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Abstract Recurrent spontaneous abortion (RSA) is deﬁned as three or more consecutive pregnancy losses prior
to the 20th week of gestation. The etiology of recurrent
spontaneous abortion is often unclear and may be
multifactorial, with much controversy regarding diagnosis and treatment. Reasonably accepted etiologic
causes include, genetics, anatomical, endocrine, placental anomalies, hormonal problems, infection, smoking
and alcohol consumption, exposure to environmental
factors, psychological trauma and stressful life event,
certain coagulation and immunoregulatory protein defects. Detection of an abnormality in any of these areas
may result into speciﬁc therapeutic measures, with
varying degrees of success. However, the majority of
cases of RSA remains unexplained and is found to be
associated with certain autoimmune (APA, ANA, ACA,
ATA, AECA) and alloimmune (APCA, Ab2, MLR-Bf)
antibodies that may play major role in the immunologic
failure of pregnancy and may lead to abortion. Alteration in the expression of HLA-G molecules, T-helper-1
(Th-1) pattern of cytokines and natural killer (NK) cells
activity may also induce abortion. Various forms of
treatment like antithrombotic therapies such as aspirin
and heparin, intravenous immunoglobulin (IVIg) therapy, immunotherapy with paternal lymphocytes and
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Introduction
Recurrent spontaneous abortion (RSA) is usually deﬁned as the loss of three or more consecutive pregnancies prior to 20–28 weeks of pregnancy [46, 68]. It aﬀects
up to 5% of fertile couples [44]. RSA can be classiﬁed
into primary recurrent spontaneous aborters and secondary recurrent spontaneous aborters. Primary recurrent spontaneous aborters are those who have lost all
previous pregnancies and have no live birth. Secondary
recurrent spontaneous aborters are those who have at
least one successful pregnancy irrespective of the number of pregnancies losses. Epidemiological studies suggest that the risk of subsequent pregnancy loss is
approximately 24% after two clinical pregnancy losses,
30% after three and 40% after four consecutive spontaneous abortions [158]. In the vast majority of the
cases, the etiology is unknown and several hypotheses
have been proposed on the basis of available data. The
causes could be chromosomal [165], genetic [191], anatomical [201], endocrinological [40], placental anomalies
[99], infection [113], smoking and alcohol consumption
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[68], exposure to environmental factors such as lead,
mercury, ethylene oxide and ionizing radiations [143],
and stress factors [187]. In addition to these certain
autoimmune [204] and alloimmune factors [53] may also
play major role in the immunologic failure of pregnancy
in women with RSA. The immunological relationship
between the mother and the fetus is a bi-directional
communication determined on one hand by fetal antigen
presentation and on other hand by recognition and
reaction to these antigens by the maternal immune system. Immunological recognition of pregnancy is
important for the maintenance of gestation. Inadequate
recognition of fetal antigens or increased sharing of
human leukocyte antigens with the father may inhibit
the production of anti-HLA antibodies. Several investigators reported that decreased expression of antipaternal cytotoxic antibodies (APCA) [127], antiidiotypic
antibodies (Ab2) [83] and mixed lymphocyte reaction
blocking antibodies (MLR-Bf) [3] might lead to abortion
in women with RSA. In addition, alteration in expression of HLA-G molecules [7], T-helper-1 (Th-1) pattern
of cytokines [103] and natural killer (NK) cells cytotoxicity [10] may also induce abortion in women with
RSA. Various forms of treatment like antithrombotic
therapies such as aspirin and heparin [31], intravenous
immunoglobulin (IVIg) therapy [65], lymphocyte
immunization with paternal lymphocytes [129] and recently used 1alpha, 25-dihydroxy-vitamin-D3 (VD3]
therapy [26] are eﬀective treatments for alloimmune
cause of RSA. Their eﬀects are attributed to the
appropriate induction of humoral factors [192], shift
from Th-1 to Th-2 status [30] and result into signiﬁcant
inhibition in NK cell activity in women with RSA [98].

Uterine anomalies
Congenital uterine anomalies like septate uterus, bicornuate uterus and uterus didelphys resulting from
incomplete fusion of Mullerian ducts are commonly
associated with RSA [63]. A higher incidence [38%] of
cervical incompetence was detected in women with a
bicornate uterus [62]. The reported incidence of anatomic uterine defects range from 1.8 to 37.6%, and include cases of late abortion, immature delivery and
minor mullerian (hypoplastic and arcuate uterus) defects
[2]. The selection for surgical correction (metroplasty)
must be individualized only in women with repeated late
trimester losses or prematurity, because cervical cerclage
is the primary choice of therapy for a bicornuate uterus.
Among all major mullerian defects, a didelphic uterus
yields the best prognosis [1]. The removal of intrauterine
adhesions by hysteroscopic resection may beneﬁt patients suﬀering with RSA [63]. The most commonly
abnormalities noted on the hysterogram include a small
T-shaped uterus with cavity constrictions [20]. Hysteroscopic lateral metroplasty may decrease pregnancy
loss in women with RSA [122]. Cervical incompetence
due to sudden rupture of membranes followed by

painless miscarriage is one of the frequent causes of
second trimester miscarriage. Cervical cerclage is the
recognized treatment in these cases. However, its eﬀectiveness is unclear [180].

Chromosomal abnormalities
Several studies investigated that most of the abortion in
women with RSA may be due to de-novo numerical
abnormalities, in particular autosomal trisomies for
chromosomes 13, 14, 15, 16, 21 and 22, followed by
monosomy X [70, 71, 178, 183]. Abortion in women with
RSA may also be due to recurrent chromosomal
anomalies on the fetus as a result of balanced aberration
in one of the parent inherited by the oﬀspring in an
unbalanced form. The parental chromosomal aberration
might be either a structural anomaly reciprocal or robertsonian translocations, or mosaicism for numeric
aberrations. Recent studies have demonstrated extremely high (>90%) skewed X-chromosome inactivation (the preferential inactivation of one of two X
chromosomes in female cells) among women who
experienced RSA [17, 196].
Carp et al [33] performed karyotyping in series of 125
embryos from women with RSA and found chromosomal aberrations in 36 cases only. Of these, two were
structural anomalies that could have been inherited, and
the other 34 (94%) were trisomies that might have
occurred by chance. Approximately 29–60% of abortion
in women with RSA was due to chromosomal aberrations of the embryo [23, 33, 125]. However, Carp et al
[32] found a higher prevalence (10.8%) of parental
chromosomal aberrations than found in literature (3–
5%) [49]. Hence American colleges of Obstetrics and
Gynecologists [8] and Royal colleges of Obstetrics and
Gynecologists [164] oﬃcially recommended to karyotyping both maternal and paternal chromosomal aberrations in RSA couples. Fetal karyotyping is also
recommended to determine if the incidence of fetal
chromosomal aberrations is maternally or paternally
derived. The introduction of ﬂuorescence insitu hybridization (FISH) has enabled the chromosomal assessment
of embryos. Various studies also suggested the initial
applications of preimplantation genetic diagnosis (PGD)
to prevent the unbalanced transmission of parental
balanced translocations [41, 120, 172] that may useful to
improve maternal age [86] and abortion in women with
RSA [165].

