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background: The birth of a boy is significantly more common than a girl prior to secondary recurrent miscarriage (SRM) and is associ-
ated with a poorer chance of a subsequent live birth. Children born after SRM are more likely to be girls. High-titer antisera specific for male
antigens (H-Y) have been shown to arrest development of male bovine embryos efficiently. We consequently questioned the role of H-Y
antibodies in women with SRM.

methods: Serum samples from patients with unexplained SRM (n ¼ 84), unexplained primary recurrent miscarriage (PRM) (n ¼ 12) and
healthy women (n ¼ 37) were obtained. The samples were taken during pregnancy (gestational weeks 4–5) for 77 (80%) of the patients.
Enzyme-linked immunosorbent assay was used to detect immunoglobulin G antibodies that specifically recognized any of the five recombi-
nant H-Y proteins (EIF1AY, RPS4Y1, ZFY, DDX3Y and UTY) and their H-X homologs.

results: H-Y-specific antibodies were more frequent in SRM patients (46%) compared with female controls (19%, P ¼ 0.004) and PRM
patients (8%, P ¼ 0.01). The presence of H-Y antibodies in early pregnancy was associated with a low male: female birth ratio among the
subsequent live births, as only 12% of children born to H-Y antibody-positive patients were boys compared with 44% boys born to H-Y
antibody negative patients (P ¼ 0.03).

conclusions: The high frequency of H-Y antibody-positive SRM patients and the association between the presence of these antibodies
in early pregnancy and the low number of male offspring, suggest that maternal immune responses against H-Y antigens can cause pregnancy
losses. Further exploring these mechanisms may increase our understanding of unexplained SRM.
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Introduction
Secondary recurrent miscarriage (SRM) is defined as three or more
consecutive miscarriages after the birth of a child and applies to
�40% of patients suffering recurrent miscarriages (Jivraj et al.,
2001). A possible explanation for the miscarriages is identified in

less than half of the cases following standard investigation (Quenby
and Farquharson, 1993). Some of these unexplained miscarriages
are the result of chromosomal abnormalities that are incompatible
with survival (Morales et al., 2008). Supposedly, more SRMs than
primary recurrent miscarriages (PRMs) are caused by non-
chromosomal causes since the frequency of abnormal embryonic
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karyotypes is significantly lower in patients with SRM compared with
PRM (Coulam et al., 1996).

Based on a 20-year cohort of unexplained SRM patients seen in our
tertiary center for recurrent pregnancy losses, we have observed an
excess of boys born prior to SRM, whereas an excess of girls has been
born after the diagnosis (sex ratio 1.49 versus 0.76; Nielsen et al.,
2010b). Furthermore, the chance of a subsequent live birth is signifi-
cantly reduced in patients with a firstborn boy compared with a girl
(Christiansen et al., 2004; Nielsen et al., 2008a), but this association
applies only to patients carrying HLA class II alleles, restricting
immune responses to male-specific H-Y antigens (Nielsen et al., 2009).

H-Y antigens are encoded by a number of genes on the Y-
chromosome and are ubiquitously expressed by male cells, including
fetal and trophoblast cells (Warren et al., 2000). Maternal immune
recognition of H-Y antigens can be demonstrated in women following
pregnancies with boys (Verdijk et al., 2004). In the non-physiological
situation of hematopoietic stem cell (SC) transplantation, recipients
of parous female SC grafts are more prone to develop
graft-versus-host disease (GvHD) than recipients of either nulliparous
female SC grafts or male SC grafts (Kollman et al., 2001; Loren et al.,
2006). This increased risk of GvHD is believed to be due to the fre-
quent development of a cytotoxic immune response against H-Y anti-
gens (Gratwohl et al., 2001). H-Y antibodies also develop significantly
more often in male recipients with female SC donors compared with
male recipients of male donors (Miklos et al., 2004, 2005), and the
presence of the H-Y antibodies correlates with chronic GvHD. In
addition, H-Y antisera have been shown to be potent in arresting
the development of bovine male embryos in contrast to female
embryos (Utsumi et al., 1993; Ramalho et al., 2004).

The main objective of this study is to investigate, for the first time,
the quantitative and qualitative presence of H-Y antibodies in patients
with SRM using an established sensitive enzyme-linked immunosorbent
assay (ELISA; Miklos et al., 2005).

