Louisiana State University

LSU Digital Commons

LSU Historical Dissertations and Theses Graduate School

1991

Conceptus—Derived Immunosuppressive Factors
and Their Role in Fetal Allograft Protection.

Terri Lynn Roth
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool disstheses

Recommended Citation

Roth, Terri Lynn, "Conceptus-Derived Inmunosuppressive Factors and Their Role in Fetal Allograft Protection.” (1991). LSU
Historical Dissertations and Theses. 5207.
https://digitalcommons.lsu.edu/gradschool _disstheses/5207

This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact

gradetd@lsu.edu.


https://digitalcommons.lsu.edu?utm_source=digitalcommons.lsu.edu%2Fgradschool_disstheses%2F5207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_disstheses?utm_source=digitalcommons.lsu.edu%2Fgradschool_disstheses%2F5207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool?utm_source=digitalcommons.lsu.edu%2Fgradschool_disstheses%2F5207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_disstheses?utm_source=digitalcommons.lsu.edu%2Fgradschool_disstheses%2F5207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_disstheses/5207?utm_source=digitalcommons.lsu.edu%2Fgradschool_disstheses%2F5207&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:gradetd@lsu.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original' is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

University Microfilms International
A Beil & Howell Information Company
300 North Zeeb Road. Ann Arbor. M1 48106-1346 USA
313/761-4700 800/521-0600






Order Number 9207529

Conceptus-derived immunosuppressive factors and their role in
fetal allograft protection

Roth, Terri Lynn, Ph.D.

The Louisiana State University and Agricultural and Mechanical Col., 1991

U-M-1

300 N. Zeeb Rd.
Ann Arbor, MI 48106







CONCEPTUS-DERIVED IMMUNOSUPPRESSIVE
FACTORS AND THEIR ROLE IN FETAL
ALLOGRAFT PROTECTION

A Dissertation

Submitted to the Graduate Faculty
of the
Louisiana State University
and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy
in

The Department of Animal Science

by
Terri Lynn Roth
B.S., University of California Davis, 1986
M.S., University of California Davis, 1988
August 1991




ACKNOWLEDGEMENTS

I would first like to thank my major professor, Dr. Kenneth L.
White, for initjally convincing me to pursue my Ph.D. degree at
Louisiana State University, then for providing the opportunity for me
to carry out the research in which I was most interested and finally,
for his contributions to this research. I am also grateful to Dr.
Donald L. Thompson, Jr. for kindly allowing me to use his horses. My
sincere appreciation is extended to Dr. David W. Horohov, both for his
helpful advice and for sharing with me his extensive knowledge of
immnology. My gratitude is also extended to Dr. Kenneth L. White,
Dr. David W. Horohov, Dr. Donald L. Thompson, Jr., Dr. Lee L.
Southern, Dr. William Hansel and Dr. Joseph C. Newton for their
helpful suggestions in preparing this dissertation and for serving as
members of my committee.

I would 1like to thank my colleagues, Saeed Rahmanian, Don
Colborn, Joe Capehart, Brett Barry and Mary Rakb for their assistance
at the horse farm. Special thanks is extended to Dr. Bill Swanson for
including me in his work at the local zoos and for offering his
invaluable friendship. Finally, I would like to thank the L.S.U.
Board of Regents for the generous fellowship that supported me during

this doctoral program.

ii



TABLE OF CONTENTS

PAGE
ACKNOWLEDGEMENTS . + ¢ st et eessecoacsssosssannnsssaanansosscssss ii
LIST OF TABLES. sttt etetseesesassesossennsnsassanssssnsns V1
LIST OF FIGURES. sttt ecvcecanssosessssseocnscasacnsncans Vil
LIST OF ABBREVIATIONS. .. cccceesesassososcsscsasenansass vill
N 1 1x
INTRODUCTTION. ¢ o c e e voessacacsnsncosossssnsessssasassasesons X1
CHAPTER I. Literature RevVieW......iceceeeeeceveoceneennocsscsonans 1
IMMUNE RESPONSES AND ALIOGRAFT REJECTION. .. cveeeesnorsnnnsnans 1
The History Oof Allografts. ... eeeieiiieieerenenceencenononnns 1
Humoral Immune-mediated Graft Rejection.........eeeeeeeenn. 2
Cell-mediated Graft Rejection....eeveeeeieennneeeoencnenans 3
T LymMPNOCY EES . o e ie e eseesaenesnsnaoaeaansassosnanns 3
T LympohoCyte ACtivation....eeeeeeeereeeoeeeeecnceanonens 5
The I1i-2 RECEPEOL .t ittt eteteeeeeeecoaeenanaaneasasannnes 5
Cytotoxic T LyMDNOCY eSS . v vttt et eeerererennenassscasanns 6
Additional Cell Types Affected by IL-2...ccveeerinnnnnn. 7
[S)B16;0) @/=T=t=T0) alll 6 I K= 8
In Vitro Assessment of Immune Cell Function................ 9
Mitogen-stimulated Proliferation.........ccveevvennnnnn. 9
Mixed Lymphocyte Reaction....cvveiieetinnrenereneannenns 9
CytolytiC Cell ASSaY S . v evreeeeeennenooneannnnsosssssans 10
THE PUTATIVE IMMUNO~PROTECTIVE ROLE OF THE PLACENTA.......... 11
The Phenomenon of the Fetal Allograft..................... 11
The EQUIne Placenta. .cceieeeettrsceeanenssesssnaassosssnans 12
Hybrid and Interspecific PregnancCiesS....veveeeeeeeeeeeeenn 14
The Murine Model. ... .vciierereerenensoesssnonsnnssnsons 15
The Sheep/Goat Model......cvviiiiiiineneeennnoneonnnns 17
The EQUine MoOAel. ... .iieeieeenneeneecoaareeanesaaanans 19
Exotic Interspecies PregnanCies.......ceeeeeeeocenacans 21
Embryo Manipulation. ccveeeeeeeeeoneneeerosnenaeenssnonnnns 23
TIMMUNOSUPPRESSTON AND PREGNANCY . o v cvvvessseovoesancressnanens 26
Antibody INVOlVEMENt ..o veeeterreeoceoeeseoreasanrsocoananss 26

iii



2 1510;0) 4 =1=t=T0) ol 6= I K3 U 27

Macrophage Involvement in IMMINOSUPPIreSSiON.......ceeee... 28
Suppressor Activity of Prostaglandins and Hormones........ 28
Soluble SUPPreSSOr FACtOrS.eeeeeeeeeeeeeeeecaacnoonnnacnas 30
MUY iNE. sttt eveenensoenooocoaonenconsassanessascannnans 30
2 117 10 P 32
L8 6T 15 0 - Y ol U 33
Rationale of Present Research......c.coeveveeneeeecenenannn. 35

CHAPTER II. Suppression of Sheep and Goat lymphocyte
proliferation by sheep, goat and sheep x goat

hybrid trophoblast tissue cultures..........coceeeens 38
TINTRODUCTION. ¢ 4t e oeteveassssssssssscsososassosassassssnaaena 38
MATERTALS AND METHODS . v v e vt tveernossossosoasssncsnsressnooas 39
RESUL TS . st tetvtnnsosasonsassossosscsassassssssansonsssassnnes 42
DISCUSSION. 44 esevennoscsassassssoesasasoessssosssssssasnssasos 45

CHAPTER III. Suppression of lymphocyte proliferation
by a >30,000 MW factor in horse conceptus-

conditioned MEAiUM. . vvveveeneraoenaoncnossnnsansonns 52
INTRODUCTION. + v e s s e vvvnessecsssssssssscsseasncsossasssnsssnsas 52
MATERTALS AND METHODS . . v c v v ceteesossssasocanoosasassssnsesonnas 54
RESUL TS, ¢ttt evnnnoosccsssosssessscsssssssassssesasesenncsas 58
DISCUSSION. o veevvsessssossssnssecasssssssssossasosassssecsasas 66

CHAPTER IV. PGE-Independent immunosuppressive activity

of horse trophoblast tissue.....vovivvenrererennnnn. 72
INTRODUCTTION . ¢ v e s e sesessaseacensssossesoassssassesssosossnsess 72
MATERTALS AND METHODS. oot oo vesessecssnesosassssasnssosssssaness 73
RESUL S . ¢ tvvevcerocccsssecacoesasosessosssssnssnssccesssssnes 75
DISCUSSION. s oo vevsuasseseoensnsssscsssssssssossosanssnssasesess 77

CHAPTER V. Horse conceptus-derived suppression of
T and B lymphocyte proliferation:interleukin-2

receptor INVOlVEMEN . . oo ireeetennenreeneoerennneens 82
INTRODUCTION. o v ¢ e svseensnososssesnssssssssosnsocssoasansosansess 82
MATERTALS AND METHODS. oottt v vecescrenoncsossoassoscesanssseas 85
RESUL S . ¢ et eeeeessvorossacasossnsssssnossssasssssassssnsssess 96



DISCUSSION. st v vvaesecsasosencsscnsssonsssossosonsasasnsonns
SUMMARY AND CONCLUSIONS. . ..ottt teeeeeenenransosasassnsasncnns 118
LITERATURE CITED. ... eueeterieneneneerossnsncnsececnsonsnennnnns 123
APPENDTIX L. iititirinatteeneoneeeeessssosessossnsenensnsnasennss 148
22 e 151

v



LIST OF TABLES
TABLE PAGE

1. Suppression of PwM-stimulated sheep and goat
lymphocyte proliferation by caprine, hybrid and
ovine trophoblast tissue-conditioned medium.......eeeeeeeeeeenns 46

2. Effect of control medium and HCCM from Groups
I-III on mitogen-stimulated horse PBL proliferation............. 59

3. Effect of treated HCCM on PWM-stimulated
horse PRL Proliferation. cveeee e reeeesseeeeeeasoonenossaconnens 61

4. PGE2 concentrations in horse trophoblast-
conditioned medium (HTCM) and indomethacin-

treated HICM (I-HITOM) &' eeeeeeeoeccneonaononsenssssessenssscaas 78
5. The effect of HCCM T and HCCM II on PWM-

stimulated 1yMphOCY eSS . vt i e ettt ctteereenennennonsssoosnconnnns 87
6. Effect of HCCM II supplementation to mitogen-

stimulated LymMPhOCY S .ttt ittt titcrrenrenecsnecosoncecsossnnns 97
7. Effect of fractionated HCCM IT and CM on CTLL-2

cells and MIrine SPlenoCYteS. ..t et eeieerenconcoascasssssseess 105
8. Fluorescence activated cell sorter analysSiS......cceeeeeeeecccas 106

vi



LIST OF FIGURES
FIGURE PAGE

1. The effect of caprine, ovine and hybrid trophoblast
tissue-conditioned medium on PM-stimulated sheep
lymphocyte proliferation...ccoeeiiineeneeeeneenennannnneanannns 43

2. The effect of caprine, ovine and hybrid trophoblast
tissue-conditioned medium on PWM-stimulated goat
lymphocyte proliferation...cvceeeeeeeeeeeeeeeeeeenenonnossansnns 44

3. Suppressive activity of treated vs non-treated
HCM on PuM-stimulated PBRL proliferation.........ceeeeveeeneens 62

4. Effect of >10,000 and <10,000 MW fractions of
HOCM and CM on PAM-sStimilated PRl ..veeeeeeeeseoeecnesonoeacnnss 63

5. Effect of >30,000 and <30,000 MW fractions of
HCCM and CM on PWM-stimulated PBLi. ... eveeeeneneeeenenaonnenans 64

6. Effect of HCCM on PWM-stimulated PBL: of horses,
AonKeyYS AnNd GOAE S e v v e e e eeereeecasereasenssoseosocosoaassssssanes 65

7. Effect of indomethacin control medium, horse trophoblast-
conditioned medium (HTCM) and indomethacin-treated HTCM
on PiM-stimulated horse PBL proliferation.........oeveeeeeeann. 76

8. Serial dilutions of PHA tested in an equine
lymphocyte proliferation assay...coeeveeeieeeereenecascssneeaes 89

9. Effect of HCCM I supplementation to PWM-stimulated
lymphocyte cultures at 0, 24 and 48 hours after the
Start Of CULEULE. ... iiiiiirereioeaseseseceoraronsssosansnnans 98

10. Response to PWM-stimulation following pre-
incubation of cells with HOOM II. ... tiieieceneencoonoccssses 99

11. Effect of PHA-stimulated equine PBL supernatant
supplementation to HOCM II-treated, PWM-
stimulated IyMPNOCY S . i it ereereeereeeosececsseenasscacanns 101

12. Effect of human recombinant IL-2 supplementation on
proliferation of HOCM I-treated, PHA-stimulated equine PBLs...102

13. Effect of rIL-2 supplementation to non-stimulated,
PHA-stimulated and PHA-stimulated + HCCM II-treated
Cell CULUE S .ttt vttt ittt eenseensssossasonnnesososaanansasens 103

14. Two-dimensional scatter analysis with side
and forward light scatter parameters to examine
the effect of HCCM on cell blastogenesis.........cceeeeneenn... 108

vii



LIST OF ABBREVIATIONS

CCM - caprine conditioned medium.

Con A - concanavilin A.

M - control medium.

CIL - cytotoxic T lymphocyte.

CTLL - cytotoxic T lymphocyte line.

CTLL-2 ~ IL-2 dependent cytotoxic T lymphocyte line.

FACS - fluorescence activated cell sorter.

FF - fresh frozen.

FITC - fluorescein isothiocyanate.

FSH - follicle stimulating hormone.

FT - frozen-thawed 8X to -80° C.

HCCM - horse conceptus conditioned medium.

HCCM-I - horse conceptus conditioned medium with fetal calf serum.
HOCM-IT - horse conceptus conditioned medium without fetal calf serum.
HCOCM-SF - horse conceptus conditioned medium suppressor factor.
HCM - sheep x goat hybrid conditioned medium.

HMWGP - high-molecular-weight glycoprotein.

HBSS - Hank's basic salt solution.

HT - heat-treated 90°C for 30 min.

HTCM - horse trophoblast conditioned medium.

ICM - inner cell mass.

I-M - indomethacin control medium.

I-HTCM - indomethacin-treated horse trophoblast conditioned medium.
II-1 - interleukin-1l.

IL-2 - interleukin-2.

IL-2R - interleukin-2 receptor.

rIl-2 - human recombinant interleukin-2.

LPS - lipopolysaccharide.

MHC - major histocompatability.

MLR - mixed lymphocyte reaction.

NCF - nitrocellulose filtered.

NK - natural killer.

OCM - ovine conditioned medium.

PBL - peripheral blood lymphocytes.

PEMC - peripheral blood mononuclear cells.

PBMCS - peripheral blood mononuclear cell supernatant.

PBS - phosphate buffered saline.

PBS-GS - phosphate buffered saline + 10% goat serum.

PHA - phytohemagglutinin.

PGE2 - prostaglandin EQ

PP14 - placental protein 14.

PWM - pokeweed mitogen.

RIA - radioimmumoassay.

PZP - pregnancy zone protein.

RPMI+ - RPMI-1640 medium + 1% penicillin/streptomycin + 10% calf serum
SIF - suppressor inducer factor.

TCR - T cell receptor.

ULP - uterine luminal protein.

UIM-P - uterine milk protein.

viii



ABSTRACT

The role of conceptus-derived immunosuppressive factors in
protecting the fetal allograft was investigated by first examining the
immunosuppressive acti\}ity derived from ovine, caprine and hybrid
conceptus trophoblast tissue. Medium conditioned by 20 day-old
conceptus trophoblast tissue from each species suppressed sheep and
goat lymphocyte proliferation (P<.0l). There were no differences
(P>.05) between the immunosuppressive effects of the three media on
either sheep or goat lymphocytes. In subsequent studies, horse
conceptus-conditioned medium (HCCM) derived from embryos at days 9, 15
and 26 of gestation, suppressed mitogen-stimilated horse lymphocytes
(P<.001) . HCOM maintained its suppressive activity following heating
and repeated freeze-thawing. Using microconcentrator centrifugation,
it was determined that the suppressor factor(s) was >100,000 MW. HCCM
was tested in donkey and goat lymphocyte cultures and proved capable
of suppressing proliferation of xenogeneic lymphocytes (P<.01l).
However, the suppressive capacity of HCCM in caprine lymphocyte
cultures was less (P<.05) than that in equine cultures. Trophoblast
tissue of 21 day-old horse conceptuses was cultured in the presence
and absence of indomethacin. Both immunosuppressive activity and the
concentration of prostaglandin E; (PGEpz) in the medium of each culture
were measured. While PGE; production was greatly reduced in cultures
containing indomethacin, trophoblast-derived immunosuppressive
activity was not affected (P>.05). The final study involved partial
characterization of the HCM suppressor factor's (HCCM-SF) mechanism
of action. By testing HCCM-SF in cultures stimulated with mitogens

ix



that selectively activate B and/or T lymphocytes, and by sorting HCCM-
SF-treated and non-treated cells labeled with fluorescent antibodies,
it was determined that HCCM-SF acts on T lymphocytes. The temporal
effect of HOOM-SF was also investigated and, compared to lymphocytes
treated at time 0, proliferation was greater (P<.0l) in cultures
treated with HCCM-SF 24 or 48 hours after the start of stimulation.
Furthermore, the removal of HCCM-SF from lymphocyte cultures resulted
in complete recovery of cell responsiveness. The addition of
recombinant human IL-2 to the lymphocyte cultures did not overcome the
suppressive effect of HOM-SF (P<.0l), yet HCCM-SF had no effect on
cells already expressing the high affinity IL-2 receptor (P>.05).
HCCM-SF may be one factor responsible for inhibiting cell-mediated

fetal allograft rejection during pregnancy.



INTRODUCTION

The mammalian placenta mediates numerous supportive functions
related to the fetus that are necessary for maintaining a successful
pregnancy. In acting as the organ of fetal respiration, nutrition, and
excretion, the placenta facilitates metabolic exchanges between fetal
and matérnal blood while simultaneously impeding transplacental
movement of many other substances. The placenta also plays an
important role as an endocrine organ during gestation, but perhaps its
most fascinating characteristic is the ability to maintain the fetus
as an allograft in the mother.

Scientists have struggled for years to understand how nature
circumvents the allograft reaction to allow for fetal survival. The
motives for studying this phenomenon have been primarily two-fold.
First, it is believed that some cases of infertility and recurrent
abortion result from aberrant imminological conditions, but causal,
atypical immunological events can only be identified and appropriately
treated if the "normal" fetal-maternal relationship of successful
pregnancies is understood. Second, information gained from the
elucidation of the mechanisms underlying fetal allograft tolerance
might prove valuable for those struggling to improve the proficiency
of organ transplantation. While both motives still exist today, there
is now a third and perhaps more critical incentive for solving the
mysteries surrounding maternal acceptance of foreign fetal tissue.
This third motive pertains to potential strategies for assisting
reproduction of endangered species.

while the human population is expanding at an accelerated rate,
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species diversity on this planet is diminishing at a similarly
alarming rate. In order to both protect and enhance proliferation of
endangered species, it is imperative that some action be taken
immediately. With the technological advances of the past decade,
interspecific embryo transfer from aendangered to non-endangered
species has become an attractive strategy. Unfortunately, the use of
this procedure has met with only limited success. The etiology of
failed interspecies pregnancies frequently indicates immunological
rejection. Therefore, it is anticipated that by achieving a
comprehensive understanding of the fetal-maternal immunological
relationship, it will be possible to either choose more appropriate
xenogeneic surrogate females or to modulate the in utero immune
response of the surrogates such that the interspecific pregnancy is
maintained. Perhaps then, the success of interspecific embryo transfer
will attain the efficiency required to facilitate the propagation of
somé imperiled species.

In this dissertation, one immunological aspect of the fetal-
maternal relationship is examined. In order for the reader to gain
insight into the philosophy of this work, the literature review in
Chapter I encompasses three main topics. The first section describes
components of the immune response that contrilbute to allograft
rejection and that may play a role in the acceptance or rejection of
the fetal allograft. The second section focuses on the large,
convincing body of evidence for the importance of the placenta in both
protecting the fetal allograft and maintaining pregnancy. The final
section of the literature review deals specifically with the concept

xil



of immunosuppression at the fetal-maternal interface, which is the
focus of this research. Chapters II-V consist of the four manuscripts

derived from this dissertation.
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CHAPTER 1I.
LITERATURE REVIEW
IMMUNE RESPONSES AND ALLOGRAFT REJECTION
The Histoxry of Allografts

An allograft is a tissue that has been transplanted from one
member of a species to another genetically distinct member of that
species. The first allograft attempt was reported in 1503 by a
surgeon who grafted skin from a slave for the reconstruction of the
master's nose (from Auchincloss and Sachs, 1989). Skin grafting
became common practice during the late 1800s, but it was mainly a
technique used to promote the healing of a wound, and whether or not
the graft "took", was of no great concern. A tremendous break-through
for those studying graft acceptance and rejection in the early 1500's
came from the observations of Sir Peter Medawar. Medawar critically
evaluated some peculiar results of a clinical skin graft attempt and
subsequently carried out a series of grafting experiments in rabbits
(Medawar, 1944). Shortly thereafter, Medawar concluded that the
rejection of allografts was a form of actively acquired immune
reactions (Medawar, 1945). Little (1914, 1941) also made an
exceptional contribution towards our understanding of the success or
failure of transplantation Jo.% describing the “laws of
transplantation”. These laws dealt with the genetic components
contributing to graft rejection. In his interpretation of the
complicated laws, Little proposed that there were miltiple loci
codominantely expressing their products, and if any such product was

generated by the donor and not the recipient, the graft would be



rejected (Little, 1914). Little's hypothesis (now considered a
fundamental law) was largely responsible for stimulating subsequent
investigations that 1ed to the identification and characterization of
the major histocompatibility complex (MHC) loci and associated
antigens.

Today, we know that the extraordinarily polymorphic MHC antigens
(Bell et al., 1985) can be divided into two general types called class
I and class II MHC antigens. The class I antigens are found on
virtually all nucleated cells of the body (Harris and Gill, 1986). 1In
contrast, class II antigens are selectively present on several immune
cells, such as macrophages, dendritic cells, B lymphocytes and human T
lymphocytes (Daar et al., 1984). Initially, class I antigens were
identified by antibodies. In contrast, class II antigens were
identified by their ability to provoke allogeneic lymphocyte responses
(Bach et al., 1972). Such responses are not unlike those that occur
during allograft rejection.

Humoral Immune-mediated Graft Rejection.

Because B lymphocytes are responsible for the generation of
antibodies, their primary role in graft rejection is mediated through
a humoral immune response. There is some evidence that pre-existing
antibodies can cause antibody-mediated (hyperacute) graft rejection of
vascularized organs (Williams et al., 1968). Such rejection is
characterized by antibody binding to vascular endothelium which leads
to severe thrombosis (Winn, 1986). Chronic antibody-mediated
rejection has been implied in a few failed cases of transplantation
where only a sparse cellular infiltrate was observed (Jeannet, 1970).

However, a well defined mechanism for chronic humoral immune-mediated



graft rejection has not been identified. Furthermore, skin grafts are
resistant to hyperacute antibody-mediated rejection (Winn et al.,
1973). Instead, cell-mediated immunological processes are responsible
for skin graft rejections which occur one or more weeks following
transplantation. Because the placental-uterine association is
analogous to a skin graft-donor relationship, it is the cell-mediated
response, or lack thereof, during pregnancy that receives the most
attention when survival of the fetal allograft is studied.
Cell-mediated Graft Rejection.

Skin graft rejection is a highly specific and complex process
involving both B and T lymphocytes, macrophages and natural killer
(NK) cells (Hayry et al., 1984; Tilney et al., 1984). Experiments in
which syngeneic and allogeneic skin grafts were placed adjacent to
each other resulted in an inflammatory rejection response to the
allogeneic graft, yet the response abruptly ended at the interface of
the syngeneic graft (Auchincloss and Sachs, 1989). Furthermore, when
mosaic grafts of chimeric (tetraparental) mice were transferred to one
of the parents, only allogeneic cells were destroyed while
interspersed syngeneic cells were left unharmed (Mintz and Silvers,
1970; Rosenberg and Singer, 1988). The specificity of graft rejection
is a reflection of the T cell receptor's (TCR) specificity for foreign
cells.

I Lvmphocvtes

The importance of T lymphocytes in cell-mediated graft rejection
has been demonstrated in vitro by their role in non-antibody mediated
cytotoxicity, and in vivo by their significant predominance in the

cellular filtrate of rejected transplants. Further confirmation has



been obtained experimentally by the demonstration that T cell
deficient rats indefinitely accept cardiac allografts (Iga et al.,
1985) and athymic mice accept not only allogeneic grafts, but also
xXenogeneic grafts (Mamning et al., 1973). In addition, when such mice
are re-populated with purified T cells, the animals regain the
capacity to reject grafts (Sprent et al., 1986; Rosenberg et al.,
1987). While it is widely accepted that T cells are largely
résponsible for graft rejection, there is still controversy regarding
the specific T cell subsets or mechanisms involved (Steinmuller, 1985;
Mason and Morris, 1986).

T cell development is accompanied by changes in cell surface
structures and these surface antigens serve as phenotypic markers for
cells with different physiological functions. The T cell population
is divided into two general sub-populations on the basis of the
expression of the specific cell surface antigens, CD4 and (D8
(Reinherz and Schlossman, 1980; Raff, 1971; Cantor énd Boyse, 1975).
Expression of the CD4 and CD8 antigens is associated with the function
of the cells. Thus, CD4+ cells are known as T helper cells and CD8+
cells are T cytotoxic/suppressor cells. (D4 and CD8 antigens are also
involved in and predict the TCR's mechanism of antigen recognition.
The TCR of CD4+ cells recognize antigen in the context of class II MHC
while the TCR of CD8+ cells recognize antigen in the context of class
I MHC (Swain, 1983). Reconstitution of T cell-deficient mice with
either CD4+ or CD8+ T cell populations re-establishes the animal's
ability to reject grafts (wWheelahan, 1987; Auchincloss et al., 1988).
It has been reported that rejection of grafts expressing only class I

antigenic differences is dependent on CD8+ lymphocytes while CD4+ cell



participation is required for rejection of grafts expressing only
class II differences (Rosenberg et al., 1986,1987). These
observations are compatible with the theory that the T cell, and more
specifically TCR recognition of foreign MHC, is responsible for
rejecting grafts.
T Lymphocvte Activation

In a primary immne response, T cell activation occurs when the
antigen specific TCR is stimulated by a foreign antigen in the context
of an appropriate MHC antigen. Following activation, the cell
undergoes dramatic changes including an increase in cell volume (blast
transformation), an increase in INA synthesis and the generation of
specific cell products. These events result in clonal expansion of
specific T cells. Additionally, the cells differentiate and acquire
specific functions associated with T helper or T cytotoxic/suppressor
cells. T helper cells (CD4+) produce interleukin-2 (IL-2) which
serves as the necessary secondary signal (following antigen
stimulation) for inducing proliferation of T cells (Bonnard et al.,
1979; Smith, 1980) as well as for generating CTL activity (Farrar et
al., 1981). The ability of T cells to respond to IL-2 depends on
activation of the cells to express the high affinity IL-2 receptor
(IL-2R) (Bomnard et al., 1979; Smith, 1980).
The II-2 Receptor

The IL-2R has been identified and described as a dimer
consisting of a p55 alpha chain with low affinity for IL-2 and a p75
beta chain with slightly greater IL-2 affinity (Greene et al., 1986;
Tsudo et al., 1986; Teshigawara et al., 1987; Smith, 1988a). With

mitogenic or allogeneic stimulation, the two chains are expressed



together on the cell surface to form the high affinity II.-2R complex
which, when bound to IL.-2, is largely responsible for signaling cell
proliferation (Sharon et al., 1986; Smith, 1988b). The significance
of this high-affinity IL-2R has been demonstrated by experiments in
which an antibody to the IL-2R (anti-Tac) blocks IL-2 binding (Robb et
al., 1981; Leonard et al., 1982; Sharon et al., 1986), thereby
inhibiting cell proliferation (Robb et al., 1981). In addition,
antibody blocking of the IL-2/IL-2R interaction has effectively
prevented allograft rejection (Kirkman et al., 1985). Wwhile T helper
cells serve as the source of IL-2, IL-2R are expressed on T helper, T
cytotoxic/suppressor and even activated B cells (Waldmarn et al.,
1984). Thus, IL-2 can have a significant impact on several cell types
involved in cell-mediated immune responses.
CQvtotoxic T Lymphocvtes

Cytotoxic T cell differentiation and activation are dependent on
IL-2 production by T helper cells (Nabholz and MacDonald, 1983). This
effect of IL-2 is largely responsible for the synergism of the two
cell types that has been observed both in vivo (Cantor and Asofsky,
1971) and in vitro (Wagner, 1973). Wwhile IL-2 has been promoted as
the lymphokine responsible for the secondary stimulus required for
complete CTL activation, it has recently been reported that IL-4 may
be equally effective in its ability to serve as a helper factor for
CTL generation (Widmer and Grabstein, 1987). Nevertheless, IL-2
induction of CTL proliferation may be an important event associated
with graft rejection. Convincing evidence exists for CTL involvement
in the rejection process. For example, wusing flow cytometric

analysis, a shift in the ratio of CD4+ to CD8+ cells (from 1.6 on day



3 to .7onday 5), was found to be associated with the period of most
intense immunological graft destruction (Tilney et al., 1986). In
addition, specific, MHC-restricted allograft rejection in vivo by

cloned CTLs has been reported (Snider et al., 1986).

In addition to its effects on T cells, IL-2 can promote the
activation of other cells associated with, or involved in, the
rejection of allografts. Activated B cells express the high affinity
IL-2R (Waldman et al., 1984) and IL-2 promotes both proliferation and
differentiation of B cells. Furthermore, IL-2 regulates B cell
production of antibodies (Jelinek and Lipsky, 1987;. At high
concentrations, IL-2 has been shown to enhance cytotoxic activity in
macrophages (Malkovsky et al., 1987). Similarly, NK cells respond to
-2 with augmented cytotoxic activity, IL-2 receptor expression,
proliferation and increased interferon gamma production (Trinchieri et
al., 1984; Brooks and Henney, 1985; Malkovsky et al., 1987).
Together, these findings indicate multiple regulatory effects of IL-2
on immune function.

A role for NK cells and/or macrophages in graft rejection has
not been elucidated. While they do exist as somewhat minor
populations in cellular infiltrate of rejected grafts (Hayry et al.,
1984; Tilney et al., 1984), their significance is not understood.
Macrophages participate in cell mediated immnity by interacting
specifically with lymphocytes to promote antigen-specific responses,
by their ability to phagocytize cells specifically labeled by
antibodies and by direct cytotoxicity (Anderson and Hill, 1988).