Thrombophilic disorders
A successful implantation during pregnancy requires a
balanced equilibrium between coagulation, ﬁbrinolysis
and vascular remodeling by the process of angiogenesis
in order to avoid excess ﬁbrin accumulation in placental vessels and intervillous spaces [28]. However,
thrombosis in decidual vessels is reported to be one of
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the major causes of RSA [13] and could be explained
by excessive thrombosis of the placental vessels, placental infarction, and secondary uteroplacental insuﬃciency. Proposed mechanism include (i) inhibition of
thrombolytic system, placental thrombosis and infraction due to deﬁciencies in the coagulation factors,
protein C, protein S, antithrombin III [146, 171], ﬁbrin
stabilizing factor II (FXII) [24, 126] and ﬁbrin stabilizing factor III (FXIII [9] (ii) mutations and polymorphism in several other procoagulatory factors such
as plasminogen activator inhibitors-1 (PAI-1), plasminogen activator inhibitors-2 (PAI-2), coagulation
factor V (FV) or prothrombin (FII) [93, 169, 207],
angiotensin I–converting enzyme (ACE) [27].
The most common inherited thrombophilias are heterozygosity for the factor V Leiden (FVL) mutation
(G1691 A) [25, 50, 57, 64, 109, 140, 161] and prothrombin
gene mutation (FII, G20210) [144, 203] However, several
studies did not ﬁnd any relation between abortin and
factor V Leiden mutation and Prothrombin gene polymorphism (G20210) in women with RSA [95, 132, 140,
151, 175]. A recent meat-analysis on the relationship
between thrombophilia and fetal loss in 31 studies revealed that factor V Leiden mutation was associated with
early and late recurrent fetal loss. However prothrombin
G20210A mutation was only found to associated with
early recurrent fetal loss, no association between methylenetetrahydrofolate (MTHFR) mutation and fetal loss
has been reported [159]. Thus there is a weak association
between thrombophilia and RSA, however, presumed
relationship between thrombophilia and RSA has become
suﬃcient to allow the presence of thrombophilias to be an
indication for treatment with anticoagulant drugs [208].

Endocrinological abnormalities
Endocrinological abnormalities associated with RSA are
polycystic ovary syndrome (PCOS), luteal phase defect,
thyroid dysfunction and diabetes mellitus [156]. PCOS is
essentially a problem of ovarian hyperandrogenism,
probably resulting from a primary abnormality in
androgen biosynthesis [80]. Hyperinsulinemia and
obesity are common features. On ultrasound examination, the incidence of PCOS is very high in-patient with
RSA, ranging from 44 to 82% [195]. Hyper-secretion of
luteinizing hormone (LH) occurs in women with this
syndrome. Increased LH secretions may have adverse
eﬀects on the developing oocyte or endometrium either
directly or indirectly by causing an elevation in the levels
of testosterone and estrogen [199]. Women with PCOS
have a 25–40% increased risk of abortion [22]. The best
management option is induction of ovulation by
boosting follicle stimulating hormone (FSH) [80]. The
luteal phase defect in women with RSA is characterized
by inadequate endometrial maturation that results in a
qualitative or quantitative disorder in corpus luteum
function, characterized by inadequate progesterone
production. However, its signiﬁcance in RSA has been

questioned because there are no accurate methods for its
diagnosis, and no convincing evidence of correction with
treatment [22]. The best and viable diagnostic test is late
luteal phase endometrial biopsy, but it is invasive,
uncomfortable and expensive [180].
Coulam and Stern [43] proposed progesterone therapy either as a vaginal suppository or an intramuscular
injection. However, other treatment protocols include
clomiphene citrate and gonadotrophins. Thyroid dysfunction and diabetes mellitus are other traditionally
quoted causes of RSA, but their contribution to RSA is
not clear [43, 87]. In one series, women with thyroid
autoantibodies had an abortion rate of 17% compared
to a control rate of 8.4% [176]. However, in insulindependent diabetic women the incidence of miscarriage
in early pregnancy is 15% (with good glycemic control)
and 45% (with poor control) [180]. Higher pregnancy
loss in women with poor glycemic control may be due to
the embryotoxic eﬀects of hyperglycemia. However,
glucose tolerance is warranted for women with RSA of
second or third trimester pregnancy loss or with clinical
signs of diabetes mellitus [43].

Microbial infections
Various infections may cause RSA, in second trimester
of pregnancy but the role of infection in ﬁrst trimester
RSA is still controversial [115]. Since the main route of
infection to the placenta and fetus is from the vagina
and cervix, most studies have attempted to ﬁnd an
association between RSA and abnormal bacterial ﬂora
in the lower genital tract, vagina, and cervix. Chlamydia trachomatis could provoke abortion in women
with RSA because of a strong immunological reaction
to the speciﬁc bacterial protein [202]. Moreover, C.
trachomatis infections of the cervix have been associated with second trimester abortions and premature
membrane rupture [108]. Infections of mycoplasma
[174], human cytomegalovirus [177], adeno-associated
virus (AAV) [21] and human papillomaviruses (HPV)
[76] in pregnant women are the main causes of RSA.
However, recent ﬁndings of Matovina et al. [113] revealed that there is no role of C. trachomatis, Ureaplasma urealyticum, Myeoplasma hominis, HCMV, or
AAV infections in women with RSA during ﬁrst trimester of pregnancy.

