gardner et. al. (1973) proposed 

that the diploid EPC trophoblast cell s transform into the secondary 

giant cell population. The secondary giant cells are morphologically­

indistinguishable from the primary giant cells; are forl'Aed in the 

periphery of the EPC and spread laterally and ventra1ly ta completely 

surround the conceptus and i ts 'lnent>ranes. Studi es by Rossant et al. 

(1978) supported the evi dence that the extraembryoni-c ectoderm al sa 

ori gi nated from the pola r trophectodenn. 

The leM gives rise ta -the. primitive endoderm which following its 

expansion at the periphery over the inner surface of the 

~--~;._-----
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trophoblast, becomes the parietal endoderm layer (Snell and Stevens, 
.. . 

_ 1966) • The prox i ma l (or vi scera 1) endoderm of the 5 1/2 day mou se 

embryo overlying both the embryonic and extra-embryonic ettoderm 

subsequently contributes to the endoderm of the visceral yolk sac 

(Gardner and Papaïoannou, 1975), while the parietal (di stal) endoderm' 

cells are involved in the formation of Reichert's membrane (Enders et. 

al., 1978). 

1.3.4 Histology of the Feto-maternal Interface 
, 

1.3.4.1 fetal Component 

In the mouse placenta, chorionic tissue (trophoblast cells with 

their underlyin fetal capi11ary and stromal cells, i.e.~roblastic 
-. \ 

and phagocyti c ell s, deri ved from extra-embryoni c mesoderm) :appears as 

; ntereonneete strands farmi ng "..l'"spange-li ke network 1 i ~ ng the 

maternal blood sinusoids. On the basis of the extent of sinusoïdal 

surface area a d trophoblast cel1 formation, the mature placenta is 

subdivided int three trophoblast zones (Bi1lington, 1975) (Figure 3 

reproduced fror Chatterjee - Hasrouni and Lal a, 1979). 

1) The 1 !lyrinthine zone, is the largest zone closest to the 

embryo and contains the most extensive maternal sinusoïdal spaces. The 

labyrinthine trophoblast cel1s are usua11y uninucleated and their 

attenuated cytoplasr.1ic processes 1ine the sinusoids. Electron 

mi€rographs of these ce1l s demonstrate that they form three layers and 

thus are "trichoria1" (Enders, 1965): 

2) Overlying the labyrinthine trophob1ast cells and closest ta 
• 
~ 

the decidua are the spongiotrophoblast cel1 5 which make up the 

spongiotrophoblast zone. This zone 15 characterized by large and more 

1 
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,rounded trophoblast cells often multinucleated and.contains fewer 

sinusoidal spaces. Sorne spongiotrophoblasts extend as columns into the 

labyrinthine zone, and also extend to the maternal decidua (Fig. 3). 

3) ,Giant trophoblast zone is a thin, often fncomplete, layer of 
( 

gigantic trophoblast cells located between the spongiotrophoblast zone 

anp-mat.ernal decidua and runs along the periphery of the placenta all 

the way down to the yolk sac. Part of this layer remains in contact 

with the Reichert's membrane of the yolk sac. Thus all three types of 

trophoblast cells mentioned above constitute the fetal components of 

the fetomaternal interface in the muse placenta. 

1.3.4.2 Maternal Component 

The maternal counterpart of the feto-maternal interface are the 

blood cell s in maternal si'nusoi ds and cell s of the deci dual ti SSiJe. 

Decidual tissue is cbmposed in man and mouse of typical stromal-type 

decidual cells and variable numbers of immigrant cells, e.g., blood<f 

leucocytes, macrophages and granular metrial gland cells. The number 

of inmigf'ant cells is usually 101'1 during early pregnancy and rises 

during late pregnancy (Kearns dnd Lala, 1985a). 

Decidua1 cells are hormonally induced end products of endometrial 

stfomal cells initially located on the antimesometrial aspect of the 

lumen (side on which the blastocyst implants in rodents) after the 

implantation of the blastocyst on day 4 in l1'IOuse and day 5 ; n the rat. 

This is the primary decidual zone. Thts~zone expands and reaches a 

peak of development by day,9 in the mouse and then starts regressing. 

\ 

------------------"!"'~-_~., .':'1>ii"'J'"':.,'-----
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A d1agr.Jnnati c representat10n of a cross-sect' on through the _-'1 
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murine placenta (courtesy of Saswati Chattetjee-Hasrounf, 

reproduced from Ph.Q. thesis, The Immunobfology of 

Feto-Maternal Relatfonshfps, 1981). .. 
- 1 • 

o - Decf dua 1 tissue 

SP - Spongfotrophoblast cells. Note cords of spongfotropho­

blast cells extendfng fnto the labyrfnthfne zone 

l - '-abyrfnth1ne zone. Note the numerous sfnusofdal spaces 

Ge - Trophoblast G1ant Cells 
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Decidualization extends laterally (Decidua Lateralis} and then becomes 

f evident on the mesometria1 aspect w.here EPC trophoblast cells make 
1 

.contact with the luminal epithelium (day 7 in the mouse). When the 

placenta develops, this zone is the "decidua basalisli (Krehbie1, 1937). 

As th; s zone grows to a peak, the antimesometri al deei dua has regressed 
l 

to a thin "dec1dua capsularis. 1I Decidua basalis is the major maternal 

component of the fetomaterna 1 interface. 

The origin of the precursors of typical decidual cells was studied 

by examining radioautographically the H-2 phenotype of decidua1 cells 

in pseudopregnant bone marrow chimeras (Kearns and Lala. 1982). 

Chimeras were produced by repopulating lethally irradiated parental 

strafn mice with FI strai n bone mdrrow. Resul ts revea1ed a strong 

correlation of the extent of chimerism between typical decidu,al cells 

and known marrow derived e1ements such as deci dual macrophages and 

splenic lymphocytes, indicating that decidual ce1ls in these anima1s 

were ultimate descendants of the bone Marrow. It.has further bee0 

shown that typical decidua1 cells, appearing during pregnancy. share 

certain surface markers su ch as Thy-1 and FeR and mac-1 with 

lymphomye1oid ce11s but lack marlcers su ch as surface immunoglobulin 

(lg), I-A, I-J, Lyt (Kearns and Lala. 1984). Ttlese investigators have 

a1so identified unique tissue specifie surface markers on decidua1 

cells, recognized by monoclonal antibodies raised in this 1aboratory 

(Kearns et al, 1985 a.b). Based on these studies, decidual cells can 

now be listed amongst other immunoregulatory 'stromal type marrow 

derived cells such as epidermal Langerhans cells. epidermal dendritic 

cells and dendritic reticular cells of the lymphoid organs. The 

immunoregu1atory properties of ~ecidual cells will be summarized 

later. 

" 
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1.4 Mechanisms Proposed ta Explain ,the Nonrejection of the Allogeneic 
Feto-Placental Unit 

The mechanisms proposed may-be operating at the level of the graft 

(conceptus), host (mother) or graft-host junctfon (fetomaternal tissue 

interface) . 

1.4.1 Mechanisms Related ta the Graft or the Conceptus 

The conceptus constitutes three elements.a) the embryo b) the 

fetal membranes and c) the placenta. The question of antfgenicity and/ 

or immunogenicity of each of these components will be discussed. 

1.4.1.1 The Embryo as an Allograft 

Both major and minor hi stocompatibi 1 i ty anti gens have been 
\ 

detected on the cell surface of post-implantation embryonic tissues 

from mi dgestati ona l embryos (Edi di n, 1972; Jenld nson and Bill i ngton t , 

1977; Ki rkwood and Bill i ngton. 1981). These embryos are cons i dered 

antigenic because they possess hfstocompatibility antigens. 

Inmunogenicity refers ta the ability of these cells ta evoke a cellular 

and humoral inmune response agai nst the forei gn surface anti gens. The 

inmunogenfcfty of post implantation enmryonic tissues has been clearly 

demonstrated by the exchange of grafts between congenic strains 

(Patthey and Edidin, 1973) and by grafting embryos under the kidney 

capsule in semiallogeneic strains of mice (Simmons and Russell, 1962). 

As far as preimplantatfon embryos are concerned, the fi ndi ngs are 

varfed. Using a cytotoxicity assay. Heyner (1980) observed that early 

morula stage embryos expressed both H-2 and non'-H-2 anti gens. Sorne 

1 -- -r-: - - , 
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investigators observed positive labeling of H-2 antigens on both the 

early and late blastocysts (Muggleton-Harris and Johnson, 1976) whereas 

others observed negati ve label; ng (Hakansson et al., 1975). These 

conflicting results may have been derived from variable specificity of 

the antibodies and the sensitivity of the techniques employed. For 

this reason, this problem was reinvestigated in this laboratory (Lala 

et.al.,1984). The presence of paternal type H!2 antigens were 

examined on murine blastocysts at different stages of development using 

a hi ghly sens; ti ve radi oautographic technique fo11ow; ng the appl icati on 
, 

of radioiodinated roonoclonal antipaternal H-2 K antibody. This study 

showed the presence of paternal type H-2 antigens on the outer-. . 

trophoblast cells of the late roorula and early blastoC}l st, but these 

anti gens were not detectable on the late or preimplantation blastocyst. 

These fi ndi ngs are in agreement wi th B il1 i ngtôn et al. (1977) 

reporting the lack of anti geni ci ty of the conceptus at the time of 

implantation. , 

1.4.1.2 The Fetal Melbranes as an Al10graft 

In the roouse, the yolk sac membrane 15 a fetal membrane which 

cornes into direct contact with the uterus dur1ng an~ following 

implantation (Theiler, 1972). In the human, the amnio-chorionic 

membrane makes the contact with the uterus. In both mouse (Parr et 

al., 1980) and man (Hsi et al., 1982) the fetal membranes do not evoke 

a maternal illlllUne response because they do. not express class 1 or class 

2 antigens. Thus, extraemryonic fetal membranes appear to be both 

antigenicallyand immunologically inert. 

'" ., 
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1.4.1.3 fille Ant1gen1city and/or llIIIUnogenicity of Trophoblast Cells • 

. On the basis of classic studies where 2-8 cell tubal eggs, 3 1/2 

day-oltl blastocysts and EPC were transplanted beneath the renal 

capsules of speci fically presens i ti zed all ogenei c mi ee, Si mmons and 

Russell (1962) concluded that transplantation alloantigens were present 

in the ennryos but that trophoblast cells represented a specialized 

form of embryonic cells that did not express alloantigens on their 

surfaces effectively for them to be rejeeted. Whether the antf geni c 

determinants on the trophoblast eells were absent or masked became the 

focus of ample investigation. 

Since the above studies, the expression of histocompatibility 

anti gens by trophobl ast cell s of both mur; ne and human pl acenta has 

been extensively studied, the results of which have been ve'ry 

controv.ersial. Early studies using serologieal and transplantation 

methods, as reviewed by Edidin (l972) , produced negative results in 

favor of Simons and Russell' s conclus; ons. 

Using the mixed hemadsorption technique (incubation with 

allo-antisera followed by incubation with anti-immunoglobulin (1g) 

coupled to sheep red blood cells (SRBC», B;llfngton et al. (1977) 

detected H-2 and non H-2 antigens on cul tured cell s of the mouse EPC. 

These anti gens were observed between 12 to 15 days of a 21 day 

gestati on period. Usi ng an fnmunoperoxi dase sandwi ch 1 ab~li ng method 

in mice, the se same investigators di d not detect major hi stocompat~ 

ibility antigens on 7.5 day old EPC. In 1977, Sellens found minor but 

not major histocompatibility antigens on 4 day old mouse blastocysts 

outgrowth, wh1ch 1ncluded the trophoblast, when us1ng the m1xed 

" - -- -.' . 
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hemadsorpti on assay. 

Radioautographic studies using high levels of sensitivity and 

specificity for the expression of-MHC antigens on trophoblast cells 

were undertaken by Ghatterjee-Hâsrouni and Lala (1979, 1981). 

Initially. collagenase-dispersed single cell suspensions of mouse 

placentae from allogeneic (CBA~x C57BL/6 cr or reverse) matings were 

sUbjected to a three step sandwich labeling with nonradioaetive goat 

anti-mouse Ig to mask native FeR bound Ig molecules, followed by 

monospecific anti-H-2 antibodi es and then 1 125. 1 abeled goat anti -mou se 

Ig. Later (Chatterjee-Hasrouni and Lala, 1981) a two step sandwich 

labeling was employed'using ~nospecific or monoclonal anti-MHG 

antibody followed by 1 125-1abeled prote;n A. These studies revealed 

that trophoblast cells expressed paternal1y-derived K and D (Glass 1) 

MHC antigens between 9 and 18 days of gestation. On days 12-16, the 

density of class 1 antigens was found to be equivalent to that in adult 

thymocytes of the same genotype, wi th a further 50'1 i ncrease in the 

antigenic density on day 18. It 1s interesting to note, however, that 

these studies as well as those of Jenkinson and Searle (1979) were 

unable to detect the presence of la or class 2 antigens on the 

trophoblast cells u'sing their different techniques. 

Above findings by Chatterjee-Hasrouni and Lala (1979, 1981) did 

not exclude the possibility that these MHG elass 1 antigens may be 

masked in situ or sequestered away from the sinusofdal face of the 

plasma 'Membrane. In fact, a sequestration of H-2 antigens ta the 

parabasal plasma membrane of the epithelfal cells of the small 

intestine was demonstrated by Kirby and Parr (1979). To examine 

trophoblast anti geni city in si tu, Chatterjee-Hasrouni and Lal a (1982) 

.--~-~~-~ * .. ----_ .. -, 
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• introduced IOOnoclonal anti-paternal anti-H-2K antibody directly into 

the individual placental branches of the uterine artery. Quantitation 

~of radioautographic silver grains revealed a selective labeling of the 

sinusoidal face of labyrinthine trophoblast cells in heterozygous 

(H-2k•b ) placentae. while those from homozygous (H_2 bb ) placentae 
1 

remained un1abeled. This finding indicated that paternally encoded 

c1ass 1 antige~s are expressed on trophoblast cells in situ and that 

these antigens lare exposed and accessible to antibodies in the materna1 

blood. Spongi\?trophoblast cells did not show 1abe1ing at 15 min. 

after intraarterial infusion of antibodies. possibly due to the poor 

accessability of antibodies to these cells as a result of a smaller 

size and number of maternal sinusoids in this region. Trophoblast 

giant cel1s were not 1abe1ed. 

Extensive work has also been done on the human placenta. Studies 

using inmunofl uorescence (Fau 1k and Templ e. 1976; Sundqvi;t et al., 
1 

1977), il1l1lUnoperoxidase (Faulk and Temple. 1976; Sunderland et al., 

1981) and mixed hemadsorption (Sundqvist et a1., 1977) failed to show 

appreciable 1eve1s of r~HC antigens on villous trophob1ast cells of 

mature and ear1y gestationa1 placentae. However using a high1y 

sensitive radi'oautographic technique. where single cell suspensions of 

col1agenase-dispersed human placentae (obtained from first trimester of 

pregnancy) were treated with monoclonal anti-HLA-A. B, C or HLA-DR 

antibodies, generated the following results. There was strong label1ng 

of cytotrophoblast cel1s for class 1 antigens in early gestational (5-8 

weeld placentae with a gradual decrease of 1abeling from 9-12 week 

gestation. and no appreciable level of class 2 antigens were detectable 

----~' - - ---.--,.-----.-. - . . " - ------:--"--_._--, 
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on these cells. Syncytiotrophoblast cells revealed no labeling for 

--______ either c1ass of antigen (Montgome'ry and Lala 1983), Clas's 1 antigen 

bearing cytotrophoblast cells were localized in extr,avi11ous and 

interstitial sites (Sunderland et al., 1981). 

These reports, in human and lOOuse, unequivocally demonstrated the 

presence of class 1 but not class 2 MHC alloantigens on trophob1ast 

ce 11 s . Th e ab se n c e of cl a s s 2 mol ecu 1 es ma y ex pla i n th e 1 0 w 

immunogenicity of the trophob1ast. However, the fact that a 

multiparous mother, who has been primed to her fetus, still does not 
-

reject the fetal allograft minimizes the role of the lack of class 2 

antigens in the maintenance of pregnancy. In facto a priming of the 

fema1e with allogeneic cells of the'fetal genotype bearing both class 1 

and class 2 alloantigens does not influence the outcome of allogeneic 

pregnancy (Wegmann et al .• 1979 c). Furthermore, in spi te of the 

presence of class 1 alloantigens, murine trophoblast cells are not 

illlDUnogenic in vivo. Beer and Billingham (1980) suggested that the 

trophoblast behaves as an inwnunologica11y privileged tissue. In vivo 

experiments by several investigators revealed that allogeneic. 

transplants of trophoblast at ectopie sites were nonimmunogenic as wel1 

as refractory to ilJlllunologJc attack (Kirby et al., 1966; Simmons and 

Russell, 1.962; Lanman et al., 1962; Hunt and Avery, 1976). In vi tro 

studies on 10 112 day post-coitum I1IJrine p1acental trophoblast cells, 

on the other hand, have shown sorne detectable iftlnunogenicity {Pavi a et 
-

al.,,1981) as well as susceptibility ta ki111n9 by specifically primed 

T cells (Smith, 1983). However, a major criticism of these studies is" 

that contamination of other antigenic fetally derived cells in the 

trophob1ast cell preparation may have bfased the results. How 

\., ; -:-- --:; --_. - - -----:-1 
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trophoblast cells escape immunological destruction is unclear at 

present and since failure to express appropriate target antigens cannot 
-

be the reason, for the in vivo survival of trophoblast cell s, "ft must be 
-., 

presumed that sorne form of illlnunoregulatory mechanism(s) is responsible 

for the maintenance of the fetoplacental allograft. 

