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Pseudo-Pregnancy Model
Developed To Study

Pregnancy Recognition

According to Dr. Barry Ball,
assistant professor of clinical sciences
at the College of Veterinary Medicine,
when horses fail to become pregnant
after breeding. The cause is most often
early pregnancy loss rather than inade
quate fertilization. While normal mares
lose an average of 18 percent of their
pregnancies, some mares lose up to 80
percent. The vast majority of these
losses occur early in pregnancy.

To ultimately prevent preg
nancy loss and improve the pregnancy
rate among mares, Dr. Ball is studying
how the, embryo communicates its
presence to the mare's uterus. Some
how, the embryo triggers biochemical
signals which are essential for preg
nancy maintenance.

When an ovary's follicle re
leases its ovum (egg) in the mare's
reproductive cycle, the follicle under
goes changes to form a temporary
endocrine gland known as the corpus
luteum which secretes progesterone.
When pregnancy does not occur, the
endometrium (the uterine wall) releases
the hormone prostaglandin at about
day 15of the cycle which, in turn, termi
nates the corpus luteum and its proges
terone production. As a result, the horse
comes back into heat about 22 days
after its previous ovulation.

When pregnancy does occur,
however, the embryo somehow blocks
the prostaglandin secretion. The cor
pus luteum does not regress, therefore,
but continues to produce progesterone
which is essential for maintaining the
pregnancy.

Incattle and sheep, researchers
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have found that the embryo elongates
within the uterus, thereby providing
extensive contact with the uterus which

is thought to be important in preg
nancy recognition.

"In the horse, however, the
early embryo does not elongate; in
stead, uterine contractions propel it
rapidly around the uterus through day
15 or so of the cycle," Ball explains.
"We think this extensive mobility of
the embryo through the uterus is im
portant in equine pregnancy recogni
tion."

With funding from the Harry
M. Zweig Fund to study the maternal
recognition of pregnancy in horses,
Ball an equine theriogenologist, a
specialist in veterinary obstetrics and
gynecology has developed a model
that successfully produces pseudo-
pregnancies in mares for 42 days, the
period during which most pregnancy
losses occur.
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The model will allow Ball to

biochemically mimic early pregnancy in
horses in order to examine the biochemi

cal and structural changes involved
between the embryo and the mare's
uterus. Once these mechanisms are

better understood, strategies can be
developed to enhance the pregnancy
signal if needed.

By adapting methods used pre
viously with cattle and sheep, Ball and
his colleagues first developed a tech
nique to culture trophoblastic vesicles
(TRV) embryo fragments from pre-
placental tissue which trigger the same
biochemical signals that an intact em
bryo would produce. On average, Ball
was able to obtain 40 to 50 TRV from

each embryo.
"One of the limiting factors in

this kind of research is getting enough
embryos obtaining one at a time
would be very time consuming and ex
pensive," Ball points out. "By develop
ing many TRV from each embryo, we're
able to substantially save on the number
of intact embryos that must be used."

"The results of these studies

indicate that TRV will form from dis

sected equineembryosand that the struc
ture of the wall of these tissues is similar

to that of the intact embryo in that they
successfully mimic pregnancy recogni
tion in the mares," says Ball.

Thus far, Ball has not been able

to detect TRV in utero using ultrasound.
To study how TRV actually communi
cate a pregnancy and maintain the cor
pus luteum, Ball plans to flush TRV out
at different stages of development as
well as remove some uteri with TRV

present. Ball hopes that these studies
will help characterize how TRV grow,
how long they remain viable, and how
they change after transfer.
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In addition, Ball plans to use

monoclonal antibodies that have been
developedagainstequine trophoblasts,
the section of the embryo that forms
TRV when dissected but otherwise

become part of the placenta. As a re
sult, Ballhopes to be able to determine
the cellular make up of TRV.

Embryos In Mares Used
To Study Immunogenetic

Aspects Of Pregnancy

In most species, three critical
events of early pregnancy fertiliza
tion, maternal recognition of preg
nancy, and attachment or implanta
tion occur so rapidly that the mother's
varied responses to the pregnancy are
difficult to identify and study inde
pendently.

"Implantation in the horse
family, however, is unique in many
ways," says Douglas F. Antczak,
V.M.D., Ph.D., the veterinary immu-
nologist who heads the Equine Genetic
Center and focuses much of his re

search on the immunogenetic aspects
of pregnancy. "It can be studied inde
pendently of the other events of preg
nancy and its unusual features provide
a valuable model for other mammals."