Maternal diseases
Maternal diseases are associated with an increased risk
of fetal loss. These include very rare connective tissue
disorders such as marfan syndrome, ehler-danlos syndrome and pseudozanthoma elasticum. Hematological
disorders like sickle cell anemia, dysﬁbrinogenemia,
congenital hypoﬁbrinogenemia, aﬁbrinogenemia, Wilson’s disease and hyperhomocysteinemia may also cause
recurrent miscarriages in the mother [170]
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Male factors
Hyperspermia (sperm count more than 250 million/ml)
and oligospermia (sperm count less than 20 million/ml)
are frequently associated with miscarriages. In a study
by Buckett et al. [29] a hypo-osmotic swelling test score
was found to be signiﬁcantly lower in semen samples
from men whose partners experienced unexplained ﬁrst
trimester recurrent abortions.
Toxic factors
The environmental toxins can cause abortions such as
certain chemotherapeutic drugs and colchicine may
cause recurrent miscarriages. Smoking, alcohol and
coﬀee consumption have little eﬀect on women with
RSA. Only heavy users of these substances are at an
increased risk for abortion. There is a clear statistically
signiﬁcant association with coeﬀe intake, cigarette
smoking, alcohol consumption and abortion [14].
Psychological factors
Various studies have reported that immunological
functions during pregnancy in women with RSA are
aﬀected by various psychological and stressful life events
[81, 187]. Couples experiencing RSA are often frustrated
and emotionally disturbed. Those caring for them must
recognize the agony involved and deal with the situation.
Recently, Arc et al. [12] correlated the high stress score
and signiﬁcant elevation in the numbers of CD8+ T
cells/activated mast cells in decidua of women with
sporadic spontaneous abortion. They hypothesized that
these activated immune cells induced the secretion of
Th1 cytokines, which trigger the process that lead to
vasculitis, aﬀecting the maternal blood supply to the
embryo. This is speculated to be a major abortion
causing mechanism in depressed women with RSA.
However, ‘‘tender loving care’’ has been reported to play
an important role in the maintenance and success of
pregnancy rate in women with RSA [181].

Autoimmune factors
Autoimmune factors represent the immunologic response of the mother to a pregnancy (self-immune
problem) that can cause fetal rejection in 30% of women
with RSA. Various autoantibodies that can cause
abortion in women with RSA are anti phospholipid
antibodies (APA) [204], antinuclear antibodies
(ANA)[55], anti thyroid antibodies (ATA) [30], and anti
endothelial cell antibodies [163] (Fig. 1). Recently Yamada et al. [204] have reported diﬀerent types of anti
phospholipid antibodies (Lupus anticoagulant, Anticardiolipin b2-glycoprotein IgG/IgM/IgA, anticardioli-

pin IgG/IgM/IgA, antiphosphatidylserine prothombin
IgG/IgM, antiphosphatidylethanolamine IgG/IgM) in
women with RSA. However, Benito et al. [19] and
Malinowski et al. [106] reported a higher prevalence of
anticardiolipin antibodies in women with ﬁrst trimester
pregnancy loss.
Phospholipid molecules are normal components of
cell membranes and act like a glu that holds the dividing
cells together, which is necessary for growth, and
development of the placenta. The production of antibodies to phospholipid molecules may inhibit the
development of placenta at the materno-fetal interface.
These antibodies themselves do not cause miscarriage
but can speciﬁcally damage the inner wall of the blood
vessel, which allows blood cells to stick to the site of the
injury and cause blood clot formation. The combination
of blood clots and constricted blood vessels may impair
blood supply to the fetus and placenta resulting in
complete fetal demise or growth retardation in women
with RSA [186, 197] (Fig. 1). Women with RSA of unknown etiology have a higher incidence of ANA [55]
which indicated that there may be an underlying autoimmune process that aﬀects the development of the
placenta and can lead to early pregnancy loss. Histones
are proteins, which combine with the DNA of the cell
nucleus to govern the development of tissues. Antibodies
to these histones mean the mother is developing immunity to histone components of DNA but the mechanism
by which ANA can cause pregnancy loss is still not
known.
Women with thyroid antibodies double their risk of
miscarriage as compared with women without these
antibodies [30]. Increased levels of thyroglobulin and
thyroid microsomal (thyroid peroxidase) autoantibodies
are associated with an increased miscarriage rate, and as
many as 31% of women experiencing RSA are positive
for one or both antibodies. Risk of fetal loss increases to
20% in the ﬁrst trimester of pregnancy and there is also
an increased risk of post-partum thyroid dysfunction.
Therefore, antithyroid antibody should be routinely
tested in women with a history of two or more losses of
pregnancy who show thyroid abnormalities. During
implantation, the trophoblast mononuclear cells inﬁltrate and surround the utero placental vessels while
establishing the maternal blood supply to the fetus [141].
The cause of this inﬁltration is not known, but the
migration of endovascular trophoblast may be inhibited
by anti-endothelial cell antibody in women with RSA
[163].
Alloimmune factors
The success of pregnancy in the face of potential
maternal immune reactions has been largely attributed
to the placenta, which appears to serve as an immunological barrier. The ability of the trophoblastic tissue to
survive in the conditions of allograft rejection was initially attributed to its non-antigenic nature. But later it
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Fig. 1 Abortogenic and anti-abortogenic events in recurrent
spontaneous aborters and women with normal pregnancy: During
pregnancy HLA-G peptides are recognized by killer inhibitory
receptor (KIR) of NK cells. This interaction down regulate the NK
cell function by blocking its cytotoxicity, suppressed T-cells activity
for production of Th-1 cytokines (TNF-a, TNF-b, IFN-c, IL-2],
inhibit the B-cell activity for expression of auto antibodies (APA,
ANA, ATA, AECA) as well as, inhance B-cell function to produce
alloantibodies (APCA, Ab2, MLR-Bf) and T-cell function to
produce Th-2 cytokines (IL-3, IL-4, IL-5, IL-10, IL-13, TGF-b).
However, HLA G peptides crosslinking with KAR of NK cells,
induces the expression of Th-1 cytokines, autoantibodies and NK
cell cytotoxicity as well as inhibit the expression of alloantibodies
and Th-2 cytokines. Certain placental factors (IDO, spermine,
feutin, glycodelin) and progesterone induced factors (PIBF,
asymmetric IgG, TJ-6 glycoproteins) expressed during normal
pregnancy act as a immunoregulatory molecules as they shift
maternal immune response in Th-2 direction and make the
pregnancy successful. Reduced expression of these molecules may
lead to fetal loss in women with RSA. In addition, Fas and FasL
interaction between maternal activated immune cells and implanted
trophoblast triggers the programmed cell death for maternal
activated immune cells and prevent the fetal loss

was investigated that trophoblast expresses major histocompatibility complex (MHC) antigens on its surface
[200] which when recognized by maternal immune system triggers some alloimmune mechanism essential for
the development of maternal immunotolerance [16, 45,
53, 61, 150]. However, RSA especially that of unknown
etiology has been attributed to the following alloimmune