Materials and Methods

SRM patients
Patients with unexplained SRM, referred to the Danish recurrent miscar-
riage clinic from July 2004 to March 2008, were invited to participate in
this study. SRM was defined as three or more consecutive losses of intrau-
terine pregnancies before the 22nd gestational week subsequent to at least
one pregnancy of minimum 22 weeks gestation. The miscarriages were con-
sidered to be unexplained if the woman had normal uterine anatomy eval-
uated by hysterosalpingography, hysteroscopy or saline hydrosonography,
their menstrual cycles were regular with 21–35-day intervals, they were
negative for the lupus anticoagulant, and the couples had normal karyotypes.
All pregnancies in the patient’s history were confirmed by a positive hCG
test of urine or serum, ultrasonic examination and/or histology of aspirated
tissue from the uterus, data which were documented in the hospital records
or those of the practitioner. Only four of the prior miscarriages had been
karyotyped; one 46 XX and three 46 XY. Sixty-eight SRM patients with a
boy prior to the series of miscarriages and 16 SRM patients with a firstborn
girl were included in the study.

PRM patients
This patient group consisted of 12 patients with unexplained (as specified
for the SRM patient group) PRM, defined as 3 or more consecutive losses

of intrauterine pregnancies before the 22nd gestational week and no
history of live births or stillbirths.

Healthy female controls
The control group consisting of 37 women was recruited by advertising for
women without known diseases, who never experienced miscarriages and
who had given birth to two (n ¼ 26) or three liveborn boys (n ¼ 5) after
uncomplicated pregnancies and births (n ¼ 31), and women who had
never been pregnant (n ¼ 6). Among the never pregnant women, two
never had sexual intercourse with a man, two had used oral contraceptives
since sexual debut and two had a history with years of infertility.

Patients and controls could only participate if they had never received a
transplant or a blood transfusion. Table I provides information on all
included patients and controls.

Blood samples from patients and controls
Serum was obtained after peripheral blood sampling in the first pregnancy
after referral to the Danish recurrent miscarriage clinic at gestational
weeks 4–5 for 77 (80%) patients before i.v. immune globulin (IvIg) treat-
ment was started. Samples from the remaining patients and the controls
were obtained when they were not pregnant but no later than 2 years
after their last pregnancy. Serum samples were cryopreserved and
stored at 2808C until use.

Treatment
Thirty-nine of the pregnant SRM patients were treated with IvIg as soon as
pregnancy was noted in week 4. A dose of 24–30 g per treatment was
infused weekly 4–5 times, followed by fortnightly infusions until gestational
weeks 16–20. No other medical treatment was administered. Patients not
treated with IvIg were followed closely with weekly ultrasound scans
throughout the first trimester followed by individual follow-up plans.

Pregnancy outcome
Among the 77 pregnant patients in the study, 7 (9%) conceived after
assisted reproduction treatment (ART). Information regarding pregnancy
outcome for patients who were pregnant at the time of blood sampling
was retrieved from our database of April 2009. The database contains
information on whether the patient miscarried again or whether the preg-
nancy ended with a birth. Database information is based on the clinical
registrations if the patient miscarried, or questionnaires given to the
patients with ongoing pregnancies covering obstetric complications, sex
of the newborn and its birth weight.

