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Abstract

The involvement of immune mechanisms in the aetiology of preeclampsia is often
suggested. Normal pregnancy is thought to be associated with a state of tolerance to the
foreign antigens of the fetus, whereas in preeclamptic women this immunological tolerance
might be hampered. The present study shows that oral sex and swallowing sperm is
correlated with a diminished occurrence of preeclampsia which fits in the existing idea that
a paternal factor is involved in the occurrence of preeclampsia. Because pregnancy has many
similarities with transplantation, we hypothesize that induction of allogeneic tolerance to the
paternal HLA molecules of the fetus may be crucial. Recent data suggest that exposure, and
especially oral exposure to soluble HLA (sHLA) or HLA derived peptides can lead to
transplantation tolerance. Similarly, SHLA antigens, that are present in the seminal plasma,
might cause tolerance in the mother to paternal antigens. In order to test whether this indeed
may be the case, we investigated whether sHLA antigens are present in seminal plasma.
Using a specific ELISA we detected sHLA class I molecules in seminal plasma. The level
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varied between individuals and was related to the level in plasma. Further studies showed
that these sHLA class I molecules included classical HLA class I alleles, such as sHLA-A2,
-B7, -B51, -B35 and sHLA-A9. Preliminary data show lower levels of sHLA in seminal
plasma in the preeclampsia group, although not significantly different from the control
group. An extension of the present study is necessary to verify this hypothesis. © 2000
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Presently, there is plenty of circumstantial, mostly epidemiologic evidence
that immune mechanisms are involved in the etiology of preeclampsia.
Genuine preeclampsia is primarily a disease of first pregnancies. A previous
normal pregnancy is associated with a significantly decreased incidence of
preeclampsia in subsequent pregnancies (Campbell, 1985). Even a previous
abortion provides some protection (Strickland, 1986). The protective effect
of multi parity, however, is lost with change of partner (Feeney, 1980;
Ikedife, 1980; Chng, 1982; Campbell, 1985; Robillard et al., 1993; Dekker et
al., 1998). Additionally, preeclampsia occurs more frequently in pregnancies
induced by artificial insemination by a donor (Serhal and Craft, 1987).
Moreover, the length of unprotected sexual cohabitation before conception
appears to be inversely related to the incidence of pregnancy-induced
hypertensive disorders (Marti and Herrmann, 1977; Klonoff-Cohen, 1987,
Robillard, 1994). Thus, preeclampsia may be a problem of primipaternity
rather than primigravidity (Robillard et al., 1993). These findings support
the idea that males might tolerize the female partner prior to gestation.

It was shown before that sHLA class I molecules are detectable in
seminal plasma by ELISA techniques using a monomorphic monoclonal
antibody (Schaller et al., 1993), but it is not known whether these represent
classical HLA class I molecules. Pregnancy has many similarities with
tolerance induction to a transplanted graft whereby a certain tolerization
state to foreign HLA molecules is important for graft survival. Blood
transfusions (contact with foreign HLA molecules) have a beneficial effect
in developing transplantation tolerance (Opelz et al., 1973) and is also
associated with a decreased occurrence of preeclampsia (Feeney, 1977). In
addition, it has been reported that sHLA molecules can induce specific
tolerance by the induction of apoptosis in alloreactive T cells (Zavazava and
Kronke, 1996).

Because it is well known that especially oral exposure to antigens can
induce tolerance (Sosroseno, 1995; Brandtzaeg, 1996) we wondered if this
way of tolerance induction might play a role in pregnancies. Exposure of
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sHLA molecules via this route would theoretically be the most potent way
for tolerance induction to foreign HLA antigens. Therefore we in-
vestigated whether there is an inverse relation between oral sex and the
incidence of preeclampsia by asking a selected group of preeclamptic
woman and a control group if they practized oral sex (fellatio) with their
partner.

2. Materials and methods
2.1. Study design of questionnaires

Forty-one consecutive primiparous women with a history of proteinuric
preeclampsia and a consecutive control group of 44 primiparous women
were asked if they practised oral sex (oral ejaculation) with their partner
before the index pregnancy. If the answer was positive, they were asked if
they were swallowing the ejaculate or not. No information was asked on
quantitative aspects of exposure to seminal plasma. The patients were
informed first about the study and the type of questions, before they filled
in the anonymous questionnaire.

Definitions used:

Preeclampsia: diastolic blood pressure (K IV) 90 mmHg or more and an

increase of at least 20 mmHg compared to the diastolic blood pressure in

the first trimester plus proteinuria of at least 300 mg/24 h.