characteristics that elicits weather the fetus will survive
or reject during pregnancy.
Alloantibodies
When a woman becomes pregnant, maternal immune
system usually recognizes the paternal HLA as diﬀerent
from her own and induce the expression of several alloantibodies (APCA, Ab2, MLR-Bf) that may coat the
fetus and protect it from the cytotoxic maternal immune
responses. However, absence or reduced expression of
these alloantibodies during pregnancy may cause abortion in women with RSA [83, 116, 130] (Fig. 1). Regan
et al. [157] have reported 10% APCA positivity in women with RSA as compared to 32% of women with
normal pregnancy. Similarly, Hasegawa et al. [69] have
reported less than 8.7% APCA positivity in women with
poor pregnancy outcome. We have also demonstrated
that APCA were present only in 8.5% of women with
RSA as compared to 33–46% in women with normal
pregnancy [5]. Anti-anti HLA antibodies (Ab2) and
seemingly clonotypic antibodies recognize alloantigens
receptor on T-lymphocytes and induce the suppression
in alloimmune response during normal pregnancy [154,
155, 179, 184, 185]. We also evaluated the prevalence of
Ab2 in women with RSA as well as in women with
normal pregnancy and found a 30% Ab2 positivity in
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women with normal pregnancy as compared to none in
women with RSA which indicated that role of Ab2 is
important for maintenance of pregnancies [83, 128].
A similar fetoprotective eﬀect of MLR-Bf was observed [129, 152]. Tamura et al. [192] found MLR-Bf
positivity in 82.4% women with normal pregnancy as
compared to 10% of women with RSA. They also
demonstrated that a blocking eﬀect of MLR-Bf was
inhances as the pregnancy progresses and once it is
developed may also be helpful with subsequent pregnancies. Our study on time-kinetics of MLR-Bf during
the course of a successful pregnancy showed maximum
levels during the ﬁrst trimester and a progressive decline
through the subsequent trimesters and post-delivery [5].
We further investigated that whether the MLR-Bf was
directed towards the paternal cells or not and found that
MLR-Bf was speciﬁc to paternal cells only [5]. We have
also investigated that MLR-Bf developed during pregnancy as well as in women with RSA after paternal
lymphocyte immunotherapy is immunoglobulinG-3
(IgG-3] in nature [130] and protects the fetus from the
maternal immune reaction. Several studies reported that
MLR-Bf does not play protective role in the maintenance of pregnancy [47, 58, 84, 136]. However, there are
many evidences which suggested that MLR-Bf expressed
during pregnancy as well as in women with RSA after
paternal lymphocyte immunotherapy prevents abortion
and make the pregnancy successful [105, 106, 145, 152,
157, 210].
HLA-G molecules
HLA-G mRNA is identiﬁed in all extravillous trophoblast populations that are involved in the regulation of
immune responses at the maternal–fetal interaction by
allorecognition of NK cells [4, 89, 91, 134]. HLA-G is
reported to presents the peptides that speciﬁcally activate either NK inhibitory receptors (KIR) or NK activating receptors (KAR) and induce the cytotoxicity that
may inﬂuence pregnancy by altering cytokine proﬁles,
suppression of T-cell subsets, and altered NK cell and
monocyte function [104]. Several studies demonstrated
that when HLA-G peptides are recognized by KIR of
NK cells, it may ﬁrst down regulate the NK cell function
by blocking its cytotoxicity, secondly, suppressed the
activity of certain T cells that may serve as an activator
of CD8+ cells and trigger the mechanism by which
trophoblast grows or rejected [89, 117] (Fig. 1). Recently
Haviid et al. [72] investigated the HLA-G polymorphism
in couples with RSA and compared their results with
normal fertile couples. Although no signiﬁcant diﬀerence were found in the distribution of HLA-G alleles
between controls and RSA couples, 15% of the women
who aborted carried the HLA-G*0106 allele compared
to 2% of those that did not. Aldrich et al. [7] also
evaluated the role of HLA-G polymorphisms in 113
women with RSA and found a signiﬁcant association
with increased risk for RSA. Thus normal expression of

HLA-G genotype during pregnancy may be important
for healthy maternal fetal interactions.