1.5 Mechanisms Related to the f~other (Host) 

1.5.1 Uterus as an Ill111unological Privileged Tissue 

A site is considered immunologically priv;leged if it lacks 

lymphatic channel sand is hence quarantined From the lymph nodes where 

the sensitization against the allograft l'llay occur. Sorne examples are 

the brai n, the anterior chamber of the eye and the cheek pouch of~ the 

hamster. In 1968, Kirby proposed that the uterus was a privileged site 

because allografts placed in close apposition to developing trophoblast 

or deci dual bed duri ng oregnal'lcv slJrvived for prolonged peri ods. 

However, this hypothesis can now be discarded not only because the 

uteri ne endometri um has been found to ha ve a good 1 ympha tic dra i na ge 

(Head and Bil1ingham, 1981) but also because following its 

sensitization to allogeneic skin grafts, there is a second immune 

response generated resulting in the prompt rejection of the graft (as 

reviewed by Beer and Bi1lingham. 1976). Furthermore. in the absence of 

pregnancy, Currie (1970) observed that allogeneic skin,grafts in one - , 
uterine horn incited a transient hypertrophy of the draining lymph 

nodes. 

1.5.2 SysteMic lmaunosuppression in the Mother 

During pregnancy there is clinical and experimental data which 

-
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indicates a weak suppression of the ntJther's f .... nological reactiv1ty. 

This is due to (1) the re1ease of some nonspecific imuunl.osuppressants ---.. 

such as pregnancy assoc1 ated prote; ns, steroi d and prote; n hormones 

produced by the placenta and (2) systemic suppressor cells in the 

pregnant rother. 

1. 5.2.1 Pregnancy Associ ated Prote; ns 

Early pregnancy factor (EPF) i s a pregnancy associ ated protei n 

which 1s found in the serum of humans and mice within hours of 

ferti1ization of the egg (Morton et al., 1974). EPF inhibited the 

rosette formation in vitro (Bach and Antoine, 1968) and pro1onged the 

survival of allografts in vivo (Munro et al., 1971). 

Another pregnancy protein, probably produced by per1pheral blood 

leucocytes is pregnancy zone protein (PZP) (Stimson et.al., 1977). PZP 

was found to suppress the II'ligration of leucocytes ta Bacille Calmette­

Gueri n (BCG) in vi tro (St1mson and 81 âCkstock, 1976) and al so the 

response of peripheral blood leucocytes to phytohemagglutinin (PHA) 

(Stimson, 1980). 

Another candi date protein is SI -glycoprotei n which suppres sed the 

blastogen1c response of phytohemaggl uti ni n i nduced peri phera 1 blood 

lymphocytes in vitro (Smart et al., 1981). 

1.5.2.2. Peri phera 1 Suppressor Ce 11 s 

An examination of peripheral T lymphocyte subsets in 

allogeneically pregnant mice shows an increase in the subsets beari"g 

Ly 2, 3 and I-J phenotype\ possibly indicative of some suppressor 

function (La1 a et al. 1983 a). Chaouat et al. (1977, 1979. 1980) 

__ ~-----' .. 
• 
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reported the generati on of systemic suppressor T cells in mul ti parous 

pregnant nri ce us i n9 a nunme r of in vi vo and ; n vi tro funct i ona 1 as says • 

They observed that the suppressor eell s had Lyt 2 +. la Tan d 1 -J + 

phenotype .and they di splayed MHC res tri ct ion. Nagark.a tti and Clark. 

(1983) have reported specifie suppressor T cells (Thy 1.2 ~ Lyt 1-2 i 
that are distributed systemically in peripheral lymph nodes and spleen 

1 

after a single allogeneic pregnaney in C3H and A stra,in mice. These 

suppressor cell s inhibited the generati on of cytotoxi c cell saga; nst 

paterna l all oant; gen-s. in vitro. In vi va, these suppresso r' ce 11 s 

enhanced the growth of intrauteri ne i nnocula of al1 ogenei c pa ternal 

haplotype P 815 tufior cell s in pseudopregnant compa red ta control 

animal s. 

The systemic illlllUnosuppression resul t i ng from the production of 

innunoregulatory factors and systemic presence oT T suppressor ce.1ls in 

the mother dur; ng pregnancy cannot be cons; dered to protect the fetus 

in vivo because the /1I)ther can easily reject tissue grafts from her 

semiallogeneic progeny during pregnancy without any harm·to the 

fetoplacental unit (Woodruff. 1958). The appearance of suppress~r T 

cell s may indi cate a normal homeos tati c f'esponse of the mother in 

recognition of the alloant;gens of the fetoplacental unit. 

1.6 Mechanislls Related to the Graft-Host Junction (Fetollaternal 
lnterface) 

1.6.1. Masking 

1.6.1.1. THe Fibri noi d Theory 

This hypothesis contends that the trophoblast ce1l surface 1s 

,/ 

1 

1 
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~.~ - mukêd w'rth an amorphous layer of electl'on dense fibrinous mater; al of r . ____ 

• 
( 

- --- ~---

. ---sulfate,r sial;c acid rich mucoprotein (Bardawil and Toy, 1957; Bradbury 
• 

et al., 1965). Currie and Bagshawe (1967) proposed that the fibrinoid 

1 ayer exerted its immu~oprotective function by covering the 

trophoblast's antigenic determinants, or by producing ci negatively 

charged electrostatic barrier whîch would repel similarly charged 
, • p 

maternal lymphocytes. However, this hypothesis is refuted by several' 

studies: 

(1 ) Trophoblast immunogenicity reported after neuraminidase 
.' 

treatmellt(Currie et al., 1968) has not been confirmed by 

1ater studies of Searle et al. (1975). 

(2) Hartinek (1970, 1971) observed that there is an incomplete 

ô 

1.6.1.2 

fibri nOlG layer at the trophob1 asti c deci dual ti ssue 

interface of the human and rat placenta . 

. 
Masking of Trophoblast Antigenic Sites by Other Molecules 

o 

It has been postu1ated,--that transferri n recept'ors found' on thè 

human syncytiotrophoblast plasma membrane (Faulk and Galbraith, 1979a, 

1979b) may act as an antigen masking agent. Another mo1ecule 

considered as a masking agent is uteroglobin (Mukherjee, 1982). ,It is 

proposed that wi th the, hel p of the enzyme transgl utami nase uterogl obi n 

may cross link 132 microglobulin, the light chain constituent of the 

class 1 t-1HC antigen, and hinder antigenicity of trophoblast cells. 

While uterog10bin has been identified 'in only few sp~cies, it is of 

1 nterest that a defici ency of transgl utami nase resul ts in pregnancy 

failure in wornen (Fisher et al, 1966). A ,similar' mask'ing role has also 

• been assi gned to hCG, a product of trophobl ast cell s (Beer and 

'. 
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Billingham, 1979). This hormone is bel ieved to produce a hi ghly 

negative charge on the trophob1ast plasma membrane (Wrez1ewicz et al., 

1977) causing an e1ectrostatic repulsion of lymphocytes. 

, 
• 

1 

1.6.1.3 Role of 810cldng Antibodfes in the Protection of the Fetus 

Blocking antibodies are non-eytotoxic classes of a~tibodie~ wrr1ch 
\ / 

combine with the antigenie sites on target cells and prevent' them from 

further sensitizing the host and from be;ng recognized b~ any 

sensitized effector lymphocytes. The;r role in the protection of the 

fetus was initially suggested ,by the presence of anti-paternal strain 

agglutinins in the èirculation during murine pregnancy (Kaliss and 

Dagg, 1964). B1 oek; ng ant; bodi es el uted fram mi dterm heterozY.,gous 

murine placenta have been ",-eported to enhance the growth of paternal 
'-

strain sarcoma in an antigen specifie manner (Voisin and Chaouat, 

1974). Taylor and Hancock (1975) demonstrated that maternal lymphocytes 

could be activated to killer ce1ls in the presence of trophob1ast cells 

ln vitro. But the killing was abrogated ~ith the addi,tion of maternal 

serum and res tored wi th the remova l of 'Serum 1 gG. 

Several reports have detected a variation in the properties of 

these pregnancy induced alloantibodies; in the human, horse and cow 

they inc1 ude cytotoxi c anti bodi es whereas in the mouse and ra t they 

appear to be non-eytotoxi c in nature (Bell and Bi 11 i ngton, 1981; Smith 
( 

et al., 1982). Ihese antibodies are usually restricted to the IgG2a 

subclass in the rat (Ghani et al., 1984), in the lOOus.e serum (Bell- and 

8,flllngton, 1980), as well as p1acental el uates (Voisin and Chaouat, 

1974). In both rat and mi ce the anti body response was shown to be 
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agai nst the MHC or H-2 and ta some extent to non-H2 anti gens in the 

mguse (Ghani et al. 1984; Bell, 1984). Recent1y, Bell (1984') studied 

seven fema1e mice strains, and on1y three, all H-? b hap10type strains 

were responders after a third 'pregnancy; i.e., produced antipaterna1 

alloantibodies. The remaining four strains produced no detectab1e 

a110antibodies as measured by" mixed hemadsorption assay, even after' six 

pregnanci e~ with male strai ns di fferi ng at combi ned H-2 a nd non H-2 

loci. 

The absence of antibodies against paternal anti gens in some but 

not all strains of mice (Bell, 1984) and rat (Ghani et al .• 1984) 

despi te the presence of MHC di fferences between IOOther and fetus, 1 eads 

to the conclusion that blocking antibodies are not necessary for the 

survi val of the fetop1 acental unit. 

1.6.2 The local Immunoregu1at10n by Ce11 s at the Fetomaterna1 
Interface T 

Since the findings on trophoblast antigenicity or the systemic 

1mmunt! status of th~iff6"ther cannat exp1ai n ,the sury; val of the 
\ 

fetop1acental uni t, the key me~han1sl'!'1 of protect10n r.IUSt be sought at 

the fetomaternal interface. In support of this contention are the 

f1ndings of.eer and Sio (l982) who demonstrated that skin allografts 

at the choriodecidua1 junct10n survive for longer periods. The 

inmunoprotective role may be exerted by the fetal and/or maternal 

components at the fetomaternal interface./ 
, f 

1.6.2.1 Fetal1y Der1ved Cells and The1r Products 

The important role of trophobl ast cells has achieved IIOre 



• 
t , 

l 
1 

( 

_. --- ~.- -~-.....--

- 21 -

attention by the find1ngs of Rossant et al. (1982) who showed that 
\ -

trophob1ast phenotype determines the surviva1 of chimeric embryos 
1 

produced by blastocyst aggregation. Besides possibly unique surface 

membrane properties of trophoblast ce1ls (Chatterjee-Hasrouni and Lala, 

1982), these cells may also exert a local immunoregulatory role. 

Several il1ll1u~osuppressor hormones are secreted by these cell s such as 

progesterone, hCG and human p1acenta1 1actogen (hPL) , a11 of which are 

found at lOOch higher concentrations in the p1~centa than in the blood 
-

(Siiteri et al., 1982). Of these, progesterone remains as the most 

~iable candidate. However, trophoblast cells may produce other 

undescribed illlllUnosuppressor molecu1es (Pav1a and Stites, 1981). 

Trophoblast cells may play an indirect role in local 

immunosuppression (Clark et al., 1983) by recrui tment of local 

nonspecific uterine suppressor cel1s described by Slapsys and Clark 

(1982). These investigators be li eve that duri ng i nterspec i es mouse 

pregnancy fetal death occurs due to a breakdown of the fetomaternal 

barrier because the trophoblast cells have failed to recru1t 'suppressor 

cell s. 

1.6.2.2 Maternally Derived Cells and The1r Products 

Maternal cell s which may have innunoregulatory functions are 

decidual cells and decidua1 leukocytes (lymphocytes and IlIacrophages) 

which constitute the.decidua. In vivo studies by Beer and'Bil1ingham 

(1974) detected that allogeneic skin grafts in decidualized 

pseudopregnant uteri survived significant1y longer than those in 

nondecidualfzed •. uteri. However, skin grafts were promptly rejected 

f 
J 
f 

! 
! 

t 
1 

-' 



» 

( 

L 

- 22 -

when introduced into specifically primed animals. These findings 

suggested that the afferent arm ~nd not the efferent am of the immune 

response was compromised by the decidua. More recently Sio et al (1983) 

extended these studi es ta show tha t ski n a11 ogra fts can be made to 

survive indefinitely if implanted at th~ choriodecidua1 

junction,strongly indicating a local illl11unoregulation by the decidua. 
~ 

An immunosuppressor class of lymphocytes in the pregnant 

endometrium and 1ymph nodes draining the uterus in primigravid mice has 

been reported by Clark et al (1978) and Slapsys an(Clark (1982). They 

are small granulated lymphocytes devoid of T ce1l markers. These cells 

inhibited the generation of cytotoxic T cells against paternal 

alloantigens'in vitro at time of implantation and again during the 

second half of pregnancy. Decidual cells have been reported to 

suppress nlJl tiple illlTlune responses of lymphocytes in vitro~ They were 

found ta suppress the antibody response of normal adult spleen cultures 

to Dinitro-phenol (ONP) polylysine (Globerson et al .. 1976) and 

proliferative response of lymphocytes ta a1logeneic cells (Golander et 
. 

al. 1981). In addition, the proliferative phase of the mixe.d 

lymphocyte reaction (MLR) was inhibited by decidua1 cells (La1a et al., 

1983a) and' their supranatants (Kirkwood and Bell, 1981). In the human, 

purified decidual cells obtained fram early placentae (5-12 weeks) 

suppressed the MLR and generation of ,cytotoxic T lymphocytes in an MHC­

unrestricted manner (Parhar and Lala, 1985). Sim; larl y, dec; dual cen s 

and dec1dual macrophages were found to be capable of suppressing the 

generation of ki11er activity in the natural killer lineage lymphocytes 
, 

migrating into the murine decidua (Scodras et al 1985), which recognize 
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target structure on murine trophob1ast ce11s (Chatterjee-Hasrouni et 

al., 1984). 

Thus, decidual cells and immigrant leucocytes in the decidua 

appear to play a local immunoregulatory role. 

1.7 The Placenta as an Immunological Barrier 

1.7.1 Separation of Maternal and Fetal Circulations 

In every species studied there is no direct vascular communication 

between the maternal and fetal circulations in the placenta. The 

importance of this separation was dernonstrated by Scott and colleagues 

(1973). They surgically anastomosed materna1 ta fetal vascular 
J 

compartments in the placenta. bypassing the dia1ysis membrane of the 
-trophoblast, in the rats, rabbits and gui nea pi gs. lt was found that. 

i rrespecti ve of the degree of genetic compatibi1ity, the fetus would 

die of blood overload within a few days. Siiteri et al. (1977) and 

Beer and Billing'ham (1979) suggested that progesterone produced by the 

trophoblast cells may prevent the fetal capi 11 ari es from penetrati ng 

the trophoblastic tissue and linking up with the maternal sinusoids. 

1.7.2 Placenta as a Barrier to Maternal Cells 

The placenta acts as a general barrier to cellular traffic in 

either direction, but trophoblastic tissue may gain access ta the 

maternal blood. 

In man, and certain other specfes, multinucleate masses of 

syncytiotrophoblast may break free into the maternal circulation. 8y 

the 26th day of gestation onward in man, trophoblastic emboli have been 

observed in the 1ungs, where they disappear without evok1ng an 
( 



• 

f ( 

( 

" 

-. 

- 24 -

illl1lunological response -(Adinolfi, 1975) 

Passage of fetal erythrocytes into the maternal circulation, 

resulting in Erythrob1astosis Fetalfs is known to occur primar11y 

during a second pregnancy (Chown, 1954) !OOst likely du~ ta a passage of 

fetal red cells ta the mother- following placental separation. Transfer 

of red blood cells in the reverse <li rection has been identified in the 

human both during pregnancy and at delivery (Zipursky et al., 1963, 

Woodrow et al., 1971). 

