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Fig. 6. Granulocyte-macrophage colony stimulating activity (GM-
CSF) in seminal vesicle fluid in vitro. Accessory gland fluids were

prepared from a 6-month-old stud mouse and cultured with oestrous
endometrial cells for 16 h, when the supernatants were replaced with
fresh medium. The GM-CSF content of supernatants collected 24 h
later is given as a percentage of the content of supernatants collected
from endometrial cells cultured in medium alone. Different letters
denote significant differences between treatments (P < 0.005).

dent parameters including the activation state, secretory profile
and efflux of macrophages and dendritic cells into the afferent
lymphatics.

No evidence was obtained to implicate accessory glands
other than the seminal vesicle in GM-CSF release. The potency
of seminal vesicle fluid activity was shown to vary depending
on the sexual status of the male, with active stud males having
a superior capacity to enhance GM-CSF release from endomet¬
rial cells compared with young, inexperienced males. It is
known that testosterone has a critically important role in
regulating the size and function of the seminal vesicles, but the
potency of activity from males caged in groups declined rather
than improved after testosterone administration, suggesting
that either the dose of testosterone chosen may have been
inappropriate or that other regulating determinants may also
be important. Individual differences in the seminal fluid content
of GM-CSF stimulating activity may contribute to the con¬
siderable variability in GM-CSF synthesis and the extent of the
inflammatory infiltrate that was evident in uteri from mice
mated with both intact and vasectomized males. The precise
stage of the oestrous cycle and systemic immune parameters in
the female may be additional determinants of the intensity of
the inflammatory response after mating.

A preliminary characterization of the nature of seminal
GM-CSF stimulating activity indicates that it is primarily
associated with a proteinaceous moiety of approximately
650 000 Mr In most experiments bioactivity was also associ¬
ated with smaller molecules, which may or may not be related
to the 650 000 Mr moiety. Chromatographie purification of
these proteins to homogeneity is currently underway, and
future studies will investigate the interrelationship between the
various peaks of bioactivity.
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Fig. 7. Effect of testosterone status on the granulocyte-macrophage
colony stimulating activity (GM-CSF) in seminal vesicle fluid. The
GM-CSF output of endometrial cells from mice at oestrus after
incubation with seminal vesicle fluid from testosterone treated ( + tes¬
tosterone;  = 12) untreated 2—3-month-old males kept in groups
(unseparated;  = 13), 2—3-month-old male mice separated for 3 weeks
(separated;  = 10) and 4-6-month-old male stud (stud;  = 13) mice
are plotted as a percentage of the output from endometrial cells
cultured in medium alone. Symbols (a) represent data from individual
animals and median values are scored. Symbols below the dotted line
have a cytokine content below the limit of detection for the bioassay.
Data were compared by Kruskal-Wallis one-way ANOVA, followed
by Mann-Whitney Rank Sum (two-tailed) test. Different letters
denote significant differences between treatments (P < 0.02).

The sequence of events initiated by the action of semen on
the uterine epithelium is analogous to the cytokine-mediated
responses to inflammatory stimuli of other epithelia, including
the skin and airways. In these tissues, an inflammatory response
precedes and facilitates the generation of an effective immune
response to potentially harmful initiating agents (Matzinger
1994). However, the physiological significance of the uterine
response to semen, and its impact on the success of implanta¬
tion and placental formation, remains a topic of speculation. In
our preliminary experiments, pregnancies sired by seminal
vesicle deficient males were less likely to result in viable
implantations (four of ten mated mice had viable implantation
sites at day 17 of pregnancy versus eight of eight for intact
studs), with comparable litter sizes in pregnant females
(S. Robertson, unpublished). Other studies in rodents show that
although pregnancy can be initiated and may proceed in the
absence of seminal plasma (Blandau, 1945), seminal vesicle
deficiency in males severely restricts their fertility (Pang el al,
1979; Queen et al, 1981). The extent to which a dysregulated
endometrial response to mating may be the cause of this
reduction in fertility remains to be determined, since vaginal
plug formation and hence retention of spermatozoa within the
uterine cavity is diminished in the absence of seminal vesicle
fluid (Carballada and Esponda, 1992). However, an additional
role for seminal vesicle fluid was suggested by the finding that
fertility was less severely affected when the coagulating glands
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Fig. 8. Sephacryl S-400 size exclusion chromatography of granulocyte—macrophage colony
stimulating activity (GM-CSF) from the seminal vesicles of mice. Fluid was collected from the
seminal vesicles of 4—6-month-old stud mice and solubilized in 6 mol guanidine HC11 ~ \ and then
subjected to chromatography through Sephacryl S-400. Eluted fractions were desalted over

Sepharose G-25 into DMEM, cultured with oestrous endometrial cells for 16 h and then replaced
with fresh medium. The GM-CSF content of supernatants collected 24 h later are given as a

percentage of the content of supernatants collected from endometrial cells cultured in DMEM-FCS
alone. The position of elution of molecular mass standards is shown at the top of the figure.

were removed (Pang et al, 1979), despite a similar necessity
for coagulating glands and seminal vesicles in vaginal plug
formation.