Natural Killer cell activity
NK cells mediate nonmajor histocompatibility complexrestricted cytotoxicity of target cells and play a crucial
role in immunologic defense and regulation. High preconceptional peripheral NK cell activity in women with
RSA is found to associate with subsequent abortion [10].
Whereas, peripheral blood NK cell activities are significantly decreased during early pregnancy as compared to
the non-pregnant status [97]. Absolute NK cell activity
decreases in third trimester compared to the activity in
normal non-pregnant controls and increased again
during postpartum [77]. Studies on peripheral blood NK
cells in women with RSA show that women sharing
HLA DQ A1 alleles with their spouses have increased
activities of CD56+ cells in the peripheral blood as
compared to women with normal pregnancies [96]. Increased numbers of CD56+ cells were also documented
in the endometrium of women with RSA when endometrial NK cells were compared in luteal phase endometrial samples from women with RSA and from
normal subjects [39]. Endometrial biopsies of several
women with RSA showed a signiﬁcant increase of various cell populations (CD4+, CD8+, CD14+, CD16+/
CD56+) as compared to women with healthy live births
[148]. However, deciduas of women with RSA also
showed an increased number (40%) of CD56+/CD16
cells that produce suppressor factors and cytokines [15].
Several studies demonstrated that activation of the
maternal NK cells induces subsequent abortion in women with normal chromosomes [51, 205]. Thus other
proposed mechanism for fetal loss in women with RSA
related to the alteration in the NK cell activity by the
induction of Th-1 pattern of cytokines [107, 134]
(Fig. 1). Hence it is possible that suppression of NK cells
activity may prevent maternal alloimmune reaction in
the fetus.
T-helper-1 (Th-1) and T-helper-2 (Th-2) balance
A Th-1 type reaction in the maternofetal interface
mainly triggers the inﬂammatory response with increase
of interferon- gamma (IFNc), tumor necrosis factorbeta (TNF-b), IL-2 and TNFa, which contribute to
trophoblast toxicity and failure of pregnancy in women
with RSA [11, 78, 103] (Fig.1). Signiﬁcant levels of IL-12
was also found to associated with abortion in women
with RSA as it induced the secretion of Th-1 cytokines
and suppressed the secretion of Th-2 cytokines which is
incompatible with a successful pregnancy [74, 209].
These Th-1 type cytokines may damage the placenta
directly or indirectly via the activation of certain immune cells. TNF-a may cause fetal expulsion due to
uterine contraction or may cause necrosis of implanted
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embryos, alternatively TNF-a could act by occluding the
blood supply to the conceptus. IFN c has been shown to
inhibit the secretion of granulocyte macrophage colony
stimulating factor (GM-CSF) that promotes the growth
and diﬀerentiation of the trophoblast during normal
pregnancy as compared to pregnancy in women with
RSA [137, 162]. The lack of GMCSF may be deleterious
to the trophoblast whereas Perricone et al. [137] have
observed its increased level after intravenous immunoglubulin (IVIg) given to pregnant women with RSA.
Transforming Growth Factor b2 (TGFb2) is also induced decidual anti-proliferative activity and is reduced
in deciduas from women with RSA as compared to
women with normal pregnancy [101]. Interestingly the
activity of the decidua derived TGF-b2 is boosted by
immunization that prevents abortion in mice [38]. In
addition, Th-1 type cytokines induced NK cells and
lymphokine activated killer (LAK) cells activity, however, Th-2 type reaction triggers the secretion of noninﬂammatory cytokines (IL-3, IL-4, IL-5, IL-10 and IL13] during normal pregnancy that promotes the success
of pregnancy by alloantibody induction, counter
inﬂammation and suppression of the NK cell activity
[67, 79, 92, 138, 149, 166, 200] (Fig. 1).
Fas–FasL interaction
Several studies demonstrated that Fas or CD95 (type-I
membrane protein of 45 kDa) is highly expressed on
activated maternal immune cells (T cells and NK cells),
where as Fas ligand (FasL) (type-II membrane protein of
37 kDa) is expressed on the surface of trophoblast [66, 82,
121]. The critical role of Fas/FasL interaction between
activated mother’s immune cells and trophoblast, during
pregnancy initiates a cascade of events that culminates in
the activation of caspases. It leads to apoptosis of activated immune cells that may block alloreactive responses
and prevent the pregnancy failure [137, 167, 173]. This
mechanism was generally regulated, by two speciﬁc proteins (Bcl-2 and bax) that can promote or inhibit apoptosis process [99, 167]. However, the decreased expression
of bcl-2 and increased expression of bax in the deciduas
are among of the characteristic features of pregnancy
failure in women with RSA [90, 99, 100]. These ﬁndings
suggested that FasL expressed on the surface of trophoblast cells could induce apoptosis in activated maternal
(Th-1) cells. This may provide a mechanism for maternal
immune tolerance to the fetus (Fig. 1). Hence reduction
of Fas or FasL during pregnancy may be associated with
fetal loss in women with RSA.
Hormonal activity
Some hormones like relaxin have been reported to favor
the development of human Th-1cell response that
induces abortion during pregnancy [138]. It is also
reported that human placenta synthesizes a human

placental growth hormone (HPGH) during pregnancy
that could play an active role in feto-placental tolerance
by acting on the immune system [59, 75]. Progesterone
produced at high level during early pregnancy stimulates
the production of TJ6 glycoprotein (55 kDa) in the
uterus [56, 134]. The membrane form of TJ6 is expressed
on B-lymphocytes during successful pregnancies (Fig. 1)
and anti TJ6 binding antibodies destroy early pregnancy
in mice. However TJ6 secreted protein bound to receptors of cytotoxic NK cells at the implantation site induces apoptosis and cause unfavorable outcome of
pregnancy [42, 123, 160].
The immunomodulatory eﬀect of progesterone may
be thought to be the stimulation of progesterone induced
blocking factor (PIBF) that may exert immuno-modulation by inhibiting NK cell activity and inducing the
Th-2 response [189, 190]. However, its level decreases in
women with RSA [35, 188]. PIBF induces the synthesis
of asymmetric antibodies (IgG) during pregnancy,
whereas its absence or decreased expression during
pregnancy may cause abortion in women with RSA [92,
94]. Progesterone associated endometrial proteins or
placental derived glycodelin found in epithelial glands of
endometrium, endometriotic tissues, epithelial cells of
umblical cord, human fallopian tube, decidua amniotic
ﬂuid, normal and ovarian tumours also act as immunosuppressive agent during pregnancy [213] (Fig. 1). On
the other hand low levels of these proteins might lead to
RSA and termination of pregnancy [142].
Indolamine 2,3-dioxygenase (IDO)
Munn et al. [119] showed that after several days of
implantation, placenta starts to synthesize a tryptophan
catabolizing enzyme, indolamine 2, 3-dioxygenase (IDO)
that suppresses T-cell activity and protects the fetus from
the adverse maternal immune response (Fig. 1) However
inhibition of this enzyme during pregnancy leads to fetal
loss in allogeneic pregnancies but not in T-cell deﬁcient
mothers. The mechanism of such fetal loss is still an
immunological enigma that may be related to the consequences of inhibition of IDO on T-cell traﬃcking.
Spermine and feutin
Spermine and feutin are the plasma glycoprotein molecules that are present in amnions and counter regulate the
immune response by inhibiting the expression of various
proinﬂammatory cytokines that can damage the placenta
[212] (Fig. 1). Fetal plasma glycoprotein feutin is required by the plasma glycoprotein, spermine to counter
regulates TNF-a production during pregnancy [198].
Various treatment for women with RSA
Various forms of treatment have been introduced to
treat women suﬀering with RSA. Before eﬀective treat-
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ment can be instituted, the cause of pregnancy loss must
be determined. Once this has been determined the most
suitable therapy can be recommended and applied.
Heparin plus aspirin, aspirin alone, IVIg administration
and immunization with allogenic lymphocytes are the
most common treatments in women with RSA. Recently
Jerjak et al [85] have used heparin/aspirin, aspirin alone,
steroids, or combine therapy intravenous immunoglobulin and alloimmunization for the treatment of women
with RSA, where he observed 80.5% success rate in
immunized women.
Aspirin/heparin therapy
Among women with the combined problems of APA
and elevated NK cells who become pregnant with preconception treatment, live birth rate is about 70%. The
initial treatment of choice is usually low dose heparin
and aspirin therapy. Heparin is a very large molecule
and is unable to cross the placenta whereas, aspirin is
able to cross the placenta. Normal placentation requires
some degree of inﬂammation and the activation of the
coagulation pathways permit the anchoring of chorionic
villi. If inﬂammation and coagulation are involved in
sustaining the fetus, it is contradictory that heparin, and
aspirin could function as antiabortogenic drugs [31]. The
other treatment modalities for antinuclear antibodies are
prednisone, which suppresses the inﬂammatory process
and stabilizes the cell.