Unlike other species, implan
tation of the equine conceptus occurs
very late some 40 days after fertili
zation. Between days 25 and 36, the
trophoblast—the outermost layer of
the placenta which forms the barrier
between mother and fetus triggers
an unusual chain of events. First, a belt
of cells around the trophoblast multi
plies rapidly to form the so called chori
onic girdle, a band ofdeep ridges encir-
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cling the conceptus. Between days 38
and 40, girdle cells invade the mare's
endometrium, the lining of the uterus,
and form between ten and twenty ulcer
like structures called endometrial cups.
The cup cells secrete a hormone (equine
chorionic gonadotrophin) which is con
sidered to be important for the mainte
nance of progesterone levels in early
pregnancy.

For over ten years Antczak
and his colleagues have studied the gene
regulation of Major Histocompatibility
Complex (MHC) antigens in the pla
centa. The MHC antigens are cell sur
face proteins that largely determine
whether a tissue graft will be compat
ible or incompatible when transplanted
to another member of the same species.
Over twenty different forms of MHC
antigen have been identified in horses,
but any individual horse can inherit
only two forms (one from its mother
and one from its father). The diversity
of MHC types in horses makes it likely
that most foals will inherit an MHC

antigen from their father which is in
compatible with the mother's MHC
type. How does the fetus avoid rejec
tion when a skin graft from the sire
would be promptly destroyed?

The Cornell group has discovered
that only the invasive trophoblast cells
of the chorionic girdle express paternal
MHC antigens while the non-invasive
trophoblast cells and the mature en
dometrial cup cells do not. Despite
their low expression of MHC antigen,
the endometrial cup cells are the target

Scanning electron micrograph of
theexternal surface ofa horse
conceptus at day34 ofgestation.
70X Magnification showingthe
sharpdemarcation between the
single cell layer of non-invasive
trophoblast of theallantochorion
and thevillousprojections of
rapidlymultiplying invasive
trophoblastcells of thechorionic
girdle.
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of what appears to be a cellular im
mune mediated attack by maternal lym
phocytes. "The lymphocyte response
to the endometrial cups is perhaps the
most striking example of a cell medi
ated immune response to the fetal/pla-
cental unit described in any species,"
Antczak observes. The cellular response
results in the destruction of the cups by
Day 120,although the remainder of the
placenta is unaffected and the preg
nancy usually continues to term uneve
ntfully. The non invasive trophoblast
cells which continue to reproduce nor
mally with the fetus do not express
MHC antigens. Bythis subterfuge these
cells are rendered invisible to many
components of the mother's immune
system, which is programmed to rec
ognize foreign cells on the basis of their
expression of MHC antigens.

"This is important because it is
probably the principal mechanism by
which trophoblast cells in all species
avoid recognition and rejection by the
maternal immune system. Wearetrying
to learn how these non invasive tro

phoblast regulate expression of MHC
antigen," says Antczak. "Examining
how MHC genes get switched on and
off in pregnancy provides a rich arena
for studying immune regulation which
may shed light not only on embryo loss
but also on organ transplantation and
tumor growth in humans," Antczak
says.

The Cornell team also studies

equine trophoblast cells in tissue cul
ture. This year, for example, trophob-



last cells are being cultured with uter
ine cells in an attempt to establish a
model for endometrial cup formation
in which cellular interactions can be

studied. This approach should permit
a dissection of the mechanisms by
which the trophoblast switches off
production of MHC antigens.

"Our better understanding of the
processes ofattachment and implanta
tion should also have relevance to

domestic farm animals, including
cattle, sheep and swine because of their
similarities in placental development,"
Antczak says.

Much of Antczak's research,
largely supported by the Harry M.
Zweig Memorial Fund, has been spent
identifying and characterizing the dif
ferent pieces in this puzzle. One way
has been to develop monoclonal anti
bodies. These exquisitely specific anti
bodies are produced by hybrid cell
lines formed by fusing antibody se
creting lymphocytes with tumor cells.
The hybrids can be cloned and grown
in vitro indefinitely while producing
their specificantibody and releasing it
into the surrounding culture
medium a virtual antibody factory.

So far, Antczak's team has devel
oped more than twenty monoclonal
antibodies identifying molecules of the
invasive and non invasive equine tro
phoblast cells. Two of these antibodies
were highlighted in a recent World
HealthOrganizationWorkshoponTro
phoblast Antigens because of specific
ity for human trophoblast. This fortui
tous cross reaction between horse and

human placental molecules indicates
evolutionary conservation between
these two distantly related species.
More than two dozen other antibodies

to horse lymphocytes have also been
produced. Although these monoclo
nal antibodies were developed to study
the maternal lymphocyte response to
the endometrial cups during preg
nancy, they will also be very useful for
the characterization of lymphocyte
function in various diseases, ranging
from immunodeficiencies to leuke-
mias.

Many of these studies of equine
reproduction have been conducted in

collaboration with the British Thor

oughbred Breeders' Equine Fertility
Unit, headed by Dr. W. R. "Twink"
Allan. Drs. Antczak and Allan have

shared expertise and results for nearly
a decade.