Detection of H-Y and H-X antibodies
by ELISA
Using H-Y antigen expression methods previously published (Miklos et al.,
2004), five H-Y genes [EIF1AY (Entrez gene ID:9086); RPS4Y1 (Entrez
gene ID:6192); ZFY (Entrez gene ID:7544); DDX3Y (Entrez gene
ID:8653) and UTY (Entrez gene ID:7404, 75 kDa fragment encoded by
nucleotides 1365-3127)] and their corresponding 86–93% identical X
homologs [EIF1AX (Entrez gene ID:1964); RPS4X1 (Entrez gene
ID:6191); ZFX (Entrez gene ID:7543); DDX3X (Entrez gene ID:1654)
and UTX (Entrez gene ID:7403, 75 kDa fragment encoded by nucleotides
1480-3290)] were reverse-transcribed from male peripheral blood mono-
nuclear cells, PCR amplified with primers derived from GenBank sequences,
and complementary DNA sequences were confirmed. Each H-Y and H-X
clone was expressed with a C-terminal V5 epitope tag and six histidine resi-
dues in Escherichia coli and purified by histidine affinity chromatography.
Human immunodeficiency virus (HIV) p24 was expressed and purified in
a similar fashion to serve as a negative control for background non-specific
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binding. Purified H-Y, H-X and HIVp24 proteins were individually diluted to
5.0 mg/ml in carbonate binding buffer before coating 96-well ELISA plates
(NUNC Scientific, Rochester, NY, USA) with 50 ml (0.25 mg antigen) per
well. Serum samples (diluted 1:50) were tested for the presence of immu-
noglobulin (Ig) G antibodies reactive with each of the recombinant proteins.
The quantity of IgG specific for each protein was measured in optical density
(OD) units by absorption at 550–450 nm. Antibody testing was performed
in duplicate and the experiments were repeated three times to ensure
reproducibility. All testing was undertaken in a blinded setup. Previously
established positive serum samples from transplantation studies were
included as technical controls (Miklos et al., 2005).

Positivity for H-Y antibodies
Positivity was defined as OD ≥0.1 based on previously tested donors as
described in details elsewhere (Miklos et al., 2004, 2005). Non-specific
responses were defined as positive responses against both the H-Y and
the corresponding H-X protein in contrast to specific responses solely
directed at the H-Y protein. All results presented in this article relate to
specific H-Y responses.

Detection of H-Y and H-X antibodies
by western blotting
Purified H-Y (EIF1AY, RPS4Y, UTY) and H-X (EIF1AX, RPS4X, UTX) pro-
teins (2 mg/lane) were separated by sodium-dodecyl sulphate-
polyacrylamide gel electrophoresis and were electrophoretically trans-
ferred onto Hybond C+ membranes (Amersham Biosciences, NJ, USA).
Proteins were detected with anti-V5 (Invitrogen, CA, USA), or patient
sera (1:500). After washing, the membranes were incubated with second-
ary antibody goat anti-human IgG conjugated to horseradish peroxidase
(Jackson Immuno Research Laboratories, West Grove, PA, USA), and
visualized by enhanced chemiluminescence (Amersham Biosciences).
Fifteen samples were tested by western blot to confirm both specific
and non-specific ELISA results.

Statistical methods
For 2 × 2 table analysis, either Fisher’s exact test or x2 test was per-
formed based on the expected and observed distribution of results. Heat-
maps visualizing the antibody response in OD to each H-Y and H-X
protein of each participating individual were produced using the statistical
programming language R (www.R-project.org) and individuals in each cat-
egory are sorted on the basis of average OD. Statistical significance was set
at P , 0.05.

Ethics
The Danish Central National Committee on Biomedical Research Ethics
approved the study including the recruitment of healthy controls and
transport of blood samples out of the country (approval no.
2004-7041-12). Oral and written informed consent was obtained from
all subjects participating in the study.

Results
The presence of IgG antibodies to five different H-Y proteins and their
H-X homologs was investigated in serum samples from 133 women:
84 SRM patients (66 were early pregnant at time of serum sampling);
12 PRM patients (11 were early pregnant at the time of serum
sampling) and 31 non-pregnant control women with a history of
uncomplicated pregnancies with boys and six women without preg-
nancy history. Figure 1 depicts the ODs of the IgG responses
against each of the H-Y and H-X proteins for each individual included
in this study. None of the controls but 12.5% of the SRM patients had
antibody responses directed at both the H-Y and the H-X homolog
(non-specific responses), P ¼ 0.02. Table II summarizes the frequency
of specific H-Y antibody-positive individuals according to patient or
control category.

Analyses and confirmation of H-Y and H-X
responses by western blotting
Western blot analyses confirmed the ELISA results in 14 of 15 samples
tested. The one sample that was not confirmed was UTY for one
patient whereby the ELISA OD was 0.11 and the western blot was
negative. Five of the tested samples had a low H-Y antibody titer by
ELISA (OD ,0.2). Figure 2 shows two representative samples for
each protein. We found almost full agreement between the results
obtained by ELISA and western blot.