speciﬁc T-cell suppression [18, 112], decrease in the level
of maternal IL-2 receptors [88], shift to Th-2 type
immunity and suppression of NK cell activity [60, 73, 90,
131]. Thus there is popular belief that whenever there is
failure of induction of this protective immune response,
failure of pregnancy occurs [37]. We did a meta analysis
of various randomized and nonrandomized clinical trials
for lymphocyte immunization in women with RSA.
Women with RSA who received paternal lymphocytes
were considered as study group and those who received
autologous lymphocytes, third party lymphocytes and
normal saline were considered as control group. When
we compared the success rate in pooled data of trials we
found 67% success rate in paternal lymphocytes immunized women with RSA under study group as compared
to 34% success rate in women with RSA of control group
(P<0.05) [131], This is in favor of the eﬃcacy of paternal
lymphocyte immunotherapy as a therapeutic approach
for the treatment of women with RSA. However, the
drawback of these studies is the small sample size and few
of these trials have no control groups for comparisons.
Women randomized to immunotherapy tended to be
older and reported to be at higher risk of RSA than those
randomized to other treatment (autologous cells, third
party cells, saline) or no treatment. Although these differences were not signiﬁcant, we cannot exclude a
potentially worse prognosis in women allocated to
immunotherapy since there were older women in this
group compared with the control group.

Intravenous immunoglobulin (IVIg) therapy

1a, 25 –dihydroxy-vitamin-D3 (VD3] therapy

Among women for whom pregnancy loss are due to
immunological reason and has occurred even with the
use of heparin and aspirin, IVIg therapy remains a safe
alternative of treatment [36, 48, 182]. The basic eﬀect of
IVIg is to neutralize the cytotoxic eﬀect of maternal
immune response against the fetus. However, several
studies demonstrated that IVIg suppress the activity of
antiphospholipid antibodies, passively transferred
blocking or antiidiotypic antibodies [34] that inhibit the
binding of antiphospholipid antibodies to corresponding
antigens, inactivate idiotype bearing B cells, down regulate the B-cell function [124], alter T-cell subsets,
modulate, cell-mediated responses, perform blockade of
immunoglobulin Fcg R on monocytes as well as reduced
NK cell activity, cytokine production [52] and inhibit the
complement activation [65, 118].

VD3 and its analogs were already known to be eﬀective
in the treatment of Th-1 immunity-mediated disease.
Thus recently Bubanovic [26] proposed VD3 as new
immunomodulatory agent for the treatment of women
with RSA as it also belongs to the class of Th-1 immunity
disease. He used a dose of 5–10 lg/kg of body weight of
VD3 with or without immunosuppressive/anticoagulant
therapy and found very encouraging results. The mechanism of VD3 activity, however, is not yet fully understood since this vitamin is pleiotropic but it is thought to
down regulate the production of Th-1 cytokines, such as
IL-2, IFN-c, IL-1, IL-6, IL-8 [110, 212] as well as increased Th-2 associated cytokines in T cells from adults.
VD3 also inhibits not only IL-12 generated IFN-c production, but also suppresses IL-4 and IL-13 expression
induced by IL-4 [111, 139]. As the eﬀects of VD3 are very
similar with immunomodulatory eﬀects of IL-10, it was
believed that VD3 could be used as local immunomodulatory drug for the treatment of RSA.

Lymphocyte immunotherapy
Various recent studies demonstrated that paternal lymphocyte immunization in women with RSA induce the
level of humoral antibodies like APCA [114, 127], Ab2
[83] and MLR Bf [5, 6, 102, 129, 147, 152, 192] that were
correlated with the success of pregnancy. In addition
other beneﬁts of this therapeutic approach was a non