Leucocy_te traffic from the fetus ta the mother during murine 

pregnancy has been demonstra ted by severa 1 i nyes ti gators us; ng r~HC 

antigens (Collins et al., 1981) or sex chromosomes as markers 

(Adinolfi, 1975) but the results hav~ not been reproducible by other 

'; nyew,sators (Rey; ewed by Adi no1 fi. 1975). 
~ 

Leucocyte traffic from the l110ther ta the fetus across the 

placenta1 barrier is a rare phenomenon (Weggmann, unpub11shed data), 

although reported on occasion using cytogenetic markers (Turner et al, 

1966) . Genera 11 y. the consequence of suct) an event i s runt disease and 

death of the fetus. 
~ ~ 

Thus, the placenta normally acts as a barrier to cellular traffic 
• 

in both directions but more important1y from the mther to the fetus • 

.. 
1.7.3. The Placenta as an ImMUnoadsorbent Barrier 

Th i s hypothesi s was fi rs t proposed by Swi nburne (1970) ta ex pla in 

how the placenta protects tne fetus trom potentially harmful ant1-
.. 

paternal (or antifetal) ant;bodies. 

Dur; ng pregnancy, the mother i s cogni zan,t of her al i en 

1 • 
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fetoplac:ental unit and produces maternal antibodies, which are more 

evident in mu1tiparous pregnancies (Bell ,and Bi11ington, 1981), 

di rected aga; nst the fetal MHC anti gens. Ant; paternal type anti bodi es 

have been detected in the placental e1uates (Tongio et al., 1975; 

Ooughty and Ge1,Sthorpe, 1974; Jeannet et al., 1977) somé of which are 

cytotoxic (Taylor, 1973). On the other hand, similar antibodies have 

not been demonstrab1e in the blood of the newborn in severa1 species. 

e.g .• man (Doughty and Gelsthorpe. 1974) and rabbits (Lanman, 1965). 

This would support the ro1e of the placenta in protecting the fetus 

from antifetal antibodies. 

Experiments from the laboratory. of T .G. Wegmann and Ms co11eagues 

(Wegmann et al., 1979a. 1979b, 1980; Raghupathy et al., 1981) were 

designed ta test this hypothesis. Female mice bearing heterozygous and 

homozygous placentae at day 13 and 17 of gestation were injected 

intravenously with a radiolabeled anti-paternal type po1yclonal 

(Wegmann et al., 1979a) or monoclonal (Raghupathy et al .• 1981) H-2 

antibody. The anima1s were sacrificed from 2 hours onwards and the ----rete~tion of radioacti vit y per gram of placenta and Fetus was 

ca1culated. They found a tenfo1d increase in antibody bound to the 
\. . 

al1ogène1c placenta which bears the target H-2K antigen, \llhen compared 

to the syngenei c pl acenta l ack i ng the speci fic anti gen. Si mi l a r 
10t 

results were a1so obtained using the F(~b)2 portion of the monoclonal 

antibody indicating that the selective retention was primarily due to 
, 

antigen-antfbody binding. The peak binding was noted at 8 hours. It 

was suggested that the cells "ithin the placenta possessfng 

paternally-derived class 1 MHC anti gens provi ded an imlftunoadsorbent 
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rol e. However, no preferenti al retenti on of the anti paternal type 

class 2 MHC antibodies was seen. This suggested a lack of cl ass 2 MHC 

antfgen-bearing cells at the fetomaternal interface (Raghupathx et al., 

1981) . 

These authors contended that the illlllunoadsorbent functi on of the 

placenta was l1kely exerted by the trophoblastic epithelium (Wegmann, 

1981) primarily belonging ta the spongiotrophoblast zone (Singh et al •• 

1983). ~lthough some inmunochemical evidence of antibody breakdown 

within the placenta was presented (Raghupathy et al., 1984), the exact 

hfstological localfzation of the initially bound antibody and its 

ultfmate pathway in the rilJrine placenta remained undetermined in these 

studfes. 
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OBJECTIVES 

1 To establish the fdent1ty of various fetafly derived cells 

w1thin the 15d .. rine placenta, which expres·s in sftu the clus 1 

MHC antigens of the paternal haplotype. 

Pre.v1ous studies in this laboratory (Chatterjee-Hasroun1 and 

Lala. 1982) identified labyrinthine trophoblasts as the 

antigen-bearing cells from their binding to antipaternal type H-2K 

antibody ~_situ at 15 minutes after a single injection of the 

antibody via the placental artery. Although 1abeling of 

spongiotrophob1ast and trophob1ast giant ce11s was not det.ctable 

with this protocol, this study did not exclude the possibility that 

the negative findings may have resulted from a poor access of the 

antibody due to a paucity of sinusoi ds in these areas and that a 

longer interval may be needed for the antibody to reach these sites. 

For this reason, the present study followed the specific in vivo 

1 abeling pattern of va ri ous cell s wi thi n the pl acenta at frequent 

"intervals for a longer time period (2, 5. 15. 30 min, 1 hour and 2 

hours) after a single intravenous in~ection of antipaterna1 type' 

monoclonal H-2K antibody.' This was carried out with the al?plication 

of quantitative radi oautographv to tissue secti ons at the 11 ght 

microscope level. A systemic (intravenous) rather than a local 

(intraarteria1) route was chosen by necessfty to keep the animal 

alive for a longer duration of the experiments. 

2 To fdentify tentatfve1y the cell s in the '15d .,rine placenta 

whfch .y perforai the f-..noadsorbent funct10n in 11.1t1ng <the pas­

sage of ant1feta1 type H-2 ant1bod1es frœ the .,ther tG the fetus. 
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Wegmann and h1s associates (Wegmann et al., 1979a, 1979b, 1980; 

Raghupathy et al., 1981) have demonstrated the ab ove specif1ed 

function of the placenta at 13-17d of gestation in another mouse 

strai n from a selective retenti on of radi oacti vi ty by the hetero­

zygous placenta after an intravenous injection of radiolabeled 

antibodies. However. their studies were confined to longer time 

in'tervals (2-24 hr) after the antibody injection. It 15 possible 

that during the first two hours the specificaHy bound antibody may 

have .already been processed by the cells in the placenta. For this 

reason the current study was performed at earlier time intervals to 

evaluate whether (a) there was a higher uptake of the radioactivfty 

by the ~eterozygous placenta than th~ homozygous placenta at these 

intervals and (b) such an uptake represented a selective 

immunoadsorbent function of the placenta in prevent1ng the entry of 

harmful antifetal antibodies into the fetal circulation. This was 

investigated by a measurement of the whole placental radioactivity 
1 

relative to that of the fetus in allogeneic and syngeneic pregnancy. 

Although Wegmann and his associates have suggested t~at 

spongiot1'ophoblast cells'perform the imnunoadsorbent function (Singh 

et al.,1983) a precise IIOrphological identity of the cell type(s) 

whic~ play th(s role refRains ,to be establ1 shed IIOre fi1'.ly. The 

present study has attempted to ident1fy those cells at the light and 

electron microscope level. 

--------------
3 To explore the role of Fc rec:eptors (wh1ch are .ndant 1n .,st 

cells of the placenta) 1n the binding of IgG class ant1bodfes 1n 
general, as opposed to H-2 related bfndtng of such Intfbod1es. 
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This was clone from an evaluation of (a) in vivo retention of 

radiolabeled unrelated anti-H-2KX antibody within the h~mozygous 
, 

C57Bl/6 placent~ used as controls (b) in vivo retention of 

radiolabeled unrelated anti-HLA-DR antibody within (C57BL/6, x 

C57Bl/61) and (C57BL/6f x CBA" placentae (c) in vitro labeling of 

placental cells with radiolabeled anti-H-2Kk and anti-HLA-DR 

antibodies under different labeling conditions (e.g. at different 

temperatures; in the presence of excess of IgG. or non radioactive 

H-2KK anti body L 

4 To examine at the ultrastructual level (a) the 10calfzatfon of 
H-2 antigenfc sites on the trophoblast plaslIIa naembrane and (b) the 
subsequent movement of the label after the initial b1ndfng of the 
radiolabeled antibody ta the plasma .embrane. 

Previ cus studi es in thi s labora tory { C hatterjee-~asrouni and 

Lala 1982) have demonstrated a preferential localization of the 

radioactivity in situ on the sinusoidal face of labyrinthine 

trophoblast cells at the light microsc'Ope level at 15 min after an 

intraarterial injection of radiolabeled antipaternal type H-2K 

antibody. Thë current study. at the ultrastructural level. 15 an 

extension of this work ta examine whether H-l antigenic sites are 

indeed located on the sinusoid lining plasma membrane of the 

labyrfnthine trophoblast. and whether other fetall y derived cell S 

(inclusive of other troDhoblast celi types) exhibit specifie , . 
labeling of the plasma menmrane. Fi n'a 11 y. an attempt was made to 

characterize the 1 .. unoadsorbent funct10n of the placenta by an 

ultrastructural follow up of the labe11ng sftes of those cells which 

were found to show a strong retention of the labeled ant1body at the 

light ancroscope level. 
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PART 2 MATERIALS AND fETHOOS 

2.1 Mice 

Inbrèd C57 BL/6J females (H-2 b ) and CBA/6 males (H_2k ) mice 

(8-20 wk.s of age) were obtained from Jackson Laboratories (Bar Harbor, 

Maine). CS7 Bl/6J f mated with CBA/6 ~(b x k) provided the all0gen~fC 
mat i ngs whereas the' CS7 BL/6 J! mated wi th C57 BL/6 J cl (b x b) 

provided the syngeneic I1Idtings. Pregnant niceDwere sacrHiced at day 

15 of gestation. The day of appearance of a vaginal plug was counted 

as day 0 of pregnancy. 

2.2 Antibodies and Immunoglobulin 

Monoclonal anti-H-2 k. K (IgG
2a

) anti body '1 mg/ml; Becton 

Dickinson and Co., Mountainview, Ca1ifornia) was used for these 

experiments. This antibody has been previous1y charaeterized (Oi et 

al., 1978). Monoclonal anti-HlA-D~ (lampson and Levy 1970; Clone L243; 

Heavy chain IgG
2a 

) was purchased fram Becton Dickinson. Sunnyvale, CA. 

Affinity purified mouse IgG (5 mg/ml) was obtaine~ from Cedarlane 

Laboratories ltd., Hornby, Ontario. 

2.3 Radioiodination 

Antibodies were coupled ta carrier free Na~1125 (specifie activjty 

1. 5 x 10 7 ~C i /mg, concentrati on 100 me i /1111; Charl es Merck F ross t Co., 

Montredl, Que.) by a modification of the chlora.ine T lIethod of 

Greenwood et.al., (1963). 

The affinity purified monoc1ona.1 antibodies lIIere .ixed in 251*9 

(in 25~1) aliquots on iee with l.ll1ei (11 -15,,.1) Na - 1125 and 

coup1ed by the addition of 5 Ji1 chlora.ine - 'r (2 .g/1I1 in dist111ed 

, '>"7,-'-" --
l' _'fti,. " , 
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water (d H20).' Eastman Kodak Co., Rochester, N.Y.'. After 10 min. the 

reaction was stopped by adding 5)'-1 potassium metabi'sulfate (4.8 mg/ml 
" 

in dH
2
0; J.T. Bak.erCo., Phillipsburg, New Jersey) and 20,.1 0.1 M 

potassium iodide. 

Fractionation through a Sephadex G-25 gel filtration column 

(Pharmacia. Dorval, Que.) separated I l25 -bound protei n and free 
'T 

Na-r 125 . The column was prepared by pouring the preswollen g~l (3 g 

G-25) in 30 ml O.l~ Bovine Serum A1bumin (BSA; Gibco, Grand Island, 

N.Y.) 'in PBS pH 7.3,3 hrs at room temp.})into a vertically secured 10 

ml syringe. prepack.ed with a layer of glass wool to retain the gel. 

After 20 mls of 0.1~ BSA-PBS ran through the gel, a cut circle of 

filter paper (Whatman Il) was placed on the gel surface to stabil i ze 

the gel bed. A 21 gauge needle attached to the syringe controlled the 

flow rate. The iodination mixture was applied ta the column when the 

fluid level had reached the surface of the gel. Once the mixture 

passed through the filter paper it was eluted through the column with 

0.1\ BSA-PBS, pH 7.3. Thirty fractions at one minute intervals were 

collected and the activity in 5 ~ aliquots of each tube was counted in 
'.1 

a Gamma Counter (Gamma 4000; counting efficiency 72\, Beckman 

instrul1lents. Ful1erton, CA). Fractions containing the first peak of 
1 

activity were pooled and stored under sterile conditions at 4·C. The 

specifie activity yielded was between 24-441'1/)1g, the average being 

36 J&i /)#J. 

2.4 Perfusion Appara~s 

Hooked up to a T bar, were two one litre infusion bottles, one 

f111ed with 2.5\ glutaraldehyde in sodiUM cacodylate (Na Cacod.) and 

'l -, .; -,--:. ____ l 
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the other bottle with 0.2M Na cacod. buff,e'r only. These bottlés were 

hung vertically with their;mouths facing down connected to a "Venoset 
". , 

78" infusion set (Abbott Hospitals rnc., Chicago, IL). The perfusate ... 

could be control1ed to'flow down thê infusion line at â~rate of 'one 

drop/sec by manipulating the valve. The two tubings were connected to 

each other at the T junction and thus fluids in both these lines would 

flow into the same 20 1/2 gauge needle. All air was removed from the 

system prior'to perfusion. 

2.5 Intravenous Injection of Antibody (Flow Chart 1) 

All pregnant animals were warmed up with an infrared lamp for 5 

min. ta cause vasodilation prior_ta the injection of antibody into 

their tail vein. Each animal was injected. using a 30_1/2 gauge need1e, 

into the lateral tail veins with undiluted monoclonal anti-H-2k K 

. 
antibady. The vQlume varied depending on the totar-êôirnts per minu·te 

(cpm) and specifie activity of the pooled antibady fractions. The 

total protein bound activity injected into each animal ranged between 

116-140 ~i (on IOOst occasions 127 )lCi) in 0.25 - 0.3 ml volume. Prior -
, 

to perfusion, the mice were anaesthetized w~th ether. A midline 

ventral incision was made to expose the thoracic and abdominal 

cavities. At precisely 2 min., 5 min'., 15 min., 30 min., 1 hr and 2 

hrs after the injection of antibady, the mice were perfused through the 

left ventricle wit~ 0.2'" Na cacod. buffer unti,l the' placentae had 

visfbly b1ancheâ (2-4 min.). This washin~ of free unbound antibodies 

fram the placenta was il1l1lediately followed by .perfusion" for 15 m1n. 

with 2.51. gluteraldehyde in 0.2 " Na cacod. buffer, "pH 7.3. 
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FLOW CHART 1 

1 

.7 C~7bl/6(H-2b) i mated with CBA (H_2K) tfor C57bl/6 (H-2b) ri' 

mothers carrying ~5 d old heterozygt~S (experimental) 
or homozygous (control) p ~centae 

Intravenous' injection of 112S·-1abeled IOOnwonal anti H-2Kk 
antibody (3.3 \.19 in 0.25 ml, sp. act. 38.5 Ci/g) 

sacrif;ce at 2,5,15,30,60 and 120 min by intracardiac 
perfusion of 0.1 M Na-c.acodvlate butfer 

"fol10wed by 2.5~ glutaraldehyde 

1 
, co 11 ect pl acentae, fi x further by il11l1ers ion, wash wi th buffer, 

. dehydrate and embed in epon ' 

U1 trathl n secti ons 
l , 

~ Semithin sections 
1 . 

o ' 

LM rad; oautography 
(9-10 wk exposure) 

Compute gra in dens i ty 
on' cells/unit area 

Eti rad; oautography 
(7-9 md exposure) 
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In a nUnOer of pregnant animals, 5 ,.' vol ullles of or,bital venous 

blood was collected at short intervals (2 m1n-6 hr) after an' 

intravenous injection of radiolabelled antibody to follow the activity 
, 

of, the isotQpe in the blood. These animals were sacrificed at 6 hrs. 

2.6 Histolog.cal 'Preparat10n (Flow Chart 1) 

Pre~aration of tissues: Follow;ng the fixation by perfusion with 

2.5':. gluteraldehyde, the placentae were detached from the Fetus by 

severing the umbi lical cord and removing the yolk. sac and amnion; 

remaining was the placenta. The Fetus corresponding to each placenta 

and a small piece of the midquadrate lobe of the liver of each pregnant 

mother was also removed and washed 3x in D.2M Na cdcod. buffer. These 

tissues were then refixed in 2.5% gluteraldehyde by overnight il1lllersion 

at 4°C. The next day the tissues were washed 6x for 10 min. in Na 

cadod, washing buffer (100 ml s 0.2'"1 Na cacod.) blotted free of 

moi sture, weighed.~l)d a one minute gamma count of radioactivity was 

obtained on the GalTllla counter. 