Frequencies of H-Y-specific antibodies in
patients with recurrent miscarriage
Table II summarizes the frequency of H-Y antibodies in SRM patients
and in non-SRM women.

The frequencies of H-Y-specific antibodies were significantly higher
in SRM patients compared with controls as 39 (46%) of patients had

...................................................... ...........................................................................

.............................................................................................................................................................................................

Table I Characteristics of patients and healthy female controls analyzed in this study of the role of H-Y antibodies in
women with SRM.

SRM patients Non-SRM women

Boy born prior
to SRM

Girl born prior
to SRM

PRM Controls two
or three boys

Never pregnant
controls

n 5 68 n 5 16 n 5 12 n 5 31 n 5 6

Age, years

Median 34 34 29 35 25

Range 22–42 25–40 24–36 26–44 16–50

No. births (range) 1 (1–2) 1 (1–2) 0 2 or 3 0

No. miscarriages median (range) 4 (3–9) 4 (3–9) 4 (3–7) 0 0

PRM, primary recurrent miscarriage.
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H-Y-specific IgG antibodies compared with 7 (19%) in controls
(P ¼ 0.004). H-Y antibodies were also significantly more frequent in
women with SRM compared with PRM (8%, P ¼ 0.01). H-Y-specific
antibodies were detected in 33 (49%) of SRM patients with a boy
and in 6 (38%) of those women who delivered a girl prior to the mis-
carriages (P ¼ 0.33). The frequency of H-Y-specific antibody
responses directed against two H-Y proteins did not differ between
SRM patients (13%) and controls (8%, P ¼ 0.55).

In non-SRM women, H-Y specific antibody responses were
detected in 7 (19%) of the 37 control women (Table II). The fre-
quency of antibody responses did not differ between parous controls
and women who had never been pregnant; 6 (19%) of the women
with prior uncomplicated pregnancies with boys had H-Y-specific anti-
bodies compared with 1(17% ) of those who never had been pregnant
(P ¼ 1.0). Also the frequency of H-Y antibody response did not differ
in healthy women with two, compared with three, boys (P ¼ 0.55).
Accordingly, these groups are combined and subsequently referred
to as controls. The one woman who had never been pregnant and

who was H-Y antibody-positive had a history of years of unsuccessful
attempts to become pregnant.

Age of all subjects, number of miscarriages, frequency of pregnant
status at the time of blood sampling and whether pregnancy in the
patients was spontaneous or after ART did not differ between H-Y
antibody-positive and -negative women (P ¼ 0.57, P ¼ 0.11, P ¼
0.63 and P ¼ 0.45 respectively; data not shown).

In summary, H-Y antibody responses were significantly more fre-
quent in SRM patients compared with healthy controls and with
PRM patients.

H-Y-specific antibodies and pregnancy
outcome
The presence of H-Y specific antibodies in early pregnancy may influ-
ence its outcome. This proposition was analyzed in the 77 patients
who were in early pregnancy at the time of blood sampling; 43
(56%) of these pregnancies ended with a live birth, whereas 34

Figure 1 H-Y and H-X antibody responses in serum samples from patients with unexplained recurrent miscarriage and healthy women. Heat maps
visualizing the antibody response in OD units to each H-Y and H-X protein of each participating individual, grouped according to patient or control
status and sorted with the highest mean OD at the top. Positivity is defined as OD ≥0.1. H-Y-specific responses are responses directed at the H-Y
protein and not the corresponding H-X protein. For patients who were pregnant at blood sampling, pregnancy outcome is given. G, girl; B, boy;
0, miscarriage. For control women pregnancy history is given. 2B: given birth to only two boys, 3B: given birth to only three boys, NP, never pregnant.
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pregnancies ended as a miscarriage; gestation of the miscarriages
varied from 5 to 16 weeks. Fetal heart was initially detected in 26
of these cases, whereas no fetal heart was visualized in the remaining
8 (24%) patients who miscarried in week 5 or 6. Eight of the 34 mis-
carriages were karyotyped; one of these was found to be a trisomy 21,
5 were 46 XX and 2 were 46 XY.