The pre- and peri-implantation period of development is
clearly of major importance in determining the outcome of
pregnancy, but the roles of the GM-CSF-responsive, endo¬
metrial leucocyte populations in the events of early pregnancy
remain to be fully elucidated. Neutrophils which infiltrate the
luminal cavity would certainly have a 'housekeeping' role in
clearing the uterus of redundant spermatozoa and micro¬
organisms introduced at mating, and the possibility that they
are involved in sperm selection has also been canvassed
(Cohen, 1984). However, we argue that the complexity of the
inflammatory response after mating would afford the partici¬
pating leucocytes a more pro-active role in the events leading
to successful implantation and placentation. Macrophages and
granulocytes recruited into the endometrial stroma are cer¬

tainly well equipped to mediate in tissue remodelling events
through the release of proteases and other enzymes, and are a

potent source of a plethora of cytokines and immunoregulatory
molecules that regulate the differentiation and function of
leucocytes and cells of other lineages. Local macrophages and
dendritic cells are clearly capable of sampling and processing
seminal antigens, some of which are expressed by the placenta
after implantation (Thaler, 1989), since significant changes in
the cellularity of lymph nodes draining the uterus occur during
the pre-implantation period of pregnancy (Beer and Billingham,
1974; Clarke, 1984). The nature and extent of immune
responses in mucosal sites is highly responsive to the cytokine
microenvironment (Husband et al, 1994), presumably through
influences on the phenotype of local antigen-presenting cells.

The effects of seminal plasma on local cytokine expression
would thus be expected to be pivotal in eliciting the appropri¬
ate type of immune response to seminal antigens and in setting
the stage for the immunobiology of pregnancy, perhaps
through initiating  helper cell type 2 responses (Wegmann
et al, 1993) or T-cell tolerance to paternal major histocompat-
ibility antigens (Tafuri et al, 1995). Indeed, support for the
postulate that seminal plasma has a role in attenuating the
immune response to spermatozoa in mice was provided by
Beer and Billingham (1974), with an intact ejaculate eliciting
hypertrophy of draining lymph nodes but not the trans¬
plantation immunity seen after sensitization by intrauterine
inoculation of washed spermatozoa.

The extent to which these findings may be related to
reproductive success in humans is unknown. Human uterine
epithelial cells synthesize many of the same cytokines made
in rodent uteri, including GM-CSF (Giacomini et al, 1995;
Robertson et al, 1995). However, in humans, unlike rodents,
the seminal material is deposited in the vagina and is largely
excluded from the uterus by the cervix. Components of seminal
plasma are known to infiltrate the uterine cavity in association
with spermatozoa, but if immunological priming occurs in
draining lymph nodes, then antigen sampling may occur in
association with leucocytosis at the cervix. There is a body of
evidence suggesting that cumulative exposure to seminal
factors may specifically 'condition' the human reproductive
tract for pregnancy (Marti and Herrmann, 1977; Need et al,
1983; Serhal and Craft, 1987), which is now being re-examined
following recent claims that the incidence of both pregnancy-
induced hypertension and pre-eclampsia are inversely corre¬
lated with the length of sexual cohabitation before conception



(Robillard et al, 1995), except when barrier forms of
contraception are used (Klonoff-Cohen et al, 1989). Instillation
of semen or sexual intercourse at the time of ovulation is also
claimed to enhance the implantation rate of embryos devel¬
oped by in gamete intraFallopian tube transfer (Marconi et al,
1989) and by in vitro fertilization (IVF), possibly through an

effect on the endometrium (Bellinge et al, 1986). The relative
importance of spermatozoa and seminal plasma in achieving
these effects has not been investigated, but the finding that
insemination with 'split' ejaculates, which are deficient in
vesicular secretions, does not benefit patients undergoing IVF
(Fischel et al, 1989) supports the postulate that seminal
vesicle-derived proteins are essential for evoking an appropri¬
ate maternal response. Further studies aimed at more clearly
defining the immunological consequences of the mating event
and their potential contribution to pregnancy success are thus
clearly warranted.
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