Similarly, NK and killer cells are capable of cytolytic activity
mediated by antibodies.
Suppressor Cells

While attempts té maintain allografts have focused mainly on
procedures that might interfere with or reduce effector cell function,
an alternate method might be through the induction of immune
suppressor cells. Results of various methods used to identify
suppressor cells have implicated both T and B lymphocytes (Katz et
al., 1974; zZubler et al., 1980) as well as macrophages (Baird and
Kaplan, 1977; Oehler et al., 1977) as mediators of suppression.
However, overwhelming evidence indicates that T cells, specifically
CD8+ cells, are responsible for most suppressor cell activity. When
CD8+ cells were added to mixtures of B cells and T helper cells,
antibody production was substantially reduced (Hodes, 1989). It has
been suggested that suppressor cells serve more as homeostatic
regulators of immme responses than mediators of complete
unresponsiveness (Eardley and Gershon, 1975; Eardley et al., 1978).
Such regulatory mechanisms could be associated with allograft
acceptance and/or rejection. Antigen non-specific T suppressor cells
have been identified during graft-versus-host disease following bone
marrow transplantation (Pickel and Hoffmann, 1977; Shearer and
Polisson, 1980), indicating a role for these cells in failed grafts.
There is also evidence for suppressor cell involvement in the fetal
allograft phenomenon and these studies will be discussed in the
following sections. Unfortunately, even with the tremendous quantity
of information pertaining to suppressor cells, the basic mechanism

underlying the functions of such cells remains largely unresolved.



In Vitro Assessment of Immune Cell Function

e r £

While lymphocyte activation generally requires stimulation by
antigen in the context of MHC, there are reagents available that
obviate the need for specific antigen stimulation. These reagents
include lectins or mitogens which can polyclonally activate cells by
binding non-specific carbohydrate groups on the lymphocyte surface
(Sharon, 1983). Phytohemagglutinin (PHA) (Nowell, 1960), concanavilin
A (Con A) and pokeweed mitogen (PWM) were among the first lectins
identified. The ability of Con A and PHA to selectively stimulate T
cells is likely due to their binding of carbohydrate groups expressed
on T cell receptors (Sharon, 1983). In fact, results from recent
studies indicate the lectins bind directly to components of the T cell
receptor (Weiss et al., 1987). In contrast to these T cell mitogens,
PWM primarily stimulates B cells while also affecting T cells.
Lipopolysaccharide (LPS) endotoxin also serves effectively as a
mitogen, but it non-specifically stimulates B cells to proliferate,
differentiate and produce antibodies (Kincade and Gimble, 1989).
These potent lymphocyte stimulators have facilitated the study of non-
specific immune cell responses in vitro.
ixed h .

Another in vitro assay that has been extensively wused to
investigate cell mediated immune responses is the mixed-lymphocyte
reaction (MLR). This assay exploits the fact that T cells recognize
non-self MHC antigens as foreign, and the stimulation by this
"foreign" antigen causes the cells to undergo transformation and

proliferation. Because of this blast response by lymphocytes to



allogeneic stimuli, the assay has been referred to as the in wvitro
correlate of allograft rejection (Andersson and Hayry, 1974). Cell
proliferation in this assay can be assessed by measuring cell uptake
of a radiolabeled precursor supplemented to the culture medium. Due
to the nature of the cellular response in this assay, it has been used
for tissue typing (Roit, 1987) and is still frequently used to assess
the relatedness of two individuals. In addition, MLRs have been used
to identify suppressor activity of immune cells obtained from the
placenta (Uren and Boyle, 1990) and to assess soluble suppressor
factors found in conceptus culture medium (Murray et al., 1987).
Cvtolytic Cell Assavs

The ability to measure cytolytic activity of cytotoxic T cells
by using target cells that have incorporated Sler, released and
measurable upon lysis of that cell, provides another mechanism that
can be used when examining antigen-specific, cell-mediated immune
responses in vitro. Such an assay is particularly relevant in studies
of allograft rejection because of the inwolvement of CIL in this
response. In contrast to the cytolytic assay, a CTL proliferation
assay 1is used to quantify IL-2. Due to the potent effect of IL-2 on
CTL proliferation, it was possible to establish a murine cytolytic T
lymphocyte 1line (CTLL) for measuring IL-2. These CTLL cells
constitutively express the high affinity IL-2R and proliferate only in
response to IL-2. In the absence of IL-2, the cells cease to
proliferate and die within 12-18 hours. Even more important, the
degree of CTLL proliferation is dependent on the concentration of IL-
2. Therefore, quantitative measurements of IL-2 activity in various

samples can be determined with these cells (Gillis et al., 1978).
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THE PUTATIVE IMMUNO-PROTECTIVE ROLE OF THE PLACENTA
The Phenomenon of the Fetal Allograft

Mammalian pregnancies are generally characterized by the
successful development of allogeneic conceptuses intimately associated
with maternal uterine tissue. MateJ;nal acceptance of the fetal
allograft represents a unique case of immunological tolerance that is
consistently reproducible. For decades scientists have been
challenged to explain how the feto-placental unit survives to term
while artifactual allografts repeatedly fail.

In 1953, Medawar offered potential solutions to the mystery.
Based on his solutions, Billingham (1964) and Simmons (1969)
formulated hypotheses pertaining to the mechanisms possibly involved.
The proposed mechanisms included: 1) The uterus is an immunologically
privileged site 2) The conceptus is antigenically immature 3) The
placenta provides a barrier to cellular and humoral maternal-fetal
interactions 4) The maternal immune system is suppressed and 5) The
immmne response of the mother is qualitatively different during
pregnancy such that it promotes fetal survival. The first option has
been eliminated (Beer and Billingham, 1976) since it has been shown
that the uterus possesses an immune system capable of tissue-graft
rejection (Reimers and Dzuik, 1974). There is substantial evidence
against the second option as the conceptus expresses several classes
of alloantigens and iscantigens on its cell surfaces (Wegmann et al.,
1979; Chatterjee-Hasrouni and LaLa, 1982; Lala et al., 1983; Johnson,
1984; Crump et al., 1987; Donaldson et al., 1990). Furthermore, the
presence of anti-fetal antibodies frequently identified in maternal

circulation, refute both options 2 and 4 (Terasaki et al., 1970;
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Newman and Hines, 1980; Smith et al., 1982; Antczak et al., 1984).
Finally, there is a complete lack of evidence supporting option five.
The potential role of the placenta as the primary barrier to
immunological rejection (option 3) has increasingly received greater
attention with the accumulation of evidence against the other
hypotheses.

The Equine Placenta

The term "placental barrier" has long been used to describe the
tissue layers separating fetal and maternal blood supplies. The role
of the placenta as a ‘"barrier" differs both structurally and
physiologically between species. Equine placentae, in particular, are
characterized by specialized structures with functions unique to the
species. Because the research described in this dissertation focuses
largely on the horse conceptus, a brief description of implantation
and placental formation in this species is warranted.

Oviductal transport in the mare appears to be selective for
fertilized embryos, and oocytes are only rarely found in the uterus.
Horse embryos enter the uterus as early blastocysts on day 5 or 6
after ovulation (Hamilton and Day , 1945; Oguri and Tsutsumi, 1972).
Normally developing embryos hatch from their zonae pelucidae on day 8
or 9, but remain encapsulated by another non-cellular, translucent
membrane referred to as the embryonic capsule (Flood and Betteridge,
1982). Trans-uterine migration of the embryonic vesicle ceases by day
15 when fixation occurs in one of the uterine horms (Ginther, 1986).
Vesicle expansion and fetal development proceed, but actual
implantation does not begin until day 36 of gestation (Allen et al.,

1973).
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Placentation in equids is wuniquely characterized by the
formation of structures known as endometrial cups. These cups
originate from specialized trophoblast cells, chorionic girdle cells,
which invade the maternal endometrium between days 36 and 38 after
ovulation (Allen and Moor, 1972; Allen et al., 1973). Within 24
hours, these cells migrate into the uterine stroma, increase in size
and begin secreting equine chorionic gonadotrophin (eCG). Leukocytes,

primarily lymphocytes, immediately accumulate around the developing

endometrial cups and their numbers increase as gestation progresses -

(Allen, 1979). while these cells appear to “"wall off" each cup from
the uterine stroma, it is not until day 70 or 80 that the lymphocytes
invade the cups. This invasion of immne cells leads to the
destruction of the endometrial cups and by day 120, the tissue sloughs
into the uterine lumen.

The nature of the intense lymphocyte accumilation surrounding
the endometrial cups remains unclear. A similar response is not
observed around the non-invasive trophoblast of the allantochorion
(Allen, 1975) indicating that cup cells may express antigens not
present on other trophoblast cells. The fact that antibodies to fetal
major histocompatibility complex (MHC) antigens are present in 90% of
mares carrying MHC-incompatible fetuses (Bright et al., 1978; DeWeck
et al., 1978), and that these antibodies are detected 2 to 4 weeks
after cup formation (Antczak et al., 1984) would indicate that
paternal MHC-antigens are present on endometrial cup cells. Indeed,
Crump et al. (1987), provided conclusive evidence for the expression
of paternal MHC antigens on the invasive chorionic girdle cells at day

33 of gestation. In addition, Donaldson et al. (1990), found that
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class I MHC antigen expression was largely restricted to the early
stages of trophoblast invasion. They reported a reduction in MHC
antigens on mature cup cells and suggested that developmentally
regulated MHC expression may serve as one defense against alloimmune
rejection mechanisms. Surely, this phenomenon supports the suggestion
that the placenta plays a role as an immuno-protective barrier for the
fetal allograft. Conversely, a vigorous leukocyte reaction against
MHC~compatible endometrial cups has been observed (Allen et al., 1983;
Antczak and Allen, 1984) indicating that MHC antigens are not
primarily responsible for the immune response against endometrial
cups.
Hybrid and Interspecific Pregnancies

The study of both successful and failed hybrid and interspecific
pregnancies, has led to a greater appreciation for the placenta's role
in preventing immunological rejection of the fetus. The three most
thoroughly studied models of hybridism are the murine model of Mus
musculus and M. caroli, the equine model involving primarily the
domestic horse and donkey and a model involving two genera, the
domestic sheep (Ovis aries) and goat (Capra hircus). Wwhile exhibiting
some similarities, each model is unique with respect to success rates,
complications and characteristic abnormalities  relative to
intraspecific pregnancies. Immunological interference appears to be
involved in, if not responsible for, anomalies associated with
interspecific pregnancies, but how this immne interference is

manifested differs with species.
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The Murine Model

The murine model of interspecific pregnancy has been intensively
studied (Rossant et al., 1982; 1983a and Croy, 1985). Wwhile M. caroli
and M. musculus have the same diploid chromosome number they do not
readily hybridize. Both fertilization and postimplantation survival
rates are extremely low (West et al., 1977), but such failure likely
results from retarded development of hybrids relative to either
parental species (Frels et al., 1980). Such retarded development
indicates genomic incompatibility and not immunological interference
as the primary cause of pregnancy failure, and will therefore not be
discussed further. Results from interspecific embryo transfer between
the two murine species have revealed a more puzzling situation.
Survival to term of M. caroli embryos transferred to M. musculus
recipients was very low (1/69) while M. musculus embryos transferred
to the same recipients developed normally (Frels et al., 1980).
FUrﬁhenrore, Croy et al. (1982) noted that after 9.5 days of
apparently normal development, the M. caroli placental trophoblast
layer became infiltrated with lymphocytes and hemorrhage occurred,
while M. musculus embryos in the same uterus were unaffected.
Cytotoxic T lymphocytes that 1lysed M. caroli target cells were
identified at the resorption sites indicating immunological
involvement in the demise of M. caroli embryos. Additional evidence
for immuinological involvement in fetal survival was reported by Clark
et al. (1983) who found that while decidual cells with
immunosuppressive capabilities are present during intraspecies
pregnancy in one uterine horm, they are not detectable in decidua of

xenogeneic (M. caroli) conceptuses that have implanted in the opposite
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uterine horn. It was hypothesized that M. caroli trophoblast failed
to recruit or stimulate these suppressor cells.

The fact that the conceptus represents a unique type of
allograft is supported by the results of experiments involving the
transfer of M. caroli embryos to M. musculus recipients with
genetically or experimentally altered immne function. M. caroli
survival in M. musculus females was not improved when recipients were
treated with Cyclosporin A which is capable of inhibiting T-lymphocyte
mediated rejection of transplants (Croy et al., 1985b). In the same
study, M. musculus recipients that were either athymic (T cell
deficient) or natural killer (NK) cell deficient failed to support M.
caroli embryo development, yet the athymic recipients did accept M.
caroli skin grafts. Wwhile these data may refute the hypothesis of
immne system involvement with interspecific pregnancy failure in this
model, the results are complicated by the confounding effect of immune
system alterations on pregnancy in general. Difficulties were
reported maintaining pregnancies in athymic M. musculus females
following the transfer of M. musculus embryos (Croy et al., 1985b).
The failure of putatively immuno-incompetent M. musculus mice to
support M. caroli embryos has been explained as a result of M.
musculus hypersensitivity (pre-existing immunity) to M. caroli
antigens (Clark et al., 1986). However, the basis for this pre-
existing sensitivity was not given.

wWhy interspecific pregnancies proceed successfully when M.
musculus embryos are transferred to M. caroli recipients, yet fail
consistently when the species of embryo and recipient are reversed,

remains unclear. It has been reported that fewer suppressor cells are
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present in the decidua of M. caroli conceptuses than M. musculus
conceptuses during intraspecific pregnancies (Clark et al., 1986). In
addition, M. caroli placental cells exhibited less inherent ability to
inhibit cytotoxic effector cell killing when compared to M. musculus
placental cells. In view of this dat:é, it has been suggested that,
compared to M. musculus, M. caroli conceptuses have a weakened defense
against maternal immune attack even in the M. caroli uterus (Anderson,
1988). Even with the substantial quantity of information obtained,
the exact mechanism responsible for the failure or success of M.
musculus/M. caroli interspecific pregnancies has not been defined.
However, it is widely believed that a matermal immune response and a
failure of conceptus-derived local immunoregulation are primary
contributors to the death of xenogeneic embryos.
The Sheep/Goat Model

Scientists have been puzzled for years over the failure of
domestic sheep x goat hybrid pregnancies when the two species are
frequently observed mating. Interspecific fertilization failure was
initially suggested as an explanation for failure of hybrid
pregnancies, but this theory was refuted long ago (Warwick and Berry,
1949; Bratanov and Dikov, 1962). Degpite the fact that fertilization
between sheep and goats does occur, hybrid embryos invariably die
during the first 2-3 months of gestation (Warwick and Berry, 1949;
Alexander et al., 1967). Death does not appear to be caused by
cytological anomalies associated with altered chromosome numbers
(Buttle and Hancock, 1966). In addition, Hancock and Jacobs (1966)
found no evidence of developmental abnormalities that might explain

early death. It was suggested that because the caprine placenta
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differs from that of the ovine in that it is not a source of
progesterone (Amoroso and Perry, 1975), the hybrid placenta may prove
to be deficient in progesterone production. Such a hormone deficiency
could lead to endocrine-associated pregnancy failure. However,
McGovern (1976) was unsuccessful in extending the survival of the
hybrid fetus by administering exogenous progesterone to recipient
does. |

While all of the factors mentioned above may contribute to sheep
X goat hybrid pregnancy loss, there is an overwhelming body of
evidence which suggests that pregnancy failure is due to immunological
incompatibility between maternal and fetal tissues. Numerous reports
of abnormal histological and ultrastructural characteristics of
placentae in hybrid pregnancies (Alexander et al., 1967; Hancock et
al., 1968; McGovern 1973a; Dent et al., 197l1a,b) support the idea that
the maternal immne reaction is directed against the hybrid placenta
and not the fetus itself. Hybrid placentae development was
extensively studied by Hancock et al., 1968. They reported that in
some pregnancies the fetal membranes failed to establish normal
contact with the uterus and caruncular development was incomplete. A
similar deficiency in trophoblast invasion has been reported following
the transfer of sheep embryos to goat recipients (Hancock et al.,
1968). In either case, fetal death results. By contrast, in other
hybrid pregnancies and when goat embryos developed in sheep
recipients, cotyledonary development was prominent and invasion of
uterine tissue by trophoblast was extensive. In such cases, necrosis
of both fetal and matemal tissues occurred, accompanied by maternal

immune cell infiltration. Large aggregation of platelets and lobular
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swelling of the endothelium were identified in maternal capillaries
beneath the uterine epithelium. Similar observations are
characteristic of viscera undergoing rejection and of blood wvessels
damaged by antigen-antibody complexes. The fact that hybrid pregnancy
failure occurs earlier during gestation in second-time recipients or
in recipients immunized with xenogeneic paternal leukocytes, supports
the theory that an immnological reaction is the primary factor
resposible for hybrid fetal death (McGovern, 1973).

The Equine Model

Equidae are unique in that hybrid and interspecific pregnancies
are possible across a variety of species with wide chromosomal
differences (Short et al., 1974; Benirshke and Ryder, 1985).
Nevertheless, relative to intraspecific pregnancies, there are
significant alterations in endometrial cup formation and survival, eCG
secretion and leukocyte accumulation in interspecific or hybrid
pregnancies. Results from numerous studies indicate that the immune
system is primarily responsible for aberrant cup formation.

The transfer of horse embryos to donkey recipients appears to be
more successful than the transfer of donkey embryos to horses.
Compared to intraspecific donkey pregnancies, horse-in-donkey
pregnancies result in the formation of larger endometrial cups
surrounded by excessive numbers of accumulated leukocytes (Allen et
al., 1985).  Despite the increased number of leukocytes, the cups
remain intact past day 100 of gestation and pregnancy proceeds
successfully. In contrast, donkey embryos develop normally in horse
recipients up to day 70 despite a complete lack of endometrial cup

formation. Thereafter, they succumb to a vigorous cell-mediated
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maternal immune response directed against the allantochorion. Similar
to observations of horse-in-donkey pregnancies, are reports of hinny
pregnancies (female dor;]cey bred to male horse) in which there are an
excessive number of leukocytes surrounding the highly invasive
endometrial cup tissue yet the cups maintain a normal lifespan of 80
to 100 days (Allen, 1982b). 1In contrast, mule pregnancies (female
horse bred to male donkey) are characterized by intensive lymphocyte
infiltration deep into the endometrial cups which results in complete
loss of cup tissue by day 60 of gestation (Allen et al., 1982b).
Surprisingly, mule pregnancies are successful despite the early loss
of endometrial cup tissue.

Various therapies have been used in hopes of promoting the
successful maintenance of donkey-in-horse pregnancies. Daily
administration of a synthetic progestin to mares with donkey fetuses
failed to prevent pregnancy failure (Allen 1982b; Allen et al., 1985).
Injections of partially purified eCG obtained from mares carrying
intraspecific pregnancies also proved to be mostly ineffective in
prolonging donkey pregnancies in mares. However, a dramatic
improvement in such pregnancies was observed when recipient mares were
immmized with parental donkey lymphocytes (Antczak and Allen, 1984).
Allen et al. (1987) went on to find that such an immunization regimen
was successful even if the lymphocytes were not of parental origin.
Based on the results of donkey-in horse pregnancies, it has been
proposed (Antczak and Allen, 1984; Allen et al., 1985) that antigens
on the invading chorionic girdle cells stimulate a maternal
immunoprotective response and if cup formation fails, the response

remains unsolicited and immune rejection proceeds.

20



The phenomenon of interspecific and hybrid pregnancy is not
limited to domestic species. As stated previously, there are a number
of viable equine hybrids. One example is the Przewalski (Equus
przewalski, 2n=66) x domestic horse (E. caballus, 2n=64) hybrid. The
success of this cross led to embryo transfer attempts from endangered
przewalskis to domestic mares (Hearn and Summers, 1986; Summers et
al., 1987). Marty of the established interspecific pregnancies
developed to term and the presence of cytotoxic antibodies to parental
antigens, as well as normal eCG levels in maternal sera, indicated
normal endometrial cup formation. Perhaps more surprising is the
successful transfer of Grant's zebra (E. burchelli, 2n=44) embryos to
domestic horses (Bennet and Foster, 1985; Kydd et al., 1985; Hearn and
Summers et al., 1986; Summers et al., 1987). Transfer of Grant zebra
embryos to donkey recipients was also attempted (Kydd et al., 1985;
Hearn and Summers, 1986; Summers et al., 1987) and pregnancies were
established, but no live young were born. One animal aborted her
fetus at day 292 of pregnancy and exhibited symptoms of
immmologically based pregnancy toxemia syndrome. Pregnancy failure
in the other recipients was characterized by very low levels of e(G
produced for only a brief period of time suggesting poor endometrial
cup formation and a strong cell-mediated cytotoxic reaction.

Among Bovidae there have been viable hybrid offspring produced,
one example being the Zebu cattle (Bos indicus) x European domestic
cattle (B. taurus) cross (Summers et al., 1983b). In addition, the
American bison (Bison bison) will hybridize with European bison

(Bison. bonasus), B. indicus, B. taurus and the Yak (Bos grunniens).
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Bovidae interspecific and intergeneric pregnancies established
following embryo transfer have yielded variable results. A pregnancy
resulting from the transfer of a B. taurus embryo to a water buffalo
(Bubalus bubalus) was aborted by 3 months of gestation and no
pregnancies resulted from reciprocal transfers (Drost et al., 1986).
Stover et al. (1981) reported the birth of a viable gaur calf (Bos
gaurus) to a domestic cow recipient (B. taurus) following embryo
transfer, however the other four recipients lost their pregnancies
prior to term. In addition, the authors of this study reported
abnormally low numbers of cotyledons on the allantochorion of both
successful and aborted pregnancies indicating inappropriate placental-
uterine tissue interaction. In contrast, reports of failed Dall's
sheep (Ovis dalli dalli) pregnancies established following embryo
transfer to domestic sheep (0. aries) indicated that there were no
significant differences in cotyledon numbers (Buckrell et al., 1990).
As there does not appear to be a specific characteristic associated
with interspecific pregnancy failure, it has been difficult to predict
and/or explain the success or failure of such pregnancies. However in
most, if mnot all <cases of interspecific pregnancy failure,
immunological involvement is implicated. Nevertheless, the few
successful exotic-in-domestic species pregnancies as well as the
successful transfer of embryos between two exotic species such as the
bongo antelope (Tragelaphus euryceros) to African eland (T. oryx)
(Dresser et al., 1985) maintain interspecific embryo transfer as a
potentially viable option for facilitating the propagation of

endangered species.
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Embryo Manipulation

Perhaps the most convincing evidence supporting the hypothesis
that the placenta is responsible for fetal allograft survival has been
obtained from studies involving pre-jmplantation embryo manipulation.
As embryos develop from morulae to blasﬁocyst:s, the first irreversible
cell differentiation occurs and two distinct cell lineages emerge, the
inner-cell-mass (ICM) and the trophectoderm. The IM cells continue
to differentiate and become specialized, eventually completing the
formation of the fetus. The trophectoderm, or trophoblast cells,
possess the inherent ability to initiate implantation (Gardner et al.,
1973) and placental tissue is derived almost entirely from these
cells.

In 1961, Tarkowski first reported that viable offspring could be
produced from composite embryos derived from two aggregated eight-cell
stage mouse embryos. Such offspring, containing cell populations of
more than one genotype, are commonly referred to as chimeras. Over
the past several years, a great deal of progress has been made
concerning embryo manipulation. Methods for producing chimeras, other
than by embryo aggregation, were identified. For example, the
blastocyst injection technique was described by Gardner et al. (1973)
and later simplified by Butler et al. (1987). This procedure involves
the injection of an ICM isolated from one blastocyst into a recipient
blastocyst. The end result is generally a chimeric fetus surrounded
by non-chimeric trophoblast.

Using blastocyst injection, Rossant and Frels (1980) injected M.
caroli ICMs into M. musculus blastocysts and healthy, viable chimeric

offspring were produced in M. musculus recipients. As this procedure
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ensured that the trophoblast, and thus the placenta, was derived from
M. musculus cells, the recipients were prevented from immunologically
rejecting the M. caroli cells contributing to the fetus proper. The
importance of the trophoblast in maintaining interspecific murine
pregnancies was further clarified when Rossant et al. (1982b) reported
that the injection of M. musculus ICM into M. caroli blastocysts did
not result in viable chimeric offspring if these composite embryos
were transferred to M. musculus recipients. In addition, Papaioannou
(1981) used a procedure known as blastocyst reconstitution, whereby
the IM of ohe blastocyst is completely replaced by the ICM of
another, to produce a M. caroli offspring surrounded by M. nusculus
trophoblast carried to term in a M. musculus recipient. For fetal
allograft survival, it appears to be imperative that the trophoblast
and recipient are of the same species.

The success of chimeric and interspecific pregnancies following
embryo manipulation is not restricted to the murine species. Such
procedures have been applied to pre-implantation sheep and goat
embryos over the past several years with results similar to those
reported for mice. A number of scientists have produced interspecific
sheep <-> goat chimeras by aggregating cells from both sheep and goat
embryos (Fehilly et al., 1984) and by blastocyst injection (Fehilly et
al., 1984; Polzin et al., 1986, 1987; Roth et al., 1989). In most
cases, the manipulations were carried out in a manner that favored the
development of trophoblast from cells of the same species as the
recipient. However, it is worth noting that in cases of failed

chimeric pregnancies, interspecific chimeric trophoblast was suspected
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and placental formation was characterized by fewer placentomes
(Anderson, 1988).

Blastomere aggregation and ICM injection are two techniques that
have been wused successfully in promoting true interspecific
pregnancies. By combining blastomeres from embryos at slightly
different stages of development, such that the ICM is derived mainly
from one embryo and the trophoblast from the other, both goat-in-sheep
(Meinecke-Tillman and Meinecke, 1984) and sheep-in-goat (Fehilly and
Willadsen, 1986) pregnancies have been carried to term. Similarly,
interspecific injections of sheep ICM into goat blastocysts or goat
ICM into sheep blastocysts have occasionally resulted in non-chimeric
lambs born to goats and kids borm to sheep (Fehilly et al., 1984;
Polzin et al., 1987). Furthermore, the injection of sheep x gocat
hybrid IM into sheep blastocysts followed by their transfer to sheep
recipients has resulted in sheep x goat hybrid <-> sheep chimeras
(Roth et al., 1989). These results indicate that sheep x goat hybrid
cells are viable and can contribute to the fetus and that hybrid
pregnancy loss likely results from improper uterine-placental
interactions, not aberrant fetal development.

While the significance of the placenta in protecting the fetal
allograft is becoming well-established, the mechanism through which
protection is mediated remains unclear. The theory that the placenta
*masks" foreign fetal antigens from matermal immne recognition is
flawed in that antibodies to fetal antigens are detected in the
circulation of pregnant females. More specifically, antibodies to
both allogeneic and xenogeneic antigens have been identified in sheep

and goats carrying interspecific, chimeric pregnancies (Ruffing et
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al., 1988). Even when ICM injection techniques are used such that
non-chimeric trophoblast is ensured, the mother recognizes and
responds, at least via humoral immunity, to xenogeneic fetal antigens
(MacLaren et al., 1990).

Pertinent information concerning the immuno-protective role of
the placenta has been obtained from studies of hybrid and
interspecific pregnancies as well as from experiments involving embryo
manipulation. Despite the progress that has been made, there is no
definite single answer to the proposed question concerning fetal
allograft survival. Most likely, the mechanism responsible is
complex, involving specific placental, uterine and immne system

interactions that will require years of study to fully understand.

IMMUNOSUPPRESSION AND PREGNANCY
Antibody Involvement

Following the establishment of immunocompetency in pregnant
females and the detection of maternal immune responses generated
against fetal antigens, stronger interest was expressed in the theory
that an immunosuppressive mechanism localized at the feto-maternal
interface is responsible for fetal allograft survival. The presence
of anti-fetal antibodies in serum of pregnant females has been
discussed. The capacity of the placenta to act as an antigen-
expressing “sponge" for absorbing these antibodies has been suggested
(Raghupathy et al., 1981; Raghupathy et al., 1984), but Bell and
Billington (1983) found that the "sponge" activity of the placenta was
ineffective when serum contained higher antibody titers.

Alternatively, it has been suggested that anti-paternal antibodies
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which accumulate in and around the placenta (Hunziker et al., 1986)
act as blocking antibodies. Such antibodies obtained from parous
serum (Pavia and Stites, 1981; Hellstrom and Hellstrom, 1975) or
eluted directly from the placenta (Bonneau et al., 1973; Faulk et al.,
1974; Stewart et al., 1984) are capable of suppressing lymphokine
secretion, mixed lymphocyte reactions, and the generation of cytotoxic
killer cells in vitro (Rocklin et al., 1979). However, the relevance
of these blocking antibodies is questionable in light of the fact that
not all successful pregnancies are associated with a humoral immune
response (Lala et al., 1983) and thus, perhaps more important for
fetal allograft survival, is a local suppression of cell-mediated
immunity.
Suppressor Cells

Localized down-regulation of matermal cell-mediated immune
responseé could occur via recruitment/activation of suppressor cells
or by the production of soluble immunosuppressive factors. Supporting
evidence for the former has been reported by Clark and colleagues who
have identified suppressor cells in uterine draining lymph nodes and
decidual cells scraped from the gravid uterus (Clark et al., 1980).
Two different populations have been identified as phase A and phase B
cells (Slapsys and Clark, 1983). The phase A cells are produced in
response to hormonal changes and prevent the generation of cytotoxic T
lymphocytes (CTLs), but are only present during the preimplantation
phase of gestation (Clark et al., 1980; Brierley and Clark, 1985).
Phase B suppressor cells are described as non-T, non-B lymphocytes
produced only when viable trophoblast is present. The absence of

these cells is associated with failed Mus musculus x M. caroli hybrid
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pregnancies (Clark et al., 1980; Clark et al., 1983). Phase B cells
express antigen-non-specific suppressor activity which inhibits T cell
activation in response to IL-2 (Clark et al., 1985). While these two
types of suppressor cells may play an important role at the feto-
maternal interface, their activity can be mediated by a soluble factor
of the decidua (Clark et al., 1984), indicating that the suppression
of cell-mediated immunity in the uterus may ultimately be attributed
to soluble factors produced by the trophoblast.
Macrophage Involvement in Immunosuppression

While many investigations have focused on 1lymphocytes as the
target cell type for soluble immunosuppressors derived from the
conceptus, there is some evidence that macrophages also play a role in
suppressing immune reactivity in and around the placenta. Uren and
Boyle (1990) recently reported that macrophages isolated from human
placentae elicited only a low proliferative response from allogeneic T
cells and failed to incite CTL function. The suppressive effect of
these macrophages was not inhibited by indomethacin, indicating the
activity was independent of prostaglandin production. These results
differ from those reported by Scodras et al. (1990) who found that, in
the mouse, decidual macrophages inactivated NK cells by their
production of PGE;.

Suppressor Activity of Prostaglanding and Hormones

It has been well established that prostaglandins, especially
PGE2, are effective immunosuppressors. PGEp; is a feedback inhibiter
of cellular immune functions and is produced by suppressor cells
(Goodwin and Ceuppens, 1985). Although PGE; is produced in culture by

embryos of numerous species including humans (Holmes et al., 1990),
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cows (Hwang et al., 1988), sheep (Lacroix and Kann, 1984) and rabbits
(Pakrasi and Dey, 1982), its role at the feto-maternal interface as a
product of conceptus tissue is not well defined.

More attention has been focused on the potential significance of
conceptus-derived, hormone-mediated su;:Spression of immune function.
Specifically, two steroid hormones, progesterone and estrogen, which
play a critical role in the maintenance of pregnancy and are produced
by the conceptus (Heap et al., 1982; Dickmann et al., 1976; Flood et
al., 1979) have been studied for their immmoregulatory capacities.