Mares May Be A Unique
Reproductive Model

When it comes to producing
reproductive hormones, horses may be
somewhat different from other species.
Until these differences are better un

derstood, researchers are limited in how
to predict a mare's reproductive status,
how to improve ovulation induction,
and how to develop more effective
methods for superovulating horses.

To study how ovarian follicles
in mares are regulated, reproductive
physiologist Dr. Joanne Fortune and
Ph.D. student Jean Sirois, first set out to
examine their pattern of development.
In the human menstrual cycle, for ex
ample, one group or "wave" of follicles
emergeduring menses. From that wave,
one follicle becomes dominant and

eventually ovulates. In cattle, how
ever, two or three "waves" of follicular

development occur.
Previous studies have resulted

in conflicting reports regarding whether
mares had one or two waves of follicu

lar development. Some researchers had
monitored numbers and sizes of fol

licles during complete estrous cycles
while others kept track of individual
follicles. Fortune and her colleagues
did both concurrently for the first time.
They tracked the daily development of
individual follicles in 17 complete es
trous cycles using ultrasound, record
ing their observations on videotape,
while they also monitored daily pro
gesterone levels.

"We found that there are two

distinct patterns of follicular develop
ment in horses the most common

consists of one wave yet the two wave
pattern is not uncommon," Fortune
says. "By recognizing early which pat
tern a particular mare is following on a
given cycle, intervention to promote

follicle growth and/or induce ovula
tion could be much more effective."

They found, for example, that
when there is one follicular wave in a

cycle, the follicle that will ovulate ap
pears earlier and correlates with a sig
nificantly shorter estrous cycle and
shorter follicular stage. The Cornell re
productive physiologists plan to exam
ine why in a two wave cycle, the first
wave would occur when all the other

conditions are unsuitable for fertiliza

tion. To do so, they will monitor the
presence of two more hormones—LH
and FSH to see if changes in their
levels explain why some mares have
two waves of follicular development.

In a related study also supported
by the Harry M. Zweig Memorial Fund,
Fortune and Sirois sought to determine
how two types of follicular cell theca
and granulosa cells interact to pro
duce the steroid hormones which are

essential in regulating the entire repro
ductive cycle. Although this process is
fairly well understood in species such
as rats, cattle, and humans, very little
work had been done with horses. The

little research that had been done indi

cated that the process may be somewhat
different in horses.

The precursor for steroid
hormones is cholesterol; the cholesterol
is used first to produce progestins (such
as progesterone) which are then used to
produce androgens (such as testoster
one) which, in turn, are used for estro
gen production. All three classes of
steroids, therefore, must be produced
by the female's follicle cells to control
follicle development and function.

To determine how theca and

granulosa cells in the follicles produce
reproductive hormones, Fortune and
Sirois removed one ovary from ten
horses at four different times during the
estrous cycle. They then dissected the
dominant follicles, which were the size
of golf balls, separating the two layers of
cells. The theca and granulosa cells
were then grown in tissue culture, both
together and separately, and in the
presence and absence of other hormones.

In other species, neither theca
nor granulosa cells can go through the
entire pathway of steroid production
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without the other. Theca cells can

convert cholesterol to progesterone
and progesterone to androgen but
can't convert the androgen to estro
gen. Granulosa cells, on the other
hand,evidentlylacktheenzymes nec
essary to make the androgens, but
once given androgen, they can con
vert it into estrogen.

"Our results indicate, how
ever, that unlike rats and cows, both
celltypes in horses can produce estro
genalthoughonly theca cellscan make
androgen. That means that theca cells
can go through the whole pathway of
steroidogenesis," Fortune points out.

Such information is key to
understanding how the regulation of
reproduction in the mare is different
from other species and fundamental
to the basic biological information
needed to improve reproduction in
horses.

When Fortune and Sirois re

moved the ovary with the dominant
follicle, theycontinuedtostudy what
happened in the mares' remaining
ovary. She discovered yet another
pattern of follicular growth with a
higher incidence of multiple ovula-

Dr. foanne Fortune (photo center) and Ph.D. student Jean Sirois track the daily development of
individual follicles in estrous cycles using ultrasound and recording their observations on videotape.

tions. These pattern modifications
suggest that a unilateral ovariectomy
(removal of an ovary) may also pro
vide a valuableapproach to studying
potential regulators of follicular de
velopment.

In addition, when an ovary is
removed close to the time of ovula

tion, the next reproductive cycle re

sembles a human cyclein that a wave of
follicular development occurs in the
absence ofa corpus luteum. Asa result,
Fortune is optimistic that such a model
may prove valuable in learning more
about human follicular development
as well.
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