Risk and side eﬀects of therapies used for treatment
of women with RSA
When deciding whether immunization can be recommended as a treatment in women with RSA, potential
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risk and side eﬀects must be considered. There are various reported risk and side eﬀects of diﬀerent therapies
used for treating the women with RSA that include
transmission of infectious organisms (cytomegalovirus,
hepatitis B and C viruses and the human immunodeﬁciency viruses). Antithrombotic therapies such as aspirin
and heparin have not been uniformly successful and may
be associated with fetal hemorrhage whereas, obstetrical
complications such as preterm birth, premature rupture
of the membrane and gestational diabetes are more
common with prednisone [94]. Adverse eﬀects of lymphocyte immunotherapy and IVIg immunization in
women with RSA included headache, nausea, preterm
labor, hypotension, paralysis, neonatal alloimmune
thrombocytopenia, cerebral haemorrhagia, perinatal
hypoglycemia and placental insuﬃciency, intrauterine
growth retardation, graft versus host disease and
mosaicism [135, 153, 194, 206]. Tanaka et al. [193] reported a very rare case of transient neonatal thrombocytopenia in infant was delivered by womenwith RSA
immunized with paternal lymphocytes. Serological
examination revealed that the thrombocytopenia was
triggered by maternal anti HLA antibodies (anti-HLA
IgG), which are easily absorbed by various fetal tissues.
Isolated cell suspension used for immunization often
contains erythrocytes, which may immunize women
against paternal blood groups. However, this may also
happen during normal pregnancy even without immunization. In early pregnancy approximately 50% of
women experience vaginal bleeding despite the presence
of a fetal heart beat and immunized women have a 7%
incidence of intra uterine growth retardation (IUGR)
compared to 14% in control patients. There is only 10%
incidence of IUGR upon immunizations compared to
30% in control subjects [54]. We have been using lymphocyte immunotherapy for women with RSA for last
10 years without any serious side eﬀect [6, 129]. Therefore, there is evidence that immunization may prevent
rather than cause adverse eﬀect.
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120. Munné S, Sandalinas M, Escudero T, Fung J, Gianaroli L,
Cohen J (2000) Outcome of preimplantation genetic diagnosis
of translocations. Fertil Steril 73:1209–1218
121. Nagata S (1994) Fas and Fas ligand: a death factor and its
receptor. Adv Immunol 57:129–144
122. Nagel TC, Malo JW (1993) Hysteroscopic metroplasty in the
diethylstilbestrol-exposed uterus and similar nonfusion
anomalies: eﬀects on subsequent reproductive performance; a
preliminary report. Fertil Steril 59:502–506
123. Nichols TC, Kang JA, Angkachatchai V, Beer AE, Beaman
KD (1994) Expression of a membrane form of the pregnancyassociated protein TJ6 on lymphocytes. Cell Immunol
155:219–229
124. Nydegger UE, Castelli D (1991)Review on therapeutic options in HIV associated thrombocytopenia with emphasis on
i.v immunoglobulin treatment. Immunol Invest 20(2):223–229
125. Ogasawara M, Aoki K, Okada S, Suzumori K (2000)
Embryonic karyotype of abortuses in relation to the number
of previous miscarriages. Fertil Steril 73:300–304
126. Ogasawara MS, Aoki K, Katano K, Ozaki Y, Suzumori K
(2001) Factor XII but not protein C, protein S, antithrombin
III, or factor XIII is a predictor of recurrent miscarriage.
Fertil Steril 75:916–919
127. Orgad S, Loewenthal R, Gazit E, Sadetzki S, Novikov I, Carp
H (1999) The prognostic value of anti-paternal antibodies and
leukocyte immunizations on the proportion of live births in
couples with consecutive recurrent miscarriages. Hum Reprod
14:2974–2979
128. Pandey MK, Agrawal S (2003) Prevalence of anti-idiotypic
antibodies in pregnancy v/s recurrent spontaneous (RSA)
women. Obstet Gynae Today 7:574–578
129. Pandey MK, Agrawal S (2004) Induction of MLR-Bf and
protection of fetal loss: a current double blind randomized trial
of paternal lymphocyte immunization for women with recurrent spontaneous abortion. Int Immunopharmacol 4:289–298
130. Pandey MK, Saxena V, Agrawal S (2003) Characterization of
mixed lymphocyte reaction blocking antibodies (MLR-Bf) in
human pregnancy. BMC Pregnancy Childbirth 3:2
131. Pandey MK, Thakur S, Agrawal S (2004) Lymphocyte
immunotherapy and its probable mechanism in the maintenance of pregnancy in women with recurrent spontaneous
abortion. Arch Gynecol Obstet 269:161–172
132. Pauer HU, Voigt-Tschirschwitz T, Hinney B, Burfeind P,
Wolf C, Emons G, Neesen J (2003) Analyzes of three common
thrombophilic gene mutations in German women with
recurrent abortions. Acta Obstet Gynecol Scand 82:942–947
133. Payne SG, Smith SC, Davidge ST, Baker PN, Guilbert LJ
(1999) Death receptor Fas/Apo-1/CD95 expressed by human
placental cytotrophoblasts does not mediate apoptosis. Biol
Reprod 60:1144–1150
134. Pazmany L, Mandelboim O, Vales-Gomez M, Davis DM,
Becker TC, Reyburn HT, Seebach JD, Hill JA, Strominger JL
(1999) Human leucocyte antigen-G and its recognition by
natural killer cells. J Reprod Immunol 43:127–137
135. Pearlman SA, Meek RS, Cowchock FS, Smith JB, McFarland
J, Aster RH (1992) Neonatal alloimmune thrombocytopenia
after maternal immunization with paternal mononuclear
cells: successful treatment with intravenous gamma globulin.
Am J Perinatal 9:448–451
136. Pena RB, Cadavid AP, Botero JH, Garcia GP, Gallego MI,
Ossa JE (1998) The production of MLR-blocking factors after
lymphocyte immunotherapy for RSA doesnot predict the
outcome of pregnancy. Am J Reprod Immunol 39:120–124
137. Perricone R, De Carolis C, Giacomelli R, Guarino MD, De
Sanctis G, Fontana L (2003) GM-CSF and pregnancy: evidence
of signiﬁcantly reduced blood concentrations in unexplained
recurrent abortion eﬃciently reverted by intravenous immunoglobulin treatment. Am J Reprod Immunol 50:232–237

107
138. Piccinni M-P, Romagnani S (1996) Regulation of fetal allograft survival by hormone controlled Th1-and Th2-type
cytokines. Immunol Res 15:141–150
139. Pichler J, Gerstmayr M, Szepfalusi Z, Urbanek R, Peterlik M,
Willheim M (2002) 1 alpha,25 (OH)2D3 inhibits not only Th1
but also Th2 diﬀerentiation in human cord blood T cells.
Pediatr Res 52:12–18
140. Pihusch R, Buchholz T, Lohses P (2001) Thrombophilic gene
mutations and recurrent spontaneous abortion: prothrombin
mutation increases the risk in the ﬁrst trimester. Am J Reprod
Immunol 46:124–131
141. Pijenborg R, Robertson WB, Brosens I, Dixon G (1981) Review article: trophoblast invasion and the establishment of
haemochorial placentation in man and laboratory animals.
Placenta 2:71–91
142. Poddar AS, Kim JG, Gill KP, Bates BN, Santanam N, Rock
JA, Murphy AA, Parthasarathy S (1998) Generation and
characterization of a polyclonal antipeptide antibody to human glycodelin. Fertil Steril 69:543–548
143. Polifka JE, Friedman JM (1991) Environmental toxins and
recurrent pregnancy loss. Infertil Reprod Med Clin North Am
2:175–213
144. Poort SR, Rosendahl FR, Reissma PH, Bertina RM (1996) A
common genetic variation in the 3’-untranslated region of the
prothrombin gene is associated with elevated plasma prothrombin levels, and an increase in venous thrombosis. Blood
88:3698–3703
145. Power DA, Mather AJ, Macleod AM, Lind T, Catto GR
(1986) Maternal antibodies to paternal B-lymphocytes in
normal & abnormal pregnancy. Am J Reprod Immunol Microbiol 10:10–13
146. Preston FE, Rosendaal FR, Walker ID, Briet E, Berntorp E,
Conard J, Fontcuberta J, Makris M, Mariani G, Noteboom
W, Pabinger I, Legnani C, Scharrer I, Schulman S, van der
Meer FJ (1996) Increased fetal loss in women with heritable
Thrombophilia. Lancet 38:913–916
147. Prigoshin N, Tambutti ML, Redal MA, Gorgorza S, Lancuba
SM, Nicholson R, Testa R (1999) Microchimerism and
blocking activity in women with recurrent spontaneous
abortion (RSA) after alloimmunization with the partner’s
lymphocytes. J Reprod Immunol 44:41–54
148. Quenby S, Bates M, Doig T, Brewster J, Lewis-Jones DI,
Johnson PM, Vince G (1999) Pre-implantation endometrial
leukocytes in women with recurrent miscarriage. Hum Reprod
14:2386–2391
149. Raghupathy R (1997) Maternal anti-placental cell-mediated
reactivity and spontaneous abortions. Am J Reprod Immunol
37(6):478–484
150. Raghupathy R, Tangri S (1996) Immunodystrophism, T cells,
cytokines, and pregnancy failure. Am J Reprod Immunol
35:291–296
151. Rai R, Backos M, Elgaddal S, Shlebak A, Regan L (2002)
Factor V Leiden and recurrent miscarriage-prospective outcome of untreated pregnancies. Hum Reprod 17(2):442–445
152. Ramhorst R, Agriello E, Zittermann S, Pando M, Larriba J,
Irigoyen M, Cortelezzi M, Auge L, Lombardi E, Etchepareborda JJ, Contreras Ortiz C, Fainboim L (2000) Is the
paternal mononuclear cells’ immunization a successful treatment for recurrent spontaneous abortion? Am J Reprod
Immunol 44:129–135
153. Recurrent Miscarriage Immunotherapy Trialists Group
(RMITG) (1994) World wide collaborative observation study
and meta-analysis on allogenic leukocyte immunotherapy for
recurrent spontaneous abortion. Am J Reprod Immunol
32:55–72
154. Reed E, Beer AE, Hutcherson H, King DW, Suciu-Foca N
(1991)The alloantibody response of pregnant women and its
suppression by soluble HLA antigens and anti-idiotypic
antibodies. J Reprod Immunol 20(2):115–128
155. Reed E, Bonagura V, Kung P, King DW, Suciu-Foca N
(1983) Anti-idiotypic antibodies to HLA-DR4 and DR2. J
Immunol 131(6):2890–2894