Controls: uncomplicated normotensive pregnancy, birth weight > 3000 g.

Because of privacy reasons this group had to be completely different from
the group of couples evaluated in the soluble HLA part of this study.

2.2. Material

Blood and semen was collected from 12 partners of women with
preeclampsia in their medical history attending the department of Obstetrics
and Gynaecology of the Academical Hospital, Vrije Universiteit, Amster-
dam. Fathers having partners with proven normal pregnancy (seven) were
used as control groups.

Isolated lymphocytes of 14 men (ten of preeclampsia group and four
controls) were frozen in liquid nitrogen to perform an HLA typing for class
I and class II by conventional serological methods (Darke and Dyer,
1993; Naipal et al., 1984). Plasma was collected from heparinized blood
and centrifuged at 2200 x g for 15 min. Semen was centrifuged for
25 min at 2200 x g before seminal plasma was collected and stored at
—20°C.
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2.3. Measuring sHLA class I specific antigens

sHLA class T and sHLA class I specific antigens (sHLA-A2, -A9, -B7,
-B51) were measured by different ELISAs. Used antibodies, number of
tested samples and their dilutions are indicated in Table 1. Detailed
information on the specific assays and the monoclonal antibodies used was
published previously (Mulder et al. (1997), Liem et al. (1997), Koelman et
al. (1998) and Koelman et al. (1999)).

2.4. Standards used in the ELISAs

Total levels of sHLA class I were related to the TSB7 standard as defined
at the Ist International Workshop on soluble HLA (Pouletty et al., 1993).

For each HLA antigen specific ELISA a panel of ten positive sHLA
plasma samples of HLA-typed healthy individuals (heterozygous for
the specific antigen) were tested. The average absorbance value (O.D.)
was normalized to 100%. All measured O.D. values are related to this
value.

2.5. Statistics

To analyse the relation between sHLA in blood plasma and
seminal plasma linear regression analysis forced through the point (0, 0)
was used. This analysis was done for levels of sHLA class I and sHLA-A2.

For the analysis of the questionaires a 2-sided Fishers exact test was used.

3. Results

3.1. Oral sex and the incidence of preeclampsia

Evaluation of the questionnaires in this small population shows that oral
sex 1s associated with a lower incidence of preeclampsia; 41 primiparous
women with a history of proteinuric preeclampsia and a control group of 44
women were asked if they had oral sex (intra-oral ejaculation) with their
partner before the index pregnancy. In the 41 preeclamptic women 18 (44%)
had oral sex with their partner before the index pregnancy versus 36 (82%)
out of 44 in the control group (P = 0.0003). In addition, seven (17%) out of
the 41 preeclamptic patients versus 21 (48%) out of the 44 control patients
confirmed that they swallowed the sperm (P = 0.003).



Table 1

Materials and methods of the different sHLA-allotype ELISAs*

Specific ELISA sHLA-class I sHLA-A2 sHLA-A9 sHLA-B7 sHLA-B51

Pre-coating GaMlIgG GaM-IgG GoHulgM GaMlIgG GoHulgG

Coating TP25.99 MA2.1, CR11-351 BvKS5C4 MB40.2, ME1 HDGS8D9

(Origin) (Mouse) (Mouse) (Human) (Mouse) (Human)

Number tested samples n=28 n=_8 (A2 pos), n=3 (A9 pos), n==6 (B7 pos), n=4 (B51 pos),
n=06 (A2 neg) n=06 (A9neg) n=28 (B7 neg) n=4 (B51 neg)

Dilution blood plasma 1:160 1:8 1:10 1:10 1:4

Dilution seminal plasma  1:20 1:2 1:2 1:2 1:2

Reading out: step 1 Raof2m Rof2m Raof2m Rof2m Rof2m

Reading out: step 2 GoR-HRP GoR-HRP GoR-HRP GoR-HRP GoR-HRP

(Conjugate)

& Antibodies used, number of samples and (seminal) plasma dilutions are indicated.

991 —6ST (0002) 9 ASojoununuy aaonpoday fo jpuinop /) |v 1o ubuyaoy “p
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3.2. Soluble HLA in seminal fluid

Using a class I specific ELISA, soluble HLA class I molecules could be
detected in blood plasma (average 6.4 + 4.4 pug/ml) and in seminal plasma.
Seminal plasma contained 1.05 £ 0.95 pg/ml sHLA class I molecules. Fig. 1
shows that the level of soluble HLA molecules in the seminal plasma is
related to the level in plasma. A linear regression analysis was done and the
R? was found to be 0.70. In general, there is a 6-fold lower level of total
soluble HLA in seminal plasma compared to blood plasma. Fig. 1 also
shows that the sHLA levels in the preeclampsia group are generally lower,
although not significantly, compared to the levels in the control groups.
Elevated levels of sHLA are mainly found in men who carry the HLA-A9
HLA typing (data not shown).