Only the placentae were processed further for li ght and electron . 
mi croscope radi oautography. . ' 

Placentae were.eut into 1 to 2nvn trapezoid shaped pieces allowing 

dn orientation of the fetal and maternal 'sides durdng further 

processing for sections. Tissues were post-fixed for 1 1/2 hrs in 2$ 

osmium tetroxide containing 1.5\ ferrocyanide (1:1 v/v 4ï. osmium 

tetroxide : D.2M ferrocyanide at 4·C). They "'ere then dehydrated by 

fllll1ersfQn in increasing concentrations of ethanol (2 x_5 mi n.: 50~, 

70~, SOt, 90t, 95ï. ethanol, 3 x 10 mi n. 100" ethanol). Dehydrated 

tissues were then passed through 1001, propylene oxfde for 20 minutes. 

Subsequently, they were in-fiTtrated with increasfng concentrations of 

Epon (Epon 812 If1r" dodecenyl succfnyl anhydride lOg, nadic methyl 
o 

anhydride 8.6g and 0.8 ,"15 DMP-30 catalyst) by immersion in 
, 

epon-propylene ox ide ui xtures ~f 1:1 Vi/V overni ght, 2: 1 overn1 ght and 

, 1 
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pure epon (free from bubbles) overnight. Tissues were embedded using 

the eone headed capsules and removed From a 60·C oven after 72 hrs. 

of polymeri zation. Each block was later trillliied to be eut. 

2.7 li ght Microscope P'reparations 

Semithin (0.5 pm) sections of the blocks were cut using glass 

knives on a Reichert OM-US u1tramicrotome (Reichert. Austria). 
~ 

Sections were floated on d HZO and transferred onto a c1ean glass 

slide. Five sections were placed on each slide which was then heated 

at sboc on a hot pl ate for 1/2 hr to make the sections adhere. Pri or" 

ta rad,ioautagraphy. these secti ons were sta i ned llii th iron al um 

hematoxylin. Slides placed on hot plate maintai ned at 80-,85·C were 

covered with iron al um (5% aqueous ferric anmnium sulfate) for 15 IIi n. 

They were then washed with d H20 and sta; ned wi th Regaud 1 s Henaatoxyli n 
~ 

for 5-10 min., washed and differentiated with tap water for 3 1II1n •• 

rinsed and air-dried. 

2.8 Electron Microscope Preparati ons 

Ultrathin sections were cut .ith a diallOnd knHe on a lK8-Huxley 

u1tramicroto:'le (LKB Instruments, Inc., Rockville. tIl). Three groups of 

sections were placed on s~ides coated with l~ {Y/v) celloidin in 

i sopentyl acetate. - Sl ides were carbon coated pri or ta radiolutographic 

processing. 

2.9 light and Electron Microscope Radioautography 

For li ght microscopy. sections ".,unted on slides were coated .nth 

Kodak NTB-2 nuclear emulsion (Eastman Kodak Co., Rochester. N. Y.) and 
• t 

processed by, the ethod of Kopriwa and leblond (1962). All definite 

data was derived frOll a 60 day exposure tille. 

." -~--
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( 

" 

r :; 

1 
!~ 
l ,(. l 

l '-, 
! 

• 

- 35 -
~: 

For electron microscopy, slides containing carbon coated sect10ns 

were coated wHh Ilford L-4 emulsion (Ilford Ltd., Ilford, Essex, 

England) and processed by the method of Kopriwa (1973). Exposure times 
'i 

ra~ged between 7 and 10 months. Oevelopment was carried out for large 

filamentous grains with Kodak 0 198 chemical developer. Following 

development and fixation, the sections were lifted and transferred to 
, 

300 mesh copper igri ds. These gri ds were then immersed in gl achl 

acetié acid for 3 min. to remove the celloidin and then PQst stained 
, 

in aqueous 4% uranyl acetate for 5 min., washed in double d H20, 

stafned in Reynol ds lead ci trate for 2 mi n., ~ashed, and dri ed on 

filter paper. They were el(arnined under ei ther a Siemens 1 ,A or JEOL 

JEM 100 ex!'! electron micros~pe. 

, 2.10 Analysi s of Rad; oau~raphic Preparations 

Placenta' sections were scored under the light mJcroscope using an 

eyepiece mkrometer grid. Using a magnification of lOOOx, grains were 

counted per unit area of 76JAm'. The results are expressed, as the 

absolute number of grains per unit area of various cells wHhout the 

2 
subtraction of background. At Jeast 1000 unit areas of 76)Am were 

scored over the trophoblast cells. For other cell types, decidual 

lumen and fetal endothelium, 300 to 1000 areas were scored. Data was 

der; ved from 6 p lace-ntae per ; nterv! 1 each pertai ni ng to syngenei c or 

allogeneic pregnancy. 

Electron microscope radioautographs were evaluated ~ual1tatiyely. 

That is sections were scanned and the localhation of silver grains 

w;thin fIlIrine placentae was documented. 
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2.11 Preparation of Single Cel 1 Suspensions 

2 . 11.1 Sp 1 een 
, 

The organ was removed, rinsed with ice-cold minimum essent1al 

medium (HEM, Grand Island Biological Co., Grand Island, New York) 

containing 10" newborn calf serum {lO% MEr1-NCSl, minced with a pair of 

Dewicker's Iris scissors and gently passed through a stainless steel 

sereen (80 mesh/inch 2 ). The cell suspension was centrifuged at 400g 

for 7 min. The supernatant contai ni n9 debri s was di scarded and the 

pellet was resuspended in 10% MEM-tJCS. One ml NCS was layered 

underneath the resuspended cens and al10wed to stand at 4°C for 5 min.' 

Cell clumps and debris settled below the ;nterf~ce. The top layer, free 

of debris. was collected, centrifuged at 400 9 for 7 min. and the 
(1 

pellet was resuspended in 10% HEM-NeS for cell and gaJm\a counts. 

2.11.2 Placenta (Flow Chart 2) 
, 

Fifteen day 01 d p1acentae were removed. ri nsed and mi nced i nto 

small pieces ",ith Iris scissors. They were incubated at 37 a C in 

approxirnately 50 ml s of 0.3% col1agenase (Sigma Chemica1 Co •• St. 

Louis, r1o.) made up in CaH.Mg++ free phosphate-buffered sal ine(PBS pH 
( 

7.4) containing 0.02 '% disodiur.t ethylene diamine tetracetate for 45 

min. in a 37"C shaking water bath. The dispersed cells were then 

centrifuged at 400 9 for 7 min. The supernatant was removed. the 

pellet was resuspended in 0.168 M NH4Cl for red cell lysis. layered 

over 1 ml of NeS for c1ump removal and centrifuged as before. Thfs 

wash through NeS was repeated twfce more. The final pellet was 

resuspended in 0.5 111 s of 10~ HEM-NeS and after a ce 11 cou nt (i n the 
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1 FLOW CHART 2 

Mi nce, 
15 d~y heterozygous and homozygous 

pl acentae 

I~cubat~+with 0.3% collagenase 
tn Ca .,.. -r<19 - free EOTA (a .02%) at 37°C 

Spin at 4i g 7 min, 
Wash ; n 10 MEM-NCS 

• ErythrocJe lysis 
(0.168 M NH 4Cll 

'Cl ump j'lOval 

Retaf ned radioactivi ty 
counted wi th a galllRa counter-
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Coulter C6unter) the cell bound radioactivity was .determined from a 

ganma count for one mi nute. 

2.12 Experiments Testin~ the SpecVici ty of Ant1-H-2K k Ant1body 
Binding to the H-2k Oetermi nants on Placental Cell s. 

Severa 1 experi ments conducted in vi vo and in vitro were de s i gned 

to examine the specificity of the IOOnoc10nal antibody binding to the 

target paterna 1-type MHC ant; gen. Heterozygou s pl ace ntae re sult i ng 

from allogeneic mati ng shoul d express the paternal-type H-2k K anti gen .. 
whereas homozygous pl acentae resul t i ng from sy ngenei c :nati ng shou l d 

not bear the target antigen. Hence any preferential labeling of the 
, 

heterozygous placentae over that of homozygous p1aeentae shoul d be due 

to antibody binding to the antigens, rather than antibody binding by 

other means ego vi a Fe receptors . 

2.12.1 In Vivo Binding 

The overall antibody binding to the placenta was initially 

analysed by comparing the bulk counts of homozygous and heterozygous 

placentae (cpm/g) following perfusion fixation. 

Labeling was further quantitated at the cellular level in light 

microscope radi oautographi c prepa rat; ons of bpth pl acental ty pes to 

provide information on 1) paternal-type H-2 related label ing of 

placental cells 2) the 1abeling pattern of various cell types with 

time and 3) possible non H-2 related label ing. 

Labeling at the electron microscope level was studied to colle·ct 

qualitative rather than quantitative information of the subcel1ular 

pathway of the label fo11owing the initial binding of the antfbody to 

the ce11 surface H-2 antigens. 
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Non H-2 related binding (eg. via Fc receptors) was also tested b"y 

the intravenous injection of a mouse monoclonal anti body to human 

HlA-DR antigens, isotype IgG2a' t1ice ,injected with 0.23 ml (9.8 x 107 

cpm equivalent of 127 )f-i of radiai odinated HLA-OR were sacri fi ced at 

various time points by intracardiac perfusion in the same manner as 

descri bed earl i er. The placentae were washed, wei ghed and counted for 

1 mi nu te wi th a gamma counter. They were not processed for 

radi oa u tography . 

2.12.2 In Vitro Binding 

1. Although the binding specificitv of·the roonoclonal anti-H-2K 

antibody ta the H-2K antigens was commerc; ally tested, we dec; ded to 

reascertain the specificity of the antibody by incubating 2 x 10 6 

cells (in 100.Pl) from the spleens of (C57Bl/6 x CBA) Fl and CS7 BL/6 

mice with 100 JAl (~) of MOnoclonal I125_H-2Kk at 4°C for 30 minutes. 
r 

The single cell suspension was washed through several layers of NCS, 

centri fuged and the pell et was counted wi th a gamma counter. The 

results are presented in Table 1. 

2. Ten mi 11; on collagenase di spersed cell s from heterozygous and 

hornozygous placentae were incubated with 100 pl (1 ).Jg) of unrelated 

radiolabeled antibody, 1125-HLA-OR (3 x 10 6 cpm) at 4"C for 30 minutes. 

This step was designed to examine the extent of non H-2 related binding 

via the Fe receptor. The cell s were then washed 3x, centrf fu ged and 

the radioactivity of the pellet was rœasured with a ganwna counter. 

3. Temperature during bindi ng has been reported to affect the 

b1nding characteristics in vivo and in vitro of antibody molecules to 

various cells. Since all our in vivo labeling experilllents were done at 

- - ---.~ ~ . ,. ~ ... . ~, 



• 
~: 

t~ 

.Il 
'! , 
'; ;. 
li 

t . . ' 
t 
j, 

1 , 
J-

i 
l .-
t 

1 
~, 

...... 
(~ 

( 

-39 

TABLE 1 

ln vitro binding of radio1abeled monoclonal 
anti -H-2Kk antibody to spl een cell s' 

Animal Strai n Total l30und cpm 

CS7 BL/6 x CBA 7225 + 657.6 

CS7 BL/6 x C57 Bl/6 189.5 + 84.1 

& 2x10 6 splenocytes were incubated with 3x10 7 cpm in 1" 
of 1125 -anti H2K k anti body at 4 Oc for 30' mi n. 
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body temperature, we compared the in vitro labeling of cell suspensions 

of heterozygous and homozygous placentae at two different ternperatures: 

4D C and 37°C. Cells were incubated with 1 125_H_2K k antibodv at these 

tefl1peratures for 30 min., washed 3x and then ga1lllla counts were taken. 

4. Sigl\ificant non H-2 related binding, possibly via the Fe 

receptor, was a cOlll1lon finding· in our in vivo experiments. Thus, to 

gain some insight into the affinity of antibody binding to H-2 

antigenic sites as compared to Fc receptors on the cell membrane, a 

displacement experiment 'l'las designed in ",hich excess non radioactive 

monoclonal H-2K kwas added to the incubation medium along with the 

l 1251abeled H-2K k antibody. Briefly, 20 x 10 6 heterozygous or 

homozygous placental cells were incubated with 1}'9 of 112~H_2Kk 

together w;th 10p.g of cold H-2K k at 4
D C for 30 min. The control 

experiments were substituted with equal volumes of 10$ MEM-NCS. Tilese 

cell s were washed and then the radi oact; vi ty was counted ; n a gamma 

counter. 

$imilar experiments were a150 conducted as above using excess 

mouse IgG (Smg/ml) at 4°C and 3rC to evaluate the influence of this 

procedure on antibody binding te heterozygous or homozygous placental 

cells at these two temperatures. In thi s experiment 20 x 10 6 

placental cells were first incubated with 38'1 (188)'9) of lOOuse Ig at 

4°C or 37°C for 30 min., after whieh the cells ~ere washed through few 

layers of NeS and then exposed to 100 pl (1 PJ = 20 x 106 cpm) of 

1125H-2K k antibody at 4D C or 37·C. The cells were later washed and 

prepared for gaillna counts. 
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2.13 Stat1stic.l Evaluation 

Signifieanee of differences in the .an .. lues wre evalulted vith 

the students two-suple t-test (Sp1ege1, 1961) calculated by 1 Carl 

Zeiss v1deop1an ca.puter (Don M111s, Ontario) . 
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PARr 3 RESULTS 

3.1 Histological Features of the Murine Placenta on Day 1S 

A brief illustrative sunnary of the histological features of the 

various cells of the 15 d IIlIrine placenta, the trophoblast cells in 

particular s is provided here before their labeling patterns are 

analyzed. 

The labyrinthine trophoblast zone (Fig. 3) is primarily composed 

of labyrinthine trophoblast cell s lin; ng large maternal sinusoïdal 

spaces. As sho~n in Figures 4 and 5, these cells are large, usually 

uninucleate, occasionallv bin~cleate. and their cytoplasm often 

protruding into the sinusoids. Isolated macrophage type cells are 

occasionally interposed between trophoblast cells and fetal capillaries 

'fhich are usually abundant in this zone. 

The spongiotrophoblast zone (Fig. 3) is a compact layer of 

spongiotrophoblast cells l;ning fewer and srnaller sinusoidal spaces. 

As shawn in Figures 4 and 5, these cells are larger, uninucleate and 

polygonal in shape. This zone, in sorne areas, exterids as villous 

shaped projections intq the labyrinthine zone and also ma\es contact 

with the maternal decidua. Fetal stromal cell cl usters often remai n 

within the core of the projections appearing in the labyrinthine layer. 

In certain planes of section, these vill ous or tongve-shaped 

projections may appear as islands of stroma 1 cel1s \IIi th a surroundi ng 

llantle of spongiotrophoblast cells located within the l'abyrinttline 

zone (Figures 4 and 5). Tentative iden-tHication of these stromal 

cell clusters as beirig fetally derived in origin 1s justified later 1~ 
this thesis. J 

" . 
" 

-~~ --~- ---- -- ~--~--



• 

/ 
\ 
\ . 
'. 

\ 

°1 ' 

. 

l __ " 

FIGURE 4 
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Sellithin sections through various regions of the 15-day old 

lIUriné placenta. Sections were stained with Iron heraatoxylin 

(a) LOlIf magntfication of the various areas in the placenta. Note 

the slIall fetal stroma1- cell cl uster situated wi thi n the" 

1 abyri nthi ne zone (arrow). 

o - Deci dual cell area 

LTZ - Labyrinthine Trophoblast Zone 

'; srz - Spongi otrophob 1 as t Zone . 

(llagnification x 189) 

(b) Low _gnification of a cluster of fetal strœal cells (arrows) 

sftuated within a 'sheath of spongiotropnoblast cells extending 

fnto the labyrfnthfne zone. 

ST - Spongiotrophoblast cel1.s 

(_gnificati on x 189) 
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FIGURE 5 

Semithin (0.5)lm thick) Epon $ections through different 
regions of 15 day-old IYlIrine pla~enta. Sections were stained • 
with Iron-hematoxylin. 

(a) Labyrinthine zone. 

C - Fetal capillary lumen 
E - Fetal endothelial cell 

LT - Labyrinthine Trophoblast cell 
S - Maternal sinusoid 

(magnification x 1000) 

(b) Spongiotrophoblast zone 

ST - Spongiotrophoblast cells 
o - Decidual cells 

(magnification x 400) 

(c) Radioautôgraph showing fetally deriva.4 stromàl cells located 
within a mantle of spongiotrophoblast cells. These cells 
(arrQwheads) are characterized by cd1ttaining a higtlly 
vacuolated cytoplasm and ~onvoluted nucleus. 