In 1953, Black et al. first reported a decreased resistance ‘to

infection in the pseudopregnant rabbit uterus as compared to that of

the estrus rabbit. However, it was many years later that truly

compelling evidence for progesterone as a uterine immunosuppressant
was reported. Moriyama and Sugawa (1972) demonstrated that, following
progesterone treatment, xenogeneic cell survival in the hamster uterus
was prolonged. Similarly, Siiteri et al. (1977) implanted steroid
containing silastic implants into murine uteri and found that such
treatment resulted in a local suppression of immmity and prolongation
of xenogeneic skin grafts. In addition to these in vivo
investigations, numerous in vitro studies have been carried out to
characterize the immunoregulatory activity of progesterone. In
general, the results indicate that progesterone inhibits mitogen
activation of T lymphocytes when present in concentrations ranging
from 10-20 uM or greater (Shiff et al., 1975; Mendelsohn et al., 1977;
Mori et al., 1977; Clemens et al., 1979), it inhibits T cell response
to allogeneic cells in a MR (Clemens et al., 1979) and can block the

generation of CTLs directed against MHC antigens (Pavia and Stites,
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1981) when present at 1 to 3 pg/ml. However, progesterone can not
affect CTL activity once the cells are produced, and progesterone is
lethal to cells at 20 Mg/ml (Siiteri and Stites, 1982). The
significance of progesterone as a local immunosuppressor in utero is
questionable considering only picogram-nanogram concentrations of
hormones are secreted by the conceptus in culture or found in
blastocoelic fluid of embryos (Flood et al., 1979; Marsan et al.,
1987).

Estrogen has received much less attention as an immunoregulatory
factor, partly because its effect on immne cell function is
contingent on several factors. Estrogen can act as either a
suppressor or an enhancer of immune function depending on
characteristics of the host, such as age (Reilly et al., 1967), genome
(Stern and Davidsohn, 1955), species (Nelson et al., 1967) and timing
of immunization (Feigen et al., 1978). While results from in vitro
studies with human Ilymphocytes have demonstrated the capacity of
estrogen to suppress mitogen, antigen or allogeneic cell activation,
as with progesterone, the levels of estrogen required were far above
physiological concentration (Mendelsohn et al., 1977; Neifeld and
Tormey, 1979).

Soluble Suppressor Factors
Murine

The soluble placental factor responsible for inducing suppressor
T cells during murine pregnancies was first partially characterized by
Dutchet-Suchaux et al. (1979). In 1984, Chaouat and Chaffaux
reported that this factor, known as the Suppressor Inducer Factor

(SIF), could induce suppressor cells in the Graft-vs-host reaction.
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Similar suppressor activities have been identified in supernatants of
cultured murine blastocysts (Mayumi et al., 1985). Furthermore, it
has been shown that supernatants from murine decidua can block mixed
lymphocyte reactions (Chaouat and Kolb, 1984) and have effectively
enhanced the survival of a murine heart allograft (Chaocuat, 1987).

In addition to SIF, other immme modulatory factors associated
with murine pregnancy have been identified. The resistance of
placental tissue to lysis by natural killer cells and cytotoxic T
lymphocytes is associated with the production of two distinct
molecules that inhibit NK and CTL activity (Chaouat et al., 1985).
There is evidence that NK cell infiltration into the decidua is
associated with spontaneous abortion following matings of CBA female
mice with DBA/2J males (Gendron and Baines, 1988). These findings may
indicate a requirement for inhibiting NK cell activity to maintain
successful pregnancies.
| While placental-derived suppressor factors may be ultimately
responsible for locally inhibiting the immune response in the uterus,
they may be acting indirectly through the activation of suppressor
cells responsible for suppression of cell-mediated immunity. The
suppressor cells obtained from murine decidua secrete a 100,000 dalton
factor that, in turn, blocks the response of T cells to IL-2 (Clark et
al., 1985; Clark et al., 1986). In summary, murine decidua and/or
conceptuses produce soluble factors that regulate immune suppressor
cells. These cells produce soluble factors capable of interfering

with cell-mediated immune responses.
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Human

While the murine species has been used most extensively in
studies of placenta-derived, immnoregulatory molecules, a substantial
quantity of information is available concerning similar factors in the
human. Decidual cells obtained from endometrium of first trimester
human pregnancies suppressed lymphocyte responses when supplemented to
MLR cultures (Nakayama et al., 1985). In addition, the production of
immunosuppressor factors by pre-implantation embryos fertilized in
vitro has been reported (Daya and Clark, 1986). These authors
suggested that the detected production of suppressor factors from only
43% of the embryos could, in part, explain the high percent of embryos
lost very early in pregnéncy.

Two suppressor factors associated with pregnancy in humans have
received considerable attention. A specific factor known as placental
protein 14 (PPl4) was isolated from term human placentae in 1982 by
Bohn et al. and has since been shown to inhibit allogeneic MLR (Bolton
et al., 1987) and PHA-stimulated lymphocyte proliferation (Pockley et
al., 1988). Results from recent research indicate that the
immunosuppressive activity of PPl4 may be mediated by the suppression
of interleukin-1 (IL-1) secretion (Pockley and Bolton, 1990).

A second factor, known as pregnancy zone protein (PZP), is found
on the surface of the chorionic villi (Stimson, 1977; Chemnitz et al.,
1982). PZP reportedly prolongs the survival of embryonal mouse heart
allografts (Svendsen et al., 1978) and suppresses T cell blastogenesis
in vitro, possibly by reducing IL-2 production (Saito et al., 1990).
However, the significance of PPl4 and PZP as immunosuppressors is

questionable considering they appear in maternal circulation during
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gestation (Julkunen et al., 1985), and systemic immunosuppression
would be incompatible with healthy pregnancies.
Unqulate

Conceptus-derived immunosuppressive factors are not exclusively
characteristic of decidual type placentae. Factors with similar
activities have been reported in several large domestic ungulate
species, some of which possess epitheliochorial, cotyledonary
placentae. Suppressor molecules have been obtained from uterine
secretions of pigs (Murray et al., 1978), sheep (Segerson et al.,
1984; Hansen et al., 1987) and cows (Segerson and Liblby, 1990) as well
as from supernatants of ovine and porcine conceptuses (Murray et al.,
1987). while all of the factors share the ability to suppress immune
cell function, their immnoregulatory mechanisms and biochemical
compositions differ.

Suppression of lymphocytes by bovine (Roberts, 1977) and porcine
(Murray et al., 1978) uterine proteins was first reported many years
ago. Murray et al. (1978) described the porcine suppressor proteins
as small, acidic proteins (approximately 15,000 d) that were present
in the uterus at day 15 of the estrous cycle. Subsequent research by
other investigators focused more on pregnancy specific proteins and
led to the identification of ovine trophoblast protein-1 (Godkin et
al., 1984) and bovine trophoblast protein-l (Godkin et al., 1988).
These factors belong to the alpha-interferon family (Imakawa et al.,
1987; Stewart et al., 1987), exhibit immunoregulatory activity and are
responsible for matermal recognition of pregnancy in their respective

species. However, biochemically unrelated factors of a much higher
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molecular weight appear to be largely responsible for
immunosuppressive activity in uterine/conceptus supernatants.

Segerson et al. (1984) purified two basic glycoproteins (UTM-P)
with molecular weights of 57,000 and 59,000 from uterine milk of
pregnant ewes (Days 125 and 130 of pregnancy). UTM-P inhibited 3H-
thymidine uptake by PHA-stimulated lymphocytes, was not cytotoxic and
did not lose its activity with routine handling and storage. Further
characterization of uterine milk proteins was carried out using gel
filtration (Hansen et al., 1987). The authors reported that the basic
protein fraction of wuterine secretions contained the suppressive
substance and that the substance was large (eluted in the void volume
of Sephacryl S-200). Furthermore, the wuterine secretions were
obtained from non-gravid, ligated uterine horns of pregnant ewes, and
thus the factors were identified as being of uterine, and not
conceptus, origin.

In the same year, Murray et al. (1987) reported purifying a
high-molecular-weight (MW >660,000) acidic glycoprotein (HMWGP) from
medium of cultured day 16 and 17 porcine and ovine conceptuses. The
HMWGP exhibited a tremendous ability to inhibit 3H-thymidine
incorporation by PHA-stimulated lymphocytes, and this activity was not
a result of cytotoxicity.

While a number of studies have been carried out to identify and
characterize uterine- and conceptus-derived proteins, there is much
less information available concerning the suppressive mechanisms of
the numerous immmosuppressive factors associated with ungulate
pregnancies. Recently, information concerning suppressive mechanisms

has been obtained for ovine and bovine uterine luminal proteins (ULP)
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(Segerson, 1988; Segerson and Libby, 1990). As these proteins were
obtained from uteri of pregnant animals, their specific origin
(conceptus or uterine) is unknown. Both ovine and bovine ULP
consisted of high (>248,000) and low (14,000-21,000) molecular weight
suppressor factors (H-ULP and L—ULP,:. respectively) . Ovine ULP
suppressed IL-2 mediated blastogenesis of T lymphocytes and the author
suggested that the suppressor mechanism was associated with an
alteration of the IL-2 system. Bovine ULP involvement with IL-2 and
the IL-2 receptor of T lymphocytes was more extensively investigated
(Segerson and Libby, 1990). Using 125I-11-2 the authors determined
that L-ULP did not bind IL-2 but H-ULP bound 70% of 12°I-1L-2.
Furthermore, a very high-molecular-weight (1.76 x 106 MW) component of
H-ULP bound 11.7% of 125I-I1-2 and inhibited binding of 125I-IL-2 to

the IL-2R of cow lymphocytes.

Rationale of Present Research

Based on evidence indicating that: 1) the trophoblast plays a
critical role in maintaining pregnancy, 2) the maternal immune
response is under local suppression at the fetal-maternal interface of
successful pregnancies and, 3) immunological rejection is responsible
for failed interspecies pregnancies, we hypothesize that factors
produced by the trophoblast are important in protecting the fetal
allograft and that, during interspecific pregnancy, such factors from
trophoblast of one species are frequently not capable of acting
effectively on maternal immune cells of another species. To begin
testing this hypothesis, the effect of soluble suppressor factors had

to be characterized, first on allogeneic lymphocytes and subsequently
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on xenogeneic lymphocytes, in order to identify any differences that
may be responsible for interspecific pregnancy failure. In the first
experiment, the suppressive activity derived from sheep, goat and
sheep x goat hybrid trophoblast was examined to deterimine if a
decreased suppressive capacity of hybrid tissue could be associated
with failure of hybrid pregnancies. Subsequent studies were carried
out with horse conceptuses and trophoblast tissue. The results of
this research indicate that, similar to that of other species studied,
horse trophoblast tissue secretes high-molecular-weight soluble
factors capable of inhibiting maternal immune cell function. A
>100,000 MW horse trophoblast tissue-derived suppressor factor was
identified. The fact that this factor is produced by embryos as early
as day 9 and as late as day 26 of gestation, exhibits some degree of
species-specificity and acts specifically on T lymphocytes, supports
our initial hypothesis. The characterization of this suppressor
factor's effect on T cell expression of the IL-2R provides valuable
insight into the suppressive mechanism of this factor. These results
increase our understanding of the fetal-maternal immunological
relationship in the horse and, because these findings are compatible
with those reported for other species, it seems likely that the events
responsible for fetal allograft protection are largely conserved
across species. Therefore, the results of these studies are a
significant contribution to the pool of information available to those
trying to determine the cause of interspecific pregnancy failure
and/or immune-mediated recurrent abortion. In addition, identification
of the suppressive mechanism associated with this suppressor factor

provides critical information that may be useful in future attempts to
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treat recurrent abortion and to facilitate the survival of
interspecific pregnancies by altering maternal immune function in

utero.
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CHAPTER II
SUPPRESSION OF SHEEP AND GOAT LYMPHOCYTE
PROLIFERATION BY SHEEP, GOAT AND SHEEP X GOAT HYBRID
TROPHOBLAST TISSUE CULTURES!
INTRODUCTION

The role of the mammalian placenta in protecting the fetal
allograft during pregnancy has not been clearly defined. Although
placental tissue exXpresses antigens early in development (Pavia et
al., 1981; Allen et al., 1986; Billington and Burrows, 1986) and the
maternal immune system may generate anti-fetal antibodies (Allen et
al., 1987; MacLaren et al., 1990), intraspecies pregnancies proceed
uninterrupted. It has been suggested that conceptus-derived
immunosuppressor factors help protect the fetus from immunological
rejection (Mayumi et al., 1985; Clark et al., 1986; Daya and Clark,
1986; Murray et al., 1987; Croy et al., 1988; Roth et al., 1990). The
protective mechanism normally involved during intraspecific gestation
seems to be ineffective in interspecific and hybrid pregnancies of
some closely related species (McGovern, 1975; Frels et al., 1980;
Clark et al., 1984). For example, the domestic sheep (Ovis aries) x
goat (Capra hircus) hybrid pregnancy is usually maintained for only 30
to 45 days and there is evidence for immnological involvement in the
loss of such pregnancies (Hancock et al.,1968; Dent et al.,1971;
McGovern, 1973) .

This study was designed to determine if medium conditioned with

trophoblast tissue of 20 day-old sheep x goat hybrid conceptuses

1 Roth, T.L., K.L. White and D.W. Horchov. J. Anim. Sci. (In press).
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suppresses sheep and(or) goat lymphocyte proliferation, and to compare
hybrid suppressor activity to that of sheep and goat conceptuses.
MATERIALS AND METHODS

Animals. Ovine conceptus donors were Suffolk ewes bred to
Merino rams. Does that served as both caprine and hybrid conceptus
donors were of various mixed breeds. A Nubian buck and Barbados rams
were crossed with does to produce caprine and hybrid conceptuses,
respectively.

Superovulation and Breeding Regimen. Estrous cycles of 4
ewes and 8 does were synchronized by inserting intravaginal pessaries
containing 60 mg depo-provera (Upjohn, Kalamazoo, MI) for 10 days. To
superovulate donors, FSH (Schering Corp., Kenilworth, NJ) was
administered every 12 h for 3 days in decreasing doses of 4,4; 3,3 and
2,2 mg, respectively, starting 1 day prior to pessary removal. Donors
received an injection of .25 Hg Cloprostenol (Estrumate, Bay Vet,
Shawnee, KS) coinciding with the second FSH injection.

Animals were observed for estrus twice daily starting on the
last day of FSH injections (day 0). Estrous ewes and 4 estrous does
were bred by rams and bucks, respectively, every 12 h until no longer
in estrus. Similarly, the 4 hybrid donor does were allowed to breed
naturally with Barbados rams every 12 h until the end of estrus. To
ensure only pregnant donors underwent laparotomies, all mated donor
animals were observed for a returm to estrus starting 16 days
following the last FSH injection. Animals were checked twice daily
until the day of conceptus collection (day 20).

Conceptus Collection and Culture. Conceptuses were

collected at laparotomy from ewes and does 20 d following their last
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FSH injection (day 0). Only those animals that had been in estrus on
day 0 were used. Phosphate kuffered saline (PBS) supplemented with 1%
calf serum (Hyclone, Logan, UT) and 1% antibiotic/antimycotic was used
to flush pregnant uteri. PBS was injected into the uterine body at the
base of each horn and conceptus tissueé was collected via retrograde
flushing through a glass cannula (12 mm i.d.) inserted into the tip of
the uterine horn. Conceptuses were collected from nine animals, three
donors of each conceptus type (caprine, ovine and hybrid). Conceptuses
were immediately rinsed three times in sterile PBS and all fetuses
were removed from tissue. Tissue was rinsed once in RPMI-1640
(Hyclone, Logan, UT) supplemented with 1% antibiotic/antimycotic and
15% fetal calf serum (Hyclone, Logan, UT; non-heat-treated, <0.1 ng/ml
endotoxins) (RPMI+) and was divided into two or three approximately
equal sections. Each tissue section was placed in a tissue culture
flask (25 am?)containing 15 ml RPMI+. Conceptus tissue cultures were
incubated at 37°C in a humidified atmosphere of 5% CO; and air for 24
h. To obtain trophoblast tissue-conditioned medium, the content of
each culture was poured into a 15 ml conical centrifuge tube and
centrifuged (600 x g; 30 min). Supernatant was filtered through a .22
pm filter and was stored in 1 ml aliquots at -80°C. The tissue from
each culture was blotted dry and weighed. Average weights for sheep
(n=3), goat (n=3) and hybrid (n=3) tissues were .34, .33 and .34
gm/flask, respectively.

Lymphocyte Proliferation Assay. Whole blood was collected
into heparinized tubes by jugular venipuncture from 4 randomly chosen
ewes and does. The blood was diluted with an equal volume of Hank's

basic salt solution (HBSS; Hyclone, Logan, UT) and 7 ml of the
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blood/HBSS mixture was layered over 4 ml Ficoll-Paque (Pharmacia,
Piscataway, NJ). Following centrifugation in a 15 ml centrifuge tube
(550 x g; 30 min), the interface cells were collected and washed twice
with HBSS. The cell pellet was resuspended in RPMI+ medium, cells were
counted on a hemacytometer and cell suspensions were diluted with
RPMI+ to 4 x 108 cells/ml.

Lymphocyte cultures were carried out in triplicate in 96-well
round-bottomed tissue culture—treated’ plates (Corning Glass Works,
Corning, NY). All wells received 1 x 10° cells (25 Hl) . Non-stimulated
and stimulated controls received 75 and 50 MUl RPMI+, respectively, and
stimilated controls also received 25 ul RPMI+ containing .1 Hg PWM.
Experimental wells were supplemented with 6, 3, 1.5 or .75 ul of
caprine, ovine or hybrid conditioned medium (CCM, .OCM and HOM,
respectively) diluted in 50 Ml RPMI+. For each type of conditioned
medium, samples of three cultures obtained from three different donors
were tested. All experimental wells also received 25 Ml aliquots of
RPMI+ containing .1 pg PWM. Total volume in all wells was 100 pl. All
cultures were carried out simultaneously using the same cell
suspensions and cultures were maintained at 37°C in a humidified
atmosphere of 5% (0, and air. 3H-thymidine (1 pCi/well; 6.7 Ci/mmol,
ICN, Irvine, CA) was added to cultures 96 h after the start of
incubation, and cells were harvested at 112 h with a Skatron automatic
cell harvester (Flow Laboratories, Rockville, MD). Radicactivity, a
measure of cell proliferation, was determined by liquid scintillation
counting. Prior to harvest, percent cell viability was determined in

wells of each treatment group by trypan blue exclusion.
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Statistical Analysis. Data reported as percent of stimulated
control was calculated for triplicate wells using the equation (%
control = average cpm of experimental cultures / average cpm of
stimulated control cultures X 100). Results were analyzed in a 3 x 4
factorial ANOVA (3 conceptus types and 4 wvolumes of conditioned
medium) using the general linear model procedures of the statistical
analysis systems (SAS) computer package (Luginbuhl et al., 1985).
Random variables were lymphocytes and  conceptuses. Highly
insignificant (P>.75) interactions were deleted from the model and
appropriate error terms were used to test the main effects, i.e.
variation attributed to species of lymphocyte was tested with the
error term lymphocyte within species and variation due to type of
conceptus was tested using conceptus within type. Tukey's mean
comparison tests were used to compare the effects of different volumes
of conditioned medium and to determine differences between sheep and
goat lymphocyte suppression within CCM, HCM and OCM treatment groups.

RESULTS

The superovulation and breeding regimen proved effective in
that, with the exception of one goat conceptus donor, all donor
animals exhibited numerous corpora lutea and multiple conceptuses were
obtained from each animal. When compared to goat and sheep
conceptuses, hybrid conceptus tissue appeared healthy and fetal
development normal, indicating that failure of hybrid pregnancy had
not yet occurred.

Medium conditioned with ovine, caprine and hybrid trophoblast
tissue suppressed (P<.01) both sheep and goat PWwM-stimulated

lymphocyte proliferation in a dose-dependent manner (Figures 1 and 2).
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Figure 1. The effect of caprine, ovine and hybrid
trophoblast tissue-conditioned medium (CCM, OCM and HCM,
respectively) on PWM~-stimulated sheep lymphocyte
proliferation. Values representmean percent of stimulated
control * SEM (n=12). Overall suppressor activity did not
differ (P>.05) between treatments.
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Figure 2. The effect of caprine, ovine and hybrid
trophoblast tissue-conditioned medium (CCM, OCM and HCM,
respectively) on PWM-stimulated goat lymphocyte

proliferation. Values represent mean percent of stimulated
control * SEM (n=12). Overall suppressor activity did not
differ (P>.05) between treatments.
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The overall suppressor activity of CCM, OCM and HCM on lymphocytes of
either sheep or goats did not differ (P>.05). Data comparing sheep and
goat lymphocyte proliferation within each type of conditioned medium
are in Table 1. The results indicate that proliferation of sheep
lymphocytes was suppressed more than that of goat lymphocytes when
treated with CCM, OM or H(M (P<.0l, P<.01 and P<.05, respectively).
Viability of lymphocytes at the end of culture was consistently 85-95%
across all treatments.
DISCUSSION

Evidence supporting the theory that the placenta piays an
important role in maintaining the fetus as an allograft in the mother
has been obtained through the use of embryo manipulation techniques.
The injection of embryonic cells from one species intc blastocysts of
a different species can result in successful interspecies pregnancies
provided the placenta and recipient are of the same species (Rossant
et al., 1982; Fehilly et al., 1984; Meinecke-Tillman and Meinecke,
1984; Polzin et al., 1987). This technique has been used to produce
healthy offspring containing sheep x goat hybrid cells (Roth et al.,
1989). These results indicate that the hybrid placental tissue, not
the fetal cells, is responsible for the failure of sheep x goat hybrid
pregnancies. One explanation for this failure may be a deficiency in
the ability of hybrid trophoblast tissue to create and maintain an
immunosuppressive environment at the fetal-maternal interface.

While there have been a number of reports concerning
immunosuppressive activity in ovine uterine fluid during intraspecies
pregnancies (Hansen et al., 1987; Segerson et al., 1984; Segerson,

1988), there has been less published data pertaining to ovine



TABLE 1. Suppression of PWM-stimulated sheep and
goat lymphocyte proliferation by caprine, hybrid and
ovine trophoblast tissue-conditioned medium (CCM,
HCM and OCM, respectively)?,

Conditioned mediumb
CCMCS HCMCS QCMC

Medium _Sheep _Goatd _sheep _Goat® _Sheep Goatd
(ul/well)

.75 51.6*2.6 68.8+1.5 37.3+t3.2 49.2%f1.2 39.1%f4.3 53.7%3.3

1.5 37.3%1.9 54.7*x2.3 21.2%*1.7 35.6+t1.8 25.8+2.7 41.8%f2.38

3 23.8%+2.4 38,525 10.3*1.8 26.1%*3.1 15.5%*2.7 32.8%3.1

6 12.0+1.1 23.3£2.0 5.3%f1.0 24.1%f20 9.0%1.7 223124

aValues represent (mean * SEM) percent of sheep (n=4) and
goat (n=4) stimulated controls (109,000 and 183,000 cpm,
respectively). Non-stimulated control (background) values
for sheep and goat were 5,330 and 6,100 cpm, respectively.

bMedium conditioned by the 24 h culture of 20 d-old caprine,
hybrid and ovine trophoblast tissue (CCM, HCM and OCM,
respectively).

CTukey's mean comparison test was used to determine
differences 1in overall sheep and goat 1lymphocyte
proliferation within the conditioned medium.

dsuppression of goat lymphocyte proliferation was less
(P<.01) than that of sheep lymphocytes.

€Suppression of goat lymphocyte proliferation was less
(P<.05) than that of sheep lymphocytes.
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conceptus-derived suppression (Murray et al., 1987; Staples et al.,
1983) and information is lacking regarding that of the sheep x goat
hybrid conceptus. In this study, we focused on the production of
immnosuppressor factors by the developing placenta. The cultures
contained conceptus trophoblast tissue devoid of the amnion, which was
discarded with the fetus. Therefore, the immnosuppressive activity of
M, OCM and HCM, reported herein, was derived specifically from early
placental tissue of 20 day-old goat, sheep and sheep X goat hybrid
conceptuses, respectively.

Conceptuses were collected on day 20 of gestation for two
primary reasons. First, because hybrid pregnancy loss occurs between
days 35 and 45 of gestation (Hancock et al., 1968; Tucker et al.,
1971; McGovern, 1973) and has been reported as early as day 30
(Hancock et al., 1968), we wanted to ensure that healthy conceptus
tissue was obtained. Our collection of numerous, apparently normal
hybrid conceptuses was not unexpected as others have reported normal
hybrid fetal and placental development until day 30 to 35 of pregnancy
(Hancock and Jacobs, 1966; Hancock et al., 1968), beyond which
excessive lymphocyte infiltration (Hancock et al., 1968) and increased
allantoic fluid accumilation occurs (McGovern, 1977). The second
reason for collecting day 20 conceptuses was based on the hypothesis
that these reported abnormal characteristics result from a disruption
of the immunoregulated uterine enviromment. Such a disruption would
likely occur some time prior to the manifestation of these
abnormalities. Therefore, if conceptus-derived suppressor factors are

involved with controlling uterine immune function, there may be some
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change in the immunosuppressive competence of the hybrid conceptus as
early as day 20 of gestation.

The results of this study indicate that HM effectively
suppressed in vitro sheep and goat lymphocyte proliferation and,
therefore, the findings fail to support the hypothesis that a lack of
conceptus-derived immunosuppressive activity precedes rejection of the
hybrid conceptus. However, a decrease in immunosuppressive activity
may occur closer to the time of fetal death and simply cannot be
detected on day 20 of gestation. Alternatively, the production and(or)
functions of conceptus-derived suppressor factors may be altered while
in vivo via fetal-maternal tissue interactions, but once removed from
the uterine environment and placed in culture, the production and(or)
functions of these factors resume. Finally, it is possible that
suppressor factors are consistently produced during early hybrid
gestation, but other events lead to maternal lymphocyte escape from
suppression and, perhaps, to their attack of the hybrid conceptus.

Maternal lymphocyte evasion of suppression may be mediated via
strong antigenic stimulation. Xenogeneic antigens expressed on hybrid
and interspecific placental tissue may have more stimulatory impact on
the maternal immmne system than allogeneic fetal antigens, thereby
disrupting the seemingly compatible fetal-maternal relationship that
normally exists during intraspecific pregnancy. Although much is still
unknown about this intimate relationship between maternal and fetal
tissue, in the two most intensively studied models of interspecies and
hybrid pregnancy (murine and equine) the immune response seems to play
an integral role in implantation and placentation. Murine embryo

implantation is associated with lymphocyte accumulation at the fetal-
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maternal interface (Slapsys and Clark, 1982; Slapsys and Clark, 1983)
but only in unsuccessful interspecies or hybrid pregnancies does the
trophoblast become infiltrated with lymphocytes (Croy et al., 1982).
In intraspecific equine'pregnancies, lymphocytes accumilate around the
endometrial cups but do not penetrate into the cup tissue until days
70 to 80 of gestation (Allen, 1982). However, in equine hybrid
pregnancies, lymphocyte invasion of the cups occurs much more rapidly
with complete loss of endometrial cups occurring at day 60 (Allen,
1969; Allen, 1982). Similarly, the excessive lymphocyte infiltration
observed in sheep X goat hybrid pregnancies (Hancock et al., 1968) is
in contrast to a noted decrease in accumilated uterine lymphocytes
following attachment of the conceptus in intraspecific ovine
pregnancies (King et al., 1982). Together, these data may indicate a
local suppression of the maternmal immune cells at the fetal-maternal
interface is ineffective in hybrid and interspecific pregnancies
probably due to a disruption of suppressor activity and(or) an
overriding immne response against xenogeneic antigens. At day 20 of
pregnancy, the ovine and caprine conceptus has attached (Leiser, 1975;
King et al., 1982) but interdigitation of chorionic microvilli in
developing placentomes does not occur until the fourth week of
gestation (Boshier, 1969; Dent, 1973). As this event is likely to
provide the antigenic stimulation that may initiate changes leading to
maternal immunological rejection, it is possible we obtained
conceptuses prior to any immunological alterations in the uterine
environment that could affect subsequent placental suppressor

activity.
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HCM suppressed sheep and goat lymphocytes as effectively as OCM
and CCM. However, it is important to point out that PWM was used to
stimilate lymphocyte proliferation and, in a previous study involving
horse conceptus-derived suppression, Roth et al. (unpublished data)
found that PWM-stimulated lymphocytes were easier to suppress than
phytohemagglutinin- or  lipopolysaccharide-stimulated lymphocytes.
These results indicate that the type of antigen stimulating the
lymphocytes plays a role in determining the extent to which
proliferation is suppressed by conceptus suppressor factors. In utero,
lymphocytes stimulated by hybrid placental xenoantigens may be more
difficult to suppress than those stimulated with intraspecific fetal
alloantigens. Therefore, the apparent equality of suppressive activity
of HCM, OCM and CCM in in vitro PWM-stimulated lymphocyte assays may
not be an accurate assessment of the in vivo situation. Unfortunately,
an in vivo analysis of lymphocyte-conceptus tissue interaction was
beyond the scope of this study.

The reported difference between sheep and goat lymphocyte
suppression within each treatment (Table 1) is likely a reflection of
the difference in species responsiveness to the PWM. To ensure
consistency across all assays, the same PWM concentration (.1 pg/well)
was supplemented to all stimulated cultures. This concentration is one
that provokes a strong proliferative response in lymphocytes of both
species. However, when a mitogen titer assay was carried out for goat
and sheep lymphocytes, the optimal lymphocyte responses were achieved
using .1 and .2 pg/well, respectively (unpublished data). Thus, the
PWM dose used in the assay was slightly suboptimal for sheep

lymphocytes, which may explain the lower stimulated control values and
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the greater suppression of sheep lymphocytes with CCM, OCM and HCM
when compared to that of goats.

In summary, superovulation of does followed by natural mating
with Barbados rams may result in numerous hybrid conceptuses with
apparently normal fetal development and healthy trophoblast tissue at
day 20 of gestation. Medium conditioned with hybrid trophoblast tissue
will suppress proliferation of PwM-stimulated sheep and goat
lymphocytes. No differences between suppressive activity of CCM and
OCM or HCM obtained from 20 day-old conceptuses was determined. These
results indicate that, at day 20 of gestation, sheep X goat hybrid
trophoblast does not differ from ovine or caprine trophoblast in its

ability to suppress PuM-stimulated lymphocytes.



CHAPTER III
SUPPRESSION OF LYMPHOCYTE PROLIFERATION
BY A >30,000 MW FACTOR IN HORSE
CONCEPTUS-CONDITIONED MEDIUM?
INTRODUCTION

The mechanism by which the fetal allograft escapes maternal
immnological attack during pregnancy remains largely unknown. It is
well documented that fetal tissue in intimate contact with uterine
epithelium expresses antigens early in development (Chatterjee-
Hasrouni and Lala, 1981; Pavia et al., 1981; Allen et al., 1986). The
maternal immne system recognizes the fetal antigens and frequently
responds with a humoral immune response. Antibodies against fetal
antigens are present in the maternal circulation of up to 90% of
pregnant mares (Allen et al., 1987). A cell-mediated immune response
also seems to occur at the fetal-maternal interface, and may even be
essential for proper implantation (Beer et al., 1975). These
immmological events have no detrimental effects on the fetus or
placenta of natural intraspecific pregnancies. Yet with many
interspecific or hybrid pregnancies, the protective mechanism normally
involved during gestation seems to be ineffective, and abortion
generally occurs (McGovern, 1975; Clark et al., 1984). The production
of chimeric embryos, resulting in a placenta derived mainly from an
embryo of the recipient maternal species and the fetus originating
from a different species or hybrid embryo, makes it possible to

produce offspring from recipients that will not otherwise carry the

2 Roth, T.L., K.L. White, D.L. Thawpson, Jr., B.E. Barry, J.S. Capehart, D.R. Colborn
and M.H. Rabb. 1990. Biol. Reprod. 43:298-304.
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fetus to term (Rossant et al., 1982; Fehilly et al., 1984; Polzin et
al., 1987; Roth et al., 1989). During such chimeric pregnancies,
antibody titersAagainst xenogeneic and allogeneic antigens have been
identified in maternal circulation, yet the fetus remains unharmed and
is successfully carried to term (Ruffing et al., 1988; MclLaren et al.,
1990). Hence, it seems possible that the placenta plays a role in
blocking maternal immunological attack (but not recognition) of the
fetus, and that the placenta must be of the maternal species in order
to efficiently perform this protective mechanism.