To investigate whether the classical HLA class I antigens are detectable in
seminal plasma, we used sHLA-A2, sHLA-B7, sHLA-A9 and sHLA-B5I
specific ELISAs. Variable levels of sHLA-A2 antigens can be found in
seminal plasma of HLA-A2 positive individuals (Fig. 2a). Similarly sHLA-
B7, sHLA-A9 and sHLA-B51 can be detected in seminal plasma of positive
individuals (Fig. 2b—d). In seminal plasma of an HLA-B35 positive individ-
ual sHLA-B35 could be detected in seminal plasma as well (data not
shown). In individuals positive for these respective antigens, the levels of

Relation between sHLA in blood plasma
and seminal plasma
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Fig. 1. Total sHLA levels in seminal plasma related to the levels of sHLA in blood plasma.
Males of the different groups (preeclampsia and normal pregnancy) are indicated.
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Fig. 2. Levels of different sHLA specific antigens in seminal plasma of HLA typed men. (a)
sHLA-A2; (b) sHLA-A9; (c) sHLA-B7; and (d) sHLA-B51.

sHLA-A2, sHLA-A9, sHLA-B7 and sHLA-B35 in seminal plasma were
compared with the levels in blood plasma. Fig. 3 shows that blood plasma
contains = 6-fold more sHLA-A and -B compared to seminal plasma
(R?>=0.61). For HLA-A2, this ratio seems to be even higher.

4. Discussion

In preeclampsia, there are many indications that immunological features
might play a role in the occurrence of this disease (Vinatier and Monnier,
1995) and that a paternal factor might play an important role in the
induction preeclampsia. These indications are: (1) The protective effect of
multiparity in preeclampsia is lost with change of partner (Feeney, 1980;
Ikedife, 1980; Chng, 1982; Robillard et al., 1993; Dekker et al., 1998); (2)
the length of unprotected sexual cohabitation is influencing the incidence of
pregnancy-induced hypertensive disorders (Marti and Herrmann, 1977;
Klonoff-Cohen, 1987; Robillard, 1994), included the finding that donor
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insemination and oocyte donation shows relatively more cases of
preeclampsia (Serhal and Craft, 1987, 1989); (3) some men ‘induced’
preeclampsia in more than one woman (Astin et al., 1981); and (4) The
incidence of preeclampsia is significantly lower in primigravidae who previ-
ously received blood-transfusions (Feeney, 1977).

The epidemiological indication that oral sex and swallowing sperm might
have a protective effect in the occurrence of preeclampsia, fits with the
concept that exposure to paternal antigens prior to gestation has a beneficial
effect towards normal pregnancies.

Because pregnancy has many similarities with transplantation, we hy-
pothesize that the lack of tolerance to HLA molecules can also play a role
in the aetiology of preeclampsia. Therefore we investigated the presence of
soluble HLA in seminal plasma.

Results from our study show that seminal plasma contains soluble HLA
class I molecules that have the same characteristics as sHLA in blood
plasma; classical HLA antigens like sHLA-A2, -A9, -B7, and sHLA-B51
antigens could be detected in seminal plasma. The levels of total sHLA
molecules differ between individuals (average 1.05 +0.95 pg/ml) and are
related to the levels in blood plasma (average 6.4 + 4.4 pg/ml). In general,
the total levels in plasma are = 6-fold higher than in seminal plasma. This
is in the same range as reported by Schaller et al. (1993). They found a

Relation between individual sHLA antigens
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Fig. 3. Individual sHLA antigen levels in seminal plasma related to the levels in blood
plasma.
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4-fold higher concentration in blood plasma compared to the level in
seminal plasma.