C - Fetal capillary lumen 
LT'- Labyrinthine trophoblast cell 
ST - Spongiotrpphoblast cell 
S - Maternal sinusoi d 

(magni fication x 480) 

(d) Radioautograph of a section through the lateral region of the " 
p,lacenta 

''\, -.1, ..... -" ....... 

En - Yolk. Sac Entodennal Cell 
RM - Reichert's Membrane 

(~gni ficati,on x 400) 
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Trophoblast giant cells (Figures 3 and 6) are interposed as an 

incolllplete layer between the spongiotrophoblast cells and the decidua, 

and embed into the decidua. These cells are extremely large, and may 

appear 1IIJ1tinucleate. , 

Maternally deri.ved decidual tissue is the key maternal component 

of the fetomaternal interface. This tissue consists primarily of 

typical stromal type "deei dual cel 1 s ~ and infi ltrati n9 leu..cocytes. 

Oecidual eells in semithin sections fo110""in9 the use of fixatives as 

described in the materials and methods, 'show nuelei sitting in 

eytoplasmic boundarie! lIIhich appear essentiiHly as empty spaces due to - , 

the 10ss of lipids wtlich abound in these cells (Figures 4, 5 and 6), 
? 

On the feta.l side of the placenta lies the entodermally derived 

fetal yolk sac which is eomposed of two layers: parietal and vi sceraL . 
The parietal layer with the intervening Reiehert's membrane (a thick 

layer of basal lamina) abutts on ta the labyrinthine trophoblast cells. 

Yolk sac endoderllla 1 cell sare cuboi da 1 in shape wi th round nucl et 

(Figures 5 and 6). Occasionally free Macrophages may be seen withtn 

the 101k sac cavity. 

3.2 Radioactivity in the 8100d 

Radioacthfty in the orbital venous blood ~les ..ere deterrafned 

at vari DUS inter v a 15 after a si ngl e i ntra,venou s injec t iln of. 

I125-labelled IIOnoc10nal anti H-2Kk antibOdy in mice at 15 d of 

s1ngenefc and al10geneic pregn.ocy. Resu1ts _re expressed as percent 

injected <1'adi~ct1vity/ill of blood (Fig. 7). 

Assulling a total bl00d vol.,. of ipprox1_telv 2 .1 in t'tese llice' 
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FIGURE 6 

Semithin Epon section through the lateral regions of 15 lfay gestation 

muri ne placenta. 

" ' 

( a ) D - Deci dua 1 ce 11 S ". 

G - Giant Trophoblast 

(magnif;catio~ X 40û) 

(b) En - Yoll< sac Entodermal' cells 

Rr1 - Re; chert' s Memrane 

(~gniffcatfon X 1000) 
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Blood clearance of I125-anti-H-2Kk antibody as a funct10n of 

t1me in lS-day pregnant fema 1 es. Each time pof nt i s an average 

of two animals. 
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at day 15 of gestation (8~ of 25 gm body weight). the theoretical 

extrapolated zero tille value in the blood/Ill should be 50%. 

In allogeneically pregnant miee, the elear~nce of radioactfvity 

was very rapid during the first 5 minutes (T 1/2 of about 1. 7 minutes) 

followed by a small rise between 5 and 15 min. The activity then 
1 
• 

dec1ined more slow1y (T 1/2 :; 1.5 hr) up to 1 hour, fo11owing \IIhich the 

decline was extremely slow. 

In syngene;ca11y pregnant anima1s, the initial clearance was at a 
) 

similar rate up to 2 minutes, followed by a minor rise between 2 and 5 

minloltes .. The second slow phase of the dec1;ne, in this case, was 

between 5 min. and 1 hour, occurring approximately at the same rate as 

noted for allogeneie pregnancy. Fo11owing this perfod, the declfne 

was, 'again, extreme1y slow. Retention of radioactivity in the b1aod in 

these animals from 5 minutes onwards was 2.5-3 times that in 

allogeneicallY'pregnant miee. This finding ean be exp1ained by a 

hi gher extent of remova1 of the H-2Kk ab by a11 ogenei c pl acenta from 

the maternal circulation beeause of H--2 re1ated binding by cells. 

The preci se reason for the sma 11 seconda ry ri se or pl a teau of 

blood radioaetivity (between 2 and 15 minutes) remains unknololn. This 

may be due ta a secondary re1ease of radioactivity by some organs such 

as the 1iver which is known to process proteins inc1uding antibodies. 

3.3 Radioact1vity in the Placenta and the Fetus 

Total radioactiv1ty in the freshly isolated homozygous as wel1 as 

heterozygous placenta and fetus expressed as percent retained per gram 

of wet tissue at different intervals is presented in Figure 8. There 

/ 
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FIGURE 8 • 

A ~ollparison of, the percent retenti on of JUs -ant1-H-2Kk 

antibody at var10us t1l11e po1'nts by hollOzygous and heterozygous / 0 

placentae and fetuses after a single injection of the 

IIIOnoclonal antibody. Each point represents the mean of 12 to 

36 placentae and fetuses obtafned fram 2-6 animals. Vertical 

,bars represent standard errors of the Ean. 
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_as appreciable retention of radioactivity as early as 2 ",fnutes in 

both placental ty~es, the retention in the heterozygous type being 

signHicantly higher (p< 0 05) than in the holllC?zygous type. Between 2 

and 15 minutes there was a decline in the radioactivity in both cases.' 

The activity then rose to a peak at 30 min. in homozygous placent~ and 

60 minutes in heterozygous placenta foÙowed by a secondary declirie up 
t# 

... 
to 2 hours in both cases. " Activity in the heterozygous forlft was 

significantly higher than in the hOl'lOzygous form at al1 intervals fr,om 

6J minutes onwards (p< J.OS). This -difference may be indicative of H-2 

specif~c labeling of cells within the heterozygous placenta. 

The initial high retention follo~ed by a decline in radioactivity 

(2-15 Min.) ln both ohcental types is possiblv due to SOnte blood 

contamination of these orqans in spite of the perfusion procedure. 

This explanation is based on some degree of similarity 9.f their initial 

labeling pattern ..,ft" the i"itial blood clearance curve (Figure 7). 

True retention because of cellular binding in the placenta 1s presented 

later from a radioautographic analysis of sections of placenta. 

Both placental types reveal SOIQe secondarl increase in act1vity 

between 2 and b hours, to a greater extent in the hoMozygous placenta. 

Twenty-four hour IlIeclSUrement done on 1 yin the heterozygous pl acenta 

shows a decline again. The reasons for the secondary rise observed It 

6 hours is presently unknown. 

Both types of fetuses revealed a very small r~tention of 

1- radioactivitv colftpared to the respecti"ve placentae at all ti.e 

interval s. the differences between the two types being 1nsignificant 
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It earlfer intervals (up to 30 min.) b,.,t significant (p (0.05) at 1ater 

intervals (60-120 min) when the activi ty in the heterozyg.ous fetuses 

was higher. 

For the passage of anti body mol eeules to the fetus. they must 

cross the pl aeental barri er from the maternal to the fetal ci rcuh t ion 

within the placenta. For this reason, the ratio of activityjgm of 

placenta to that of the fetus was plotted as a function of time in both 

types of pregnanci es, to exami ne whether the heterozygous pl acenta was 

acting as a selective barr1er to the passage of antibody molecules 

directed against the fetal H-2 antigens. The resul ts are provided in 

Figure 9. Exeepting at very early time points (2-5 mi n.) t the ratoios 

wer~ not significantly higher in the heterozygous than in homozygous 

form (p=O.45). From 60 min. onwards, the values were nearly 

identical. These results suggest that al though the heterozygous 

placenta retained a "'igher arnount of 1abelled antibody, it di d not aet 

as a selective barrier to the passage of antibody moleeules to the 

fetus colftpared to the homozygous pl aeenta. It must be menti oned, 

however. that both placenta1 forms acted as potent and equa11y 

efficient barriers to the passage of atÎtibody molecules to the fetus 

(Figure 8). 

3.4 Ught Microscopie labeli"9 Pattern of Cell s "i th1n the Murine 
Placenta 

The labeling pattern of various cell types withip the heterozygous 

as wel1 as homozygous placentae following the intravenous injectfon of 

,..d101abe1ed IIOnoc10na1 anti-H2Kk antibody was exallined using l1ght 

.1c,.osc~pe radioautography. Experfments were carried out 

, ' 
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FIGURE 9 

The mean ratio of the percent radf oact; vit y retai ned p~r gram 

pl ac~nta to that of the fetus as a functi on of ti me- in all 0-

'genei c and syngenei c pregnanc; es. The val ues are de rived from 

the raw data in Fi-gure 8. 

,. 



1 

2 
c' cu u CI) 
C ::::1 
0. -Cl) 

E -c E 
~ ~ C' C' 
~ 

'-8. Cl) 
Q. 

"i "l:) 
Cl) c:: c ,g 6 -~ Cl) 
'-

~ >-
'!:: -> 2 - -( u 

~ c 
~ 2 
f, "C "l:) 

C 0 

~ 
~ ~ 

~ ~ 0 0 
p 

l_-

48 • 

~ 
Il 

44 :\ 
Il 
Il 
l, 

40 l \ 

36 

32 

28 

24 

20 1 
1 

16 

8 

10 
1 

, 
1 
1 
1 
1 , 
1 

, , , 
1 , , 
1 

r • 

., 
o 

ouw~~--~~--------~------------------~--~,~/----------~~-25 15 60 120 6h 
•• --------mlnutes-.-..::..-------.. • -hours-

r 
v 
~ , 

Tlme of ter antlbody injection 

.. 

.. 

g 

1 

----~--_d 



·-
( 

\ 

. . 

- 47 -

on da)' 15 of gestation only. 

For the purpose of selecting the threshold number of silver grains 

for a positive labeling of cells within a placenta, the mean number of 

grains per,unit area of 76pm l af the lumen qf fetal capi11aries was 

assumed to represent the background in bath the heterozygous (bxk) and 

homozygous (bxb) placentae. This background was chosen because of two 

reasons: (1) fetal capillaries were ubiquitous"in a11 the trophoblast 

zones, and (2) their lumen should not bear any specifie label>ing. The 

mean grain density of the fetal capillary lumen (pooled from all 
'" 

regions of the placenta) at various tiné intervals;s presentedQin 

Figure 10. The labeli~g patterns for both placental types are very 

simi1~r. In both cases, the mean grain density shows some rise From 2 

min. onwards reaching a peak at, 30 min'. and then showing a continuing 

decli ne up to the 2 hour interval. 

3.4.1 The Labeling Pattern of l:·abyrinthine Trophob1ast Cells 

figure 11 repre~ents the labeling pa~tern of the l~byrinthine 

tr~phobl.a,st cell s as given by the mean nurrtler of silver grains per uni t 

area at various t~me points. In both placental types the labeling 

reaches a peak at 69 min. declining at 2 hr. Homozygous trophoblast 

1 a~e 1 i ng i s onl y ma rgi na 11 Y' above background betwe.en 2 mi n. to 60 mi n:. 
o 

indicative of a small degree of non H-2 related (possibly Fc receptor 

related) antibody binding. A(2 hrs the value was indistinguishable 

from the background .. Heterozygous troph"oblast label i ng was 

sfgniffcantl y (P(O.OS) above the background (fetal capi1lary 1 umen) at 

,a'i l ti me poi nts. 
\ 

The values were also consistently higher than those 
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FIGURE 10 

... -~ , % 
A measurement of the nu_er of grains per unit'area (76". ) of 

the\lulllE!n of fetal capillaries dul"14'1g allogeneic and syngeneic 

pregnancies at différent tille intervals after the injection of 

the rad; 01 abeled anti -H-2K It anti body. 'Each po; nt represents .. , 
the mean grain densitv of 3 placentae obtained from 3 pregnant 

an1mals. Vertical bar's represent standard errors of the mean . 
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FIGURE 11 

, 

, l' 'u': 
<~r",r .... ~ 

The label1ng pattern of the labyrinthine trophoblast cells 

derfved from 15 day heterozygous (al1ogeneic pregnancy) and . - '; 

hOdozygous (syngeneic pregnahcv) placentae. 

Each po; nt represents the rœan grai n dens i ty observed on ~o ta 

three placentae obtained frorn 2 to 3 animals. Vertical bars 

represent the standar'l/rrors of the mean. 
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FIGURE 12 

Light microscope radioautographs of the labyri nthine region of the 

15d placentae at 2 to 30 min after the injection of I125-anti-

H-2Kk antibody. Sections are O.5}'m thick and stained with Iron 

hematoxyl i n 

-a) Homozygous, 2 mi n 

b) Heterozygous, 2 min 

.c) Homozygous, 30 min 

d) Heterozygous, 30 min / 

Note specifie labeling of heterozygous labyrinthine trophoblast cells 

increasing with time. Very weak labeling observed on homozygous 

labyrinthine cells at 30 min is non-H-2 related, explicable on the 

basis of Fc receptors . 

~ 
1 

Note speci fic label i ng of heterozygous, fetal capi1lary endotheli al -

cells at 2 min and to a greater extent at 30 min. All magnifications 

are 1200x. 

Legend: 

tI 
LT - Labyrinthine Trophoblast Cell 

C - Fetal Capillary lumen 

5 - Maternal sinusoid 
) 

E \~ Endothelial cell 
\ 
\ 
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of homoaygous trophoblast cells at all time points, ego three fold 

h1gher at 2 min. to 60 minutes. The differences were significant at 

p :! 0.1 at 2 min. ta 30 minutes. The differences in labeling intensity 

of the heterozygous over homozygous trophobl ast reflected speci fi c H-2 

related antibody binding, indicating the presence of H-2 ant; gens on 

these cells. Radioautographs showing labeling of labydnthine 

trophoblast cells are illustrated in figure 12. 

3.4.2 
~ ") 

The labeling Pattern of Spongiotrophoblast Cel1s 

Positive labeling of spongiotrophoblast cens of the heterozygous 

placenta above back.ground occurs only at 30 min. and 60 min. after the 

injection of the antibody (figure 13). The rœan grain density rises 

ta 3 fold that of homozygous trophoblast cells at these time points, 
;-. 

fol)owed by a decl i ne at 2 hrs ta a val ue i ndi sti ngui shab 1 e From that 

'ft the 'hOmOZygous trophoblast cells. The peak value of 1.12 :!:: 0.015 

grains/area is attained at 30 minutes, whict) is 5iqnificantly higher 

Cp < 0.005) than the homozygous placenta. At no time poi nt was 

homozygous spongiotrophoblast labeling significafltly higher than the 

background except at 5 min where the labeling was only marginal.ly 

higher (p=O.30) indicating sorne non H-2 rel'ated antibody binding ,at 

this time point. A possible explanation for specifie 1abeling of 

heterozygous spongiotrophoblast cells at time intervals later than seen 

for 1 a b y ri n th i net r op h ob 1 as t ce 11 s ma y r e su 1 t f rom a s 1 0 w e r 

accessibillty of the""antibody to these cells because of sparcity of 

maternal sinusoids in this zone. 
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48A-

Labeling pattern of spongiotrophoblast cells within the 

placentae derived from allogeneic and syngeneic pregnancfes. 

Each po; nt 'represents the mean of 2 ~o 3 pl acentae obtai ned 

from 2 to 3 animals. Vertical bars 1ndicate standard errors of 

the mean. 
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FIGURE 14 

Radioautographs of sections through the"spongiotrophoblast region of 

placentae at various time periods after the injection of 

I125-anti-H-2Kk antibody. .. 

a} Homozygous 15 min, showing no labeling above background 

(magnification x 1200) 

b} Heterozygous 15 mi Ft, showi ng ma rgi na 1 labeling 

(magni fication x 800) 

/ 

J 
J 

c) Homozygous 30 mi n, showing margi nal label i ng 

(magnification x 1200) , 
d) Heterozygous 30 mi n, showi ng l'OOderate labeling 

(magnification x 1200) 

Deçidual cells in (b) don't show any l~beling above background. 

C Fetal capill ary lumen 
( 

0 Decidual cell ~ 

S Ma,ternal si nusai d 
• 

ST Spangiotraphoblast cell 
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From these results it may be conc1uded that spongiotrophob1ast 

cells do express H-2 antigens,. Labeling of these cells ;s illustrated 

i n F i gu re 14. 

3.4.3 The Labeling Pattern of Fetal Stroma l Cell Clusters 

Fi gure 15 demonstrates temporal label; ng patterns for the clusters 

of Teta 11 y derived stroma 1 ce 11 s seen withi n the heterozygous and 

homozygous placentae. Radioautographic preparations are presented in 

Figures 16, 18 and 19. These clusters are mostly located within the 

q labyrinthine zone and to sorne extent in the spongiotrophoblast zone. 