Interest in the potential role of the conceptus in regulating
maternal immune function has led to the identification of conceptus-
derived products with immunoregulatory functions in several dbmestic
species (Clark et al., 1986; Murray et al., 1987; Croy et al., 1988;
Pandian et al., 1988). Some products have been identified as
interferons (Cross and Roberts, 1989) and are responsible for maternal
recognition of pregnancy (Roberts et al., 1985). Others have been
identified as immnosuppressive factors when tested in vitro, but
their exact mechanism of action or significance in vivo has yet to be
elucidated. If these suppressor factors play a critical role in
protecting the conceptus from immnological attack, then their
inability to act effectively across species' lines may provide an
explanation for early loss of interspecific pregnancies. In this study
we have identified an immunosuppressive substance produced by the pre-
implantation horse conceptus and have determined some of its
characteristics. Furthermore, we have examined the suppressive

activity of this substance on lymphocytes of other species.
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MATERIALS AND METHODS

Animals and Embryo Collections. Fifty-five mares of
various lighthorse breeds were teased daily by stallions to identify
those in estrus. Estrous mares were artificially inseminated with
fresh, raw semen (5 x 106 progressiveiy motile sperm) on the second
day of estrus and every other day thereafter until ovulation
(determined by daily palpation and/or ultrasonography). Conceptuses
were collected at three stages of gestation: Group I - day 9-10, Group
II - day 15-16 and Group IIT - day 25-26 (ovulation = day 0). A total
of six Group I conceptuses were collected from six different mares by
the non-surgical embryo collection procedure previously described by
Imel et al. (1981). Ultrasonography was used on day 12 to determine
pregnancy in Group II and III conceptus donor mares. Three Group IT
and III conceptuses from six different mares were recovered by a
modified non-surgical uterine flushing technique. Mares were lightly
sedated with 1-3 ml Rompun (Mobay, Shawnee, KS) administered iv five
minutes prior to initiating the flushing procedure. The mare's cervix
was mechanically dilated by digital palpation. Sterile tygon tubing
(18 mm i.d.) was inserted into the vagina and manipulated through the
dilated cervix into the uterine body. Throughout the procedure the
cervix was held firmly around the tubing to maintain the tubing's
position and to prevent fluid leakage from the uterine body out of the
relaxed cervix. Sterile PBS supplemented with 1%
antibiotic/antimycotic and 1% calf serum was poured into the external
end of the tubing. Gauze was placed over the exposed end of tubing and

air was blown in, forcing the fluid into the uterus. This process was
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repeated until no more fluid would enter the uterus. The gauze was
removed and the uterine effluent was collected into a sterile flask.
Conceptus Cultures. All conceptuses were rinsed under
sterile conditions five times with RPMI+ and were placed in tissue
culture flasks contairu’.ﬁg RPMI+ as follows: Group I - two embryos/4
ml, Group II - one conceptus/12 ml and Group III - one conceptus/30
ml. All cultures were incubated at 37°C in a humidified atmosphere

containing 5% CO2 and air. RPMI+ cultured alone served as control
medium (CM). Cultures were terminated at 24 * 1 h. Horse conceptus
conditioned medium (HCCM) was obtained from cultures, centrifuged at
1500 x g for 20 min and filtered through a .2 pm filter.

Lymphocyte proliferation assay. Heparinized whole blood,
obtained by jugular venipuncture from 3 randomly chosen mares served
as a source of peripheral blocd lymphocytes (PBLs). Blood from each
animal was separately mixed with an equal volume of HBSS. Ten ml of
the blood-HBSS mixture were layered over 4 ml Ficoll-Pagque in a 15 ml
conical tube and samples were centrifuged for 20 min at 500 x g.
Interface cells from each horse were pipetted into separate centrifuge
tubes and rinsed twice with 8 ml HBSS (400 x g; 10 min). The
peripheral blood mononuclear cells were resuspended in RPMI+, counted
on a hemacytometer and diluted to a final concentration of 4 x 106
cells/ml. Cultures were carried out in triplicate in 96-well round-
bottom tissue culture treated plates. All wells received 1 x 10° cells
(25 ul). Stimulated cultures received 25 ul aliquots of REMI+
containing one of three mitogens: 1 pg PHA, 1 pg PWM or 5 pg Con A.
HCCM from Groups I and ITI was tested on T cell mitogen (PHA and Con A)

stimulated lymphocytes to ensure that the observed suppression was not



PWM or B cell specific. In addition to mitogen, experimental wells
received 0, 25 and 50 Ml HCCM while control wells received similar
quantities of (M. Non-stimulated cultures contained cells in RPMI+
only. All wells contained a final volume of 100 Ml. Each of the three
HOCM samples in each of groups I-III was tested on PBLs from 3-4
randomly chosen mares. Cultures were maintained in an incubator at
37°C in a humidified atmosphere with 5% €Oz and air. 3H-thymidine was
added to cultures (1 uCi/well) at 96 £ 2 h and cells were harvested 16
+ 2 h later onto glass fiber filters using a Skatron automatic cell
harvester. Radiocactivity on the filters was determined by 1liquid
scintillation counting. Prior to harvest, percent cell viability in
control and experimental cultures was determined by trypan blue
exclusion.

HCCM Characterization. Characterization tests were carried
out with a pool of HCCM derived from three 20-day conceptuses
collected and cultured for 48 h as described above, each in 20 ml
RPMI+. After centrifugation and filtration, the sample was stored at -
80°C in 1.5 ml aliquots. RPMI+ alone was cultured and stored
identically to serve as (M for all treatments. To further decrease
intra- and inter- assay variability and to increase assay sensitivity,
mitogen titer assays were run on lymphocyte donors to determine the
optimal mitogen dose for each donor. PWM was serially diluted from 4
to .05 pg/well and three mares responding optimally to the same
mitogen dose of .2 Ug/well served as PBL donors for all subsequent
assays with PAM as the stimulating mitogen. For heat-treatment (HT),
aliquots of HCCM and CM were thawed to room temperature, and a 600-pl

sample of each was placed in a sterile glass vial and held in a beaker
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of water at 90°C for 30 min. Freeze-thaw treatment (FT) consisted of
placing 600 pl HCCM and M each in a 1 ml cryovial and freezing to -
80°C, followed by thawing to room temperature for a total of eight
cycles. Two other 600—‘ul samples of HCCM and CM were filtered two
- times each through a .2 pm nitrocellulose filter (NCF). A final 600-jul
untreated fresh-frozen (FF) sample of each HCCM and CM was compared to
treated samples. Serial dilutions of all HCCM and CM samples were made
with RPMI+ and samples were added to lymphocyte cultures at .75, 1.56,
3.23, 6.25, 12.5 and 25 ul/well (total well volume = 100 Hl). To
identify the approximate size of the substance causing suppression,
500 pul samples were centrifuged at 4500 RPM for 30 min. through amicon
microconcentrators (Amicon, Danvers, MA) with MW exclusions of 10,000
and 30,000. sample concentrates were rinsed by diluting with 500 pl
RPMI-1640 and spinning again at 4500 RPM for 30 min. Concentrate was
again diluted back to its original 500 ul volume with RPMI-1640. The
two MW fractions of HCCM and (M were added to lymphocyte proliferation
assays in quantities of 2, 4 and 8 Hl sample/well to test for
suppressive activity.

Interspecies Assay. The suppressive effect of HCCM on goat,
donkey and horse Ilymphocytes was compared. PWM-titer assays as
described for horse PBL donors were used to screen potential goat and
donkey PBL donors. Three does and three jennies with optimal responses
at .2 ug/well PWM were chosen for the interspecies assay. PWM-
stimulated lymphocyte proliferation assays were set up as described
previously with lymphocytes from the three chosen PRL donors of each
species and with HOCCM or (M added at .4, .8, 1.6 , 3.2 , 6.4 and 12.8

pl/well (total well volume = 100 pl).
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Statistical Analysis. Average cpm and % of stimulated
control for triplicate or quadruplicate wells were determined. Results
(com) from the addition of HCOM of Group I, II and III cultures to
lymphocyte proliferation assays were analyzed by ANOVA using the
general linear model procedures of the SAS computer package (Luginbuhl
et al., 1985) to determine suppressive activity of‘ HCCM. Linear and
quadratic contrasts were used to determine the relationship between
the addition of 0, 25 and 50% HCCM and percent suppression. HCCM
induced suppression was compared between groups by Tukey's mean
comparison tests. Results from treated HCCM and interspecies assays
were expressed as average cpm and/or percent of stimulated control and
were similarly analyzed by ANOVA and Tukey's mean comparison tests.
Polynomial regression analysis was used to compare suppressive

activity curves in the interspecies assay.
RESULTS

Groups I-III. When supplemented to cultures at 25% or 50% of
the total well wvolume, HCCM from Groups I, II and III suppressed
lymphocyte proliferation (P<.001) induced by PWM, while M exhibited
no suppressive activity (P>.05) when similarly added to cultures
(Table 2). In all groups, there was a linear relationship (P<.01l)
between % suppression and the addition of 0, 25 and 50% HCCM. HCCM
also suppressed lymphocyte stimulation (P<.001) induced by Con A and
PHA when added to cultures at 25% and 50% of well volume. Viability of
cells in experimental wells was always 85-95% at the end of the

culture period.



TABLE 2. Effect of control medium and HCCM from
Groups I-III on mitogen-stimulated horse PBL

proliferation.?

Mitogen Stimulation (cpm)
Source of
Medium (%Vol) _None - PWMP__  _ConAC¢  ___PHAD

Group I 0 6,896 £ 2,299
(Day 9-10) 0 37,504 * 6,240 39,260 * 4,423
25 21,745 * 3,986% 19,882 * 3,198+
50 19,312 % 3,668* 17,816 £ 2,843*
Group II 0 35,286 * 5,377
(Day 15-16) 0 85,480 * 5,724 53,783 ¥ 4,431
25 22,547 £ 5,067 23,647 * 3,971*
50 9,766 £ 2,428% 11,349 ¥ 2,262%
Group III 0 14,018 £ 2,194
(Day 25-26) 0 61,899 * 5,384
25 33,193 * 6,179*
50 ~ 19,975 * 4,706*
Control
Medium 0 6,896 * 2,293
0 37,504 £ 6,240
25 43,462 * 6,230
50 43,197 £ 5,823
@Group I and control medium data represent mean cpm * SEM

for three day 9-10 HCCM samples and three CM samples,
respectively, each tested on three PBL populations (total
n=9). Group II and III values are the mean cpm * SEM from
three day 15-16 HCCM samples and three day 25-26 HCCM
samples, respectively, each tested on four PBL populations
(n=12) . HCCM from all Groups (I,II and III) added at 25%
and 50% of well volume suppressed lymphocyte prolferation
(P<.001) in mitogen-stimulated cultures, but CM did not
(P>.05).

bsupplemented to cultures at 1 Pg/well.

CSupplemented to cultures at 5 png/well.

*Significant lymphocyte suppression relative to stimulated
controls (P<.001).
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HCCM Characterization. After treatment (HT, FT, NCF), the
addition of increasing volumes of HCCM suppressed (P<.05) PaM-induced
lymphocyte proliferation in a dose-dependent mamner (Table 3).
Similarly treated CM did not suppress (P>.05) proliferation (data not
shown). There was no difference in overall suppressive activity
(determined as % of stimulated control) of HCCM between treatments,
nor did suppressive activity of treated samples differ (P>.05) from
that of non-treated (FF) HOQM (Fig. 3).

The fractions of HOCM separated by 10,000 and 30,000 ™MW
exclusion amicon microconcentrators suppressed (P<.0l) lymphocyte
proliferation with the larger MW HCCM fraction significantly more
suppressive (P<.0l) than the smaller MW fraction (Figs. 4 and 5). The
addition of 8 pl/well of HCM filtrate and retentate fractions
decreased the percent stimulation to 71.3 £ 5.0 (mean * SEM) and 21.4
% 1.7 respectively (10,000 MW exclusion centricon), and 77.2 £ 5.1 and
28.4 £ 9.1 respectively (30,000 MW exclusion centricon), while the
addition of either MW fractions of (M had no suppressive effect on
percent lymphocyte proliferation (103.6 £ 5.1 and 118 £ 7.1 (10,000 MW
centricon) and 112.3 £ 1.0 and 108.5 £ 7.3 (30,000 MW centricon)).

Interspecies Assay. The addition of HCCM to goat, donkey and
horse PWM-stimulated lymphocytes  decreased (P<.05) lymphocyte
proliferation across all species (Fig. 6). Overall suppression
(determined relative to stimulated controls) was 1less in goat
lymphocyte cultures than that in horse or donkey cultures (P<.05), but
there was no difference between percent suppression of donkey and
horse cultures. Polynomial regression analysis used to describe the

dose response suppression curves resulting from the addition of HCCM



TABLE 3.

horse PBL proliferation.?@

Effect of treated HCCM on PWM-stimulated

_BCCM _Treatment

HCCM added Fresh-
{ul/well)  Exozen
0.0 70,483 X 3,844
0.75 36,370 £ 473

1.56 20,959 £ 1,504
3.125 15,075 £ 1,076
6.25 8,986 * 881
12.5 5,107 & 457
25.0 3,056 * 248

Non-stimilated

14,579 £ 2,208

Frozen-

ZThawed

73,645 ¥ 5,156
30,281 * 684
21,098 * 1,587
13,400 * 1,286
11,707 1,007
5,178 % 556
3,184 * 283

12,843 £ 3,122

Heat~-

77,985 * 4,719

33,363 £ 1,439
21,790 £ 1,910
9,627 X 1,817
5,382 £ 1,641
2,904 * 362
1,527 £ 122

13,998 + 3,402

Nitrocellulose
Ireated  ___Filtered

39,048 X 9,774
21,662 £ 5,735
14,645 * 4,427
8,078 * 2,787
4,424 * 1,914
2,463 1,097
1,434 580

2,951 * 1,316

@pData represent mean cpm X SEM (n=3).

All samples expressed

suppressive activity (P<.05) relative to stimulated controls

0 Ul/well).
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Figure 3. Suppressive activity of treated (heat-treated 90°C for 30
min (HT), filtered 2x through a .2 Mm nitrocellulose filter (NCF),
frozen to 80°C and thawed to room temperature 8x (FT)) vs non-treated
fresh-frozen (FF) HCCM on PWM-stimulated PBL proliferation. Columns
represent mean % of control + SEM (n=3) with the addition of
increasing quantities of HCM. All samples expressed suppressive
activity (P<.05), and there was no difference (P>.05) between the
activity of treated and non-treated HCCM.
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Figure 4. Effect of >10,000 MW and <10,000 MW fractions of
HCCM and CM on PWM-stimulated PBL. Fractions were separated
by amicon microconcentrator centrifugation. Values
represent mean % of stimulated control * SEM (n=3). Both
HCCM fractions were suppressive compared to CM fractions
(P<.05). Different superscripts denote significantly
different suppressive activity (P<.05).
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Figure 5. Effect of >30,000 MW and <30,000 MW fractions of
HCCM and CM on PWM-stimulated PBL. Fractions were separated

by amicon microconcentrator centrifugation. Values
represent mean % of stimulated control * SEM (n=3). Both
HCCM fractions were significantly suppressive (P<.05)
compared to CM fractions. Different superscripts denote

significantly different suppressive activity (P<.05).
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Figure 6. Effect of HOOM on PWM-stimulated PBL of horses, donkeys
and goats. Values are mean % of stimulated control + SEM (n=3) of PRL
with the addition of increasing gquantities of HOOM. Overall
suppression of goat PBL was less (P<.05) than that of horse or donkey
PBL. There was no difference (P>.05) between horse and donkey PBL
suppression. The goat suppressor curve follows a linear regression
equation while the donkey and horse curves follow quadratic equations
with the same slope (ANOR; R2=.88) .

4% stimulated control = average cpm experimental/average cpm
stimulated control x 100. Average cpm for goat, donkey and horse
stimulated controls were 122,542, 78,199 and 46,036 respectively.

b, Different superscripts denote significant differences in overall
suppression caused by HCCM supplementation (P<.05).
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to lymphocyte cultures of the three species determined that the curves
representing horse and donkey lymphocyte suppression had the same
slope and were best fit by a quadratic equation while the goat's best
fit a linear equation.
DISCUSSION

The data presented herein indicate that the preimplantation
horse conceptus produces a factor that suppresses in vitro mitogen-
induced horse Ilymphocyte proliferation. This suppression is not
mediated through cytotoxicity. The substance responsible for
suppressive activity is released by the embryo as early as day 9-10 of
development and continues to be produced at least through day 26 of
gestation. All horse embryos collected at day 9-10 had hatched from
their zonae pellucidae and were surrounded by the equine embryonic
capsule. Whether or not these embryos produce a suppressor substance
prior to hatching from their zonae was not determined. It is possible
that the embryo, while surrounded by the fairly non-antigenic zona, is
not in danger of immnological attack and thus may not produce a
suppressor factor. It has been reported that bovine conceptus-derived
suppressor activity is non-detectable prior to day 10, variable from
day 10-12 and only definitely present by day 14 (Croy et al., 1988).
Such reports indicate that, at least in cattle, suppressor substances
are not produced and/or released by the embryo prior to zona hatching.
It is possible however, that suppressor factors are produced early but
in such small levels that they are not detected by the in wvitro
biological assay used to evaluate suppression. Suppressive activity of
HCCM varied between, but was definitely present in, the three day 9-10

cultures. The HCCM with the greatest suppressive activity was that
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from cultures in which embryos remained fully expanded and grew in
size during the 24 h culture period. This observation may indicate
that the production of the suppressor factor correlates either with
the health of the embr?o or simply with an increased number of cells
capable of producing the substance. It has been proposed that the
measure of embryo-derived immunoregulatory function could be used in
predicting the wviability of embryos prior to their transfer to
recipients. However, in the cow such an assay would not be practical
since suppressor activity of embryos is not detected until after day
10, and embryo transfer in cattle is carried out between days 6 and 8.
The transfer of embryos at day 9 in the horse is successful, and since
equine embryos seem to express immunosuppressive activity at this
stage of development, it is possible that a measurement of this
function could be useful in predicting post transfer embryo survival.
To do so, a quicker more sensitive assay than lymphocyte proliferation
would be required. The difference in suppressive activity of HOM from
Group I vs. Group II and III is likely simply due to the difference in
the tissue:medium ratio in the cultures, resulting in a lower
concentration of the day 9-10 embryo-derived factors.

Because production of the suppressor factor begins as early as
day 9 and continues through day 26, it is not 1likely that this
substance is responsible for maternal recognition of pregnancy, which
occurs between day 13 and 15 (Hershman and Douglas, 1979). Such
proteins in other species are produced mainly during the specific
window when maternal recognition occurs (Davis and OTT, 1989; Godkin
et al., 1989). However, we can not rule out the possibility that the

substance plays a role in the event.
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Lymphocyte proliferation induced by any of the three different
mitogens was suppressed by the addition of HCCM indicating that the
suppressor factor is non-~antigen specific. Furthermore, the use of Con
A and PHA (T-lymphocyte stimulators) and PWM (a T and B-lymphocyte
stimulator) indicates the suppressor factor might affect both
Jymphocyte subsets. However, because PAM is a T-cell dependent B-cell
stimulator, it is possible that PWM B-cell stimulation is suppressed
indirectly by suppression of T-cells which results in decreased
lymphokine production (Sharon, 1983; Weiss, 1989). The fact that
lymphocyte proliferation was not affected by the addition of (M to the
lymphocyte cultures ensures the suppression observed with HCCM is not
an artifact resulting from the use of certain flasks or incubation
regimens. Lymphocyte suppression resulting from the incubation of
medimn in certain flasks or plates has been reported previously (Croy
et al., 1988).

The immunosuppressive effect of progesterone and other steroid
hormones is well documented, but the level of hormone required to
suppress lymphocyte proliferation in vitro exceeds physiological
levels. As much as 5 Mg/ml is required in order to achieve suppression
of PHA and Con A stimilated lymphocyte proliferation (Mori et al.,
1977; sSiiteri and Stites, 1982). Only picogram to nanogram
concentrations of hormones are found in equine blastocoelic fluid or
in equine conceptus culture medium (Flood et al., 1979; Marsan et al.,
1987) indicating that, even localized around the conceptus, the
hormone 1levels produced would be far below that required for
suppressing lymphocyte proliferation. However, to ensure that the

suppression we observed was not hormone-induced, HCCM was run through
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the amicon microconcentrators with MW exclusions of 10,000 and 30, 000.
Since the suppressor substance was found to be >30,000 MW we can
conclude that it is not a steroid hormone. The fact that the <30,000
and <10,000 MW fractions were slightly suppressive might indicate the
presence of hormones and/or interferons in those smaller MW fractions.

HOCM was subjected to harsh treatments of freeze-thawing and
heating at 90°C for 30 min in an attempt to denature the proteins in
the sample. Because no loss of biological activity of the HOM
suppressor factor was observed after treatments, it is possible the
substance is not a protein. Alternatively, it may be a protein with a
very stabile structure perhaps due to marny disulfide bridges. It is
also possible the substance does undergo structural denaturation but
the active sites remain intact or reamneal after treatment. Although
the treatments had no effect on the activity of the suppressor
substance, and the substance was not removed from HCCM when filtered
through nitrocellulose which binds proteins through hydrophobic
interactions, we have not yet ruled out the possibility the suppressor
factor is a protein. The stability of its biological activity and the
fact that the HCCM suppressor factor is >30,000 MW serve as evidence
that this horse suppressor substance is different from the proteins
that exhibit antiviral activity and that are responsible for maternal
recognition of pregnancy in sheep and cows. Both oTP-1 and bTP-1 are
of the alpha-interferon family (Imakawa et al., 1987; Stewart et al.,
1987; Charpigny et al., 1988) and like other alpha-interferons, are
<30,000 MW and unstable when treated with heat or repeated freeze-
thawing. A porcine conceptus-derived interferon-like protein with

anti-viral activity has also been identified, and it too is small
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(22,000-24,000 My) and extremely labile (Cross and Roberts, 1989). we
therefore conclude that the suppressor factor described herein is most
likely not of the interferon family.

We have suggested that if the conceptus-derived suppressor
substance plays a significant role in :'protecting the conceptus from
matermal immunological assault, the inability of it to cross-react
with lymphocytes of another species could in part explain the failure
of interspecies pregnancies. It has been shown with sheep and goats
that medium conditioned by 20-day old conceptuses exhibited greater
suppressive activity when added to lymphocytes of the same species as
compared to that seen when added to lymphocytes interspecifically
(Roth and white, 1989). The lack of immunosuppressive capacity of
conceptus-derived products of one species in the maternal environment
of another species could explain the repeated failure of sheep/goat
interspecies pregnancies and the apparent evidence of immunological
rejection of the conceptus.

Horses and donkeys provide a unique model for the study of
interspecies cross-reactivity of conceptus-derived substances because
both interspecies and hybrid pregnancies are successful. We show
herein that there is no difference in overall suppressive activity of
HCCM when added to donkey lymphocytes as compared to horse
lymphocytes. Thus, it is possible that the horse conceptus-derived
suppressor factor does efficiently cross-react with donkey lymphocytes
and this may explain, in part, how donkeys are able to carry horse
fetuses to term. When added to goat lymphocytes, however, HOCM is much
less suppressive indicating that with more distantly related species

the HCOCM suppressor factor is not as efficient at inhibiting
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lymphocyte proliferative responses. Furthermore, both donkey and horse
lymphocyte suppressor curves followed quadratic functions with the
same slope indicating that the mechanism of action of the suppressor
substance in HCCM is similar on lymphocytes of the two species. With
the much less-related caprine species, the HC(M suppressor substance
appears to be acting in a different manner resulting in a suppressor
curve that follows a linear function. Although it is suppressive, HCCM
is much less suppressive when added to lymphocytes of the caprine
species, and also appears to be suppressing the lymphocytes through a
much less effective mechanism. Although these data provide evidence
for species-specific activity of HOCM, we cannot ignore the
possibility that goat lymphocytes may be inherently more difficult to
suppress than equine lymphocytes when stimulated with PWM.

In summary, we have found that from day 9 through day 26 of
development the equine conceptus produces an immunosuppressive factor
that inhibits in vitro horse lymphocyte proliferation in a non-antigen
specific manner. The suppressor factor appears to be >30,000 MW and
maintains full biological activity after repeated freeze-thaw and
after heating to 909 for 30 minutes. This substance exhibits its
suppressive effect in a similar manner on donkey and horse
lymphocytes, yet on lymphocytes of the less-related goat species,
suppressive activity is significantly decreased. These data indicate
that the substance is, to some degree, species-specific. Determining
the significance of this immunoregulatory substance in maintaining the
conceptus, and its possible relationship to successful interspecies
pregnancies should help in our understanding of the puzzling

phenomenon of fetal allograft survival.



CHAPTER IV
PGE2-INDEPENDENT IMMUNOSUPPRESSIVE ACTIVITY OF
HORSE TROPHOBLAST TISSUES

INTRODUCTION

Suppression of the maternal immune response at the fetal-
maternal interface may be imperative for the survival of the
allogeneic conceptus during pregnancy. Immunosuppressive factors
associated with placental and/or uterine tissues and their secretions
have been reported for several species, including mice (Clark et al.,
1985,1986; Chaouat, 1987), humans (Daya and Clark, 1986; Pockley et
al., 1988), sheep (Segerson et al., 1984; Hansen et al., 1987; Murray
et al., 1987; Roth et al., 1991), goats (Roth et al., 1991), pigs
(Murray et al., 1978), cows (Roberts, 1977; Segerson and Gunsett,
1990; Segerson and Liblky, 1990) and horses (Roth et al., 1990). In
addition, immune cells with suppressor activity accumlate in and
around the placenta (Slapsys and Clark, 1982,1983; Clark et al., 1983;
Brierley and Clark, 1985; Uren and Boyle, 1890). Both placental
suppressor cells and decidual cells, produce the immunosuppressive
prostaglandin, PGE; (Scodras et al., 1990). Likewise, early
developing embryos of several species produce PGE; (Lacroix and Kann,
1982; Pakrasi and Dey, 1982; Hwang et al., 1988; Holmes et al., 1990).
PGE; suppresses IL-2 production by T lymphocytes (Rappaport and Dodge,
1982; walker et al., 1983) and induces T suppressor cells (Chouaib and
Fradelizi, 1982; Delfraissy et al., 1982; Kaszubowski and Goodwin,
1982). Therefore, it has been suggested that PGE; is an important

immunosuppressant of pregnancy. The fact that PGE; from decidual cells

3 Roth, T.L., K.L. White, D.L. Thampson, Jr. and D.W. Horchov. J. Reprod. Immunol.
(In review).
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and decidual macrophages inactivates T lymphocytes (Parhar et al.,
1989) and natural killer (NK) cells in the decidua, (Scodras et al.,
1990) supports the theory that PGE; activity is conducive to fetal
survival (Lala et al., 1990).

We reported that horse conceptus-conditioned medium suppresses
in vitro lymphocyte proliferation in vitro (Roth et al., 1990). The
specific objective of this study was to determine if indomethacin, a
prostaglandin inhibitor, could reduce horse trophoblast-derived
immunosuppressive activity.

MATERIALS AND METHODS

Animals and conceptus collections. Conceptuses were
obtained from mares on day 21 of gestation according to procedures
described in Chapter III. The flushing medium consisted of sterile
PBS supplemented with 1% penicillin/streptomycin (Gibco, Grand Island,
NY) .

Conceptus cultures. Three conceptuses, each from a different
mare, were obtained on day 21 of gestation. Under sterile conditions,
conceptuses were rinsed twice with PBS. Both the embryonic capsule
and the fetus proper were removed from the trophoblast tissue of each
conceptus. The trophoblast tissue was cut into two approximately
equal sections and each section was rinsed twice in sterile RPMI-1640
medium supplemented with 1% antibiotic/antimycotic (RPMI). Each
trophoblast section from each conceptus was randomly assigned to 2
treatments. For treatment 1, each tissue section was placed in a
tissue culture flask (25 am?) containing 5 ml RPMI. Treatment 2
tissue sections were each placed in a flask with 5 ml RPMI containing

1 x 104 M indomethacin (Sigma, St. Louis, MD). An additional flask
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was set up with 5 ml indomethacin control medium (I-CM) which
consisted of RPMI with 1 x 104 M indomethacin but no trophoblast
tissue. A total of 6 trophoblast tissue cultures (3 in RPMI and 3 in
RPMI + indomethacin) and a seventh flask containing I-CM were
incubated for 28 h at 37°C in a humidified atmosphere of 5% CO, and
air. Following incubation, horse trophoblast-conditioned medium
(HTCM) and indomethacin-treated trophoblast-conditioned medium (I-
HTCM) were obtained by first pouring the contents of each flask into a
conical tube and then centrifuging the tubes at 1,500 x g for 10 min.
Supernatants were filtered through a .2 um filter and were stored in 1
ml aliquots at -80°C. Following centrifugation, the tissue volume in
each culture was determined. The wvolume was consistent, measuring
approximately 100 Ml of tissue in each culture. I-CM was similarly
aliquoted and stored at -80°C.

Lymphocyte proliferation assay. Peripheral blood
lymphocytes were obtained as described in chapter III. Cultures were
carried out in quadruplicate in 96-well, round-bottomed tissue
culture-treated plates. Non-stimulated control cultures contained 25
Ul cell suspension (1 x 105 cells) and 75 ul RPMI+. Stimulated
control wells received 25 Ml cells, 25 Ml RPMI+ containing 0.1 Mg
pokeweed mitogen (PWM) and 50 pl RPMI+. Treated cultures received 25
Ul cells, 25 pl RPMI+ with 0.1 pg PWM and 2.5, 5 or 10 ul of HICM
(n=3), I-HTM (n=3) or I-CM (n=1) diluted in 50 ul RPMI+. All
cultures were carried out simultaneously with the same 3 PBL
populations and the final volume of each well was 100 pl. Cultures
were maintained in an incubator at 37°C in a humidified atmosphere of
5% CO; and air. 3H-thymidine was added to the culture (luCi/well) 99 h
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after the start of culture and cells were harvested 15 h later.
Radioactivity on glass fiber filters was determined by liquid
scintillation counting.

Radioimmunoassay. The radioimmunoassay (RIA) wused to
quantify PGE; in each HTCM and I-HICM sample was conducted according
to published procedures (Hwang et al., 1975; Hwang, 1985). 3H—PGE2
(100-200 Ci/mmol) used in the RIA was obtained from DuPont NEN
Research Products (Boston, MA). An aliquot of HICM from one conceptus
was divided into two fractions wusing a 30,000 MW cut-off
microconcentrator. The retentate fraction (>30,000 MW) was diluted
back to its original volume with RPMI and the concentration of PGE;
was (életexmined.‘ A sample of RPMI served as a control for any
background interference that might be associated with the culture
medium.