Similarly, by combining the data of the individual sHLA antigens HLA-
A2, HLA-A9, HLA-B7 and HLA-B51 a 6-fold lower concentration of these
classical HLA molecules was found in seminal plasma compared to blood
plasma. When sHLA-A2 was analysed separately, the ratio was even 20-fold
lower. These data clearly show that the classical HLA-A and -B molecules
are present in seminal plasma and therefore, oral exposure to these
molecules may indeed lead to a state of tolerance. Of course, other HLA
class I molecules, like for instance the classical HLA-C molecules and the
non-classical HLA class I molecules HLA-E, F and G, may even be present
in higher concentrations. However, so far, these molecules have not been
demonstrated in seminal plasma, probably because of the lack of specific
monoclonal antibodies recognizing these non-classical HLA molecules.
Considering the lack of polymorphism of these non-classical HLA class 1
molecules and the low immunogenicity and expression level of HLA-C, we
do not see an important role of these molecules, in the induction of
tolerance to paternal antigens. Significantly elevated levels of sHLA are
detected in men who carry the HLA-A9 typing, both in serum and seminal
plasma. This increased level of sHLA-A9 confirms the study of Doxiadis et
al. (1989) who showed elevated levels of sHLA in serum of HLA-A9
positive individuals.

Currently, it is not known whether or not tolerance to paternal classical
MHC antigens plays a role in fetal survival. The invading trophoblast does
not express classical HLA-A and -B antigens. HLA-G, which is low
polymorphic, and HLA-C, which is low immunogenic, appear to provide a
set of trophoblast HLA class I molecules, which are required for optimal
NK function. However, the induction of alloantibodies by pregnancy
(Regan et al., 1991) indicates that the mothers’ immune system is con-
fronted with the paternal HLA-A and —B antigens of the child. It might
well be that tolerance originally induced by soluble HLA-A and -B
antigens spreads to epitopes of non-classical HLA antigens expressed on the
throphoblast (Yang et al., 1999). Recently it has been described that
pregnancy is an inflammatory state, whereby preeclampsia appears to
represent an exaggeration of this inflammation (Sacks et al., 1998). A
generally accepted phenomenon of inflammation is an increased expression
of classical HLA class I molecules. For this reason, together with the
immunological features mentioned earlier, we believe that immune re-
sponses to classical HLA class I molecules can not be excluded in the
occurrence of preeclampsia.

Until now, the function of sHLA molecules in sperm is unknown. It
might play a role in the protection of spermatozoa against the female
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immune system, although spermatozoa do not express HLA molecules on
their membranes (Castilla et al., 1993; Schaller et al., 1993). The data
suggesting a paternal role in maternal tolerance to the fetus could be due to
the presence of sHLA in seminal plasma and might indicate that tolerance
induction can take place both via vaginal exposure to the soluble HLA
antigens and via the oral route. In general oral tolerization to antigens is
more easily to establish because the gut is a powerful tolerization site
(Sosroseno, 1995; Brandtzaeg, 1996). Induction of tolerance by MHC
peptides has been described before (Krensky and Clayberger, 1994; Buelow
et al., 1995), and additionally, oral tolerance induction to MHC molecules
has been shown in a rat model (Sayegh et al., 1996). The recent observation
that renal transplants from siblings mismatched with the patients for the
non-inherited maternal HLA antigens have a significantly better survival
than grafts from siblings mismatched for the non-inherited paternal HLA
antigens (Burlingham et al., 1998) may also be based on tolerance induction
by oral exposure of the child to non-inherited maternal HLA antigens via
breast feeding (Campbell et al., 1984). Furthermore, soluble HLA molecules
can specifically induce apoptosis in human cytotoxic T cells (Zavazava and
Kronke, 1996). Induction of apoptosis may be a mechanism in inducing
specific tolerance against HLA molecules of the male partner. In preeclamp-
sia the beneficial effects of blood transfusions (Feeney, 1977) has similarities
with the blood transfusion effect in transplantation and the treatment of
recurrent abortions by infusions of paternal leukocytes (Taylor and Faulk,
1981; Mowbray, 1988). The mechanism of this tolerizing effect is still
unknown. Clonal deletion, clonal anergy, T cell suppression and the forma-
tion of anti-idiotypic antibodies can all play a role.

We would like to suggest that soluble HLA molecules in seminal fluid are
relevant for the induction of tolerance. Hereby, sexual behaviour (e.g. oral
exposure) can play an important role. Although our preliminary data do
not show significantly higher levels of classical sHLA molecules in controls
compared to patients, this does not exclude that oral exposure to these
molecules is important. Quantitative aspects i.e. frequency of exposure to
sHLA may be important for the induction of a state of tolerance. If the
tolerizing state is not reached, problems like preeclampsia can occur. In this
light, preeclampsia can indeed be expected to develop after limited exposure
to sHLA. This may be caused by a limited number of cohabitations before
the index pregnancy. Low levels of sHLA in sperm may also be a contribut-
ing factor. In fact, our preliminary data show slightly lower levels of sHLA
in seminal plasma in the preeclampsia group, although not significantly
different from the control groups. An extension of the study is necessary to
verify this hypothesis.
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