In the former zone they are uSlJa}ly surrounded by a mantle of 

spongiotrophoblast cells. These strolilal cells are 14-Z0)'m in diameter 

and are characterized by having convoluted nuclei, highly vacuolated 

and granular cytoplasm; features are °somewhat similar to those 

described for "~ofbauer cells" in the human placenta (Boyd and 

Hamilton, 1970). Our nomenclature of "stromal cell clusters'" has ~een 

assigned' to them in the absence of a better terminologv. 

The stromal cell labeling patterns are qualitatively similar for 
( 

both placental types (Figu~e 15) but"their labeling intensities are 

different. The labeling intensity rises ta a peak at 60 min and then 

declines at 2 hrs. However, the rnean grain density of the stromal cell 

clusters in the heterozygous placenta is 1.5 to 4 times greater than 

the -homozygous placenta, with a difference signi ficant at p< 0.05 at'30 

min. and p=0.25 at all other time intervals. 

The stromal cell c1usters in the heterozygous placenta show 

significant labeling above background (p ( 0.005) at a11 time points. 
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.... 

Labeling pattern of fetal stromal cell clusters at var;ous 

time periods after the ,intravenous injection of 

1125 -anti _H_2KK antibody ; nto 15 day gestation pregnant femal e 

mice from allogeneic and syngeneic matings. 

Each poi nt represents the mea Il gra in den s i ty of 2 to 3 

placentae obtained from 2 to 3 animals. 

represent'the standard error of the mean. 
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FIGURE 16 

. 
Radioautographs of sections through th~ labyrinthine region of 

. 
placentae at.l hr after the injection of I125-anti-H2Kk 

antibody. , 

a) HOMOzygoUS: Labyrinthine zone, showing weak ,1abeling 

b) Heterozygous Labyri n tt,i ne zone, showf ng strong 1 abe 11 ng 

c) and d) show fetal stromal cell clusters (arrows and arrowheads) 

within a mantle of spongiotrophoblast cell s extending fnte the 

1 abyri nthi n~ regi on. 

C Homozygous. showing lfttle or no labeli ng 

o Heterozygous. showing strong labeling 

A 11 .. gni fi catf ons are x 1200 • 

C - Fetal capillary lumen 

LT - Labyrint1li ne Trophoblast Cell 

ST - Spongiotrophoblast cen 

5 - Maternal sinusoi d 
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The hOIIOzygous placenta reveal s s1gnificant labeti ng Aboye background 

at p~0.05 at ell time points except 2 min. and 15 min. after the 

1 nject1 on of anti body. 

These results indicate some non H-2 related antibody b1nding by 

homozygous stroma' cell clusters possibly via Fc receptors. Much 

stronger labeling of the heterozygous cells is attributed to (a) the 

presence of a high concentration of H-2 antigens on their cell surface, 

(b) binding Of antigen-antibody complexes via Fc receptors or both. 

These possibilities will be discussed further later. 

3.4.4 Labeling Pattern of the Endothe11u. of Fetal Cap111ar1es 
~ 

Figure 17 represents the label1ng pattern of the endothel1um of 

fetal capfll ari es from heterozygous and homozygous placentae. Both 

pl acentae demonstrated labeli ng above back ground at all ti me poi nts, 

the labeling of the heterozygous placenta being always h1gher than the 

homozygous placenta except at the 2 hr interval. The peak label ing 

occurs between 30 min. (homozygous placenta) and 60 min. (heterozygous 

pl acenta). The labeli n9 intensi ty was very strong for the heterozygous 

placental cells (e.g. 3.49:!:. 0.015 grai,ns) at 60 minutes. The values 

were significantly higher (p<O.05) than 1n those for the homozygous 

cells at 2 m1n., 30 lIIin. and 60 min. At 15 min. and 2 hrs the 

differences in the mean grain densit1es are sign1f1cant at p-0.25. 

Radioautographic labeli ng of fetal endothel1ulI 15 il1 ustrated in 

Fi gure 18. 

These results' ind1cate (a) a rapid transport of ant1body 1D1ecules 

or their products ,to the fetal cap111ary..endot_tJ.el1ulII (b) sOlle bfndfng 
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FIGURE 17 . 1 
Labeling pattern of the endothelium of fetal capillaries of 

p lacentae, obta i ned fram all ogeneic and syngenei c pregnanci es '. 
, 

observed .t dffferent t'fille 1ntervals after the injectfon of 

the radiolabeled anti-H-2Kk antibody. 

Each poi nt represents the mean gra 1 n de ns 1 ty of 2 to 3 

placentae. Vertical bars represent the standard error of the 

o Mean. 
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Radioautographs of sections through the' 1 abyri nthi ne zone of 

heterozygous (C57 BLxCBA) Fl. placentae after an 

intravenous perfusion of 1125_H-2Kk antibodies. 

a) Labeling of fetal endothelial cells (E) at 15 min. 

(magni fi cati on x 1200) 

b} Heavy labeltng of fetally derived stromal cell 'cluster at 

1 hr. Note sil ver grai ns on vacuolated cell s. 
\', 

(magni ficati on x 1200) 
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, 
• of these molecules via non H-2 related mechanisms possibly via Fc 

receptors allowing for the labeling of homozygous cells and (c) addi­

tiona1 H-2 related labeling of heterozygouS endothelial cells either 

due to the presence of H-2 antigens or binding of antigen-ant'"ibody 

comp 1 exes or both. 

3.4.5 Label1ng Pattern of Macrophages 1 
Mean grain densities of isolated macrophages located occasionally 

.... 
in ~e maternal sinusoids, in the fetal stroma of the placenta or 

\ 

with1n the yolk sac cavity (figures 19 and 20) show good label1ng ab ove 

background (p<O .05) in bath the heterozygou~ ~nd homozygou s pl acentae 

(Tab1en). The labeling intensity of the macrophages from the 

heterozygous pl acenta was 4 ti me hi gher than that of the homozygous 

placenta at 2 min. and was approximately 3 times Wigher at later 

1 n.terval s. 

As conc1uded earl1er for fetal stromal cell cl usters as well as 

fetal endothel1 al cells. macrophage 1abeling 1 n homozygous pl acentae 1s 

exp11cabl e by Fe receptor medi ated bi ndi n9 of antibody. Addi tional H-2 

related label1ng-of 'heterozygous macrophages ean, aga1n, be explai ned 

by the presence of H-2 antigens, or b1nding of antigen- ant1body 

complexes or bath. 

{ 

3.4.6 Labeling Pattern of Other Cells and Structures 

The Re1 chert 1 s lIIe.brane from the heterozygous and hOllozygous 

placenta, represented 1 n T ab 1 e II demons trated 1 abe 11 ng move baek ground 

• at all-tille 1ntervals, indicating non specifie binding of the radio-
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FIGURE 19 

Radioautographs of sections through different regions of heterozygous 

placentae at 30 min. to 1 hr. after the intravenous injection of 

1125_H-2Kk antfbody. 

a) At 30 min., showing a strongly labeled fetal stromal cell cluster 

(arrows) within a spongiotrophoblast core extending into the 

labvrinthine zone. ""agnif1cation x 800) 

b) At 1~ min., labvrinthine zone: A heavv labeled isolated 

macrophage. (magnifi cation x 1200) 

c) At 1 hr. yolk sac region: Strongly labeled macrophages wi thi n the 

yolk sac cavity (arrows) and some weak non specifie label; ng of the 

Reichert's membrane. (magni fication x 800) 

'. 
d) At 30 1111n, trophoblast giant cell layer borderi ng the maternal 

1 decfdua. Neither cell type shows labeling • . 
(magni fication x 1200) 

C - Fetal capi 11 ary 1 umen 

o - Deci dual cell 

G - Giant Cell 

En- Yol le Sac Entodenn 

M - Macrophage 

RM - Rel chert f s __ ra ne 

S - Maternal S1nusoid 

) 
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FIGURE 20 
--_._-._--

Rad1 oautographi c prepa ra t ions 0 of sec t ions through the lIIuri ne 

heterozygous placenta at different time points following the injection 

of I125-anti:-H-2Kk antibody. 

a) At 2 min., a strongly labeled isolated. identifiable .crophage (M) 

15 observed f n the 1 abyr1 nth i ne trophob 1 as t zone. 

(magnification. x 1200) 

b) At 30 min •• a I8crophage (arrow) located within the yolk sac cavity 

dellOnstrates heavy label1ng. Yolle sac entoderllal cell 5 JEn) show 

very l1ttle labelfng wbl1e Reichert's membrane (RM) shows good 

labeling. 

(Dlagnif1cat1on x 1200) 
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Structure 2 miruteS 5 mfr}. 15 mfn. ~ min. 60 min. 13) min. . 
a110. synge a110. synge a110. synge a110. synge a110. synge a110. syng. 
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~. 
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0 U'I 

Reichert' s 2.74+ 4.19 00 3.04t 1.05t 0.97+. 111 1.3+.3 2.7Ot- ' l:af- D.9*- l:~ 
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nd - not ~termfœd because of a pauci~ of the structures 
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labeled antibodies • FurthenlOre, there is a variation in the extent of , 
~ .. 

label1ng at different Ume interval s w1 th the -hi ghest labeli ng seen at 
~ . 

2 mi nutes for the homozygous pl acenta and at 5 mi nutes for the 

heterozygous pl acenta. Label i ng of the Rei chert • s membrane i s 

illustrated in Figures 19 and 20. 

" As noted, in Tat:>le II, labeling of decidual cell$. of the maternal 

uterus and most importa nt 1 y the trophobl as t gi a nt ce 11 s (a 1 so 

111ustrated in Fig. 19) was not significantly above background at any 

i nterva l for both placenta 1 types. 

Endodennal cells of the parietal and visceral yolk sac (Figure 19 

Ilnd 20) did show some marginal labeling above background at MOst time 

points, the leve1 of significance OO;n9 small (p ) 0.2 < P 0.2~). This 

may be attri buted to the presence of Fc receptors. , 

3.5 H-2 Related Versus Non H-2 Related Retention of Antibody by 
Placental Cells Under Different Conditions. 

-3.5.1 A COllpari son of Fc Recéptor Dens i ty in the Tvo Types of 
Pl l'Centae. 

Light microscope radioautographic studies revealed sorne non H-2 

related binding of the radiolabeled nnrroclonal anti H2K k antibody to 
1;~ 

cells within the placenta which do not possess the target antigens. 
/" 
r~ 

This may, in part or in whole. be due ~g' to the Fc receptors 

on various cells within the placenta. To determine the extent of Fc 

related as opposed to H-2 related bindi ng, a radiolabeled monoclonal 

anti-HLA-DR antibody was injected intravenously into mothers carrying 

ei ther placental type, and' the total radi oact i vi ty was measured per 

" 

" 

--, -~.-~ --t_ .f 
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gram of platenta. Table 1 II presents the percent retaf ned 

radioacUvity at 2 minutes. when cellular b1nding 1s expected to be 

conffned to the ce11 membrane. The results reveal that the'"binding in 

the heterozygous placenta is not higher. and in fact slfght1y lower 

than in the homozygous placenta. The binding of anti-HLA-DR antibody 

to the homozygous placenta 1s comparable to that of ant1-H-2K k (Fig. 

8). 
. 

Since the resu1ts of the above exoeriment may al 50 be comp1icated 

to some extent by some unbound activity in the blood. if any. 
, 

contaminating the perfused placentae. an in vitro bi!1ding assay with 

dispersed p1acental cells was a1so performed with anti-HLA-DR antibody. 
" 

Resu1ts presented in Table IV shows essenti_ally similar binding by 

cells of bath placenta1 types after 30 min. incubation at 4·C. 

These results indicate the presence of an identical incidence of 

Fe binding sites (receptors) in cells of both placental types. 

3.5~2 Affinity of Antibody Binding Via H-2 Antigens or Fe Receptors. 

Anti -H-2K k antibody apparent1y bound to the heterozygous placenta1 

cell s by two mechanisms (1) vi a H-2 anti geni c sites and (2) vi a Fe 

receptors on the cell mellÎ)rane. Bind; ng to the homozygous pl acental 

cel1 s was by the second mechanism above" To compare the anti body 

bi "di"9 affi n1 ty by the two .. chan; sms an !!!. !i tro experi lient was 

desi gned in which di spersed placenta1 cells of both types were exposed 

to radio1abeled anti-H-2K k antibody in the presence of exeess unlabeled 

antibody (at 1:10 ratio) at 4·C to examine the effert on total bound 

epm to 20 X 106 cells <Table V). Again, heterozygous placental eells 
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TABLE III 

Percent radioactiv1ty retained per gram placenta at 2 Min. 
after the injection of radfolabeled anti-HLA-DRa antibody in 
vivo. 

1 

Placenta Type , Radi oactivi ty Retained 

heterozy gou s 0.20\ 

homozygous 0.326' 

'a 9.8xl07 cpm in 1 Jl9 of anti-HLA-DR Ab 

_____ ----__ ..... , ...... -.~_'I!""i! -.,.-~--""""~ •• ~ .. ~ .. ---- ,,-:..:"'~ 1:"7"""" ,~.!,~-...,.~-. ------ --
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• 

TABLE IV 

In vitro binding of radiolabeled anti-HLA-DR antibody a to 
dispersed placental cells 

Placenta Type Total Bound cpm 

heterozygous 37 090 

homozygous 38 490 

a 3X107 CPIII in l)1g of anti-HLA-DR antibody wu 1 ncubated 
with lOX106 cells at 4·C for 30 min. 
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TABLE V 

The effects of excess nonradiolabeled anti body lî on the binding 
of radiolabeled antfbody"'to placental cells at 4°C .. 

Placenta Type Cell Humer Incubated 
Wi th 

Total Bound cpm 

heterozygous 20xl06 1125 ~aH2Kk 
alone 

58 523 

_ 1125 -aH2K k+aH2Kk 18 393 

hOIIIOzygous 20xlO6 1125_aH2Kk 
alone 

36 066 

1125 -aH2K K+aH2K k 21 657 

a 1.9xl07 cpm in 1~ of anti-H-2Kk antibody 

b 10 JO of anti-H-2Kk antibody 

NOTE: a = anti 
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demonstrated a greater labeling with the radiolabeled antibody alone. 

the difference being explained by H-2 related binding. Excess 

unlabeled antibody reduced the amount of bound radioactivity in the 

heterozygous placental cells to a greater degree (69$) than in the 

homozygous cells (40%). This fi"ding indicates that there is a higher 

affinity for anti-H-2KI< antibody binding to the H-2 antigenic sites 

than to the Fe receptors on placental cells at 4°C, since the incidence 

of Fc receptors was identical for both placental types. 

3.5.3 Effects of Temperature on H-2 Versus FeR Related Labeling. 

Since all the!!!. !ivo labeling experiments were done at body 

temperature i.e. approx. 37·C, an l!!. vivo binding experiment was 

designed to compare the retention of the anti-H-2K K antibody/by 

homozygous and heterozygous placental cells at 37°C, as opposed to 4°C. 

