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Evidence that sperm cells share or impart antigenic
specificities to fertilized ova and cleaving embryos in
animals was first demonstrated indirectly in female an-
imals isoimmunized against sperm or testis cells. While
early studies often gave conflicting results, postfertlh-
zation infertility effects were occasionally reported.! The
systematic analysis in animals of antifertility effects
after immunization with sperm or testis preparations
resulted in a clearer delineation of the affected stages
and modes of action.

In a study of the effects of antisperm antisera on the
fertility of sperm in rabbits, Kiddy et al. reported that a
dilution of serum that permitted near-normal fertiliza-
tion rates resulted in significantly lowered levels of em-
bryo survival.? Isoimmunization of female animals with
sperm or testis preparations has often produced inconsis-
tent results regarding the degree and stage at which
infertility occurs; however, studies in which antifertility
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effects were carefully evaluated noted an increased
prelmplantatlon loss of embryos Behrman and assom-
ates in a series of articles on guinea plgs 34 and rabbits®

and Kiddy and Rollins on guinea pigs® found that im-
munization with sperm cells had little effect on fertili-
zation rates but caused dramatic postfertilization losses.
Similarly, Tung et al. reported that postfertilization in-
fertility was the major effect observed in a study on
female mice immunized with sperm.”

In experiments on cattle and rabbits we observed that
isoimmunization of females with sperm or testis, but not
seminal plasma (vasectomy), produced severe inhibition
of fertilization; if fertilization did occur, the resultant
embryos had a reduced chance of surviving to term.® In
studies on cattle, heifers were sensitive to a single im-
munization of sperm up through 19 days after insemi-
nation; the majority (88%) returned to estrus and many
had prolonged estrus cycles, whereas only 20% of the
control heifers did not conceive. All nine heifers immu-
nized at 21 days or later remained pregnant, suggesting
a stage-specific sensitivity to the immune response
against sperm cells. In rabbit studies, females immu-
nized against semen and testis had embryo (9 days) and
fetal (28 days) survival rates of 67% and 38% or less,
respectively, than those of appropriate controls. This
postfertilization antifertility effect was clearly demon-
strated by the poor survival of fertilized ova transferred
to the oviducts of sperm- or testis-immune pseudopreg-
nant females. The implantation rates of embryos in the
immune rabbits were one-third to one-half that of the
controls and, in addition, postimplantation loss was also
significantly increased in the testis-immunized group.
That the immune response was directed against anti-
gens of sperm and the early embryo and not oocyte
antigens was shown by achieving fertilization and nor-
mal development with oocytes retrieved from sperm-
immune female rabbits. Further studies suggested that
the antisperm-immune response exerted an embryotoxic
effect in the oviducts, which persisted through implan-
tation.

Subsequently, we examined the antifertility effects of
immunoglobulins from reproductive tract secretions of
sperm-immunized rabbits. IgA antisperm antibodies not
only caused inhibition of sperm interaction with ova but
also reacted with rabbit morulae and blastocysts result-
ing in degenerative changes in embryos incubated in
vitro that were not observed with IgG antibodies.!%!!
Additional studies suggested that an antigen(s) from
under the sperm plasma membrane was responsible for
inducing the antlembryo activity seen with antisperm
IgA antibodies.!?!? Immunization of fernale rabbits with
plasma membrane components induced antifertilization
effects and no postfertilization infertility, whereas im-
munization with a submembrane preparation induced
only the postfertilization effects. In a Western blot pro-
cedure, antisperm IgA antibodies detected several anti-
gens in a preparation of rabbit conceptus.!4

In mice, using rabbit antibodies against murine sperm,
two membrane antigens were detected on cleaving em-
bryos; one originated during oogenesis and the other
after fertilization at the four-cell stage.'”



18 MENGE AND NAZ

We suggest three mechanisms by which antisperm
antibodies can affect postfertilization preimplantation
embryo survival.

Incorporation of sperm surface antigens into the
zygotic membrane

Mammalian fertilization involves the fusion of sperm
and egg surface membranes. The zygote is surrounded
by a single plasma membrane that, at least initially, is
a mosaic of the membranes of the two gametes.!® The
plasma membranes of the gametes are fluid, leading to
lateral mobility of surface antigens on the haploid germ
cells. After gamete fusion, sperm surface antigens con-
tinue to move freely over the zygote membrane.!” Gabel
et al., however, reported that mouse sperm surface mol-
ecules labeled with a fluorescein dye showed restricted
mobility on embryos.!® The sperm molecules remained
as a patch on a single blastomere through several cleav-
ages before being internalized.