Statistical Analysis. Average cpm for quadruplicate wells of
the lymphocyte proliferation assay were calculated and the results
analyzed by ANOVA using the general linear model procedures of the SAS
computer package (Luginbuhl et al., 1985). To determine
immunosuppressive activity, lymphocyte proliferation in I-CM, HTCM and
I-HTCM treated cultures was compared to that in stimulated control
cultures using Tukey's mean comparison tests. Similarly, Tukey's mean
comparison tests were used to determine within treatment differences
between the addition of 2.5, 5 and 10 pl/well of I-CM, HTCM and I-
HTCM.

RESULTS
Lymphocyte proliferation assay. The results of the

lymphocyte proliferation assay are shown in Fig. 7. Each data point
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Figure 7.
medium (HTCM) and

horse trophoblast-conditioned
indomethacin-treated HTCM (I-HTCM) on PWM-stimulated horse
PBL proliferation. Different superscripts designate
differences in lymphocyte proliferation (P<.0l). Stimulated
control values (150,000 %= 25,000 cpm; mean +* SEM) did not
differ (P>.05) from those o0f I-CM-treated cultures.
Lymphocyte proliferation was less (P<.0l) in both HTCM and
I-HTCM treated cultures as compared to that in stimulated
controls.
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represents the mean + SEM (cpm) for three lymphocyte populations
treated with I-(M (n=1), HTM (n=3) and I-HTCM (n=3). PWM-stimulated
lymphocyte proliferation in HICM and I-HTCM treated cultures was less
(P<.01) than that in I-CM-treated or stimulated control cultures.
Proliferation in I-CM-treated cultures did not differ (P>.05) from
that in stimulated control cultures. Immunosuppressive activity of
HICM and I-HTCM did not differ (P>.05). Results of the within
treatment comparisons indicated no = differences (P>.05) in
proliferation with the different quantities of HICM and I-CM.
However, the addition of 10 ul of I-HTCM suppressed lymphocytes more
(P<.05) than the addition of 2.5 pl I-HTCM.

Radioimmunoassay. The concentration of PGE; in each sample of
HTCM and I-HTCM, as determined by the PGE; RIA, are shown in Table 4.
The effectiveness of indomethacin, as a PGE; inhibitor in the
trophoblast cultures, was determined by comparing the concentration of
PGE; in I-HTCM to that in HTCM for each trophoblast sample. Addition
of indomethacin to horse trophoblast cultures reduced PGE; production
by 91 £+ 1.6%. Not shown in Table 4 are the data for the >30,000 MW
fraction of HTCM (Tissue sample 1) which was 38 pg/ml PGE;.

DISCUSSION

The results of this study indicate that PGE; is not the primary
factor responsible for horse trophoblast-derived immunosuppressive
activity. Our results differ from what has been reported for decidual
type placentae of humans and mice where PGE; appears to play a
critical role in the suppression of immune cells at the fetal-matermal

interface.
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TABLE 4. PGEz concentrations (ng/ml) in horse
trophoblast-conditioned medium (HTCM) and
indomethacin-treated HTCM (I-HTCM)3,

Trophoblast

tissue pampleP __HTCM — I-HTCM % Decreage®
1 18.56 1.33 93
2 4.46 .50 89
3 15.02 1.42 91

Mean + SEM 12.68 = 7.4 1.08 £ .53 91 % 1.6

aThe RPMI control value was 0.00 pg/ml.

brrophoblast was obtained from day 21 horse conceptuses.
Tissue sections from each trophoblast sample were cultured
in RPMI and RPMI + indomethacin to generate HTCM and I-HTCM,
respectively.

¢The inhibitory effect of indomethacin on PGE; production
was calculated using the equation (1 - I-HTCM/HTCM x 100).
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In the murine species, decidua contain T lymphocytes of several
subsets (Kearns and Lala, 1985) as well as natural killer cells
(Scodras et al., 1985). Excessive NK cell infiltration into the feto-
placental unit appears »to be responsible for spontaneous abortion of
specific murine pregnancies (Gendron and Baines, 1988). During
successful murine pregnancies, suppressor cells in the decidua and
decidual cells themselves, inactivate NK cells (Croy et al., 1985;
Gambel et al., 1985; Scodras et al., 1990). Recently, it has been
shown that NK cell suppression is mediated by PGE;, and the addition
of indomethacin (10™> M) or anti-PGE; antibody revives NK activity in
the decidua (Scodras et al., 1990). Additional in vivo evidence
concerning the significance of PGE; in maintaining pregnancy was
provided by Lala et al. (1990), who demonstrated that chronic
administration of indomethacin to pregnant mice causes abortion and
embryo resorption.

Similar to murine placentae, first trimester human placentae
contain decidual cells and decidual macrophages that secrete PGEp
which, in turn, inhibits T lymphocyte activity by blocking expression
of the interleukin-2 receptor and inhibiting the production of
interleukin-2 (Lala et al., 1988). However, in agreement with our
findings, Uren and Boyle (1990) demonstrated that suppressive activity
of human placental macrophages was not inhibited by indomethacin.
Additionally, Scodras et al. (1990) found that the concentration of
PGE; in murine decidual cell supernatants following 20-hr in vitro
culture was much lower than that required for NK cell suppression
induced by decidual cells. The authors suggested that, in addition to

PGE;, decidual cells produce other suppressor molecules. Our data
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support this theory. While indomethacin effectively decreased PGE;
production, immunosuppressive activity of HICM and I-HTCM did not
differ, thus it appears there are factors other than PGE; responsible
for the immunosuppressive activity in HTCM. These results are not
surprising in view of the fact that conceptus-derived soluble
suppressor proteins have been identified in a number of species (Clark
et al., 1986; Daya et al., 1986; Murray et al., 1987).

There are three additional pieces of evidence supporting our

conclusion that PGE; is not responsible for HIMWM-induced
immmosuppression. First, PGE; is capable of inhibiting 3H-thymidine
incorporation by mitogen-stimulated lymphocytes at concentrations of
10-8 M, but to attain at least 65% suppression, a concentration of 107
M is required (Goodwin et al., 1977). 1In this study, we achieved 65%
suppression of lymphocyte proliferation with PGEp; concentrations in
the lymphocyte culture wells ranging from 10°° to 10711 M.
Furthermore, it has been reported that PGE; does not inhibit PaM-
stimulated peripheral blood lymphocytes (Goodwin et al., 1977). Yet,
in this study and in previous work (Roth et al., 1990), we have
demonstrated potent suppression of PWM-stimulated horse PBLs with
horse conceptus-conditioned medium. Finally, we previously reported
that following amicon microconcentrator  centrifugation, the
immunosuppressive activity of horse conceptus-conditioned medium is
contained in the >30,000 MW retentate fraction (Roth et al., 1990).
While in that report we mentioned the apparent lack of hormone or
prostaglandin contribution to the suppressive activity, we could not
rule out the possibility that these substances remained in the >30, 000

MWN fraction. 1In this study, we determined that a single passage
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through the microconcentrator reduced the PGE; concentration of the
retentate fraction by 99.7% relative to that of the whole sanple.
Together, data from previous work indicating the large size of
the horse conceptus-derived suppressor factor(s) (Roth et al., 1990)
and from this study in which the inhibition of prostaglandin
production did not affect suppressor activity of cultured horse
trophoblast, indicate that PGE; is not the primary immunosuppressant

produced by the pre-implantation horse conceptus.



CHAPTER V
HORSE CONCEPTUS-DERIVED SUPPRESSION OF
T AND B LYMPHOCYTE PROLIFERATION:INTERLEUKIN-2
RECEPTOR INVOLVEMENT4
INTRODUCTION

The immnosuppressive activity of a >30,000 molecular weight
(MW) factor present in horse conceptus conditioned medium (HCCM) has
previously been reported (Roth et al., 1990). Results from subsequent
work have shown this suppressor factor (HCCM-SF) to be >100,000 Mw.
High molecular weight components of conceptus cultures and/or gravid
uterine fluid of other domestic species, including the cow (Segerson
and Bazer, 1989), sheep (Hansen et al., 1987; Murray et al., 1987) and
pig (Murray et al., 1987), also suppress lymphocytes when supplemented
to in vitro blastogenesis cultures. It has repeatedly been suggested
that these suppressive factors play a role in protecting the conceptus
from maternal immunological attack during pregnancy. In the horse, one
such role may be to temporarily protect the endometrial cups which,
although surrounded by lymphocytes, are not destroyed until day 120 of
pregnancy (Allen, 1979). Thus far, most investigations have been
primarily directed towards identifying and characterizing uterine and
conceptus-derived factors (Murray et al., 1978; Godkin et al., 1982;
Hansen et al, 1987; Newton et al., 1988; McDowell et al., 1990) while
their functional significance remains largely unknown.

Some information pertaining to the immunosuppressive mechanisms

of components obtained from uterine fluid or conceptus tissue has been

4 Roth, T.L., K.L. White, D.L. Thawpson, Jr., S. Rahmanian and D.W. Horchov. J.
Reprod. Fertil. (In review).
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reported for humans (Pockley and Bolton, 1990; Saito et al., 1990),
mice (Clark et al., 1985; Mayumi et al., 1985; Clark et al., 1986),
sheep (Segerson, 1988) and, more recently, cows (Segerson and Libby,
1990). In these studies, suppressor activity was identified in
lymphocyte cultures as decreased 3H—thymidine uptake Ly cells
following mitogen stimulation. There are mitogens available that
stimulate B and/or T lymphocytes preferentially (Sharon, 1983), but in
most immunosuppressive studies only PHA, a potent T cell activator,
has been used to stimulate lymphocyte proliferation. Because cell-
mediated and not humoral immunity is of greater concern in fetal
allograft acceptance, T cells have been the focus of most attempts to
elucidate suppressor factor mechanisms.

Production of IL-2 and the expression of the high affinity IL-2R
are critical for proliferation of T cells in response to either PHA or
antigen (Depper et al., 1984). The IL-2R has been identified and
described as a dimer consisting of a p55 alpha chain with low affinity
for IIL-2 and a p75 beta chain with slightly greater IL-2 affinity
(Greene et al., 1986; Tsudo et al., 1986; Teshigawara et al., 1987;
Smith, 1988). With mitogenic or allogeneic stimulation, the two chains
are expressed together on the cell surface to form the high affinity
IL-2R complex which, when bound to IL-2, is largely responsible for
signaling cell proliferation (Sharon et al., 1986; Smith, 1988).
Recombinant humen IL-2 (rIL-2) will interact with the IL-2R of many
species, including the horse (Ferwick et al., 1988). An antibody to
the IL-2R (anti-Tac) blocks IL-2 binding (Robb et al., 1981; Leonard
et al., 1982; Sharon et al., 1986), inhibits cell proliferation (Robb

et al., 198l1) and may even prevent allograft rejection (Kirkman et
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al., 1985). Data have suggested that uterine/conceptus suppressor
factors act similarly, disrupting the IL-2/IL-2R interaction to
inhibit blastogenesis. A soluble suppressor factor obtained from mouse
decidua blocks the response of T cells to IL-2 by interfering with IL-
2R (Clark et al., 1985; Clark et al., 1986). Pregnancy zone protein
reduces IL-2 production but not IL-2R expression (Saito et al., 1990).
Human placental supernatant inhibits both IL-2 and IL-4 driven
proliferation of CTLL-2 cells (Menu and Chaouat, 1989), an IL-2
dependent murine cell line (Gillis et al., 1978). Suppressive activity
of substances found in uterine luminal fluid of pregnant sheep and
cows may also be mediated through alterations of the IL-2 system. In
both species, uterine fluid suppressor factors block IL-2 mediated
blastogenesis of T cells (Segerson, 1988; Segerson and Gunsett, 1990),
and it has been suggested that bovine uterine luminal proteins act by
blocking IL-2R recognition in addition to binding directly to IL-2
(Segerson and Libby, 1990).

While mitogen-stimulated Ilymphocyte proliferation assays have
provided valuable information about the in vitro response of these
cells to immunosuppressive factors, the response of specific cell
subsets has not been determined. Antibodies to unique cell subset
antigens {(CD4, CD5 and CD8) are available for labeling specific cell
populations. Human T cells express marny cell surface molecules such as
the CD5 molecule which is present on virtually all T cells (Hedrick et
al., 1984). The T cell population can be divided into two broad
subsets, T helper and T suppressor/cytotoxic cells, ky their
expression of CD4 and CD8 antigens, respectively (Sprent, 1989).

Similarly, there exist antibodies to equine Ilymphocytes that bind
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either the entire T cell population or a T suppressor cell subset
(Wyatt et al., 1988). Specific fluorescent antibody labeling followed
by fluorescence activated. cell sorter (FACS) analysis provides an
accurate method for  immunophenotypically  distinguishing and
quantifying cell subsets in a mixed cell population (Jackson and
Warner, 1986).

The experiments described herein were designed 1) to examine
the affect of HCCM-SF on B and T lymphocytes using various mitogens
and FACS analysis 2) to determine the temporal relationship of HCCM-
SF activity and lymphocyte activation and 3) to better define the
proposed IL-2 associated mechanism of lymphocyte suppression. The
results of these experiments may increase our understanding of the
fetal-maternal immunological interaction in utero.

MATERIALS AND METHODS

Animals and Conceptus Cultures. The horse breeding regimen
and conceptus collection techniques were carried out as described in
Chapter IIT. Conceptuses were collected by non-surgical uterine
flushing on Day 20 (ovulation = Day 0) using sterile PBS supplemented
either with 1% calf serum and 1% antibiotic/antimycotic (Group I), or
with only 1% antibiotic/antimycotic (Group II). Under sterile
conditions, conceptuses were rinsed twice in their respective medium,
after which Group I conceptuses were rinsed once in RPMI+, and Group
II conceptuses were rinsed in RPMI-1640 with 1% antibiotic/antimycotic
(RPMI). The three Group I conceptuses were each placed in a 50-ml
tissue culture flask containing 20 ml RPMI+. Cultures were incubated
for 48 h at 379C in a humidified atmosphere of 5% COz and air. The

three Group II conceptuses were each placed in a 50-ml tissue culture
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flask containing 15 ml RPMI and were incubated for 30 h under the same
conditions described for Group I. Within both Group I and Group II,
conceptus culture supernatants (HCCM I and HCCM II, respectively) were
pooled. Both pooled samples were centrifuged (600 x g; 20 min),
filtered (.2 um) and stored in aliquots at -80°C. A lymphocyte
proliferation assay was used to determine that there was no difference
(p>.05) in suppressive activity between HOCM I and HCCM II (Table 5).
Control medium (CM) consisted of RPMI or RPMI+ incubated and stored
similarly.

For some experiments, HCCM and CM samples were both fractionated
by molecular weight using microconcentrator centrifugation. Two
microconcentrators with 100,000 MW exclusion membranes were rinsed
with 500 pl of RPMI-1640 (850 x g; 50 min). After rinsing, 500 pul of
CM and HCCM were each pipetted into one of the microconcentrators.
Samples were centrifuged (850 x g; 40 min) and flow-through fractions
(<100,000 MW) were collected. Retentate fractions were resuspended in
500 pl RPMI-1640 and, again, centrifuged. Flow-through volumes were
discarded. Retentate was resuspended to 500 pl, the centricons were
inverted and the retentate fractions (>100,000) were collected off the
filter membranes into the collection cups by centrifugation (600 x g;
5 min). Both fractions of (M and HCCM were filtered (.2 pm) and
diluted to 600 ul/ml in RPMI+.

Lymphocyte Proliferation Assays. Unless otherwise stated,
the lymphocyte proliferation assays were carried out as follows.
Lymphocytes were obtained according to procedures described in Chapter
III. Cultures were prepared in quadruplicate for each PBL population

in 96-well round-bottomed tissue culture-treated plates and each well
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TABLE 5. The eaffect of HCCM I and HCCM II on PWM-
stimulated lymphocytes.?

Volume added BCCM I HCCM I1
(L1/well)
0 (control) 44 * gb 41 = 7b
1 36 X 4¢ 32 t 4¢
5 22 * 3cd 20 £ 1cd
10 15 t 2¢ 12 * 1€

@Values represent mean cpm X SEM (x 10~3) for three
lymphocyte populations.

bcdepjfferent superscripts designate differences (p<.05;
Tukey mean comparisons).
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received 1 x 10° cells (25 pl). PWM, diluted in RPMI-1640, was added
to stimulate cell proliferation (.1 pl PWM/well). HOCM or fractionated
HCCM was added in concentrations specified for each assay, and final
well volume was 100 Ml. The assays were completed as described in
Chapter III.

Preliminary Assay. To determine the concentrations of PHA
required to induce optimal and sub-optimal proliferative responses in
our lymphocyte assay, three.populations of PBLs were tested with
serial dilutions of PHA (3 to .0625 Ml/well). Maximal cell
proliferétion was achieved using 1 pul/well while a suboptimal response
(approximately 50% of maximum) resulted from the use of .125 pl/well
(Fig. 8).

Mitogen Comparison Assay. The suppressive activity of HCCM
IT on LPS-, PHA- and PWM-stimulated lymphocytes was compared. HCCM IT
was serially diluted in RPMI+ such that treated wells contained HCCM
II at 20 to 1.25 % of total volume while control wells received only
RPMI+. PWM (4 pg/ml), PHA (5 pl/ml) and LPS (.4 pg/ml) were added to
wells in 25 pl volumes. In our lab, these concentrations of LPS and
PWM stimulate maximal proliferation of equine lymphocytes. PHA was
added at a sub-optimal dose, one found to stimulate proliferation at
approximately 50% of maximum, in order to increase the sensitivity of
the PHA-treated cells to HCCM suppression. The three mitogen assays
were run simultaneously with PBLs from three randomly chosen mares.
PHA- and PWM-stimulated cultures were pulsed with 3H-thymidjne at 80 h
and harvested at 96 h. LPS-stimulated cultures were pulsed at 96 h and
harvested at 112 h since we found LPS-treated cells require more time

to achieve their maximal proliferative response.
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Figure 8.
lymphocyte proliferation assay to determine the PHA
concentrations required to induce optimal and sub-optimal
proliferative responses in our assay system. Data represent

average cpm ¥ SEM for three equine lymphocyte populations.
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Temporal Effect of HCCM. To determine the stage of cell
activation with which HCCM-SF interferes, HOCM I was supplemented to
lymphocyte cultures 0, 24 and 48 h following PWM stimulation of cells.
The lymphocyte proliferation assay was prepared as previously
described using lymphocytes from three -' randamly chosen mares. On the
96-well plate, triplicate rows were designated, Time 0, Time 24 and
Time 48. HCCM I was serially diluted in RPMI+ to three final
concentrations of 480, 240 and 120 pul/ml. Each of the Time 0 rows were
supplemented with a different dilution of HOCM I (25 pl/well). After
24 h incubation, each of the three Time 24 rows received 25 Ul/well of
the same three HCCM I dilutions. At 48 h the three Time 48 rows were
similarly supplemented. At each treatment period, those wells not
receiving HCCM I received 25 ul RPMI+ such that final volume in all
wells was 150 pl. PWM was supplemented to all but non-stimulated
control wells at Time 0. All wells were pulsed at 100 h and harvested
at 116 h. This experiment was carried out twice with a total of six
PBL. populations, and data from both experiments were pooled for
statistical analysis.

Cells were treated with HCCM II prior to mitogen stimulation to
determine if HCCM-treated lymphocytes are permanently suppressed. PBLsS
from two mares were prepared as described for the lymphocyte
proliferation assays. The pre-stimulated cultures consisted of four
treatments set up in sterile cryovials as follows: 1) Non-stimulated
~ 150 pl cells + 450 pl RPMI+ 2) Control - 300 ul cells + 900 ul
RPMI+ 3) HCCM 10 - 120 pl HCCM IT + 300 Ml cells + 780 pl RPMI+ and
4) BCCM 5 - 60 pul HCCM ITI + 300 Ml cells + 840 ul RPMI+. Vials were

vortexed and incubated with loosened caps for 24 h. At the end of
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incubation, cells were washed twice in RPMI+ (400 x g; 10 min) and
resuspended at 2 x 106 cells/ml. Cells from each pre-stimulated
culture were pipetted into wells (50 pl/well) and were treated with 25
Ul RPMI+ containing O Ml (pre-treated only cells), 5 pl (pre/post-
treated 5 ) or 10 ul (pre/post-treated 10) HOCM II. PWM was added to
all but non-stimulated control wells at this time. Assay was completed
as previously described.

Equine Lymphocyte Supernatant Supplementation. Equine
PEMC supernatant (PBMCS) was generated by combining PBMCs from three
mares, diluting cells in RPMI+ to a concentration of 5 x 106/ml (10 ml
total) in a tissue culture flask and adding 150 ul PHA. After 6 h
incubation, the cell suspension was pipetted into a 15 ml centrifuge
tube and centrifuged (400 x g; 10 min). Medium was discarded and cells
resuspended in 10 ml fresh RPMI+. Cultures were then incubated for 18
h, cells were again centrifuged (600 x g; 10 min) and PBMCS was
obtained. Control medium consisted of 10 ml of the same RPMI+
incubated for 18 h in a tissue culture flask. The PEMCS assay was
prepared with three lymphocyte populations. Two 96-well plates were
set-up with serial dilutions of HCCM II (10 to .625 pl/well). Cells
were added to wells (1 x 10° /well), and PWM was added to all but non-
stimulated control wells. All wells of one plate received 50 pl PEMCS
while all wells of the second plate received 50 pl CM. After 24 h of
culture, wells received another 40 pul of their respective medium
bringing total well volume to 150 Ml. The assay was completed as
previously described.

IL-2 Supplementation. The effect of supplementing HCCM-

treated equine lymphocytes with recombinant human interleukin-2 (rIL-
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2; Cetus Corp., Emeryville, CA) was examined in two assays designed
to determine if supplementation of rIL-2 to HCCM-treated lymphocytes
would override the suppressive effect of HCCM. PBLs from three mares
were used. In the first experiment, two sets of quadruplicate wells of
each PBL population were supplemented with 3, 6, 12 and 24 pl of HCCM
I. One set of each quadruplicate pair also received rIL-2 (200 U/ml).
PHA (.125 pl/well) was added to all wells, cells were pulsed at 80 h
and harvested at 96 h.

In the second experiment, HOCM II was diluted in RPMI+ to 600
pl/ml  and supplemented to cultures in 25 pl1 volumes. Cell
proliferation was stimulated with a sub-optimal dose of PHA (.125
Ul/well). Serial dilutions of rIL-2 (50 to .78 U/ml) were also
supplemented to cultures. To serve as a negative control, non-
stimulated cells were similarly supplemented with rIL-2. The positive
control consisted of cells, PHA and rIL-2, but no HOCM. Cultures were
pulsed at 80 h and harvested at 96 h.

CTLL-2 Cells. Unlike resting Ilymphocytes, CTLL-2 cells
continuously express the high affinity IL-2R complex, and the addition
of small concentrations of IL-2 will immediately stimulate these cells
to proliferate, while a deficiency of IL-2 will lead to their rapid
demise (Gillis, 1978). To better understand the effect of HCCM on IL-
2R function, fractionated HOCM II was added to CTLL-2 cell cultures.
Triplicate wells of a 96-well plate were prepared with seven serial
dilutions of rIT-2 (50 to .78 U/ml) to serve as a standard. In each of
the following rows, rIL-2 was added to triplicate wells at
concentrations identical to those in dilutions 3-6 of the standard

(12.5 to 1.56 U/ml). Each of these rows also received 50 ul/well of
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one of the two diluted fractions of HCCM IT or CM. The standard wells
received 50 Pl RPMI+. CTLL-2 cells were added to all wells (2,000
cells in 50 pl) and cul_tures were incubated for 24 h before cells were
pulsed with 3H—thymidine (1 uCi/well). Cultures were harvested 4 h
after pulsing and radioactivity was determined by liquid scintillation
counting.

Murine Splenocytes. Mouse splenocytes were obtained from
spleen homogenate by Ficoll-gradient centrifugation and interface
cells were recovered. Cells were rinsed twice with HBSS and
resuspended in RPMI+ at 7 X 106 cells/ml. Splenocytés were added to
two 96-well plates in 25 ul volumes and were stimulated by the
addition of 50 pl of PWM, PHA or Con A (5, 2.5 and 5 pg/ml,
respectively). Fractionated HCCM II was supplemented to treated wells
of one plate (20 pl/well), while stimulated control wells received 20
Ul of each (M fraction. Cells were pulsed at 88 h and harvested at 100
h.

FACS Analysis. FACS analysis was used to determine the effect
of HOCM II on proliferation of specific Ilymphocyte subsets. HCCM-
treated cell populations were compared to non-treated cells using
three antibodies to different equine lymphocyte markers. Antibodies
were, the monoclonal antibodies (mAb) HT23A and HT14A (pan T and T
suppressor cell subset antibodies, respectively; VMRD, Pullman, WA),
and an FITC-conjugated polyclonal goat anti-equine IgG antibody (B
cell antibody). The conjugate for the mAbs was an FITC-conjugated goat
anti-mouse IgG antibody (VMRD, Pullman, WA). Two equine PRL
populations were analyzed. For each population, five tissue culture

flasks were prepared as follows: 1) Control - 4 ml RPMI+ 2) PHA -
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6.25 ul PHA + 4 ml RPMI+ 3) PaM - 20 ul P + 4 ml RPMI+ 4) PHA+ -
6.25 ul PHA + 500 pl HCCM IT + 3.5 ml RPMI+ 5) PWM+ - 20 ul PWM + 500
Ml HCCM IT + 3.5 ml RPMI+. To each flask, 1 ml of cells suspended in
RPMI+ at 5 x 106 cells/ml was added. Flasks were incubated for 96 h
and, using a hemacytometer, cell concentration was determined at the
end of culture. The cell suspension in each flask was divided into
five sterile tubes (1 ml/tube). Tubes were labeled as:
autofluorescent control, FITC control, mAb HT23A, mAb HT14A and IgG-
FITC. Cells were pelleted (400 x g; 10 min) and medium was decanted.
Cells were rinsed with 3 ml volumes of PBS and decanted again. The
monoclonal antibodies, HT23A and HT14A, were diluted 1:1000 in PBS
supplemented with 10% goat serum (PBS-GS). The polyclonal goat anti-
equine IgG-FITC and goat anti-mouse IgG-FITC antibodies were diluted
1:400 in PBS-GS. Diluted antibodies were added to appropriate tubes
(50 pl/tube) while autofluorescent and FITC controls received 50 ul
cold PBS-GS. Tubes were vortexed and incubated on ice for 1 h. All
samples were washed with 3 ml volumes of ice cold PBS-GS. After
decanting, 75 gl cold 1% p-formaldehyde was added to IgG-FITC tubes to
fix cells. Tubes were vortexed and stored at 4°C. All remaining tubes,
except the autofluorescent controls, received 50 Hl of diluted goat
anti-mouse IgG-FITC. Autofluorescent controls received 50 Ml PBS-GS.
After vortexing, cells were incubated on ice 1 h, then washed and
fixed as described for cells in IgG-FITC tubes. Samples were stored at
4°C for 48 h then diluted with 100 pl PBS-EDTA and analyzed on a FACS
440 (Becton Dickinson, Mountain View, CA). For each sample, 10,000
cells were analyzed for both fluorescence and light scatter using a

Consort 40 analyzer (Becton Dickinson, Mountain View, CA). Gate
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settings were determined based on autofluorescent and FITC controls to
eliminate any non-specific and/or background fluorescence. Due to
between-flask variation in cell concentration following the 96 h
culture, data were recorded herein as average cell number/ml (final
cell concentration in flask x % of 10,000 labeled) such that results
for a specific cell population would not be biased by a change in the
size of other cell subset populations. The two-dimensional scatter
analysis was used to compare blast cell populations between
treatments. The percent blast cells was determined by comparing
stimulated to non-stimulated FITC control samples. Gates were set such
that the windowed area contained the larger cells present only in the
stimuilated samples. A window with the same gate settings was then
applied to the HCCM-treated, stimulated samples, and the percentage of
cells (blast cells) in this area was recorded.

Statistical Analysis. Average cpm and percent of stimulated
control values were calculated for triplicate or quadruplicate wells
of proliferation assays. Statistical analysis was performed using data
recorded as cpm if the stimulated control values were the same for the
treatments being tested. If the stimulated control values differed
between treatment groups, data were expressed and analyzed as % of
stimulated control. Results, in the appropriate form for each assay,
were analyzed in a factorial arrangement by ANOVA using the general
linear model procedures of the SAS computer package (Luginbuhl et al.,
1985). All main effect interactions were tested (i.e. treatment or
time x HOCM or rIL-2 dose). Between treatment groups and within
treatment differences were determined by Tukey mean comparison tests.

To further campare the effect of rIL-2 on HCCM-treated cells to that
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on non-treated cells, regression analysis was carried out with data in
each of the two rIL-2 supplementation assays. Treatment curves were
compared and tested for differences in intercepts, linear functions
and quadratic functions, and insignificant terms were dropped from the
model.

RESULTS

Mitogen Comparison. The effect of HCCM-SF on lymphocyte
cultures differed (p<.0l) depending on the mitogen used to stimulate
lymphocyte proliferation (Table 6). The results of a 3 x 6 factorial
arrangement ANOVA and Tukey mean comparisons showed that, compared to
stimulated controls, the percent suppression of HCCM-treated cell
proliferation was greater (p<.0l) in PWM-stimulated cultures than in
LPS- and PHA-stimulated cultures. PHA-stimulated cells were suppressed
(p<.01) by high concentrations of HOCCM (10 and 20 ul/well), but LPS-
stimilated cells were unaffected (p>.05) at all levels of HCCM (within
mitogen Tukey mean comparisons).

Temporal Effect of HCCH. Suppressive activity of HCCM-SF
decreased (p<.001) if HCCM I was supplemented to lymphocyte cultures
after the start of stimulation (Fig. 9). Although still suppressive,
HCOCM added to cultures 24 h after the start of stimulation was less
(p<.01) effective then if added at Time 0. By 48 h following cell
stimulation, the addition of HCCM to the cultures resulted in only a
slight decrease in proliferation, much less (p<.0l) than that observed
when HCCM was added at Time 24. There were no main effect interactions
(p>.05).

Lymphocytes pre-treated with HCCM II exhibited the capacity to

respond maximally to mitogen stimulation (Fig. 10). Proliferation of



TABLE 6. Effect of HCCM I supplementation to
mitogen-stimulated lymphocytes?Z.

Mitogen
Lpsb PHAC puMd
Non-Stimulated 8,990 % 322 5,657 X 578 14,712 * 843

HCCM (pl/well)

0 (Control) 21,184 * 2,713 76,648 + 18,131 77,111 * 19,572
1.25 20,180 % 3,553 72,660 £ 17,789 63,138 * 13,418%
2.5 19,446 * 788 72,762 £ 16,364 43,365 £ 9,260*
5 18,799 * 1,420 68,037 X 14,010 30,595 * 5,274*
10 20,700 % 1,117 58,726 £ 13,552* 22,271 * 2,677+
20 19,187 £ 682 48,905 * 11,160* 12,155 £ 1,094*

4Values represent mean cpm * SEM for three 1lymphocyte
populations.

bcdpjfrerent superscripts designate between mitogen
differences in overall suppressor activity (p<.01l) as
determined by Tukey mean comparisons using data expressed as
% of control. There was a significant mitogen x HCCM
interaction (p<.01).