Results given in Table VI shows that the total cpm increased 1.7 fol d 

in heterozygous cells as opposed to 1.6 fold in homOZY)Jous cells when 

temperaturewas changed from 4" to 3r under the labeling conditions 

prov; ded. Thi s experiment was repeated under. s11 ghtl y di fferent 

labeling conditions indicated in Table VII. Under these conditions the 

labe11ng increased 1.3 fol d with heterozygous p1acenta1 cell s as 

compared to 1.1 fo1d with homozygous ee1ls. Thus a change from 4·C to 

37- causes a slight1y more effective antibody retention by the 

heterozygous placental cells. This may suggest that the shift of 

temperature (4·C to 37-C) improved the H-2 re1ated labeling more 

efficient1y than Fc-receptor related label ~ ng. This hypothes i s was 

tested from the resul ts of bi ndi ng di spl acement caused by excess no'n 

radioactive IgG at both temperatures in the two types of pl acental 

cells (Table VII). Excess nonradi oactive 1 g.G can on1 y disp1 ace FcR 
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TABLE YI 

In vitro radiolabeled monoclonal anti-H-2Kk antibody&binding to 
dispersed placental cell s at di fferent temperatures 

Pl Beenta Type CeM Number Incubati on Total -Sound cpm 
Temperature 

heterozygous lOx106 4°C 37 104 
37°C fi3 452 

(37°C/4°C fabeling ratio = 1.7) 

homozygous 10xl()6 4°C 18 620 
37°C 30 284 

a Cells ~re incubated with 1 JAg (1.9x107cpm) of I125-anti .. H-2Kk 
ant1body for 30 min. 

t 
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TABLE VII 

In vitro rad10labeled monoclonal anti-H-2Kk ant1body 
retention by dispersed placental cells under different conditions 

Placenta Cell Incubated Incubati on3 Total 
Type No. With ____ u~u_Temp . Bound cpm ---------

heterozygous 20x1Q6 (a) Ab alone 1 4°C 36 908 

(b) Cold IgG +Ab 2 4°C 14 039 

(c) Ab alone 37"C 49 065 

(d) Cold IgG+Ab 3rC 32 707 

hOlIIOzygous 20x1()6 (e) Ab alone 4°C 22 048 

( f) Cold IgG+Ab 4°C 6 556~ 

(g) Ab alone 37°C 24 247 

(h) Cold IgG+Ab 37 ô C 8 411 

-----------------------~- - -~--------~----- ----

1 2.07x107 cpm in 1J1fJ of l 125-an ti -H-2Kk 

2 Cell s were exposed to 188 JIJ nonradioactive rnouse IgG 
for 30 min followed by racfiolabeled anti-H-2Kk for 30 min. 

3 Incubated for 30 mi n peri od 

Ratios cfa = 1.3 
g/e = 1.1 
d/b = 2.3 

a-e = 14860 cpm (approx H-2 related labeling) 

For 1nterpretations. please see text (Results) 
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related b1nd1ng in bath cell types. Assum1ng that FcR incidence was 

. sillilar in both placental types (TableVII), the d1fference a-e should 

approximate H-2 related labeling in the heterozygous placenta, a value 

which 15 close to the value of (b) following a displacement of FcR 

related b1nding with excess nonradioactive IgG in the heterozygous 

placental cells. However. there l!WJy still remain a minor degree of FcR 

related binding as suggested by the residual eounts (f) in the 

homozygous placenta. Nevertheless, raising the temperature from 4- to 

3rC improved the labeling of IgG treated heterozygous placental cells 

2.3 fold as given'by the ratio d/b. This finding supports the 
() 

hypothes1s that the rise in the temperature improved the H-2 related 

labeling more efficiently than FeR related labe11ng. A higher labe11ng 

at 37"C in both cases may in pa rt resul t from an 1 nterna li zat i on of 

receptor-ligand complexes. 

3.6 Electron Microscopie Labeling Pattern of Cells Wit~in the' Murine 
, Pl acenta 

A qualitative analysis of the labe11ng pattern at the 

ultras'tructural level was performed for various cell types in the 

~heterozygous and the homozygous pl aeentae at vari ous ti me i nterva l s. 

The degree of labeling at the Hght microscope level was often used as 
~ 

a guide in-the selection of the materials for a f1ner analysis. 

3.6.1 Labyr1nthine'Trophoblast , 
At 2 minutes after the injection of the rad10labeled antibody, 

signifieant preferential labeling.was localized on the sinusoid lining 

plasma membrane of the heterozygous labyri nth; ne trophoblast eell 5 
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(Figures 21 and 22). but little or no labeling of these sites was, noted 

on the hOllOzygous labyr1nthine trophoblast cells 1Icldng the target 

antfgens. These results, for the ffrst time, have conclusively 

dellonstrated the presence of paternal type H-2 ant,igens on the 
J 

sinusoidal face of the plasma membrane of the labyrinthine trophoblast. 

Furthermore. plasma membrane ass'ociated labeling was al so observed in 

the middle trophoblast layer of the trichorial labyrinth at 2 minutes 

(Figure 21a) demonstratfng that these cells also bear the paternal 

haplotype class l MAC antigens. 

At 5 minutes following the injection/of the antibody (Figure 23). 

the labeling pattern was sir.1ilar to that seen at 2 minutes. but. in 

addition, 1 abel in9 was seen on the plasma membrane of the monocytoi d 

cells present in the interstices of the labyrinth. This 1abeling lIIIy 

be due ta H-2 antigenic sites 10cated on these cells (putatively fetal 

in or1gin) or due to a binding of ant1gen-antibody complexes 

(transf~rred from trophoblast ce"s) via the1r Fe receptors. 

Furthennore. at this ttme point. movement of label was observed 

wfthfn the cytoplasm of the trophoblast as we11 as monocyte-macrophage 
~ 

type cel1.s. The labeling was associated with menOrane bound vesicles. 

fncluding coated vesicles ând lysosomes. These findings suggest a 

transport of label from the plasma mellÔrane to the intracell ul a r si tes 

where the process of degradati on as well as lllellb,.ane recycl1 ng Illy 

occur. 

At .15 minutes follow,ng the injection, label appears on the plas. 

membrane of the deepest (3rd) trophob1ast layer of the trichor1al 

labyrinth in the heterozygous placenta (Figure 24). Thus, all the 

three layers of the labyrinth1ne trophoblast cells express 
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FIGURE 21 

• 
'-

~ron mtcroscope radi oautograph of the' labyri nthine' regi on of the 

" i -" heterozygous placenta at 2 min. after the injection of the radiolabeled 

) anti -H-2Kk anti body. 

(a) The trlchoria1 nature of the labyrinthine trophoblast is shown as 

three 1 ayers nunmered l, 2 and 3. Label 15 seen on the mi c rov i 11 i of 

the sinusoida1 plasma menDrane (arrows). Some label 1s alsô seen on 

the pl asma membrane of cell s in the layer 2 (mag. x 2000). 

(b) Magnffied region of part of (a) indfcated by arrows showing the label 

on the mi crovilli (x 10,000). 

(c) Shows sinusoidal plasma membrane labeling as in (a) but froll a 
, 

différent placenta. Some silver grains can also be seen on frag.ents 

of nrfcrovl111 wfthfn the sinusofda1 lumen (arr~s) (x 2000) 

(d) Similar 1abe11n9 at a higher IMgnif1cation (x 4000) from another area 

of the sallie placenta as in (c) . 
• S a Materna1 Sinusoid 

C a Fetal Câpi11ary 

LT· Labyr1nthfne,Trophoblast Ce1l 
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urelated labeHng of plasma membrane of lab~rint~ine tro~h,~last cells 

, 

(a) Silver grain shown on a microvillus (Mv) (x 27,000) 

(b) Labeling on sinusoidal plasma membrane including microvilli seen in 

cross section (x 14,000) 

(c) Labeling on plasma membrane of trophoblast cytoplasmic extensions in 

cross sections (1 and 2) lying adjacent to a monocytoid cell (Mo) 

(x 6700) 

1 

(d) A higher magn1ficat10n of area 1 in (c) (x 27 1 °00). ---- -
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FIGURE 23 

Labyr!Jlthfne region of the heterozygous placenta at 5 mfn. 

----- " 
Three 1ayers of tri chorj al 1 abyri nth are shown as 1, , 2, 3. Sflver 

grains are seen on the plasma memrane of cell layer 2 (x 5,000). 

(b) A monocyte-macrophage type cell in the f nterstf ces of the labyrinth 

shows both plasma membrane bound labe1fng (arrows) as well as 

intracellular labelfng (arrowheads) (x 4.000), 

(c) A higher magnification of the intracellular silver grains in (b). 

Grains are associated with coated vesicles (arrows) and a lysosome 

(arrowhead) (x 14,000) 

(d) Shows silver grains associated *th a med>rane bound vesicle close to 

the plasma membrane (arrows) in a sinusoid l1ning the 1abyrinthine 

trophoblast (x 5,000). 
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FIGURE 24 

Labyri nthi ne regi on of a heterozy gou s pl acen ta at 15 mi n. 1 n the 

trichor1al labyrinth (layer l, 2 and 3), membrane bound sil ver grains are 

located in layer 3 (arrows) (x 6,000) 
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FIGURE 25 

Labyrinthi ne regj on of heterozygous placenta at 1 hr 

(a) A macrophage type eell (M) in the interstices of th~ labyrinth shows 

plasma menmr,ne bound as well as fntraeellular.labeling ex 2000) -.,'"-

(b) Part of a labyrinthine trophoblast eell in the deepest (3rd layer) of 

the labyrinth showing plasma membrane bound (arrowhead) as ~ell as 

(e) 

. 
fntracytoplasmie label associated wfth lipfd vesicles (arrows) 

Shows autophagfe vacuoles (arrows) assocfated wfth labyrinthine 

trophoblast cells containfng labeled materials (x 2,000). 

(d) A hf gher magnf fieati on of the upper ri ght vacuol e in (c) showi n9 the 

localfzatfon of the label on varfous membranous structures in the 

process of autophagy (x 14,000). 
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class 1 antigens of the paternal haplotype in situ. -.'"' .. 
1 

At later time poi nts, particularly at 1 hour, labeli ng was seen on 
\ 

the cell membrane as well as at intracellular locations on all types of 

labyrinthine trophoblast cells and monocyte-macrophage class of cells 

within the labyrinthe Labeling was also localized in autophagie 

vacuoles suggestive of degra dat i on of membranes and the assoc iated 

membrane bound label (Figure 25). 

3.6.2 Spong1 otrophobl ast ijegi on 

In concordance with the light microscopie results, 

spongiotrophoblast cells of tt,e heterozygous placenta demonstrated 

significant labeling at JO minutes onwards. 'The labeling was initially 
;' . 

localized on the sinusoid lining rnicrovi110us plasma membrane (Figures 

26 and 27). Homozygous spongiotrophoblast cell s di d not reveal 

significant labeling. Thus, spongiotrophoblast cells also express, in 

situ, pa terna 1 H-2 ant i gen on the si nusoi d li ni n9 plasma memb ra ne. At 

1 hour, in addition to a strong labeling of the plasma membrane, 

intracellular transport of the label is also observed (Figure 28). 

/ 
3.6.3 Fetal Stromal Cell Clusters / 

/ 
Fetal stromal cells, as describfd earl1er, are usually surrounded 

by~mantle of spongiotrophoblast cel/s extend1ng into the labyrinth1ne 

zone. These cells in the heterOZyJus placenta exhibited the strongest 

labeling at the light microscope ~evel. 
The labeling pattern of thes~'/~~'-lS at the ultrastructural level 

is illustrated in Figure 29. Moderate labeling on the plasma membrane 

of these cell s ~as observed as earl y as 2 mi nutes in the heterozygous 
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FIGURE 26 

SPOngiot~oPhOb1ast cells of the hete .. ozygous placenta st 30 min. Show1ng 

label1ng\ (a .... ows) of the sinusoidal plasma memb .. ane associated with 

microvi111 (x 14,000) 

S • Maternal Sinusoid 
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FIGURE 27 

A high magnificat'10n of the junct10nal pa.int of two sinusoid l1ning 

spongiotrophoblast cells of heterozygous placenta at 30 min. Note labeling 

of microvi111 at the sinusoidal face of the plasma membrane (arrows). 

Cross section of a microvillus (arrowheads) 1s hidden under dense silver 

grains (x 24,OOO) 

S = Maternal Sinusoid 
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fIGURE 28 

label1ng of a heterozygous spong1otrophoblast cel 1 at 1 hour. Label1 ng 15 

seen on the III1crovfllf (arrow) as wel1 as within the cytoplasm (arrowheads) 

(x 2,700) 

S .. Maternal Sinusofd 

C li: Fetal Cap111ary 
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not reject the conceptus. (2) Certain MHC epitopes on trop.hob1ast 

ce11s recognized by B ce11s may not be recognized by T ce11's 

CChatterjee-Hasrouni and Lala 1982). This hypothesis remains t9 bê 

tested by use of I1l.Iltip1e monoclonal ~ntibod1es and al 1 oreactive T cell 

clones. (3) A local irmJunoregulation by products of certai n cel1 s at 
, 

the fetomaternal interface including trophoblast cells themselves 
- /' ./' 

(Pavia and Stites 1981; Chaouat and Ko1b 1984). or maternall y derived' 

cel1 s in the deci dual ti ssue eg. certain suppressor lymphocytes of the 

nu11 phenotype (Slapsys et al 1983) and typical stromal type decidua1 

cells (Lala et al 1983, 1984; PaThar and Lala 1985" Lala et. al 1985) 

The latter studies have demonstrated conclusive1y that deci dual ce1l s 

strongly suppress mixed lymphocyte reacti on in vi tro and prevent the 

generation of alloreactive k'iller cells. This suppre;;sion is mediated 

by prostaglandins, primarily PGE ) in an r~HC nonspecific manner. It 

remains to be tested whether this suppression al so appl ies 'to a 

secondary response. A. similar prostaglandin mediated local suppression 
o 

. 
exerted by decidual cells on the generation of functiona1 development 

, 
of the NK lineage cells wHhin the decidua has a1so been identified", 

(Scodras et al 1985). Decidua is found to be inf11trated with a large 

number of null lymphocytes (Kearns and ~a1a. 1985a) many of which have 

be~n identified to be of the NK lineage capable of recognizing target 

structures on trophoblast cell s (Chatterjee-Hasroun; et. al " 1984). 

However. these cel1s are rendered inactive. The progesterone 
( 

suppress; on by the trophob1ast and prostag1andi,i'I medi ated su 

by the decidual cells inay jointly represent the po tent 

i mmunoregulatory phenomenon at the fefoma terna 1 i nte rf ac,e • A 
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background despite the presence of Fc receptors on these cells, 

incficating that antigen-antibody complexes From the placenta are not 

transferred to these cell s. 

Yo1k sac entodermal cel1s never showed specific label1ng at any time 

,po; nt even when 1 abel i ng was observed on Rei chert 1 s membrane and 
1 

mact;.'ophages located within the yol\( sac cavity (Figure 31). Therefore, 

yo1 k sac cell s do not appear to express paternal haplotype H-2 antf gens on 

any part of their cell membrane - whether apical or basolateral. 

Reichert's membrane showed some labeling in both placenta1 types at 

all time poi nts. The mechani sm of thi s labeli ng i s unknown at presentf 
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FIGURE 29 

Presents label hg associated with fetal stromal clusters (see secti on 3.1 

for a light microscopic description of these cells) in the labyrinthine 

regi.on of the heterozygous placenta at di fferent time i nterval s. 

(a) At 2 mi n: Note moderate label i n9 of the plasma membrane of these 

cell s (x 2,000) 

(b) and (c) at 1 hr. -----Note heavy label1ng of the plasma ._t)rane and SOIlle 

minar intracellular labeling (x 2.000). 

(d) and (e) are higher magnificatians of the sections IIilrked 1 and 2 of (c) 

respectfvely (x 8.000) 

S = Maternal Sinuso1d 
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FIGURE 30 

Shows labeling of fetal endothelial cells (a & b) and a macrophage (c) in 
d 

the labyrinthine region of a heterzygous placenta. 
" 

(a) Labeling is shown on the fetal endothelial cell plasma membrane 

(arrows) at 2 min. 
1 

A few silver grains appearing on the adjacent 

labyrinthine trophoblast cell nucleus is possibly due to the latent 

image formed at a distance from the radiation source of 1125 • 

which has a high energy range (x 5,000) 

(b) Another endothelial ce" showing silver grains on the plasma membrane 

(arrows) at 1 hr. Some intracellular labeling is seen in the adjacent 

trophoblast cell (x 10,000). 

(c) A macrophage located wi thin the interstices of the 1 abyri nth showi ng 
• 

plasma membrane labeling (arrowheads) at 15 min. Some 

intracytoplasmic labeling 1s observed in the adjacent trophoblast 

(x 5,000) 

C : Fetal Capillary 

EC = Fetal Endothelial Cell 

M = Macrophage 

~----- ...... , 
, 

------ ------------



( 

• 



• 

cupa $ 

. 
1 
~ • 

-: 65C -

FIGURE 31 

Labeling of the heterozygous pl acenta at 1 hour. 

(a) Yolk sac region showing nonspecific 1abeling of the Re1chert's 
II'IeIM>rane. Entodermal cel 1 s do not show any sfgn1 f1cant label1 ng 
(x 5000). 

(b) G1ant trophoblast cell show1ng no labeling (x 2000). 

(c) Dec1dual cells do not show any label1ng (x 5000). 

RH - Re1chert's Membrane 
GC - Giant Trophoblast Cell 
DC - Oeci dual Cell 
En - Yolk Sac Entodermal Cell. 

.. 

-

, 
i 
il 
$ , . 
l 



r ( ~ , 
l "" 

1 
l 
~ 

i ttj' 
• 

[ "', 
\ -. ;}. 
i 
1 
t 

() 



1 

1 

i 
! 
r 
! 
f 

! 
f 

J 

( 

- 66 -

DISCUSSION 

The present study was designed primarily ta establi sh the precise 

identity of various ce11 types of feta1 origin within the 15 day mur1n~ 

placenta, which express class 1 HHC antigens of jthe paternal haplotype 
k 

in si'tu, as well as the precise location of the- antigen bearing sites. 

These objectives were achieved respectively with light microscope and 

electron microscope radioautography. The latter technique, in 

addition, provided sorne knowledge about the intracellular MOvement 

(transport ,and/or processing) of labeled molecules with time following 

the initial labeling of the plasma menbrane. 