Antiserum against rabbit semen showed that the
sperm antigens were transferred to the membrane of
rabbit eggs at the time of fertilization.!® Gaunt used a
monoclonal antibody directed against a single surface
antigen (2D6) of rat sperm, which was located over the
entire surface of sperm and was spread laterally over
the surface of the oocyte after fusion with the oocyte
plasma membrane.?® Subsequently, the antigen spread
on most of the zygote surface and totally disappeared
when the zygote developed into two-cell embryos.

In infertile human couples there is evidence indicating
that antisperm antibodies, as detected by assays against
either whole sperm or the purified sperm antigen (FA-
1), are able to interfere with fertility.21?2 Although the
main effect is thought to be inhibition of fertilization,
there is evidence suggesting that postfertilization fertil-
ity may also be affected. This appears as increased spon-
taneous abortions in women who conceive while positive
for antisperm antibodies when compared with women
who conceive and are negative for the antibodies.?3-

Recently, Wiley et al. reported that human sera pos-
sessing antisperm antibodies as detected by the immu-
nobead binding assay contained antibodies that bound
to the oolemma of sperm-penetrated hamster ova, but
not to the unpenetrated ova.?6 The authors suggested
that antigens derived from the membrane of the pene-
trating human sperm were acquired by the vitelline
membrane of the oocyte. A study by Bronson and Cooper,
however, disputes this conclusion in that they found
human sera containing antibodies reactive with the
hamster egg membrane independent of the existence of
antisperm antibodies.’ In addition, absorption of posi-
tive sera with sperm cells did not remove the anti-oo-
lemma activity, although the antisperm activity became
negative.

The sperm surface antigens that are incorporated into
embryos may play a role in normal embryonic develop-
ment. These sperm surface components on the embry-
onic membrane may serve as an extranuclear signal
and/or a channel for physiologic flux of ions required for
oocyte activation.

Embryonic cross-reacting antigens developed after
fertilization

Sperm surface antigens (SSA), which are incorporated
into embryonic membranes during fertilization, exist in

very small quantity. The studies involving indirect im-
munofluorescence technique (IFT) have indicated that
incorporated SSA stay on the embryonic membrane only
for the first few cleavages, after which they are subse-
quently internalized and degraded. The embryo surface
expresses additional antigens which are synthesized de
novo at postfertilization stages by expression of diploid
heterokaryon. There are numerous reports concerning
the expression of cell surface antigens during embryonic
development as early as the preimplantation period.

In the animals investigated to date, the early stages
of development are regulated by maternally inherited
information. The embryonic genome is not expressed
until mid two-cell stage in the mouse?® and the eight-
cell stage in sheep.?? A recent study on human oocytes
and cleaving embryos obtained from human in vitro
fertilization (IVF) cases revealed that embryonic gene
expression first occurs between the four- and eight-cell
stages of development.® During the period when the
embryonic genome becomes active, several develop-
mentally related differentiation events occur as the em-
bryo progresses to a multicellular blastocyst.3! Many of
these antigens may cross-react with the antigens pres-
ent on the surface of sperm cells. Some of these reported
antigens are discussed below.

Cerebellar antigens. The rabbit antiserum raised
against murine brain (cerebellum) demonstrated a cross-
reaction with murine sperm cells, unfertilized and fertil-
ized ova, and preimplantation blastocysts. In subse-
quent studies, two serologically different cross-reacting
antigens, the nervous system antigens (NS4 and NS-7),
were delineated; these were present on the surface of
brain, sperm, and early embryo.31-32

Oncofetal antigens. Murine teratocarcinomas have
been extensively studied as a model for normal embry-
onic development. They retain certain important prop-
erties of early developing embryos. Several oncofetal
antigens (OFA) that are present on these cells and are
shared with sperm and early embryonic surfaces have
been delineated. Antisera raised in rabbits by hyperim-
munization with small embryoid bodies of the trans-
plantation teratocarcinoma OTT6050 recognize several
distinct antigens, some of which were found on the sur-
face of preimplantation murine embryos as well as on
murine sperm.?3 Another major antigen has been char-
acterized on the surface of the nullipotent teratocarci-
noma F-9 cell line. The F-9 antigen is a glycoprotein
containing two polypeptide chains of 45 kD and 12 kD
and is present on early embryo and sperm surface.34
The antigen PCC4 that has been delineated is common
to multipotential embryonal carcinoma cells, murine
spermatozoa, and embryo.?> The antiserum raised by
allogeneic immunization with teratocarcinoma cell line
PYS-2 recognized an antigen “Endo” on male germ cells
and embryonic tissue.?® Similarly, alloantisera against
teratocarcinoma cell line PC13 recognized an antigen on
male germ cells and embryonic tissues.3” These studies
indicate that there are several antigens on the surface
of various teratocarcinoma cell lines that are shared
with sperm and the preimplantation embryo.