*Differs from control (p<.0l); within mitogen Tukey mean
comparisons.
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Figure 9. Effect of HCCM I supplementation to PWM-
stimulated lymphocyte cultures at 0, 24 and 48 hours after
the start of culture. Values represent mean % of
stimulated control * SEM for between lymphocyte population
variation (n=6). Different superscripts denote an overall
difference in suppression between times (p<.0l; Tukey mean
comparisons). There were no significant interactions
(p>.05).
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Figure 10. Response to PWM-stimulation following pre-
incubation of cells with HCCM II. Values represent mean
cpm % SEM for two lymphocyte populations. Compared to the
stimulated control (no HCCM), there was no difference
(p>.05) in the proliferative responses of HCCM I pre-
treated cells, while the responses of pre/post-treated
cells were suppressed (p<.01l). Different superscripts
denote differences in 3H—thymidine incorporation (p<.01;
Tukey mean comparisons).
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cultures pre-treated with 5 or 10 pl HCCM/well did not differ (p>.05)
from that of the stimulated control. However, the proliferative
response of pre-treated cells to which 5 and 10 pl/well HOCM was again
added during mitogen stimulation (pre/post-treated), was much less
(p<.01) than that of both the pre-treated only cells and the
stimulated control.

Equine Cell Supernatant and IL-2 Supplementation. PHA-
stimulated PEMC supernatant was added to HCCM II-treated equine
lymphocytes in an attempt to augment their proliferative response to
PaM (Fig. 11), but compared to proliferation in control medium-
supplemented cultures, there was no difference (p>.05). The addition
of an extremely high concentration of rIL-2 (200 U/ml) to HCCM I-
treated cells did not override the suppressive activity of HCOM I
(Fig. 12). Although proliferation 1n cultures supplemented with rIL-2
was greater (p<.0l) than that in cultures without rIL.-2, a dose-
dependent decrease in proliferation with the addition of HCCM was
observed even in cultures with 200 U/ml of rIL-2 (p<.0l). Furthermore,
results from the regression analysis showed that both treatment curves
were linear with the same slope (p>.05) and only the intercepts were
different (p<.0l). Similarly, in Figure 13, regression analysis was
used to determine that the slopes of the two treatment curves, PHA and
PHA + HCCM, were linear and did not differ (p>.05). Again, only the
intercepts were different (p<.0l). The results of the 3 x 7 factorial
ANOVA and Tukey mean comparisons showed that overall proliferation in
HCCM II-treated cultures was less (p<.0l) than that in PHA control

cultures, but greater (p<.0l) than that in non-stimulated cultures.
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Figure 11. Effect of PHA-stimulated equine PRBRMC supernatant

supplementation to HCCM II-treated, PWM-stimulated lymphocytes. Data
represent mean % of control ¥ SEM for between lymphocyte population
variation (n=3). Proliferation of cells supplemented with equine PBL
supernatant did not differ (p>.05) from that of cells receiving
control medium.
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Figure 12. Effect of human recombinant IL-2 supplementation (200
U/ml) on proliferation of HCCM I-treated, PHA-stimulated equine
PBRLs. Data represent mean % of control (no HCCM or rIL-2 added) *
SEM for between lymphocyte population variation (n=3). In both rIL-2
supplemented and non-supplemented cultures, cell proliferation
decreased (p<.0l1) with the addition of HCCM 1I. Different
superscripts designate within treatment differences (a-c and a'-e’
for within IL-2 and no IL-2 treatments, respectively; p<.0l; Tukey).
There was no treatment x HCCM interaction (p>.05). Although the
intercepts of the two treatment curves were different (p<.0l), the

linear slopes of the two curves did not differ (p>.05; ANOR; R?=.84).
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Figure 13. Effect of rIL-2 supplementation to non-
stimulated, PHA-stimulated and PHA-stimulated + HCCM II-
treated cell cultures. Data represent mean cpm * SEM for
between lymphocyte population variation (n=3). rIiL-2
supplementation increased (p<.0l) proliferation of cells
within each treatment. Different superscripts denote

between treatment differences (p<.01) in overall 3H-
thymidine incorporation as determined by Tukey mean
comparisons. While the intercepts of all three treatment
curves differ (p<.0l), the linear slopes of the PHA and

PHA + HCCM curves are the same (p>.05; ANOR; R2=.73) .
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CTLL-2 Cells &and Murine Splenocytes. CTLL-2 cell
proliferation in response to exogenous rIL-2 was not affected by the
addition of the >100,000 MW fraction of HCCM, or the two fractions of
CM (Table 7). However, the <100,000 MW fraction of HCCM did inhibit
CTLL-2 proliferation (p<.0l). While there was no treatment x rIL-2
interaction (p>.05), only in the standard did a decrease in rIL-2
result in a significant decrease in cell proliferation (p<.05). HCCM-
SF appeared to be effective at suppressing PWM-stimulated murine
splenocytes as incorporation of 3H-thymidine was less (p<.01) in.
cultures treated with the >100,000 MW HCCM fraction than that in
cultures treated with the > 100,000 MW M fraction. However, there
were no differences in proliferation between treatments within ConA or
PHA (p>.05).

FACS Analysis. Data from the FACS analysis are recorded in
Table 8. Because of the 96 h culture period prior to cell labeling and
fixing, the cell concentration in each flask differed from the initial
1 x 10%/ml, with there being a decrease in cell number in the control
flask and an increase in the mitogen-stimulated flasks. For this
reason, the data are presented as final cell numbers/ml. Relative to
non-stimulated controls, there was an increase in total T cells with
both PHA and PWM stimulation (436,000 and +11,000 cells/mi,
respectively). However, a more exaggerated increase in B cells was
observed with both mitogens (+238,000 and +236,000 cells/ml,
respectively). The addition of HCCM to PHA-stimulated cells resulted
in a decrease of 66,000 T and 20,000 B cells/ml when compared to PHA-
stimulated cells without HCCM. When HCCM was supplemented to PWM-

stimulated cells, again, a decrease in T cells occurred (-19,000



TABLE 7. Effect of fractionated HCCM II and CM on CTLL-2 cells and murine splenocytes.

Hcc_Ma c_b_ga
_ Standard <100¢ >100d <100d >1004d
CTLL-2 cellsb
rL-2 (U/ml)
12.5 13.41 £ .45 6.28 £ 1.08 13.44 £ 1.52 10.45 £ .96 11.55 £ .17
6.25 13.48 X .66 6.69 £ .19 13.68 £ .69 13.03 * .51 13.89 £ .68
3.125 13.42 £ .51 6.49 £ 42 13.38 £ .77 10.34 * .88 12.23 * .82
1.56 10.70 £ .48 5.80 % 1.14 11.21 £ .98 9.05 £ .86 11.98 £ .18
Muzine splenocytes®
Mitogen <100 >100 <100 >100
PWM 28.20 * 2.03 2.79 £ _.52** 32.67 X 4.96 40,28 * 1.53
Con A 52.49 X 7.21 26.45 * 6.76 48.32 * 8.35 36.59 £ 9,76
PEA 13.23 £ 1.78 16.50 * 3.14 19.44 £ 4.71 18.24 * 4.78

@HCCM IT and (M were separated into two fractions, <100,000 MW and >100,000 MW as indicated by <100 and
>100, respectively. Sample fractions were supplemented to cultures at 200 pl/ml.

byalues represent cpm £ SEM (x 1073) for triplicate wells.

¢,dpifferent superscripts designate between treatment differences in 3H-thymidine incorporation (p<.01; Tukey
mean comparisons). There was no treatment x rIL-2 interaction (P>.05).

eValues represent cpm * SEM (x 1 10~3) for quadruplicate wells.

*Designates significant difference as compared to other rIL-2 levels within column (p<.05; Tukey).

**Designates within row difference as compared to the similar MW fraction of CM (p<.05; Tukey).
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TABLE 8. Fluorescence activated cell sorter analysis®.

TreatmentdP
mAb control —PHA __ —bHAt —PWM___ —PWMt

HT23A
(Total T) 670 £ 55 706 £ .5 640 X 40 681 * 75 662 + 32
HT14A '

(T subset) 77 *11 162 £ 16 150 * 28 111 + 8 95 £ 23
IgG-FITC

(B cells) 191 % 59 429 * 10 409 * 17 427 £ 20 328+ 8

Change in

T cells (x103): + 36 - 30 + 11 -8
Change in
B cells (x103): + 238 + 218 + 236 + 137

@vValues represent average number of antibody-labeled
cells/ml £ SEM (x 10-3) for two lymphocyte populations and
the average change in cell number as compared to the
control.

bculture treatments are: Control - no mitogen or HCCM; PHA
- PHA~stimulated; PHA+ - PHA-stimulated and HCCM II treated;
PWM - PWM-stimulated; PWM+ -~ PWM-stimulated and HCCM 1II
treated.
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cells/ml) and an even greater decrease in B cells was also observed
(-99,000 cells/ml). The presence of HCCM in PHA- and PWM-stimulated
cultures decreased the T suppressor cell subset by 12,000 and 16,000
cells/ml, respectively, as compared to stimulated controls. All
mitogen-stimulated cell populations contained a greater number of B
cells than did the control cultures, but the T cell population
decreased below control culture levels when HOCM was supplemented to
the stimulated cultures (-30,000 and -8,000). The change in the
approximate number of blast cells detected by side and forward light
scatter analysis correlated with what was observed with final cell
concentration in the FACS cultures and with 3H—thymidine uptake data
from the lymphocyte proliferation assays (Fig.14). Compared to PHA-
and PWM-stimulated controls, the average percent blast cells in HCCM-
treated cultures decreased from 42.8 to 25.8 and 42.2 to 8.9 %,
respectively.
DISCUSSION

T lymphocytes are largely responsible for the actions of cell-
mediated immunity. Allograft rejection is caused mainly by T cells,
although antibodies produced by B cells can also play an important
role. The early developing fetus and the protective placental tissue
surrounding it, express antigens that are foreign to the mother
(Chatterjee~-Hasrouni and Lala, 1979; Jenkinson and Owen 1980;
Billington and Burrows, 1986; Zuckermann and Head, 1986; Allen et al.,
1987). During successful pregnancies, fetal antigens do not initiate a
cell-mediated rejection response, even though immune cells are present
at the feto-maternal interface (Beer et al., 1975). &An

immnosuppressive substance (HCCM-SF) produced by the conceptus and
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.Figure 14. Two-dimensional scatter analysis with side

and forward light scatter parameters was used to examine
the effect of HCCM on cell blastogenesis. The blast cell
populations in HCCM~-treated and non-HCCM-treated, mitogen-

" stimulated  cultures were compared. Gate settings were

adjusted by comparing the mitogen-stimulated control to the
non-stimulated control, such that the window contained the
blast cells present only in the stimulated cell population.
The same settings were then applied to the 2~D scatter plot
of the HCCM-treated cell population.

A. PWM-stimulated, HCCM-treated cell population (PWM+) of
sample #384. The same window used in A was used to
determine the percent blast cells (5.2%).

B. PWM-stimulated cell population (PWM) of sample #384.
Window contains the larger cells (blast cells; 33.3%) that
were absent from the non-stimulated cell population.
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acting on the T cells may be inhibiting the T cell response to fetal
antigens, thereby interfering with the otherwise eminent allograft
rejection response. Likewise, this localized T cell suppression could
also affect B cell proliferation, resulting in a reduction in antibody
production at the site of implantation. Maternal systemic immune
response, away from localized HCOM-SF, would be unaffected. This
hypothesis would explain why immmne function of pregnant females is
not compromised and anti-fetal antibodies are found in maternal
circulation of 90% of normal equine pregnancies (Allen et al., 1987),
yet the conceptus remains unharmed.

Through the use of PHA, a potent T cell stimulator, PWM, a T
cell-dependent B cell stimulator and LPS, a T cell-independent B cell
stimulator (Sharon, 1983; Jelinek and Lipsky, 1987), we obtained
evidence indicating that the T cell population is directly affected by
HCCM-SF. Possibly due to the potent stimulatory effect of PHA on T
cells, relatively high concentrations (10-20%) of HOCM were required
before a decrease in cell proliferation was observed. Supporting
evidence for the suppression of T cells by HCCM was provided by the
FACS analysis results which show the presence of HCCM decreased the T
cell population by 66,000 cells/ml as compared to PHA-stimulated
control cultures. While PHA-stimulation caused a dramatic increase in
the B cell population compared to the control, there was only a
minimal decrease of B cells when HCCM was also present in the culture.
In contrast to PHA-stimulated cultures, PWM-stimulated cells appeared
to be highly wvulnerable to HCCM suppression as indicated by a rapid
decline in their proliferative response at very low HCCM

concentrations. The FACS data indicated that with PaM-stimulation
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there was only a minimal difference between T cell populations of
HCM-treated and non-treated cultures, but a dramatic decrease in B
cell number. Because B cell proliferation depends on T cell-derived
lymphokines (Howard and Paul, 1983), HCOM suppression of T cells would
inhibit the production of T cell factors, thereby indirectly
affecting the B cell population. Since PAM is a weak T cell
stimulator, the loss of even a small portion of T cells may decrease
lymphokine production to such low concentrations that a severe
reduction of B cell proliferation, as that observed with the FACS
analysis, results. The hypothesis that HCCM does not act directly on B
cells is further supported by the fact that HOM is ineffective at
suppressing proliferation of cultures stimulated with LPS. As LPS acts
on B cells without a requirement for T cells, the effect of HCCM on
the T cell population does not alter the B cell response to LPS. The
overall effect of HCCM-SF on mitogen-stimulated blastogenesis is most
visually obvious in the FACS two-dimensional scatter analysis. Since
light scatter parameters allow the sorting of cells by size and
density, the blast cells can be identified. The two-dimensional
scatter plot quite effectively demonstrates the decrease in blast
cells when HCCM is present in the culture.

The process from initial lymphocyte stimulation to actual cell
proliferation involves critical intermediate events. Mitogens will
initiate cell activation within the first 6 h of culture and
lymphokine production follows (Weiss et al., 1987). Peak levels of
lymphokines are produced 24 to 48 h after initial stimulation, but
after 24 h, there is an increased expression of lymphokine receptors

and the cells begin to use the lymphokines produced (Altman et al.,
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1990). The Ilymphokine-receptor interaction acts as a secondary
stimulus for promoting activated cell proliferation. Both B and T
lymphocytes require T cell derived lymphokines such as IL-4 and IL-2,
respectively. Thereforev, if T cell activation or T cell production of
lymphokines is inhibited, both B and T cell proliferation will be
suppressed. Data from experiments relating to the temporal effect of
HCCM on stimulated lymphocytes support the hypothesis that HCM
inhibits lymphokine production and/or Ilymphokine receptor expression
by T cells. HCOM is largely ineffective at suppressing cell
proliferation if added 48 h after the start of stimulation. Since most
cells have received both primary (mitogen) and secondary (lymphokine)
stimulation at 48 h, these results indicate that HCCM-SF rmust
interfere with these initial events and that it does not affect the
later events involved with proliferation. Treating cells with HCM 24
h after the start of stimulation allowed the cells time to become
activated by mitogen and to begin producing lymphokines, however, few
of the cells had been fully stimulated by the secondary lymphokine-
receptor interaction prior to HCCM treatment, and thus, the suppressor
factor was effective.

Although little is known about how HCCM-SF acts on the cells, we
have shown that pre-treatment of cells for 24 h with HOM, followed by
thorough rinsing, resulted in a cell population with full
proliferative capacity when subsequently stimilated with mitogen.
These data demonstrate many important characteristics of HCOCM-SF. The
factor is obviously not cytotoxic and exhibits only a transient effect
on lymphocyte proliferation. Furthermore, the fact that HCCM treatment

does not exhibit any long-term effects on a cell population's
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responsiveness, indicates that HCCM suppression 1is not mediated
through T suppressor cell recruitment and/or activation. The FACS data
support this conclusion by demonstrating a decreased number of T
suppressor cells in cultures treated with HCOCM. Because

proliferation of T Ilymphocytes depends largely on their ability to
produce and respond to IL-2, an efficient mechanism for suppressing
these cells would be an inhibition of IL-2 production. There is in
vivo evidence that administration of antibodies to IL-2 can extend
allograft  acceptance (Kirkman et al., 1985). Furthermore,
administration of a high IL-2 dose to mice terminates a successful
ongoing pregnancy (Lala et al., 1990). It seems IL-2 plays an integral
role in allograft acceptance and rejection. Considering this
association, it is not surprising that many studies have been carried
out examining the effect of conceptus or uterine derived suppressor
factors on lymphocyte production of IL-2 and/or expression of IL-2R.
In many cases the data indicate that a relationship exists between
these suppressor factors and IL-2 production (Segerson, 1988; Saito et
al., 1990; Segerson and Gunsett, 1990; Segerson and Likby, 1990).
Since HCCM-SF acts on T lymphocytes and is only effective if present
during the first 48 h of stimulation, it is possible the suppressor
mechanism is mediated through the inhibition of IL-2 production. Our
initial attempt to overcome a potential deficiency of IL-2 in HCCM-
treated cultures by supplementing the cultures with PBMCS, was not
particularly effective. Since it has been shown that stimulated equine
lymphocyte supernatant contains the lymphokines required to support
IL-2 dependent cell responses (Magnuson et al., 1984), we expected our

PBMCS to contain high levels of IL-2, but our attempt to quantify this
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IL-2 was unsuccessful because the murine-derived CTIL-2 cells did not
respond to equine PEMCS.

Our attempt to override the suppressive activity of HCCM by
supplementing cultures with rIL-2 at 200 U/ml also proved
unsuccessful. The addition of this high concentration of rIL-2 should
compensate for an IL-2 deficiency in the cultures. The fact that HCCM
suppressed proliferation of cells, even in the presence of an over-
abundance of rIL-2, demonstrates that HCCM suppression is not solely a
result of deficient IL-2 production. Furthermore, because the slopes
of the treatment curves in Figure 12 are the same, we can conclude
that the suppressive activity of HCCM remains the same, regardless of
the IL-2 concentration in the culture. Because a sub-optimal dose of
PHA was used in the cultures, an IL-2 deficiency existed and the
enhanced proliferation observed in the rIL-2 supplemented cultures
simply reflects the effect of sufficient IL-2 on those cells not
suppressed by HCCM-SF. One explanation for the inability of rIL-2 to
overcome HCCM-induced suppression is that HCCM-SF is inhibiting IL-2R
expression, rendering some cells incapable of responding to the
exogenous rIL-2. Alternatively, HCCM-SF may be acting by interfering
with the necessary IL-2/IL-2R interactions. Finally, as very high
levels of IL-2 will activate T and B cells via the intermediate
affinity p-75 8 receptor (Cosman et al., 1987), it is possible the
high concentration of rIL-2 supplemented to the cultures stimulated
cells not expressing the high affinity IL-2R, thereby increasing
proliferation in the HCCM-treated cultures.

Because CTLL-2 cells continuously express the high affinity IL-

2R, they were used to test the hypothesis that HCCM-SF interferes with
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the IL-2/IL-2R interaction. We found that only the <100,000 MW
fraction of HCCM inhibits CTLL-2 cell proliferation, possibly due to
hormones and/or interferons produced by the horse conceptus. More
important, our data show that the >100,000 MW fraction of HCCM exerts
no suppressive effect on the CTLL-2 ceil response to rIL-2. The fact
that murine splenocytes are suppressed if treated with 200 Ml/ml of
the >100,000 MW fraction of HCCM (the same concentration used on the
CTLL-2 cells), indicates that the ineffectiveness of HCCM on CTLL-2
cells is not simply due to species specificity of the suppressor
factor. These results suggest that HCCM-SF interferes with cellular
events prior to the expression of the high affinity IL-2R, but is not
capable of suppressing cell proliferation following IL-2R expression.
However, there does exist the possibility that the CTLL-2 cells differ
significantly from T cells found in vivo, and thus may not be
wvualnerable to the suppressor activity of HCCM-SF.

Because HCCM-SF does not interfere with the IL-2/IL-2R
interaction, we investigated the possibility that the high levels of
exogenous rIlL-2 activate T and B cells via the intermediate affinity
p-75 8 receptor, thereby increasing proliferation in HCCM-treated
cultures. In Figure 13 we show that with increasing rIL-2
concentrations, proliferation in non-stimulated cultures increased and
then plateaued. The initial increase could be attriluted to the effect
of high rIL-2 levels on the p-75  receptors. A rIL-2 associated
increase in proliferation was also observed in cultures of both PHA-
stimulated treatment groups because sub-optimal PHA was used, and
thus, IL-2 was deficient until cultures were supplemented with rIL-2.

If rIL-2 supplementation increased proliferation of HCOM-treated
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cultures only by activating cells via intermediate affinity receptors,
a dose-dependent increase in proliferation would not result, and the
slope of the PHA + HCCM treatment curve would be the same as that of
the non-stimulated treatment curve. In contrast, the slope of the PHA
+ HOOM curve was the same as that of the PHA curve, indicating
proliferation was mediated via high affinity IL-2R on activated cells.
However, it is important to note that the relative difference in
proliferation between these two treatments remained constant at all
levels of rIL-2, indicating that, while the effect of rIL-2 was
similar in both treatments, there were fewer cells capable of
responding to the rIL-2 in the PHA + HCCM cultures. The results from
Figures 12 and 13 and the CTLL-2 assay suggest that, in cultures
treated with HCCM, there exist fewer I1.-2R expressing cells capable of
responding to rIL-2. These results are in agreement with reports by
Bulmer and Johnson (1986) who found that T lymphocytes in human
decidua do not express IL-2Rs. Still, there seems toc exist some
activated cells that do express the IL-2R and exogenous rIL-2 enhances
their proliferative response. It is not known whether IL-2R expression
is inhibited by BOM-SF directly or indirectly through the
interference of HCCM-SF with other early events in T cell activation.
T cell expression of the high affinity IL-2R requires multiple
signals, including antigenic stimulation in the context of self-major
histocampatibility antigens and the macrophage product IL-1 (Gery et
al., 1972). Our use of mitogens to stimulate the cells obviated the
need for anitigenic stimulation, thus precluding the possibility that
suppression involved an alteration in the function of the T cell

antigen-specific receptor. We camnot rule out the possibility that
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suppression results from an alteration in the production or function
of IL-1. Such a mechanism of suppression has been suggested for a
human placental protein (Pockley and Bolton, 1989).

If HOCCM-SF is interfering with IL-2R expression, it is possible
that it is actually acting directly on both B and T cells. PWM-
stimulated B cells express the IL-2R (Waldmarn et al., 1984) while
LPS-stimulated B cells do not (Leibson et al., 1981; Rokb et al.,
1981), thereby indicating that IL-2Rs play an important role in PWM-
stimulated B cell proliferation. HCM-SF inhibition of IL-2R
expression may imply a mechanism acting directly on B cells and
indirectly, through T cell suppression, resulting in the loss of B
cells and lack of 3H—thymidine incorporation in PWM-stimulated, HCCM-
treated cultures. Furthermore, as neither IL-2Rs nor T cells seem to
be involved with LPS-stimulated B cell proliferation, it would follow
that we would not observe suppression of such cultures with HOCM
supplementation.

In a previous study, we reported the production of an
immunosuppressive factor produced by Day 10 - Day 26 horse conceptuses
(Roth et al., 1990). In that study, the conceptus cultures were
carried out as those described herein for obtaining HCCM I. In this
study, we cultured Day 20 conceptuses in medium without FCS, thereby
obtaining HCCM II. The immunosuppressive characteristics of HCCM I and
II appear to be similar, indicating that supplementation of FCS to the
culture medium is not required by horse conceptus tissue for the
production of the suppressor factor. HCCM-SF is >100,000 Mw,
suppresses proliferation of T Ilymphocytes and seems to indirectly

suppress B lymphocytes. This non-cytotoxic suppressor factor is
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effective only if present during the early stages of lymphocyte
activation and its effect on cells is completely reversible. It is
important that the suppressor factor is not cytotoxic, as excessive
cell death at the feto-maternal interface could lead to the release of
lysozymes and interferons resulting in an unhealthy environment for
placental development. Furthermore, the lack of toxicity and the
transient suppressive effect of HOM, ensures that its effect is
localized and that the systemic maternal immune system is not down-
regulated or detrimentally altered by HCCM-SF during pregnancy. HCCM
suppression is highly dependent on the suppressor factor's ability to
act on the cells during the early stages of activation and could
explain why such factors are produced by horse embryos as early as Day
10 (Roth et al., 1990). At this stage of development, the embryo is
still highly mobile and is enclosed in the protective embryonic
capsule. By day 15, when uterine migration ceases (Ginther, 1986) and
the conceptus becomes more intimately associated with maternal tissue,
the concentration of suppressor factor in utero may be high enough
that local maternal T cell quiescence is maintained. Because of its
suppressive effect on T cells, HCCM-SF could play a role in preventing
lymphocyte destruction of endometrial cups prior to day 120 of
pregnancy. Our results suggest that the factor suppresses cell
proliferation by preventing IL-2R expression. In view of the fact that
T cells are largely responsible for allograft rejection, and the IL-
2/IL-2R interaction is a prerequisite for complete T cell activation,
we hypothesize that this suppressor factor, by inhibiting IL-2R
expression, disrupts the T cell-mediated allograft rejection that

might otherwise terminate pregnancy.



SUMMARY AND CONCLUSIONS

One aspect of the fetal-maternal imminological relationship was
studied. In our initial experiment, immunosuppressive activity
derived from sheep, goat and sheep x goat hybrid trophoblast tissue
obtained at day 20 of gestation was examined. Medium conditioned by
all three types of trophoblast similarly suppressed both sheep and
goat lymphocytes. The results from this study indicate that
suppressor factors are secreted by hybrid trophoblast at day 20 of
gestation and these factors do not differ from those of sheep and goat
trophoblast tissue in their ability to suppress PWM-stimulated
lymphocytes.

All subsequent studies, in which conceptus-derived
immnosuppressor activity was studied in greater detail, were carried
out with the horse conceptus. The equine model was chosen because it
is unique in that hybrid and interspecific pregnancies are successful,
yet the characteristic events involved in placental formation and
subsequent function differ depending on the particular type of
pregnancy . Prior to this study, horse conceptus immunosuppressor
factors had not been described. Therefore, we first identified the
presence of a non-antigen specific immumosuppressive factor produced
by horse embryos from day 9 through at least day 26 of development.
While we refer to this factor in the singular tense, it is quite
possible there is more than one factor responsible for the
immnosuppressive activity.

Initially we determined that the suppressor factor is >30,000 MW
and extremely stabile under harsh treatments. Due to its size and

stability, the factor does not appear to be a hormone or interferon.
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HOCM-SF exhibits its suppressive effect in a similar manner on donkey
and horse lymphocytes, yet is less effective on the less-related goat
lymphocytes. These results differ from those of the preliminary
sheep, goat, hybrid study where the suppressor activity in the
conditioned medium from these species did not exhibit species-
specificity. This difference may simply reflect the increased
sensitivity of the equine assay relative to that of the sheep/goat
assay.

In the third experiment, the effect of indomethacin on the
production of the suppressor factor was examined. Horse trophoblast
tissue from 21 day-old conceptuses was cultured for 24 h in the
presence or absence of 1074 M indomethacin. The concentration of PGE
and the suppressive activity of the conditioned mediums were
determined. While PGEy was reduced by 91%, the suppressive activity
of the two mediums did not differ. Thus, in contrast to results from
a number of studies with other species which have indicated the
involvement of PGEp in conceptus-derived suppressor activity, our data
indicate that the horse trophoblast-derived immunosuppressor is not
associated with prostaglandin production.

In our final series of experiments we examined the suppressive
mechanism of HCCM-SF. Using microconcentrator centrifugation, we
found that HCCM-SF is >100,000 MW. Results obtained from the FACS
analysis in which we compared HCCM-SF-treated to non-treated
lymphocyte cultures, indicated that HCCM-SF acts directly on T
lymphocytes and indirectly on B lymphocytes. This conclusion was
largely confirmed with results obtained from HCOM-SF-treated

lymphocyte proliferation cultures in which mitogens with different
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specificities were used. In addition, we determined that this factor
is not cytotaxic, affects cells during the early stages of activation
and does not permanently suppress the lymphocytes. These
characteristics of HCCM-SF are important for the following reasons:
1) if cytotaxic, HOCM-SF would causex excessive cell death at the
fetal-maternal interface, likely resulting in an unhealthy environment
for fetal development, 2) if the effect of HCCM-SF was cytotoxic
and/or irreversible, it might detrimentally alter maternal systemic
immnity and, 3) the fact that HCOM-SF must affect cells prior to
their complete activation could explain why HCCM-SF is produced by
embryos prior to the cessation of uterine migration and the initiation
of implantation. Furthermore, we found that a high concentration of
human rII-2 could not override the suppressive effect of HCCM-SF in
lymphocyte cultures. However, IL-2R expressing CTLL-2 cells were not
inhibited by HCCM-SF. These results indicate that HCCM-SF inhibits T
cell expression of the IL-2R.

In summary, a high-molecular-weight (>100, 000 MW)
immunosuppressive factor is produced by early and late pre-
implantation horse conceptuses. This factor is very stabile, is not
cytotoxic and is not associated with PGE3, It effects T lymphocytes
early during cell activation by inhibiting the expression of the IL-2R
and, thereby, may play a role in disrupting T cell-mediated allograft
rejection that might otherwise terminate pregnancy. While no
difference in sheep, goat and sheep x goat hybrid trophoblast tissue-
derived suppressor activity on sheep and goat lymphocytes was
identified, HOM-SF did exhibit some degree of species-specificity.

Together, these data indicate an important immunoregulatory role for
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soluble trophoblast-derived factors that may facilitate fetal
allograft survival and that may also be associated with the success or
failure of interspecies pregnancies. With this newly acquired
knowledge about the effect of HCCM-SF on horse lymphocytes, we can
begin to examine similar factors and their effects on maternal
lymphocytes during interspecific and hybrid pregnancies to more
accurately assess the role of these factors in fetal allograft
protection.
Future Work

While a large body of information pertaining to HCCM-SF has been
accumulated, a great deal remains unknown and is worthy of further
investigation. The objectives of future studies might be to determine
both the physical nature and the physiological activity of this
factor(s). Column chromatography might pfove to be a wviable method
for determining the actual size of HCCM-SF. Numerous techniques, such
as charcoal extraction, lipid extraction, glycosidase digestion and
dithiothreitol reduction, could potentially be used to biochemically
define HCCM-SF. Although we have identified some of the effects of
HCCM on lymphocytes, its mechanism of suppression is not yet fully
understood. As IL-1 plays a major role in lymphocyte activation, both
the effect of HCCM on IL-1 production and the ability of exogenous IL-
1 to overcome HCCM suppression should be investigated. Studies could
also be carried out to examine the effect of HCCM on intracellular
events during cell activation, such as Ca+ release. The results of
such studies might lead to a more complete understanding of how
lymphocyte quiescence is maintained in HCM-treated cultures. It

might also be possible to obtain more direct evidence of IL-2R
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involvement in T Ilymphocyte suppression by using 1257 y11-2 and
directly measuring IL-2R on HOCM-treated vs. non-treated cell

populations.