Table III compares the presence or absence of H-Y-specific anti-
bodies early in pregnancy with pregnancy outcome and with the sex
of the liveborn offspring. Live birth rates were not significantly different
in H-Y antibody-positive patients (48%) compared with H-Y antibody
negative patients (61%) (P ¼ 0.26). As shown in Table III, only 2 (12%)
of the children delivered by H-Y antibody-positive patients were boys,
which is significantly lower than the 12 (44%) boys delivered by H-Y
antibody negative patients (P ¼ 0.03) and the 51% boys among new-
borns in the general population (Khashan et al., 2009) (P ¼ 0.002).
Thus, the presence of H-Y-specific IgG antibodies in early pregnancy
is associated with a low male: female ratio among the offspring.

H-Y antibodies and IvIg treatment
Twenty-one (54%) of SRM patients treated with IvIg had H-Y antibodies
compared with 12 (44%) of the patients not receiving IvIg. Among the
H-Y antibody negative patients 18 received IvIg while 15 did not
receive this treatment. Live birth rates did not differ among IvIg-treated
and non-treated H-Y antibody-positive SRM patients [8/21 (38%)
versus 8/12 (67%), respectively; P ¼ 0.11] or H-Y antibody negative
patients [11/18 (61%) versus 7/15 (47%), respectively; P ¼ 0.41].

Discussion
In this study we demonstrate that IgG antibodies to male
chromosome-encoded H-Y proteins are more frequent in SRM
patients than in controls. Additionally, the presence of H-Y antibodies
in early pregnancy correlates with a low frequency of male offspring
among patients with recurrent miscarriage.

This is the first study on H-Y antibodies in SRM patients; therefore
we had no a priori knowledge of the frequency of H-Y antibodies
according to obstetric history, preventing the usual sample size calcu-
lation. Larger studies are needed to confirm the herewith-postulated
detrimental effect of H-Y antibodies on the outcome of pregnancies
in SRM patients. Also it is challenging to study the role of HY anti-
bodies in healthy pregnancy, or whether there is any role at all.
None of the controls were pregnant at the time of blood sampling,
which precludes drawing any conclusions from the present study
about the impact of H-Y antibodies in healthy pregnant women. We
found one woman to be H-Y antibody positive, who to the best of her
knowledge had never been pregnant and she had a history of years of
infertility. Whether unprotected sexual intercourse or unrecognized
early pregnancy losses were the causes of H-Y antibody formation
remains unanswered. The live birth rate reported here for unexplained
SRM patients are lower than reported by other centers (Kaandorp
et al., 2010). One explanation for this discrepancy may be the strict
criterion for referral to our clinic: patients were to have a minimum
of three previous consecutive miscarriages verified in medical
records. Another explanation for this discrepancy could be the very
close monitoring of the subsequent pregnancies of our patients: all
patients were advised to call the clinic as soon as the next pregnancy
test was positive in very early pregnancy. The strength of this study is
the large cohort of otherwise unexplained SRM patients and the use of
obstetrically well-described controls. Patients who were in early preg-
nancy when blood was sampled for H-Y antibody analysis were all fol-
lowed up in our clinical database until subsequent birth or miscarriage.
In accordance with previous publications, we found almost full agree-
ment between results obtained by ELISA and western blot (Tan et al.,
2008). Transplantation and blood transfusion as possible reasons for
H-Y antibody formation were prevented by the exclusion criteria.

We found H-Y-specific antibodies significantly more frequently in
SRM patients compared with PRM patients and healthy control
women. SRM patients also showed higher non-specific responses
(against both H-Y and the corresponding H-X proteins) compared
with the female controls, pointing to a generally higher humoral
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Table II Frequencies of H-Y antibody-positive eSRM patients, PRM patients and control women.

SRM patients Non-SRM women

Boy prior to
SRM (n 5 68)

Girl prior to
SRM (n 5 16)

All SRM
(n 5 84)

Never pregnant
controls (n 5 6)

Controls two
boys (n 5 26)

Controls three
boys (n 5 5)

All Control
women (n 5 37)

PRM
(n 5 12)

H-Y
antigens

n (%)

EIF1AY 19 (28) 6 (38) 25 (30) 1 (17) 3 (12) 0 4 (11) 0

RPS4Y1 5 (7) 0 5 (6) 0 3 (12) 0 3 (8) 0

ZFY 0 0 0 0 0 0 0 0

DDX3Y 1 (2) 0 1 (1) 0 0 0 0 0

UTY 16 (24) 2 (13) 18 (21) 0 3 (12) 0 3 (8) 1 (8)