Active immunization of female mice against teratocar-
cinoma cells has been reported to induce infertility that
involved fertilization failure and preimplantation em-
bryonic mortality.?® Another study reported that im-
munization with OTT6050 cells reduced fertility in both



male and female mice.3? Again, the allo- and xenoantis-
era to these cells also inhibited in vitro fertilization.
Various studies have demonstrated that xenogenic anti-
sera raised against F-9 cell lines inhibit in vitro embryo
development in mice and rabbits.4® It is also of interest
to note that sera from some vasectomized mice reacted
with both sperm cells and F-9 cells.*! These cumulative
data indicate that some of these oncofetal antigens
shared among teratocarcinoma cell lines, sperm, and
embryonic tissue may be relevant to fertilization and/or
embryonic development.

Histocompatibility antigens. There are several other
antigens that may be shared between embryo and sperm.
The major histocompatibility complex (MHC) antigens
are called human leukocyte antigens (HLAs) in humans
and histocompatibility antigens (H-2) in mice. In hu-
mans, a controversy exists as to whether human sperm
express a haploid component of HLAs. However, recent
experiments using monoclonal antibodies have failed to
find HLA expression on sperm.*? The indirect data on
immunology of human infertility, recurrent abortions,
and pregnancy disorders indicate that HLAs are ex-
pressed on the placental trophoblast at the maternal-
fetal tissues.*® Because of obvious reasons, little work
has been done on HLA expression on preimplantation
human embryos. Advancements in in vitro fertilization-
embryo transfer IVF-ET) technology may help to an-
swer some of these questions.

Indirect effects of antisperm antibodies on embryo
development

Antisperm antibodies may indirectly affect embryo
development through transport into the oocyte at fertil-
ization and exertion of their effects during the cleavage
stages. This phenomenon was first reported by Kiddy et
al.” in rabbits and further explored by us using mono-
clonal antibodies MCA).4445 Lee et al. also found simi-
lar effects in mice passively immunized with MCA.46
Two MCAs produced against rabbit sperm inhibited fer-
tility in female rabbits artificially inseminated with
treated sperm.% Fertilization appeared to be unaffected,
but after a few cleavages the embryos began to degen-
erate either in vivo or upon in vitro incubation. The
effect was not directly on the embryos, as the MCAs
failed to react with blastocysts, and the development of
zygotes was not affected by in vitro culture in the anti-
bodies. Using immunoaffinity chromatography a 63-kD
glycoprotein antigen was isolated from rabbit germ cells
referred to as GA-1.4547 The antigen was immunogenic
in both mice and rabbits, inducing polyclonal antisera
that inhibited fertility in both species via passive im-
munization. A significant degree of postfertilization in-
fertility was also induced in both mice and rabbits after
active immunization with GA-1. That the effect occurred
postfertilization was confirmed by in vitro studies in
mice in which fertilization was unaffected by the anti-
bodies. Antibodies against GA-1 were also without effect
on penetration of zona-free hamster eggs by capacitated
human sperm, although the antibodies were shown to
be bound to the sperm surface. The data suggest that
sperm had to carry these antibodies into the ova during
fertilization to exert the antifertility effect. This effect
did not appear to be due to parthenogenic activation or
polyspermy. The antibodies may affect some extranu-
clear factor essential for continued embryo viability or
development.
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Recently, the advent of recombinant DNA technology
has made available different pure lymphokines and
monokines for research on cell-mediated immunity and
fertility. A variety of these molecules, especially the
interferons, colony-stimulating factors, B-cell growth
factors, interleukins, and tumor necrosis factor have
been investigated for cytotoxic activity against many
types of developing cells, including gametes and preim-
planting embryos.4849 Our studies indicate that these
factors are secreted by presensitized lymphocytes upon
activation by specific sperm antigens.50 The factors se-
creted in the conditioned cell supernatants had detri-
mental effects on sperm cells and developing embryos in
vitro. Whether such a mechanism(s) operates in vivo
needs further study.

CONCLUSION

The evidence suggests that sperm cells and preimplan-
tation embryos share antigen specificities that arise from
contributions from the plasma membrane of the fertiliz-
ing sperm cell and the expression of the embryonic ge-
nome, It appears that plasma membrane molecules from
the sperm cell play a role in early embryo development
and cleavage or, at least, antibodies directed against
some components may affect these stages. Therefore,
antisperm antibodies present in the female reproductive
tract are potentially capable of interfering with postfer-
tilization preimplantation fertility.
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