LITERATURE CITED

Alexander, G., D. Williams and L. Bailey. 1967. Natural
immunization in pregnant goats against red blood cells
of their sheep x goat hybrid foetuses. Aust. J. Biol.
Sci. 20:1217-1226.

Allen, W.R. 1969. The immunological measurement of pregnant
mare serum gonadotrophin. J. Endocrinol. 43:593-598.

Allen, W.R. 1975. Immunological aspects of the equine
endometrial cup reaction. In: Immunobiology of
Trophoblast. R.G. Edwards, C.W.S. Howe and M.H. Johnson
(Eds.). Cambridge University Press pp. 217-253.

Allen, W.R. 1979. Maternal recognition of pregnancy and
immunological implications of trophoblast-endometrium
interactions in equids. In:Maternal Recognition of
Pregnancy. (Ciba Fdn Series No. 64 (new series)),
Excerpta Medica:Amsterdam pp. 323-352.

Allen, W.R. 1982. Immunological aspects of the endometrial
cup reaction and the effect of xenogeneic pregnancy in
horses and donkeys. J. Reprod. Fertil. (Suppl.) 31:57-
94.

Allen, W.R., D.W. Hamilton and R.M. Moor. 1973. The origin
of equine endometrial cups. II. Invasion of the
endometrium by trophoblast. Anat. Rec. 177:485-501.

Allen, W.R., J.H. Kydd and D.F. Antczak. 1986. Successful
applications of immunotherapies to a model of pregnancy
failure in equids. In:Reproductive Immunology. D.A.
Clark and B.A. Croy (Eds.) Elsevier Science
Publishers:Amsterdam pp 253-260.

Allen, W.R., J.H. Kydd and D.F. Antczak. 1987. Maternal
immunological response to the trophoblast in Xenogeneic
equine pregnancy. In:Immunoregulation and Fetal
Survival. T.J. Gill III & T.G. Wegmann (Eds.) Oxford
University Press:0xford pp. 263-285.

Allen, W.R., J. Kydd, M.S. Boyle and D.F. Antczak. 1985.
Between-species transfer of horse and donkey embryos:a
valuable research tool. Equine Vet. J.(Suppl.) 3:53-62

Allen, W.R. and R. M, Moor. 1972. The origin of the equine
endometrial cups. I. Production of PMSG by fetal
trophoblast cells. J. Reprod. Fertil. 29:313-316.

Altman, A., K.M. Coggeshall and T. Mustelin. 1990. Molecular

events mediating T cell activation. Adv. Immunol.
48:227-360.

123



124

Amoroso, E.C. and J.S. Perry. 1975. The existence during
gestation of an immunological buffer zone at the
surface between maternal and foetal tissues. Phil.
Trans. R. Soc. Lond. 271:343-361.

Anderson, G.B. 1988. Interspecific Pregnancy: Barriers and
Prospects. Biol. Reprod. 38: 1-15.

Anderson, L.C. and P. Hayry. 1974. Generation of memory T
cells in one-way mixed lymphocyte culture. Scand. J.
Immunol. 3:461.

Antczak, D.F. and W.R. Allen. 1984. Invasive trophoblast in
the genus equus. Ann. Immunol. 135:325-331.

Auchincloss, H., Jr., R.R.M. Ghobrial, P.S. Russell and H.J.
Win. 1988. Anti-L3T4 in vivo prevents alloantibody
formation after skin grafting without prolonging graft
survival. Transplantation 45:1118-1123.

Auchincloss, H., Jr. and D.H. Sachs. 1989. Transplantation
and graft rejection. In:Fundamental Immunology. W.E.
Paul (Ed.) Raven Press: New York pp. 889-922.

Bach, F.H., M.B. Widmer, M.L. Bach and J. Klein. 1972.
Serologically defined and lymphocyte-defined components
of the major histocompatibility complex in the mouse.
J. Exp. Med. 136:1430-1444.

Baird, L.G. and A.M. Kaplan. 1977. Macrophage regulation of
mitogen-induced blastogenesis. I. Demonstration of
inhibitory cells in the spleen and pertoneal exudates
of mice. Cell. Immunol. 28:22-35.

Barg, M., R.C. Burton, J.A. Smith, G.A. Luckenbach, J.
Decker and G.F. Mitchell. 1978. Effects of placental
tissue on immunological responses. Clin. Exp. Immunol.
34:441-448.

Beer, A.E. and R.E. Billingham. 1976. The Immunobiology of
Mammalian Reproduction. Prentice-Hall: Englewood
Cliffs, NJ.

Beer, A.E., R.E. Billingham and J.R. Scott. 1975.
Immunogenetic aspects of implantation, placentation and
feto-placental growth rates. Biol. Reprod. 12:176-189.

Bell, S.C. and W.D. Billington. 1983. Humoral immune
responses in murine pregnancy. III. Relationship
between anti-paternal alloantibody levels in maternal
serum, placenta and fetus. J. Reprod. Immunol. 5:299.



125

Bell, J.I., D.W. Denny, Jxr. and H.O. McDevitt. 1985.
Structure and polymorphism of murine and human class II
major histocompatibility antigens. Immunol. Rev. 84:51-
71.

Benirschke, K. and 0.A. Ryder. 1985. Genetic aspects of
equids with particular references to their hybrids.
Equine Vet. J. (Suppl.) 3:1-10.

Bennet, S.D. and W.R. Foster. 1985. Successful transfer of a
zebra embryo to a domestic horse. Equine Vet. J.
(Ssuppl.) 3:78-79.

Billingham, R.E. 1964. Transplantation immunity and the
maternal-fetal relation. N. Engl. J. Med. 270:667-672.

Billington, W.D. and F.J. Burrows. 1986. The rat placenta
expresses paternal class I major histocompatibility
antigens. J. Reprod. Immunol. 9:155-160.

Black, W.G., J. Simon, S.H. McNutt and L.E. Casida. 1953.
Investigations on the physiological basis for the
differential response of estrous and pseudopregnant
rabbit uteri to induced infection. Am. J. Vet. Res.
11:318-323.

Bohn, H., W. Kraus and H. Winckler. 1982. New soluble
placental tissue proteins:their isolation,
characterisation, localisation and quantification.
In:Immunology of Human Placental Proteins. A. Klopper
(E4d.) Praeger:Berlin pp. 67-81.

Bolton, A.E., A.G. Pockley, K.J. Clough, E.A. Mowles, R.J.
Stoker, O.M.R. Westwood and M.G. Chapman. 1987. The
identification of placental protein 14 (PPl4) as an
immunosuppressant factor involved in human
reproduction. Lancet i:593-595.

Bonnard, G.D., K. Yasaka and D. Jacobson. 1979. Ligand-
activated T cell growth factor induced proliferation:
Absorption of T cell growth factor by activated T
cells. J. Immunol. 123:2704-2708.

Bonneau, M., M. Latour, J.P. Revillard, M. Robert and J.
Traeger. 1973. Blocking antibodies eluted from human
placenta. Transplant. Proc. 5:589-592.

Boshier, D.P. 1969. A histological and histochemical
examination of implantation and early placentome
formation in sheep. J. Reprod. Fertil. 19:51-61.

Bratanov, C. and V. Dikov. 1962. Fecondation entre les
especes Brebiset Chevres et obtention d'hybrides inter-



126

speces. Proc. 4th Int. Cong. Anim. Reprod. The Hague
4:744-749.

Brierley, J. and D.A. Clark. 1985. Identification of a
trophoblast-independent hormone-dependent suppressor
cell in the uterus of pregnant and pseudopregnant mice.
Fed. Proc. 44:1884 (Abstr.).

Bright, S., D.F. Antczak and S. Ricketts. 1978. Studies on
equine leukocyte antigens. In:Equine Infectious
Diseases. J.T. Bryans and H. Gerber (Eds.). Veterinary
Publications:Princeton pp. 229-236.

Brooks, C.F. and C.S. Henney. 1985. Interleukin-2 and
regulation of natural killer cell activity in cultured
cell populations. Contemp. Top. Mol. Immunol. 10:63-92.

Buckrell, B.C., C.J. Gartley, K.G. Mehren, G.J. Crawshaw,
W.H. Johnson, I.K. Barker, J. Balke, C. Coghill, J.R.G.
Challis and K.L. Goodrowe. 1990. Failure to maintain
interspecific pregnancy after transfer of Dall's sheep
embryos to domestic ewes. J. Reprod. Fertil. 90:387-
394.

Bulmer, J.N. and P.M. Johnson. 1986. The T-lymphocyte
population in first-trimester human decidua does not
express the interleukin-2 receptor. Immunology 58:685-
687.

Butler, J.E., G.B. Anderson, R.H. BonDurant, R.L. Pashen and
M.C.T. Penedo. 1987. Production of ovine chimeras by
inner cell mass transplantation. J. Anim. Sci. 65:317-
324,

Buttle, H.L. and J.L. Hancock. 1966. The chromosomes of
goats, sheep and their hybrids. Res. Vet. Sci. 7:230-
231.

Cantor, H. and R. Asofsky. 1971. Synergy among lymphoid
cells mediating the graft-vs-host response. III.
Evidence for interaction between two types of thymus-
derived cells. J. EXp. Med. 135:764-779.

Cantor, H. and E.A. Boyse. 1975. Functional subclasses of T
lymphocytes bearing different Ly antigens. II.
Cooperation between subclasses of Ly+ cells in the
generation of killer activity. J. Exp. Med. 141:1390-
1399,

Chaouat, G. 1987. Placental immunoregulatory factors. J.
Reprod. Immunol. 10:179-188.



127

Chaouat, G. and S. Chaffaux. 1984. Placental products induce
suppressor cells of graft versus host reaction. Am. J.
Reprod. Immunol. 6:107.

Chaouat, G. and J.P. Kolb. 1984. Immunoactive products of
placenta. II. Afferent suppression of maternal cell-
mediated immunity. Ann. Immunol. (Inst. Pasteur)
135c¢:205-218.

Chaouat, G., J.P. Kolb, D. Lankar, M. Riviere and M.A.
Provost. 1985. Immunoactive products of placenta. VIII.
Translation products of messenger RNA extracted from
murine placenta or A6B91C5 teratocarcinoma are
immunosuppressive in vitro. Am. J. Reprod. Immunol.
7:27-41. -

Charpigny, G., P. Reinaud, J-C Huet, M. Guillomot, M.
Charlier, J-C Pernollet and J. Martal. 1988. High
homology between a trophoblastic protein
(trophoblastin) isolated from ovine embryos and alpha-
interferons. FEBS Lett. 228:12-16.

Chatterjee-Hasrouni, S. and P.K. Lala. 1979. Localization of
H-2 antigens on mouse trophoblast cells. J. Exp. Med.
149:1238-1253.

Chatterjee-Hasrouni, S. and P.K. Lala. 1981. MHC antigens on
mouse trophoblast cells:paucity of Ia antigens despite
the presence of H-2K and D. J. Immunol. 127:2070-2074.

Chemnitz, J., J. Han, P. Svendsen, J. Folkersen, J-G
Westergaard and B.C. Christensen. 1982.
Immunohistochemical demonstration of human and murine
pregnancy-associated serum proteins in maternal and
placental tissue. Biblio. Anat. 22:87-92.

Chouaib, S. and D. Fradelizi. 1982. The mechanism of
inhibition of human interleukin 2 production. J.
Immunol. 129:2463-2468.

Clark, D.A., A. Chaput, R.M. Slapsys, J. Brierley, S. Daya
and R. Allardyce. 1985a. Trophoblast-dependent and
trophoblast-independent suppressor cells in the uterus
and their relevance to the immunological success of the
“fetal allograft". In: Maternal Immunization and Fetal
Survival. T.J. Gill III and T.G. Wegmann (Eds.). Oxford
University Press:New York.

Clark, D.A., A. Chaput, C. Walker and K.L. Rosenthal. 1985b.
Active suppression of host-vs graft reaction in
pregnant mice. VI soluble suppressor activity obtained
from decidua of allopregnant mice blocks the response
to IL-2. J. Immunol. 134:1659-1664.



128

Clark, D.A., M.R. McDermott and M.R. Szewezuk. 1980.
Impairment of host-versus-graft reaction in pregnant
mice. II. Selective suppression of cytotoxic T cell
generation correlates with soluble suppressor activity
and with successful allogeneic pregnancy. Cell.
Immunol. 52:106-118.

Clark, D.A., R. Slapsys, A. Chaput, C. Walker, J. Brierley,
S. Daya and K.L. Rosenthal. 1986. Immunoregulatory
molecules of trophoblast and decidual suppressor cell
origin at the maternofetal interface. Am. J. Reprod.
Immunol. Microbiol. 10:100-104.

Clark, D.A., R. Slapsys, B.A. Croy, J. Kreck and J. Rossant.
1984a. Local active suppression by suppressor cells in
the decidua:a review. Am. J. Reprod. Immunol. 5:78-83.

Clark, D.A., R.M. Slapsys, B.A. Croy and J. Rossant. 1983.
Suppressor cell activity in uterine decidua correlates
with success or failure of murine pregnancies. J.
Immunol. 131:540-542.

Clark, D.A., R.M. Slapsys, B.A. Croy and J. Rossant. 1984b.
Immunoregulation of host-vs-graft responses in the
uterus. Immunol. Today 5:111-115.

Clemons, L.E., P.K. Siiteri and D.P. Stites. 1979. Mechanism
of immunosuppression of progesterone on maternal
lymphocyte activation during pregnancy. J. Immunol.
122:1978-1985.

Cosman, D., J. Wignall, A. Lewis, A. Alpert, K. McKereghan,
D.P. Cerretti, S. Gillis, S. Dower and D. Urdal. 1987.
Cloning and expression of human and mouse IL-2 receptor
cDNAs. Lymphokines 13:109-122.

Cross, J.C. and R.M. Roberts. 1989. Porcine conceptuses
secrete an interferon during the preattachment period
of early pregnancy. Biol. Reprod. 40:1109-1118.

Croy, B.A. 1985. Use of experimental embryo transfer to
study the role of the immune system in embryonic death.
Equine Vet. J. (Suppl.) 3:49-52.

Croy, B.A., K.J. Betteridge, C. Chapeau, R. Beriault, W.H.
Johnson and G.J. King. 1988. Assessment of
immunoregulation by cultured, pre-attachment bovine
embryos. J. Reprod. Immunol. 14:9-25.

Croy, B.A., P. Gambel, J. Rossant and T.G. Wegmann. 1985.
Characterization of murine decidual natural killer (NK)
cells and their relevance to the success of pregnancy.
Cell. Immunol. 9:315-326.



129

Croy, B.A., J. Rossant and D.A. Clark. 1982. Histological
and immunological studies of post implantation death of
Mus caroli embryos in the Mus musculus uterus. J.
Reprod. Immunol. 4:277-293.

Croy, B.A., J. Rossant and D.A. Clark. 1985. Effects of
alterations in the immunocompetent status of Mus
musculus females on the survival of transferred Mus
caroli embryos. J. Reprod. Fertil. 74:479-489.

Crump, A., W.L. Donaldson, J. Miller, J. Kydd, W.R. Allen
and D.F. Antczak. 1987. Expression of Major
Histocompatibility Complex (MHC) antigens on equine
trophoblast. J. Reprod. Fertil. (Suppl.) 35:379-388.

Daar, A.S., S.V. Fuggle, J.W. Fabre, A. Ting and P.J.
Morris. 1984. The detailed distribution of MHC class II
antigens in normal human organs. Transplantation
38:293-298.

Davis, M.A. and T.L. Ott. 1989. Comparison of effects of
recombinant human interferon alpha II (RHIFNII) and
ovine conceptus secretory proteins (oCSP) on the
interestrous interval of sheep. Biol. Reprod.
(Suppl.) 40:85 (Abstr.).

Daya, S. and D.A. Clark. 1986. Production of
immunosuppressor factor(s) by preimplantation human
embryos. Am. J. Reprod. Immunol. Microbiol. 11:98-101.

Delfraissy, J.F., P. Galanaud, C. wallon, J.F. Balavoine and
J. Dormont. 1982. Abolished in vitro antibody response
in elderly:exclusive involvement of prostaglandin-
induced T suppressor cells. Clin. Immunol.
Immunopathol. 24:377-385.

Dent, J. 1973. Ultrastructural changes in the
intercotyledonary placenta of the goat during early
pregnancy. J. Anat. 114:245-259.

Dent, J., P.T. McGovern and J.L. Hancock. 1971la.
Immunological implications of ultrastructural studies
of goat x sheep hybrid placentae. Nature (Lond.)
231:116-117.

Dent, J, P.T. McGovern and J.L. Hancock. 1971b. The
ultrastructure of goat x sheep hybrid placentae. J.
Anat. 109:361 (Abstr.).

Depper, J.M., W.J. Leonard, M. Kronke, P.D. Noguchi, R.E.
Cunningham, T.A. Waldmann and W.C. Greene. 1984.
Regulation of interleukin 2 receptor expression:
effects of phorbol diester, phospholipase C, and



130

reexposure to lectin and antigen. J. Immunol.
133:3054-3061.

Dickmann Z., S.K. Day and J.S. Gupta. 1976. A new
concept:Control of early pregnancy by steroid hormones
originating in the preimplantation embryo. Vitamins and
Hormones 34:215-242.

Donaldson, W.L., C.H. Zhang, J.G. Oriol and D.F. Antczak.
1990. Invasive equine trophoblast expresses
conventional class I Major Histocompatibility Complex
antigens. Development 110:63-71.

Dresser, B.L., C.E. Pope, L. Kramer, G. Kuehn, R.D.
Dahlhaussen, E.J. Maruska, B. Reece and W.D. Thomas.
1985. Birth of bongo antelope (Tragelaphus euryceros)
to eland antelope (Tragelaphus oryx) and
cryopreservation of bongo embryos. Theriogenology
23:190 (Abstr.).

Drost, M., J.M. Wright and R.P. Elsden. 1986. Intergeneric
embryo transfer between water buffalo and domestic
cattle. Theriogenology 25:13-23.

Dutchet-Suchaux, M., G. Chaouat and S. Chaffaux. 1979.
Effect d'extraits de placenta de souris chez des souris
CBA (H-2k). In:4th Int. Symposium of Reproductive
Immunolgy, Varna. K. Bratanov (Ed.) Bulgarian Acad.
Sci. Press:Sofia.

Eardley, D.D. and R.K. Gershon. 1975. Feedback induction of
suppressor T-cell activity. J. Exp. Med. 142:524-529.

Eardley, D.D., J. Hugenberger, L. McVay-Boudreau, F.W. Shen,
R.K. Gershon and H. Cantor. 1978. Immunoregulatory
circuits among T-cell sets. I. T-helper cells induce
other T-cell sets to exert feedback inhibition. J. Exp.
Med. 147:1106-1115.

Farrar, W.L., H.M. Johnson and J.J. Farrer. J. 1981.
Regulation of the production of immune interferon and
cytotoxic T lymphocytes by interleukin 2. Immunol.
126:1120-1125.

Faulk, W.P., M. Jeannet, W.D. Creighton and A. Carbonara.
1974. Immunological studies of the human
placenta:characterization of immunoglobulins on
trophoblastic basement membranes. J. Clin. Invest.
54:1011-1019.

Fehilly, C.B. and S.M. Willadsen. 1986. Embryo manipulation
in farm animals. In: Oxford Reviews of Reproductive
Biology. J.R. Clarke (Ed.) Clarendon Press:Oxford.pp.
379-413.



131

Fehilly, C.B., S.M. Willadsen and E.M. Tucker. 1984.
Interspecific chimaerism between sheep and goats.
Nature 307:634-638.

Feigen, G.A., R.C. Fraser and N.S. Peterson. 1978. Sex
hormones and the immune response. II. Perturbation of
antibody production by estradiol 17 beta. Int. Arch.
Allergy Appl. Immunol. 57:488-497.

Fenwick, B.W., C.E. Schore and B.I. Osburn. 1988. Human
recombinant interleukin-2 induced in vitro
proliferation of equine, caprine, ovine, canine and
feline peripheral blood lymphocytes. J. Immunol.
Microbiol. Infect. Dis. 11:51-60.

Flood, P.F., K.J. Betteridge and D.S. Irvine. 1979.
Oestrogens and androgens in blastocoelic fluid and
cultures of cells from equine conceptuses of 10-22 days
gestation. J. Reprod. Fertil. (Suppl.) 27:413-420.

Frels, W.I., J. Rossant and V.M. Chapman. 1980. Intrinsic
and extrinsic factors affecting the viability of Mus
caroli x M. musculus hybrid embryos. J. Reprod. Fertil.
59:387-392.

Gambel, P., B.A. Croy, W.D. Moore, R.D. Hunziker, T.G.
Wegmann and J. Rossant. 1985. Characterization of
immune effector cells present in early murine decidua.
Cell. Immunol. 93:303-314.

Gardner, R.L., V.E. Papaioannou and S.C. Barton. 1973.
Origin of the ectoplacental cone and secondary giant
cells in mouse blastocysts reconstituted from isolated
trophoblast and inner cell mass. J. Embryol. Exp.
Morphol. 30:561-572.

Gendron, R.L. and M.G. Baines. 1988. Infiltrating decidual
natural killer cells are associated with spontaneous
abortion in mice. Cell. Immunol. 113:261-267.

Gery, I., R.K. Gershon and B.H. Waksman. 1972. Potentiation
of the T lymphocyte response to mitogens. I. The
responding cell. J. Exp. Med. 136:128-138.

Gillis, S., M.M. Ferm, W. Lu and K.A. Smith. 1978. T cell
growth factor:Parameters of production and quantitative
microassay for activity. J. Immunol. 120:2027-2031.

Ginther, 0.J. 1986. The single embryo. In:Ultrasonic Imaging
and Reproductive events in the Mare. Equiservices:Cross
Plains, WI pp. 195-228.



132

Godkin, J.D., G.A. Baumbach and R.T. Duby. 1989.
Characterization of caprine trophoblast protein-1 (cTP-
1). Biol. Reprod. (Suppl.) 40:86 (Abstr.).

Godkin, J.D., F.W. Bazer, G.S. Lewis, R.D. Geisert and R.M.
Roberts. 1982. Synthesis and release of polypeptides by
pig conceptuses during the period of blastocyst
elongation and attachment. Biol. Reprod. 27:977-987.

Godkin, J.D., F.W. Bazer, W.W. Thatcher and R.M. Roberts.
1984. Proteins released by Day 15-16 conceptuses
prolong luteal maintenance when introduced into the
uterine lumen of cyclic ewes. J. Reprod. Fertil. 71:57-
64.

Godkin, J.D., B.J. Lifsey and G.A. Baumbach. 1988.
Characterization of protein production by bovine
chorionic and allantoic membranes. Biol. Reprod.
39:195-204.

Goodwin, J.S., A.D. Bankhurst and R.P. Messner. 1977.
Suppression of human T-cell mitogenesis by
prostaglandin;existence of a prostaglandin-producing
suppressor cell. J. Exp. Med. 146:1719-1734.

Goodwin, J.S. and J.L. Ceuppens. 1985. Prostaglandins,
cellular immunity and cancer. In:Prostaglandins and
Immunity. J.S. Goodwin (Ed.) Martinus Nijhoff
Publishing:Boston pp. 1-34.

Greene, W.C., J.M. Depper, M. Kronke and W.J. Leonard. 1986.
The human interleukin-2 receptor: analysis of structure
and function. Immunol. Rev. 92:29-48.

Hamilton, W.J. and F.T. Day. 1945. Cleavage stages of the
ova of the horse, with notes on ovulation. J. Anat.
79:127.

Hancock, J.L. and P.A. Jacobs. 1966. The chromosomes of goat
x sheep hybrids. J. Reprod. Fertil. 12:591-592.

Hancock, J.L., P.T. McGovern and J.T. Stamp. 1968. Failure
of gestation of goat x sheep hybrids in goats and
sheep. J. Reprod. Fertil. (Suppl.) 3:29-36.

Hansen, P.J., E.C. Segerson and F.W. Bazer. 1987.
Characterization of immunosuppressive substances in the
basic protein fraction of uterine secretions from
pregnant ewes. Biol. Reprod. 36:393.

Hansen, P.J., E.C. Segerson and F.W. Bazer. 1987.
Characterization of immunosuppressive substances in the
basic protein fraction of uterine secretions from
pregnant ewes. Biol. Reprod. 36:393-403.



133

Harris, H.W. and T.J. Gill III. 1986. Expression of class I
transplantation antigens. Transplantation 42:109-117.

Hayry, P., E. Von Willebrand, E. Parthenais, A. Nemlander,
A. Sootg, I. Lautenschlager, P. Alfoldy and R.
Renkorren. 1984. The inflammatory mechanisms of
allograft rejection. Immunol. Rev. 77:85.

Heap, R.B., M. Hammon and W.R. Allen. 1982. Studies on
oestrogen synthesis by the preimplantation equine
conceptus. J. Reprod. Fertil. (Suppl.) 32:343-352.

Hearn, J.P. and P.M. Summers. 1986. Experimental
manipulation of embryo implantation in the marmaoset
monkey and exotic equids. Theriogenology 25:3-11.

Hedrick, S.M., D.I. Cohen, E.A. Nielson and M.M. David.
1984. Isolation of cDNA clones encoding T cell-specific
membrane-associated proteins. Nature 308:149-153.

Hellstrom, I. and K.E. Hellstrom. 1975. Cytotoxic effect of
lymphocytes from pregnant mice on cultivated tumor
cells. I. Specificity, nature of effector cells and
blocking by serum. Int. J. Cancer 15:1-9.

Hershman, L. and R.H. Douglas. 1979. The critical period for
the maternal recognition of pregnancy in pony mares. J.
Reprod. Fertil. (Suppl.) 27:395-401.

Hodes, R.J. 1989. T-cell-mediated regulation:help and
suppression. In:Fundamental Immunolgy. W.E. Paul (Ed.).
Raven Press:New York pp. 587-620.

Holmes, P.V., A. Sjogren and L. Hamberger. 1990.
Prostaglandin-E; released by pre-implantation human

conceptuses. J. Reprod. Immunol. 17:79-86.

Howard, M. and W.E. Paul. 1983. Regulation of B-cell growth
and differentiation by soluble factors. Ann. Rev.
Immunol. 1:307-333.

Hunziker, R.D. and T.G. Wegmann. 1986. Placental
Immunoregulation. CRC Crit. Rev. Immunol. 6:245-285.

Hwang, D.H. 1985. Radioimmunoassay for eicosanoids.
In:Prostaglandin:Research and Clinical Update.
Southeastern Pharmacology Society, Burgess PUblishing
Co., Alpha Editions:Minneapolis pp. 303-333.

Hwang, D.H., M.M. Mathias, J. Dupont and D.L. Meyer. 1975.
Linoleate enrichment of diet and prostaglandin
metabolism in rats. J. Nutr. 105:995-1002.



134

Hwang, D.H., S.H. Pool, R.W. Rorie, M. Boudreau and R.A.
Godke. 1988. Transitional changes in arachidonic acid
metabolism by bovine embryos at different developmental
stages. Prostaglandins 35:387-402.

Iga,C., R. Fawwaz, R. Nowygrod, K. Reemtsma and M.A. Hardy.
1985. Selective lymphoid irradiation. V. Synergism with
pretransplant thymectomy or thymus irradiation in
cardiac transplantation in rats. Tranplantation 39:232-
236.

Imel, K.J., E.L. Squires, R.P. Elsdend and R.K. Shideler.
1981. Collection and transfer of equine embryos. JAVMA
179:987-991.

Imakawa, K., R.V. Anthony, M. Kazemi, K.R. Marotti, H.G.
Polites and R.M. Roberts. 1987. Interferon-like
sequence of ovine trophoblast protein secreted by
embryonic trophectoderm. Nature (Lond) 330:377-379.

Jackson, A.L. and N.L. Warner. 1986. Preparation, staining
and analysis by flow cytometry of peripheral blood
leukocytes. In:Manual of Clinical Laboratory
Immunology (3rd edition) N.R. Rose, H. Friedman and
J.L. Fahey (Eds.) American Society of
Microbiology:Washington D.C. pp. 226-235.

Jeannet, M., V. Pinn, M. Flax, H.J. Winn and P.S. Russel.
1970. Humoral antibodies in renal allotransplantation
in man. N. Engl. J. Med. 282:111-117.

Jelinek, D.F. and P. Lipsky. 1987. Regulation of B
lymphocyte activation, proliferation and
differentiation. Adv. Immunol. 40:1-59.

Jenkinson, E.J. and V. Owen. 1980. Ontogeny and distribution
of major histocompatibility complex (MHC) antigens on
mouse placental trophoblast. J. Reprod. Immunol. 2:173-
181.

Johnson, P.M. 1984. Immunobiology of the human trophoblast.
In:Immunological Aspects of Reproduction in Mammals.
D.B. Crighton (Ed.) Butterworths:London pp. 109-132.

Julkunen, M., E.M. Rutanen, A.I. Koskimies, T. Ranta, T., H.
Bohn and M. Seppala. 1985. Distribution of placental
protein 14 in tissue and body fluids during pregnancy.
Br. J. Obstet. Gynaecol. 92:1145-1151.

Kaszubowski, P. and J.S. Goodwin. 1982. Monocyte-produced
prostaglandin induces Fc gamma receptor expression in
human T cells. Cell. Immunol. 68:343-349.



135

Katz, S.I., D. Parker and J.L. Turk. 1974. B-cell
suppression of delayed hypersensitivity reactions.
Nature 251:550-551.

Kearns, M. and P.K. Lala. 1985. Characterization of
hematogenous cellular constituents of the murine
decidua:a surface marker study. J. Reprod. Immunol.
8:213-234.

Kincade, P.W. and J.M. Gimble. 1989. B lymphocytes.
In:Fundamental Immunology (2nd edition). W.E. Paul
(Ed.) Raven Press:New York pp. 41-68.

King, G.J., B.A. Atkinson and H.A. Robertson. 1982.
Implantation and early placentation in domestic
ungulates. J. Reprod. Fertil. (Suppl.) 31:17-30.

Kirkman, R.L., L.V. Barrett, G.N. Gaulton, V.E. Kelley, A.
Ythier and T.B. Strom. 1985. Administration of anti-
interleukin 2 receptor monoclonal antibody prolongs
cardiac allograft survival in mice. J. Exp. Med.
162:358-362.

Kydd, J., M.S. Boyle, W.R. Allen, A. Shephard and P.M.
Summers. 1985. Transfer of exotic equine embryos to
domestic horses and donkeys. Equine Vet. J. (Suppl.)
3:80-83.

Lacroix, M.C. and G. Kann. 1982. Comparative studies of
prostaglandins F2alpha @and E in late cyclic and early
pregnant sheep:in vitro synthesis by endometrium and
conceptus effects of in vivo indomethacin treatment on
establishment of pregnancy. Prostaglandins 23:507-526.

Lala, P.K., S. Chatterjee-Hasrouni, M. Kearns, B. Montgomery
and V. Colavincenzo. 1983. Immunobiology of the feto-
maternal interface. Immunol. Rev. 75:87-116.

Lala, P.K., T.G. Kennedy and R.S. Parhar. 1988. Suppression
of lymphocyte alloreactivity by early gestational human
decidua. II Characterization of the suppressor
mechanisms. Cell. Immunol. 116:411-422.