A quantitative analysis of the temporal pattern of labe1ing 

intensity for various cell types in the heterozygous versus homozygous 

placentae at the light Microscope leve1 pennitted an evaluation of the 

relati ve antigen density on the antigen bearing cells which had access 

to the anti body at vari OUS time poi nts. and the degree of antfbody 

binding via Fc receptors. H-2 related vs Fe receptor related labeling 

in the placenta was further eva1uated with the aid of ~vitro labeling 

experiments. The temporal pattern of the overal"" retention of 

radioactivity in the placenta as compared to the Fetus permitted a 

testing of whether the placenta served as a selective immunoadsorbent 

barrier ta the passage of antipaternal type H-2 antibody mo1ecules to 

the fetus. 

Studies of ant1body b1nding ln viv~ and in vitr~ employed whole 

intact antibody molecu1es (IgG2b subclass) rather than their F(ab)2 

fragments to mimic the physiolog1cal situat10n in which the pregnant 

mother usualry produces Ig1"(IgGl and IgG2) type antffetal HHC 
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antibodies (Bell and Billington, 1983) in the circulation. B100d 

clearance curves (Fi~ure 7) when compared with the who1e placenta 

radioactivity curves (Figure 8) demonstrated that at very early 

interva1s (2-15 r.1inut,.es),aminor alIIOunt of blood contamination in the , 

perfused placentae may have significant1y influenced the values of the 

whole placental radioactivity. For this reason, latèr int~rvals (30 

r.1inutes - 6 hours) were used for a comparison of the ratios of 

radioactivity retained per unit mass of the placenta to that of the 

fetus during homozygous versus heterozygous pregnancy (Figure 9). 

These ratios were identica1 in both types of pregnancies except at the 

30 minute interva1. Although we have not investigated the 1II01ecu1ar 

nature of the fetus-bound radioactivity. these results provide no 

concrete evidence for a selective ~unoadsorbent barrier function of 

the heterozygous pl acenta ta the passage of antifetal type cl ass 1 MHC 

anti body IIIOlecul es to the fetus. Recentl y Adeni yi -Jones and Ozato 

(1984), using a similar combfnation of H-2 genotypes, gestational age 

(15 days) and an intravenous adr,l;nistration of radiolabeled monoclonal 

anti -H-2k 1<. anti body reacti ve aga; nst the paternal hapl otype. but 

different time intervals (24 to 72 hours post injection) showed that 
• 

undegraded labeled antibody molecules crossed the placenta ta appear in 

the heterozygous fetus in the same proportion as the homozygous 

fetuses. Both their and our results are in conf1ict with those 

reported by Wegmann's group (Wegmann et al., 1979; Raghupathv et al., 

1981) who noted a preferent; al retenti on of antipaternal type H-2k k 

antibody in the heterozygous (BAlB/C?x C3Ht!> placentae at 2-24 hours 

post injection of the antibody. Whether the d1sagreeaent in these 
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resul ts are related to the di fference in the ~use strai ns emp1 oyed 'r, 

some other factor(s) remains undeterJ'l'lined at present. It must be 

pointed out, however, that on1y a minor fraction (6-25t; Figure 9) of 

the placent~ bound label crosses to the heterozygous and homozygous 

fetuses indicating that both types of p1aeentae act as efficient 

barriers to the passage of antibody molecu1es to the fetus in an 

H-2-nonspecific manner. 

Results of the in vitro labeling experiments, using dispersed 

homozygous and heterozygou~ placentae. permitted several conclusions: 

1) there is a signif1c~nt incidence of Fe receptors on cel1s of both 

placental types, 2) this incidence is identieal for both placental 

types, and 3) the affinity of antibody binding to the H-2,antigens is 

stronger than to the Fe receptors at both 4·C and 37·C. These findings 

allow for a better interpretation of the results on temporal changes in 

the label ing intensity of var; ous pl acental cell types at the 1 i ght 

microscope level. Thus, any in vivo labeling above bac~ground noted on 

cel1s within the homozygous placenta provided a relative ~asure of the 

antibody binding via Fc receptors. Sinee the incidence of Fe receptors 

was identical for both placental types, the 1abeling intens1ty (!)f the 

individual cell type 1 witMn the heterozygous placenta oven and above 
'\ 

that 1n the homozygous placenta provided a ,relative llleasure of the H-2 

related binding. The latter, in turn, could result from the antibody 

binding to H,-2 antigenic sites at all intervals or a binding of 

antigen-antibody complexes to Fc receptors at later intervals. 

Following the ad.1nistration of the rad101abeled antibody. 

labyrfnth1ne trophoblast cells were the earl1est to show s1gn1ffcant H-2 

----_w _, 
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specifie 1abe1ing in 'livo in the heterozygous placenta. Little Fc 

related labeling was seen on these cells in the homozygous placenta. 

Thus., the differentia1 1abe1ing noted in the former case must be due to 

the presence of H-2 antigen;c sites. This finding confirms the results 

reported earlier from this laboratory by Chatterjee-Hasrouni and Lala 

(1982). They observed a preferentia1 1abeling of the sinusoidal face 

of the heterozygous labyrinthine trophoblast ce11s at 15 minutes 

fol1owing the injection of antipaterna1 type H-2 antibody via the 

p1acental artery. However, this study as we11 as our resul ts at the 

light .microscope 1evel cou1d not conclusivély discard the possibili ty 

of a sequestration of the antigenic sites to the' basolatera1 face of 

the plasma membrane of the labyrinthine cells constituting the first 

layer of the trichorial labyrinth, neares~~ to the maternal sinusoids. 

Present radioautographic studies at the electron microscope level 

defi nitely excl uded thi s possibil ity. The res~l ts revea1 ed a rapi d, 

sequentia1 H-2 specifie labeling of the plasma membrane of a11 three 

tropho'blast 1ayers of the trichorial labyrinth, arguing in favor of an 

in situ expression of paterna1 haplotype H-2 antigens. Furthermore, 

such antigenic sites were first detectab1e on the microv;']; of the 

sinusoid 1ining plasma membrane of the first layer. 

T~ spongiotrophobl ast cell s, identified at the li ght lIIi croscope 

1evel t shO'llled little Fe related labeling Aboye background. Thus H-2 

related labeling of these cells in the heterozygous placenta observed 

between 30 and 60 minutes •• u~t be primarily due to H-2 antfgenic sites 

(rather than antigen-antibody eOMplexes) to ~h1ch the access of the 

antibody was delayed because of a paucity of .ternal sinusoids in the 

~---'----------~~-~-----
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spongiotrophoblast zone. This may explain the negative results 

reported by Chatterjee-Hasrouni and Lala (1982) at 15 minutes following 

the injection of antibody. The relative antigen density on the 

spongiotrophob1ast was found to be lower than that on the labyrinthine 

trophoblast cells as revealed by a comparison of their. peak labeling 

intensities. Electron microsc~pe radioautography demonstrated, in 

addition. the expression of the antigenic sites on the sinusoid lining 

plasn~,membrane of spong;otr~hoblast cells. Jenkinson and Owen (1980) 

al 50 reported the presence of H-2 ant; gens on cul tured ce 11 s of the 

spongiotrophoblast zone. However, the precise morphological identity 

of these cells could not be established by their methodology. 
a 

Sim1larly. Singh et al (1983) reoorted in vivo H-2 related labeling of 

cells of spongiotrophoblast zone at a late interval, which they 

tentatively identified as spongiotrophoblast cells. However, the 

morphological features of the labeled cells in the pUblished 

radioautograph appear,_ ta us, similar to those of fetal stromal cell 

clusters, which label stronglv in our hands as discussed later. 

Giant trophoblast cells examined at the light or electron 

microscope 1evel were negative for H-2 specifie labeling at any time 
1 

interval, confi nning the negative resul ts d,?cumented by Chatterjee­

Hasroun! and Lala (1982). 

Strong H-2 related labeling was observed on fetal stromal cell 

clusters. Th~se cel1s also revealed significant Fe related labeling. 

It is highly likely that the. H-2 related labeling of these cells at 

later Ume intervals was the cOlllbined result of ant1body binding via 

H-2 antigenic sites and a binding of antigen-antibody caaplexes vi a Fe 
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receptors. Thus, these cell sare strong candfdat'es fo;'- 'the 

illlDunoadsorbent function in the placenta, althougtl this function may 

not be selective fol" antifetal ty~e anti bodi es". ~ An u1 trastruetura1 

examination of these cells clear1y demonstrated that most of the 

binding by either mechanis", mentioned above was confined to tlie p-1asma 

membrane. 

, A1l the conclusions made above for the fetal stromal cells also 
o 

apply equally ta the en.dot,helial cells pf fetal eapil.1ari-.es. 

Furthermor€l. an H-2 specifie labeling of their plasma membranes aS 

early as at 2 minutes indicates a very rapid transfer of the antibody.' 

to these cells from the maternal sinusoids. This labelling was usually 

found to be confined ta the abluminal plasma me"lbrane wherever this 

membrane was separated from the luminal plasma rnenbr~ne by the nucleus. 

When the two plasma membranes were too close together, the weak 

reso1ution of the filamentous silver grains did not permit a precise 

10calization on one or the other membrane (Figure 30). 

r-1acrophage lab~ling under the light microscope was both FeR and 
. " 

H-2 rel ated. H-2 rel ated l a bel f ng of these ce 11 s wa s the stronges t . . , 

a mo n 9 st a 11 pla c e n ta 1 cel l s a t 2 min u tes (2 3 . 6 gr a i n s for the 

heterozygous cells as compared to 6 grains per unit area for the 

homozygous cells as shawn in Table 1). Thisofinding can-be best 

explained on the basis of high den~ity paternal .upe H-2 antigens on 

,fut!:.2~rfac~ .• denot~ng that tl\ese cells were most likely fetal in 

origine However some high affinity FeR binding of antigen-antibody 
'- _ J 

'compJexes relèased from other cells or their internalization .cou1d not 
- - -- - ", ' 

"~-- '~ 
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---
both membrane bound and i nterna ~ i zed grains were a cOrmlOn occurrence in 

these eells at the u1trastructura1 leve1 as ea'rly as at 5 minutes 

interval. These- were the only eell type in which intracytop1a'smic 

labeling inc1uded lysosomes, sugge~ting that they are invol ved in the 

degradtlti on of antibody or anti gen-anti body complexes. Other forms of 

intracytoplasmic labe1ing of various structures such as coated 

vesicles. and lipid vesicles were COfllmon to all cell types, 

• particularlyat later intervals, indiC\tin
o

9 a transport of labeled 
~ 

molecules. In addition, autophagie vacuoles containing I1I!mbrane bound 

label was seen within trophobl ast cell s suggesting a degradation of 

membranes which have bound the antibody or antigen-antibody complexes. 
" 

A ~further quantitative analys1s of radioautographs at the 

ultrastructural leve1 at freq!Jent time intervals employing fine grain 

development after an administrati()n of radiolabeled who1e antibody as 

wel1 as F(ab)2 fragments, coni>ined with a roolecu1ar ana1ys1s of label 

in the placenta and fetus remain as future considerations. Such 

analys'is shou1d provide a clearer picture of the intracellular 

transport, processing and the fate of the antibodv and antigen-ant1body 

complexes while ërossing the placental barrier. 

A lack of labeling of the yo1k sac entoderma1 cells at the li ght 

and electron microscope levels confirms the absence of H-2 antigens on 

these cell s reported by Parr et al (1980). However, Rei chert 1 s 

... membrane showed sfgnificant labeling above backgr.ounct in both placenta1 

types at the light and electron microscope levels',at al1 time points. 

Al though a bi ndi ng of ant i gen-ant i body complexes to ba sement ... bra nes 
~ , 

in certai n structures such as rena1 910t11erulf i s a cORIIIOn feature under 
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certain patholog1cal conditions. ~uch"phenor.lenon alone cannot exp1ain 

the current findfngs on the Refchert~s membrane, since sfgnificant 

labeling also occurred in the hOMOzygous placenta. 

The present study is the first for",al demonstration of the 

presence of H-2 antigenic sites o~ the murine trophoblast plasma 

membrane exposed to the materna 1 si nu soi d. Moreover. we have al so 

10cated such sites on spongiotrophob1ast plasma membrane facing the 

maternal decidua. ~ich i 5 known ta be i nfil t ra ted .,1 th ce 11 s of the 

llaternal fllllune system (Kearns and Lala. 1985a). Similarly, human 

cytotrophoblast cells elllbedded in the naterna1 decidua (Sunderland et 

al 1981 j MontgOlDery an~ Lala, 1983) as well as located on the basal 

plate (Wells et al. 1984) express class 1 MHC antigens. Yet, there is 

no ev1dence ~r an allqgraft responsè of the otherwi se inmunocompetent . , ., , 
nlother agai"st troPho~last cells. There is ample evfdence for a 

, ' cognizance of these arCt i gens by the materna l B cell s with the , . 
production of antfbodf~,s, but a T 'cel 1 response leading to a generation . /., . 
of killer cells ha$ not been demonstrated a,t the r. fetomaternal , 

interface. 

Se-vera1 expla1fations for the above paradox can be offered: (1) 

An abse-nce of cl ass 2 MHe ant f gen s on the trophobl as t ce 1 1 s 

,(Chatterjee-Hasrouni and Lata 1981; Montgomery and Lala, t983) despite 
11 

the presence of class 1 antigens _ay lIake these cells poor1y 

f-..nogenic like thyro1d parenchyaaat cells (Lafferty and Woolnough. 

1977), However, class 2 antigens are considered to Ile important for a 

pr1111ary and not a secondary al1 ograf~ response t whereas a IIOther 

presensitfzed to fetal ant1gens still does 
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not reject the conceptus. (2) Certain MHC epitopes on trophoblast 
, 

cells recognized by B cells may not be recognized by T cells 

(Chatterjee-HasroOni and Lala 1982). This hypothesis remains to be 

tested by use of multiple oonoclonal antibodies and alloreactive T cell 

clones. (3) A local illltlunoregulation by products of certain cells at 

the fetomaternal interface including trophoblast cell s themselves 

(Pavia and Stites 1981; Chaouat and Kolb 1984), or 'maternally derived 

cells in the decidual tissue ego certain suppressor lymphocytes of. the 
~ 

rwll phenotype (Slapsys et al 1983) and typical stromal type decidu~l 

cells (La1a et al 1983. 1984; Parhar and La1a 1985,La1a et. al 1985) 

The latter studies have demonstrated conclusively that decidual cells 

strongly suppress mixed lymphocyte reaction in vi tro and prevent the 

generation of al10reactive killer cells. This suppression is mediated ( 

by prostaglandins. primarily PGEZ • in an !+tC nonspecHic manner. It 

remains to be tested whether thi s suppression al 50 applies to a 

secondary response. A similar prostaglandin rnediated local suppression 

exerted by deciduaLcells on the generation of functional development 

of the NK lineage cells withi n the decidua has al so been identified 

(Scodras et al 1985). Decidua is found ta be infiltrated with a large 

nu~er of null lymphocytes (Keatns and Lala. 1985a) many of which have 

been identified to be- of the NK lineage capable of recognizing target 

structures on trophob l ast cel l s (Chatterjee-Hasrouni et. al, 1984). 

However. these cells are rendered inactive.- The progesterone mediated 

suppression by the trophoblast and prostaglandin mediated suppression 
'1 

by the deci dual cell s may joi ntl y represent the most potent 

i_uQoregulatory phenomenon at the fetomaternal interface. A 

/' ... 
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synerghtic .ction for the two 1II01ecu1es haa been delllOnstrated in 
1 

vitro (Fuj1saki etal. 1985). against lYMphocyte activation. Thus. . ~ 

another fona of potent1a1 assau1t on the conceptus 15 averted by the 

decidua1 c:e11s which have no., bèen recogni zed as a c1ass of lllarro. 

derived i..,noregulatory cell s h~vi n9 Nul ti ple functi onal potential 

(Lala et 'al 1985). 
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Original Contributions 

(1) A demonstration in the 15 day murine p1acehta of the presence of 

paternal haplotype c1ass 1 t.f-lC antigens in situ on the plasma membrane 

of all three trophoblast 1ayers of the triehorial labyrinth and 

spongiotrophob1asts, sorne of the antigenic sites being located on the 

sinusoid lining mierovilli. Antigenic sites were also demonstrated on 

fetal stroma 1 cells, capll1ary endothellum and macrophages, which also 

bore Fc receptors. 

(2) Identityof a unique cell class of fetal origin, occuring in clusters 

6 within a spongiotrophoblast mantle loeated rOOstly in the labyri nthi ne 

11 

(3) 

-
zone have been established for the first time in the murine placenta. 

These cells bear- FeR, and may play an important role in trapping Ab 

and Ag-Ab complexes. 

(C57BL/6 ~ x CBAô> p1aeentae do not appear to exert a selective 
-

barder funetion agai nst the passage of antifetal type H-2 anti bodi es 

to the fetus. 
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