≥1 H-Y 33 (49)a 6 (38)a 39 (46)b,c 1 (17)d 6 (23) 0 7 (19)b 1 (8)c

aDifference in frequencies of H-Y antibody-positive SRM patients according to sex of child born prior to SRM: 11% (215%; 33%), P ¼ 0.33.
bDifference in frequencies of H-Y antibody-positive SRM patients and control women: 28% (9%; 42%), P ¼ 0.004.
cDifference in frequencies of H-Y antibody-positive SRM and PRM patients: 38% (4–52%), P ¼ 0.01.
dThis patient had a history of years of infertility.
eAntibodies with specificity against the H-Y antigen but not the corresponding H-X homolog.
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immune responses in these patients. Although limited by size, the low
frequency of H-Y antibody-positive PRM patients indicates that only
recurrent miscarriages and no prior live birth is unlikely to induce

anti-H-Y immunization. Most patients, but none of the controls
were very early pregnant (gestational weeks 4–5) at the time of
sampling, which could explain the higher frequency of H-Y-specific
antibody responses in SRM patients. However, there are two indi-
cations that the state of early pregnancy per se does not induce
H-Y antibodies. First, the frequency of H-Y antibodies did not differ
between the 77 pregnant and 19 non-pregnant recurrent miscarriage
patients (P ¼ 0.6). Second, 92% of the PRM patients were early preg-
nant at the time of blood sampling, and their frequency of H-Y anti-
bodies was much lower than in SRM patients.

We explored the impact of H-Y-specific antibodies in early preg-
nancy in the 77 recurrent miscarriage patients who were early preg-
nant (gestational weeks 4–5) at blood sampling. The live birth rate
in H-Y antibody-positive and -negative pregnant patients was not sig-
nificantly different, indicating that these antibodies do not increase the
risk of clinically recognized miscarriage. Strikingly, however, patients
with circulating H-Y antibodies in early pregnancy almost exclusively
gave birth to girls (Table III) compared with patients who were nega-
tive for the H-Y antibodies, suggesting a strong and selective response
directed against male conceptuses. The low male: female birth ratio in
H-Y antibody-positive patients and a live birth rate that seemed to be
similar to that of H-Y antibody negative recurrent miscarriage patients
suggest that there is an increased risk of male-specific preclinical losses
before pregnancy is confirmed. Such losses are reported to affect �
60% of human embryos either as implantation failure or very early mis-
carriage before detection of hCG in the serum is possible (Macklon
et al., 2002). Interestingly, the apparent potency of H-Y antisera has
been shown in studies aimed at developing noninvasive techniques
for sex selection of pre-implantation cattle embryos in order to
increase the profitability of dairy and beef cattle production
(Ramalho et al., 2004). Between 80 and 87% of murine and bovine
male embryos that are cultured in high-titer rat H-Y antisera (OD
.1 at 1/256 dilution) arrest their development at the morula stage
in contrast to female embryos (Utsumi et al., 1993; Ramalho et al.,
2004). Although our study provides no data on the H-Y antibody con-
centration in the uterus, the animal studies on sex selection would
suggest male-specific preclinical losses as an explanation for our find-
ings. None of our control women with repeated male births were
pregnant at the time of sampling and, consequently, no information
exists on the role of H-Y-specific antibodies in early pregnancy in
women without a history of recurrent miscarriage.

The causes of the high frequency of H-Y antibodies in SRM patients
are as yet unclear. Unlike PRM, SRM is preceded by a pregnancy that
has lasted to the third trimester, where traffic of potentially allogeneic
fetal cells into the mother’s circulation is peaking (Huppertz et al.,
2006; Adams et al., 2007). Furthermore, and in contrast to the
parous controls with uncomplicated pregnancies with boys, the pre-
ceding pregnancies in SRM patients are often complicated with still-
birth, antepartum hemorrhage, preeclampsia, small for gestational
age and low birthweight.