Lala, P.K., J.M. Scodras, C.H. Graham, J.J. Lysiak and R.S.
Parhar. 1990. Activation of maternal killer cells in
the pregnant uterus with chronic indomethacin therapy,
IL-2 therapy, or a combination therapy is associated
with embryonic demise. Cell. Immunol. 127:368-381.

Leibson, H.P., P. Marrack and J. Kappler. 1981. B cell
helper factors. I. Requirement for both interleukin 2
and another 40,000 mol wt factor. J. Exp. Med.
154:1681-1693.



136

Leiser, R. 1975. Kontaktaufnahme zwischen trophoblast und
uterusepithel wahrend der fruhen implantation beim
rind. Anat. Histil. Embryol. 4:63.

Leonard, W.J., J.M. Depper, T. Uchiyama, K.A. Smith, T.A.
Waldmann and W.C. Greene. 1982. A monoclonal antibody
that appears to recognize the receptor for human T-cell
growth factor: partial characterization of the
receptor. Nature 300:267-269.

Lewis, G.S.,W.W. Thatcher, F.W. Bazer and J.S. Curl. 1982.
Metabolism of arachidonic acid in vitro by bovine
blastocysts and endometrium. Biol. Reprod. 27:431-439.

Little, C.C. 1914. A possible mendelian explanation for a
type of inheritance apparently non-mendelian in nature.
Science 40:904-906.

Little, C.C. 1941. The genetics of tumor transplantation.
In:Biology of the Laboratory Mouse (First Edition).
G.D. Snell (Ed.) Dover:New York pp. 279-309.

Luginbuhl, R., M.A. Kaufman and L. Crum. 1985. SAS Users
Guide:Statistics, Version 5 Edition. S.P. Joyner, J.P.
Sall and A.T. Allen (Eds.) Statistical Analysis System
Institute Inc.:Cary, NC.

MacLaren, L.A., G.B. Anderson, R.H. BonDurant, T.L. Roth and
D. Bernoco. 1990. Antibody responses of ewes to
chimeric sheep<->goat conceptuses enclosed in ovine
trophoblast. Theriogenology 33:279 (Abstr.).

Magnuson, N.S., L.E. Perryman, C.R. Wyatt, T. Ishizaka, P.H.
Mason, A.E. Namen, K.L. Banks and J.A. Magnuson. 1984.
Continuous cultivation of equine lymphocytes: evidence
for occasional T cell-like maturation events in horses
with hereditary severe combined immunodeficiency. J.
Immunol. 133:2518-2524.

Malkovsky, M., B. Loveland, M. North, G.L. Asherson, L. Gao,
P. Ward and W. Fiers. 1987. Recombinant interleukin-2
directly augments the cytotoxicity of human monocytes.
Nature 325:262-265.

Manning, D.D., N.D. Reed and C.F. Shaffer. 1973. Maintenance
of skin xenografts of widely divergent phylogenetic
origin on congenitally athymic (nude) mice. J. EXxp.
Med. 138:488-494.

Marsan, C., A.K. Goff, J. Strois and K.J. Betteridge. 1987.
Steroid secretion by different cell types of the horse
conceptus. J. Reprod. Fertil. (Suppl.) 35:363-369.



137

Mason, D.W. and P.J. Morris. 1986. Effector mechanisms in
allograft rejection. Ann. Rev. Immunol. 4:119-145.

Mayumi, T., S. Bitoh, S. Anan, T Hama, S Fujimoto and H.
Yamamoto. 1985. Suppressor T lymphocyte induction by
a factor released from cultured blastocysts. J.
Immunol. 134:404-409.

McClure, J.J., C.C. Muscoplat, D.W. Johnson and D.R.
Senogles. 1978. Microculture method for mixed
lymphocyte cultures in the horse. Am. J. Vet. Res.
39:337-339.

McDowell, K.J., D.C. Sharp, A.T. Fazleabas and R.M. Roberts.
1990. Two-dimensional polyacrylamide gel
electrophoresis of proteins synthesized and released by
conceptuses and endometria from pony mares. J. Reprod.
Fert. 89:107-115.

McGovern, P.T. 1973. The effect of maternal immunity on the
survival of goat x sheep hybrid embryos. J. Reprod.
Fertil. 34:215-220.

McGovern, P.T. 1975. The barriers to interspecific
hybridization in domestic and laboratory mammals. I.
Gametic isolation and hybrid inviability. Br. Vet. J.
131:691-706.

McGovern, P.T. 1977. The volume and composition of amniotic
and allantoic fluid in goat x sheep hybrid conceptuses
Br. Vet. J. 133:33-36.

Medawar, P.B. 1944. The behavior and fate of skin autografts
and skin homografts in rabbits. J. Anat. 78:176-199.

Medawar, P.B. 1945. Second study of behavior and fate of
skin homografts in rabbits. J. Anat. 79:157.

Medawar, P.B. 1953. Some immunological and endocrinological
problems raised by the evolution of viviparity in
vertabrates. Symp. Soc. Exp. Biol. 7:320.

Meinecke-Tillmann, S. and B. Meinecke. 1984. Experimental
chimeras-removal of reproductive barrier between sheep
and goat. Nature (Lond.) 307:673-674.

Mendelsohn, J., M.M. Muller and J.L. Bernheim. 1977.
Inhibition of human lymphocyte stimulation by steroid
hormones:Ctyokinetic mechanisms. Clin. Exp. Immunol.
27:127-134.

Menu, E. and G. Chaouat. 1989. Human placental supernatant
and IL 2 and IL 4 dependent cell proliferation. J.
Reprod. Immunol. (Suppl.) 149:210 (Abstr.).



138

Mintz, B. and W.K. Silvers. 1970. Histocompatibility
antigens on melanoblasts and their follicle cells:
Cell-localized homograft rejection in allophenic skin
grafts. Transplantation 9:497-505.

Mori, T., H. Kobayashi, H. Nishimoto, A. Suzuki, T.
Nishimura and T. Mori. 1977. Inhibitory effect of
progesterone and 20 alpha-hydroxy-pregn-4-en-3-one on
the phytohemagglutinin-induced transformation of human
lymphocytes. Am. J. Obstet. Gynecol. 127:151-157.

Moriyama, I. and T. Sugawa. 1972. Progesterone facilitates
implantation of xenogeneic cultured cells in hamster
uterus. Nat. New Biol. 236:150-152.

Murray, F.A., E.C. Segerson and F.T. Brown. 1978.
Suppression of lymphocytes in vitro by porcine uterine
secretory protein. Biol. Reprod. 19:15-25.

Murray, M.K., E.C. Segerson, P.J. Hansen, F.W. Bazer and
R.M. Roberts. 1987. Suppression of lymphocyte
activation by a high-molecular-weight glycoprotein
released from preimplantation ovine and porcine
conceptuses. Am. J.Reprod. Immunol. Microbiol. 14:38-
44,

Nabholz, M. and H.R. MacDonald. 1983. Cytolytic T
lymphocytes. Ann. Rev. Immunol. 1:273-306.

Nakayama E., S. Asano, H. Kodo and S. Miwa. 1985.
Suppression of mixed lymphocyte reaction by cells of
human first trimester pregnancy endometrium. J. Reprod.
Immunol. 8:25-31.

Neifeld, J.P. and D.C. Tormey. 1979. Effects of steroid
hormones on phytohemagglutinin-stimulated human
peripheral blood lymphocytes. Transplantation 27:309-
314.

Nelson, J.H., J.E. Hall, G. Manuel-Limson, H. Freidberg and
F.J. O'Brien. 1967. Effect of pregnancy on the
thymolymphatic system. Am. J. Obstet. Gynecol. 98:895-
899.

Newman, M.J. and J.C. Hines. 1980. Stimulation of maternal
anti-lymphocyte antibodies by first gestation bovine
fetuses. J. Reprod. Fertil. 60:237-241.

Newton, G.R., P.J. Hansen and B.G. Low. 1988.
Characterization of a high molecular weight
glycoprotein secreted by the peri-implantation bovine
conceptus. Biol. Reprod. 39:553-560.



139

Nowell, P.C. 1960. Phytohemagglutinin: An initiator of
mitosis in cultures of normal human leukocytes. Cancer
Res. 20:462-466.

Oehler, J.R., R.H. Heiberman, D.A. Campbell, Jr., and J.Y.
Djeu. 1977. Inhibition of rat mixed lymphocyte cultures
by suppressor macrophages. Cell. Immunol. 29:238-250.

Oguri, N. and Y. Tsutsumi. 1972. Non-surgical recovery of
equine eggs, and an attempt at non-surgical egg
transfer in horses. J. Reprod. Fertil. 31:187-195.

Pakrasi, P.L. and S.K. Dey. 1982. Blastocyst is the source
of prostaglandins in the implantation site in the
rabbit. Prostaglandins 24:73-77.

Pandian, A.M.C., R.D. Lambert and R. Roy. 1988.
Immunosuppressive effects of rabbit blastocoelic fluid
and embryo culture medium. J. Reprod. Immunol. 13:221-
234.

Papaioannou, V.E. 198l. Microsurgery and micromanipulation
of early mouse embryos. In:Techniques in Cellular
Physiology. P.F. Baker (Ed.) Shannon:Elsevier pp. 1-27.

Parhar, R.S., S. Yagol and P.K. Lala. 1989. PGEx-mediated
immunosuppression by first trimester human decidual
cells blocks activation of maternal leukocytes in the
decidua with potential anti-trophoblast activity. Cell.
Immunol. 120:61-74.

Pavia, C.S., P.K. Siiteri, J.D. Perlman and D.P. Stites.
1979. Suppression of murine allogeneic cell
interactions by sex hormones J. Reprod. Immunol. 1:33-
38.

Pavia, C.S. and D.P. Stites. 1981. Trophoblast regulation of
maternal-paternal lymphocyte interactions. Cell.
Immunol. 58:202-210.

Pavia, C.S., D.P. Stites and R. Fraser. 1981.
Transplantation antigenic expression on murine
trophoblast. Cell. Immunol. 64:162-176.

Pickel, K. and M.K. Hoffmann. 1977. Suppressor T cells
arising in mice undergoing a graft-versus-host
response. J. Immunol. 118:653-656.

Pockley, A.G. and A.E. Bolton. 1990. The effect of human
placental protein 14 (PPl14) on the production of
interleukin-1 from mitogenically stimulated mononuclear
cell cultures. Immunol. 69:277-281.



140

Pockley, A.G., E.A. Mowles, R.J. Stoker, O.M.R. Westwood,
M.G. Chapman and A.E. Bolton. 1988. Suppression of in
vitro lymphocyte reactivity to phytohemagglutinin by
placental protein 14. J. Reprod. Immunol. 13:31-39.

Polzin, V.J., D.L. Anderson, G.B. Anderson, R.H. BonDurant,
J.E. Butler, R.L. Pashen, M.L.T. Penedo and J.D. Rowe.
1987. Production of sheep<->goat chimeras by inner cell
mass transplantation. J. Anim. Sci. 65:325-330.

Raff, M.C. 1971. Surface antigenic markers for
distinguishing T and B lymphocytes in mice. Transplant.
Rev. 6:52.

Raghupathy, R., B. Singh, J. Barrington Leigh and T.G.
Wegmann. 1981. The ontogeny and turnover kinetics of
paternal H-2K antigenic determinants on the allogeneic
murine placenta. J. Immunol. 127:2074-2079.

Raghupathy, R., B. Singh and T.G. Wegmann. 1984. Fate of
antipaternal H-2 antibodies bound to the placenta in
vivo. Transplantation 37:296-300.

Rappaport, R.S. and G.R. Dodge. 1982. Prostaglandin E
inhibits the production of human interleukin 2. J. Exp.
Med. 155:943-948.

Reilly, R.W., J.S. Thompson, R.K. Bielski and C.D. Severson.
1967. Estradiol-induced wasting syndrome in neonatal
mice. J. Immunol. 98:321-330.

Reimers, T.J. and P.J. Dziuk. 1974. The survival of
intrauterine autografts and allografts in sheep. J.
Reprod. Fertil. 38:465-467.

Reinherz, E.L. and S.F. Schlossman. 1980. The
differentiation and function of human T lymphocytes.
Cell 19:821-827.

Robb, R.A., A. Munck and K. Smith. 1981. T cell growth
factor receptors. Quantitation, specificity and
biological relevance. J. Exp. Med. 154:1455-1474.

Roberts, G.P. 1977. Inhibition of lymphocyte stimulation by
bovine uterine proteins. J. Reprod. Fertil. 50:337-339.

Roberts, R.M., J.D. Godkin, F.W. Bazer, K.B. Fincher, W.W.
Thatcher, J.J. Knickerbocker and F.F. Bartol. 1985.
Antiluteolysins produced by mammalian conceptuses. In:
Implantation of the Human Embryo. R.G. Edwards, J.
Prudy and P.J. Steptoe (Eds.), Academic Press:London
pp.253-281.



141

Rocklin, R.E., J.L. Kitzmiller and M.D. Kaye. 1979.
Immunobiology of the maternal-fetal relationship. Ann.
Rev. Med. 30:375-404.

Roitt, I.M. 1987. Major histocompatibility complex. In:
Immunology. I.M. Roitt, J. Brostoff and D.K. Male
(Eds.). The C.V. Mosby Company:St. Louis,MO pp. 4.1-
4.12.

Rosenberg, A.S., T. Mizuochi, S.0. Sharrow and A. Singer.
1987. Phenotype, specificity, and function of T cell
subsets and T cell interactions involved in skin
allograft rejection. J. Exp. Med. 165:1296-1315.

Rosenberg, A., T. Mizuochi and A. Singer. 1986. Analysis of
T-cell subsets in rejection of Kb mutant skin
allografts differing at class I MHC. Nature 322:829-
831.

Rosenberg, A.S. and A. Singer. 1988. Evidence that the
effector mechanism of skin allograft rejection is
antigen-specific. Proc. Natl. Acad. Sci. USA 85:7739-
7742.

Rossant, J., B.A. Croy, V.M. Chapman, L. Siracusa and D.A.
Clark. 1982a. Interspecific chimeras in mammals:a new
experimental system. J. Anim. Sci. 55:1241-1248.

Rossant, J., B.A. Croy, D.A. Clark and V.M. Chapman. 1983.
Interspecific hybrids and chimeras in mice. J. EXp.
Zool. 228:223-233.

Rossant, J. and W.I. Frels. 1980. Interspecific chimeras in
mammals: successful production of live chimeras between
Mus musculus and Mus caroli. Science 208:419-421.

Rossant, J., V.M. Mauro and B.A. Croy. 1982b. Importance of
trophoblast genotype for survival of interspecific
murine chimeras. J. Embryol. Exp. Morphol. 69:141-149.

Roth, T.L., G.B. Anderson, R.H. BonDurant and R.L. Pashen.
1989. Survival of sheep x goat hybrid inner cell masses
after injection into ovine embryos. Biol. Reprod.
41:675-682.

Roth, T.L. and K.L. White. 1989. Intra- and interspecific
suppression of ovine and caprine lymphocytes by
conceptus culture supernatants. Biol. Reprod. (Suppl.)
40:151 (Abstr.).

Roth, T.L., K.L. White, D.L. Thompson, Jr., B.E. Barry,
J.S. Capehart, D.R. Colborn and M.H. Rabb. 1990.
Suppression of lymphocyte proliferation by a >30,000



142

molecular weight factor in horse conceptus-conditioned
medium. Biol. Reprod. 43:298-304.

Ruffing, N.A., G.B. Anderson, R.H. BonDurant, R.L. Pashen
and D. Bernoco. 1988. Detection of antibodies to
trophoblast-lymphocyte cross-reactive-like antigens in
ewes and does pregnant with a chimeric sheep-goat
conceptus. Biol. Reprod. (Suppl.) 38:84 (Abstr.).

Saito, S., H. Hashimoto, K. Yonemasu and M. Ichijo. 1990.
Pregnancy zone protein inhibits production of
interleukin-2 but does not affect interleukin-2
receptor expression on T cell activation. J. Reprod.
Immunol. 17:115-126.

Schiff, R.I., D. Mercier and R.H. Buckley. 1975. Inability
of gestational hormones to account for the inhibitory
effects of pregnancy plasmas on lymphocyte responses in
vitro. Cell. Immunol. 20:69-80.

Scodras, J.M., R.S. Parhar, T.G. Kennedy and P.K. Lala.
1990. Prostaglandin-mediated inactivation of natural
killer cells in the murine decidua. Cell. Immunol.
127:352-367.

Scodras, J.M., R.S. Parhar and P.K. Lala. 1985. Inactivation
of natural killer lymphocytes in the murine decidua by
decidual cells and macrophages. Anat. Rec. 211:171A
(Abstr.).

Segerson, E.C., Jr. 1988. Suppreésion of interleukin-2-
mediated T-lymphocyte blastogenesis by ovine uterine
luminal protein. Biol. Reprod. 38:256-263.

Segerson, E.C. and F.W. Bazer. 1989. High molecular weight
basic and acidic immunosuppressive protein components
in uterine secretions of pregnant cows. Biol. Reprod.
41:1014-1023.

Segerson, E.C. and F.C. Gunsett. 1990. Suppression of
interleukin-2 mediated T-lymphocyte blastogenesis by
bovine uterine luminal protein. Am. J. Reprod.
Immunol. 22:117-123.

Segerson, E.C. and D.W. Libby. 1990. Interaction of bovine
uterine luminal protein with interleukin-2 and the
interleukin-2 receptor of T lymphocytes. Biol. Reprod.
43:619-628.

Segerson, E.C., R.J. Moffat, F.W. Bazer and R.M. Roberts.
1984. suppression of phytohemagglutinin-stimulated
lymphocyte blastogenesis by ovine uterine milk protein.
Biol. Reprod. 30:1175-1186.



143

Sharon, N. 1983. Lectin receptors as lymphocyte surface
markers. Adv. Immunol. 34:213-298.

Sharon, M., R.D. Klausner, B.R. Cullen, R. Chizzonite and
W.J. Leonard. 1986. Novel interleukin-2 receptor
subunit detected by cross-linking under high-affinity
conditions. Science 234:859-863.

Shearer, G.M. and R.P. Polisson. 1980. Mutual recognition of
parental and F; lymphocytes: Selective abrogation of
cytotoxic potential of F; lymphocytes by parental
lymphocytes. J. Exp. Med. 151:20-31.

Short, R.V., A.C. Chandley, R.C. Jones and W.R. Allen. 1974,
Meiosis in interspecific equine hybrids. II. The
Przewalski horse/domestic horse hybrid (Equus
przewalskii x E. caballus). Cytogenet. Cell Genet.
13:465-478.

Simmons, R.L. 1969. Histoincompatibility and the survival of
the fetus: current controversies. Transplant. Proc.
1:47.

Siiteri, P.K., F. Febres, L.E. clemens, R.J. Chang, B.
Gondos and D. Stites. 1977. Progesterone and the
maintenance of pregnancy:Is progesterone nature's
immunosuppressant? Ann. N.Y. Acad. Sci. 286:384-397.

Siiteri, P.K., and D.P. Stites. 1982. Immunologic and
endocrine interrelationships in pregnancy. Biol.
Reprod. 26:1-14.

Slapsys, R.M. and D.A. Clark. 1982. Active suppression of
host-vs-graft reaction in pregnant mice. IV. Local
suppressor cells in decidua and uterine blood. J.
Reprod.Immunol. 4:355-364.

Slapsys, R.M. and D.A. Clark. 1983. Active suppression of
host-vs-graft reaction in pregnant mice. V. Kinetics,
specificity and in vivo activity of non-suppressor
cells localized to the genital tract of mice during
first pregnancy. Am. J. Reprod. Immunol. 3:65-71.

Smith, K.A. 1980. T-cell growth factors. Immunol. Rev.
51:336-357.

Smith, K.A. 1988a. Interleukin-2: inception, impact and
implications. Science 240:1169-1176.

Smith, K.A. 1988b. The interleukin 2 receptor. Adv.
Immunol. 42:165-179.



144

Smith, R.N., M. Stanlicht and G.W. Butcher. 1982. The
alloantibody response in the allogeneically pregnant
rat. I. The primary and secondary responses and
detection of Ir gene control. J. Immunol. 129:771-776.

Snider, M.E., L. Armstrong, L. Hudson and D. Steinmuller.
1986. In vitro and in vivo cytotoxicity of T cells
cloned from rejecting allografts. Transplantation
42:171-177.

Sprent, J. 1989. T lymphocytes and the thymus.
In:Fundamental Immunology (2nd edition). W.E. Paul
(E4d.) Raven Press:New York pp. 69-93.

Sprent, J., M. Schaefer, D. Lo and R. Korngold. 1986.
Properties of purified T cell subsets. II. In vivo
responses to class I vs. class II H-2 differences. J.
Exp. Med. 163:998-1011.

Staples, L.D., D. Brown, R.M. Binns and R.B. Heap. 1983. The
influence of protein hormones and conceptus extracts on
sheep lymphocyte transformation induced in vitro.
Placenta 4:125.

Steinmuller, D. 1985. Which T cells mediate allograft
rejection. Transplantation 40:229-233.

Stern, K. and I. Davidsohn. 1955. Effect of estrogen and
cortisone on immune hemoantibodies in mice of inbred
strains. J. Immunol. 74:479-484.

Stewart, G.M., R.J. Mason, M.A.R. Thomson, A.M. MacLeod and
G.R.D. Catto. 1984. Noncytotoxic antibodies to paternal
antigens in maternal sera and placental eluates.
Transplantation 38:111-115.

Stewart, H.J., S.H.E. McGann, P.J. Barker, K.E. Lee, G.E.
Lamming and A.P.F. Flint. 1987. Interferon sequence
homology and receptor binding activity of ovine
trophoblast antiluteolytic protein. J. Endocrinol.
115:R13-15.

Stimson, W.H. 1977. Identification of pregnancy-associated
alpha-macroglobulin on the surface of peripheral blood
leukocyte populations. Clin. Exp. Immunol. 28:445-452.

Stover, J., J. Evans and E.P. Dolensek. 1981l. Interspecies
embryo transfer from the gaur to domestic holstein.
Proc. Am. AssocC. Zoo Vets 122-124.

Summers, P.M., J.N. Shelton and J. Edwards. 1983. The
productivity of mixed-species Bos taurus-Bos indicus
twin calves. Anim. Reprod. Sci. 6:79-89.



145

Summers, P.M., A.M. Shephard, J.K. Hodges, J. Kydd, M.S.
Boyle and W.R. Allen. 1987. Successful transfer of the
embryos of Przewalskis horses (Equus przewalskii) and
Grant's zebra (E. burchelli) to domestic mares (E.
caballus). J. Reprod. Fertil. 80:13-20.

Svendsen P., T. Stigbrand, B. Teisner, J. Folkersen, M.G.
Damber, B. Von Echoultz, E. Kemp and S.E. Svehag. 1978.
Immunosuppressive effect of human pregnancy zone
protein on H-2 incompatible mouse heart allografts.
Acta. Pathol. Microbiol. Scand. 86:199-201.

Swain, S.L. 1983. T cell subsets and the recognition of MHC
class. Immunol. Rev. 74:129-142.

Tarkowski, A. 1961. Mouse chimaeras developed from fused
eggs. Nature 190:857-860.

Terasaki, P.I., R.M. Mickey, J.N. Yamazaki and D. Vredevoe.
1970. Maternal-fetal incompatability. I. Incidence of
HLA-A antibodies and possible association with
congenital anomalies. Transplantation 9:538-543.

Teshigawara, K., H-M Wang, K. Kato and K.A. Smith. 1987.
Interleukin 2 high-affinity receptor expression
requires two distinct binding proteins. J. Exp. Med.
165:223-238.

Tilney, N.L., J.W. Kupiec-Weglinski, C.D. Heidecke, P.A.
Lear and T.B. Strom. 1984. Mechanisms of rejection and
prolongation of vascularized organ allografts. Immunol.
Rev. 77:185.

Tilney, N.L., J.W. Kupiec-Weglinski and T.B. Strom. 1986. T
cells and their products in host responsiveness to
organ allografts. In:Progress in Clinical and
Biological Research (Vol. 224). H.T. Meryman (Ed.) Alan
R. Liss, Inc.:New York pp. 21-39..

Trinchieri, G., M. Matsumoto-Kobayashi, S.C. Clark, J.
Sahra, L. London and B. Perussia. 1984. Response of
resting human peripheral blood natural killer cells to
interleukin 2. J. Exp. Med. 160:1147-1169.

Tsudo, M., R.W. Kozak, C.K. Goldman and T.A. Waldmann. 1986.
Demonstration of a non-Tac peptide that binds
interleukin 2: A potential participant in a multichain
interleukin 2 receptor complex. Proc. Natl. Acad. Sci.
83:9694-9698.

Tucker, E.M., P.T. McGovern and J.L. Hancock. 1971.
Serological investigations into the cause of death of
goat x sheep hybrid foetuses. J. Reprod. Fertil.
27:417-425.



146

Uren, S.J. and W. Boyle. 1990. Class II MHC antigen-positive
macrophages from human placentae suppress strong MLR
and CML reactions. Cell. Immunol. 125:235-246.

Wagner, H. 1973. Synergy during in vitro cytotoxic allograft
responses. I. Evidence for cell interaction between
thymocytes and peripheral T cells. J. Exp. Med.
138:1379-1397.

Waldmann, T.A., C.K. Goldman, R.J. Robb, J.M. Depper, W.J.
Leonard, S$.0. Sharrow, K.F. Bongiovanni, S.J. Korsmeyer
and W.C. Greene. 1984. Expression of interleukin 2
receptors on activated human B cells. J. Exp. Med.
160:1450-1466.

Walker, C., F. Kristensen, F. Bettens and A.L. deWeck. 1983.
Lymphokine regulation of activated (Gl) lymphocytes. I.
Prostaglandin Ez-induced inhibition of interleukin 2
production. J. Immunol. 130:1770-1773.

Warwick, B.L. and R.O. Berry. 1949. Intergeneric and
intraspecific embryo transfers. J. Hered. 40:297-303.

Weiss, A. 1989. T lymphocyte activation. In: Fundamental
Immunology. W.E. Paul (Ed.) Raven Press:New York pp.
359-384.

Weiss, A., R. Shields, M. Newton, B. Manger and J. Imboden.
1987. Ligand-receptor interactions required for
commitment to the activation of the interleukin 2 gene.
J. Immunol. 138:2169-2176.

West, J.D., W.I. Frels, V.E. Papaioannou, J.P. Karr and V.M.
Chapman. 1977. Development of interspecific hybrids of
Mus. J. Embryol. Exp. Morphol. 41:233-243.

Wheelahan, J. and I.F.C. McKenzie. 1987. The role of T4+ and
Ly-2+ cells in skin graft rejection in the mouse.
Transplantation 44:273-280.

Widmer, M.B. and K.H. Grobstein. 1987. Regulation of
cytolytic T-lymphocyte generation by B-cell stimulatory
factor. Nature 326:795-798.

Williams, G.M., D. Hume, R. Hudson, P. Morris, K. Kano and
F. Milgrom. 1968. Hyperacute renal homograft rejection
in man. N. Engl. J. Med. 279:611-618.

Winn, H.J. 1986. Antibody-mediated rejection. In:Kidney
Transplantation Rejection. G.M. Williams, J.F. Burdick
and K. Solez (Eds.) Marcel Dekker:New York.pp. 17-28.



147

Winn, H.J., C.A. Baldamus, S.V. Jooste and P.S. Russell.
1973. Acute destruction by humoral antibody or rat skin
grafted to mice:The role of complement and
polymorphonuclear leukocytes. J. Exp. Med. 137:893-910.

Wyatt, C.R., W.C. Davis, T.C. McGuire and C.E. Perryman.
1988. T lymphocyte development in horses I.
Characterization of monoclonal antibodies identifying
three stages of T lymphocyte differentiation. Vet.
Immunol. Immunopath. 18:3-18.

Zubler, R.H., H. Cantor, B. Benaceraf and R.N. German. 1980.
Feedback suppression of the immune response in vitro.
I. Activity of antigen-stimulated B cells. J. Exp. Med.
151:667-680.

Zuckermann, F.A. and J.R. Head. 1986. Expression of MHC
antigens on murine trophoblast and their modulation by
interferon. J. Immunol. 137:846-853.



APPENDIX

In addition to the studies described in Chapters II - V, several
experiments were carried out that were never published and/or fully
completed. The information gained from these additional experiments,
although sometimes inconclusive and/or preliminary, may be useful to
those specifically interested in characterizing conceptus-derived
immunosuppressive factors. Therefore, I have included in this
appendix a brief summary describing the studies, the rationale behind
them and the results.

While concluding that HCCM-SF is >100,000 MW and therefore not a
steroid hormone, we questioned the possibility that hormones attached
to larger molecules (carrier proteins) could remain in the retentate
fraction during centricon centrifugation and thus, be active in the
>100,000 M#? fraction. RIAs were used to determine the concentration
of progesterone and estrogen in HCCM, and to determine if the steroids
were passing through the centricon membrane. A sample of HCM was
separated by centricon centrifugation and each fraction (>100,000 and
<100,000 MW) and an aliquot of unfractionated HCCM were analyzed.
Results from the RIAs indicated that the concentrations of
progesterone and total estrogen in the unfractionated sample of HCOCM
are much lower (2 to 7 ng/ml and 1 to 10 ng/ml, respectively) than
those required for suppressing lymphocytes in proliferation assays.
Furthermore, the fact that 75 to 100% of the hormones were identified
in the <100,000 MW aliquot of the fractionated BOCM clearly indicated
that the hormones were passing through the centricon membrane. These
results support ocur conclusion that the suppressive activity of HCCM

is not due to steroid hormones.
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In addition to the studies described in chapter III, two
experiments designed to alter the immunosuppressive activity of HCCM
were carried out. In the first experiment, the pH of HC(M (pH = 8.2)
was altered by the addition of 1IN HCl or NaOH to become acidic (pH =
2.0) or basic (pH = 12.0), respectively. The two samplés were
maintained at room temperature for 1 hour, neutralized (pH = 8.0),
fractionated through 10,000 MW exclusion centricons and tested for
suppressive activity. While similarly treated M exhibited no
suppressive effect, both acid and base treated samples of HCCM
retained significant suppressive activity. However, it is possible
the activity was reduced from that of fresh HCCOM. In a second
experiment HCCM was subjected to protease digestion. Aliquots of HOCM
and CM (800 Ml; w/o FCS) were combined with 40 mg of protease beads
and were rocked on a tube rocker for 24 hours at room temperature.
Following digestion, samples were fractionated with a 100,000 MW
exclusion centricon and retentate volumes (>100,000 MW) were tested
for suppressive activity. Protease-treated HOCM exhibited suppressive
activity equal to that of non-treated HCCM.

The protein content in samples of HCM lacking any exogenous
protein source, was determined using a Bio Rad protein determination
assay. Aliquots of HCCM from 20-day-old conceptuses (n=6; each
cultured in 20 ml RPMI) were analyzed. The protein content ranged
from .025 to .078 ng/ml with an average of .055 ng/ml.

Polyacrylamide gel electrophoresis was carried out with
concentrated samples of HCCM (5X; n=6). Separating gels (both 7.5%
and 10% acrylamide) were stained with coomassie blue. While numerous

bands stained uniformly across all samples, there were no bands
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distinguishing proteins >100,000 MW on the gels. Furthermore, in
lanes where only the >100,000 MW fraction of HOCM was applied, there
were no distinct bands. However, there was evidence of staining at
the top of the gel indicating the possible existence of high-

molecular-weight proteins that never entered the separating gel.
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