(Weintraub et al., 2005; Yang et al., 2006; Nielsen et al., 2010b),
characterized by a large transfer of fetal antigens into the maternal cir-
culation as well as abundant release of pro-inflammatory cytokines
into the maternal circulation and locally in the uterus (Gerber et al.,
2005; Girardi et al., 2006; Germain et al., 2007). Accordingly, the cir-
cumstances for sensitization of the adaptive immune system against
fetal or trophoblast antigens are clearly present in SRM patients.

Figure 2 Representative western blots confirming the ELISA
results. Recombinant p24, H-Y and H-X-specific proteins produced
in Escherichia coli were probed in western blots with antibodies
specific for the V5 epitope tag and serum obtained from patients,
as indicated below. The arrow indicates the location of the full-length
recombinant H-Y protein. Corresponding ELISA results (in parenth-
esis) are reported as OD units, determined by absorption at 550–
450 nm. 2.1 SRM pregnant patient who gave birth to a girl (UTY
0.55, UTX negative). 2.2 SRM pregnant patient who miscarried
(UTY 0.27, UTX negative). 2.3 SRM pregnant patient who miscarried
(EIF1AY 0.22, EIF1AX 0.17). 2.4 SRM pregnant patient who gave
birth to a girl (EIF1AY 0.22, EIF1AX negative). 2.5 SRM pregnant
patient miscarried (RPS4Y 0.13, RPS4X negative). 2.6 Control
woman, 2 prior births (boys) (RPS4Y 0.48, RPS4X negative).
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A series of recent studies supports the involvement of male-specific
immunological factors in pregnancy outcome: a poorer prognosis of
male fetuses of asthmatic mothers (Clifton et al., 2009; Clifton,
2010), reduced lifetime reproductive success of siblings either having
a twin brother or preceded by older brothers (Lummaa et al., 2007;
Rickard et al., 2007) and indications that preceding brothers increase
the risk of stillbirth (Nielsen et al., 2010a) and reduce the birthweight
(Nielsen et al., 2008b) in subsequent siblings.

We included patients with SRM subsequent to the birth of a girl,
hypothesizing that only a few of them would be H-Y antibody positive;
that is namely, priming against H-Y antigens most likely happens in the
pregnancy prior to the miscarriages that progress to the third trime-
ster where the transfer of fetal cells to maternal circulation is the
highest. Although the frequency of H-Y antibodies was 11% lower in
SRM patients with a firstborn girl compared with those with a firstborn
boy, the difference between the two groups was not significant. Early
miscarriage of male fetuses as an H-Y sensitization source may explain
the high frequency of H-Y antibodies in patients with firstborn girls.
Since early miscarriages can induce formation of antibodies against
paternally derived allo-antigens, such as rhesus antigens (Murray and
Barron, 1971). However, in our study H-Y-specific antibodies were
rarely detected in patients with only early miscarriages and no prior
birth. An explanation for the findings could be that SRM patients
with a firstborn girl may be sensitized against autosomal minor histo-
compatibility antigens in the first ongoing pregnancy and H-Y anti-
bodies may result from further immunization during subsequent
unsuccessful pregnancies as a consequence of determinant-spreading
processes (Lehmann et al., 1993; Ott et al., 2004).

Finally, SRM patients have been treated in some centers with IvIg.
Our data do not indicate that IvIg treatment increases live birth
rates in H-Y antibody-positive SRM patients. On the contrary, our
data show a trend toward lower live birth rates in SRM-positive
women who did receive IvIg. However, precautions need to be
taken when evaluating these results, as the numbers are small and
the a priori chance of a successful pregnancy is considerably lower
for those allocated for IvIg treatment compared with those who do
not receive treatment. In our center, this expensive treatment is
only offered to patients with a high number of miscarriages and/or
other negative prognostic factors. Larger randomized trials with
sequential H-Y antibody testing throughout pregnancy are needed
to evaluate the impact of IvIg on pregnancy outcome in anti-H-Y
antibody-positive patients.

In summary, we report high frequencies of H-Y-specific antibody-
positive patients with SRM. These responses in early pregnancy are
associated with the sex of the liveborn offspring, suggesting a specific
response against male embryos in patients who are positive for H-Y
antibodies. Our results are the first of their kind and may shed light
on the as yet unknown immunological causes of SRM. Further investi-
gation may provide more knowledge on the hitherto unanswered
questions regarding maternal– fetal interactions in normal and patho-
logical pregnancies.
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