156. Regan L (1991) Recurrent miscarriage. BMJ 302:543–544
157. Regan L, Braude PR, Hill DP (1991) A prospective study of
the incidence, time of appearance and signiﬁcance of antipaternal lymphocytotoxic antibodies in human pregnancy.
Hum Reprod 6:294–298
158. Regan L, Braude PR, Trembath PL (1989) Inﬂuence of past
reproductive performance on risk of spontaneous abortion.
BMJ 299:541–545
159. Rey E, Kahn SR, David M, Shrier I (2003) Thrombophilic
disorders and fetal loss: a meta-analysis. Lancet 15:901–908
160. Ribbing SL, Hoversland RC, Beaman KD (1988) T-cell suppressor factors play an integral role in preventing fetal rejection. J Reprod Immunol 14:83–95
161. Ridker PM, Miletich JP, Buring JE, Ariyo AA, Price DT,
Manson JE, Hill JA (1998) Factor V Leiden mutation as a risk
factor for recurrent pregnancy loss. Ann Intern Med
128:1000–1003
162. Robertson SA, Seamark RF, Guilbert LJ, Wegmann TG
(1994) The role of cytokines in gestation. Crit Rev Immunol
14:239–292
163. Roussev RG, Stern JJ, Kaider BD (1998) Anti-endothelial cell
antibodies: another cause for pregnancy loss? Am J Reprod
Immunol 39:89–95
164. Royal College of Obstetricians and Gynaecologists (1998)
Guideline No. 17. The management of recurrent miscarriage.
Royal College of Obstetricians and Gynaecologists, London
165. Rubio C, Simon C, Vidal F, Rodrigo L, Pehlivan T, Remohi
J, Pellicer A (2003) Chromosomal abnormalities and embryo
development in recurrent miscarriage couples. Hum Reprod
18:182–188
166. Saito S (2000) Cytokine network at the feto-maternal interface. J Reprod Immunol 47:87–103
167. Sakata K, Sakata A, Kong L, Dang H, Talal N (1998) Role of
Fas/FasL interaction in physiology and pathology: the good
and the bad. Clin Immunol Immunopathol 87:1–7
168. Salat-Baroux J (1988) Recurrent spontaneous miscarriages.
Reprod. Nutr Dev 28:1555–1568
169. Sarig G, Younis JS, Hoﬀman R, Brenner B (2002) Thrombophilia is common in women with idiopathic pregnancy loss
and is associated with late pregnancy wastage. Fertil Steril
77:342–347
170. Schagen van Leeuwen JH, Christiaens GC, Hoogenraad TU
(1991) Recurrent abortion and the diagnosis of Wilson disease.Obstet Gynecol 78(3 Pt 2):547–549
171. Schmidt-Sarosi C, Schwartz LB, Lublin J, Kaplan-Grazi D,
Sarosi P, Perle MA(1998) Chromosomal analysis of early fetal
losses in relation to transvaginal ultrasonographic detection of
fetal heart motion after infertility. Fertil Steril 69:274–277
172. Scriven PN, Flinter FA, Braude PR, Ogilvie CM (2001)
Robertsonian translocations: reproductive risks and indications for preimplantation genetic diagnosis. Hum Reprod
16:2267–2273
173. Smith SC, Baker PN, Symonds EM (1997) Placental apoptosis
in normal human pregnancy. Am J Obstet Gynecol 177:57–65
174. Sompolinsky D, Solomon F, Elkina L, Weinraub Z, Bukovsky I, Caspi E (1975) Infections with mycoplasma and bacteria
in induced midtrimester abortion and fetal loss. Am J Obstet
Gynecol 121:610–616
175. Souza S, Ferriani R, Pontes A, Zafo M, Franco R (1999)
Factor V Leiden mutation in patients with recurrent abortion.
Hum Reprod 4:2448–2450
176. Stagnaro-Green A, Roman SH, Cobin RH, el-Harazy E,
Alvarez-Marfany M, Davies TF (1990) Detection of at-risk
pregnancy by means of highly sensitive assays for thyroid
autoantibodies. JAMA 264:1422–1425
177. Stagno S, Pass RF, Dworsky ME, Henderson RE, Moore EG,
Walton PD, Alford CA (1982) Congenital cytomegalovirus
infection: the relative importance of primary and recurrent
maternal infection. N Engl J Med 306:945–949
178. Stephenson MD, Awartani KA, Robinson WP (2002) Cytogenetic analysis of miscarriages from couples with recurrent
miscarriage: a case–control study. Hum Reprod 17:446–451

108
179. Stewart GM, Mason RJ, Thomson MA, MacLeod AM, Catto
GR (1984) Noncytotoxic antibodies to paternal antigens in
maternal sera and placental eluates. Transplantation 38:111–
115
180. Stirrat GM (1990) Recurrent miscarriage. Lancet 15:673–675
181. Stray-Pedersen B, Stray-Pedersen S (1984) Etiologic factors
and subsequent reproductive performance in 195 couples with
a prior history of habitual abortion. Am J Obstet Gynecol
148:140–146
182. Stricker RB, Steinleitner A, Bookoﬀ CN, Weckstein LN,
Winger EE (2000) Successful treatment of immunologic
abortion with low-dose intravenous immunoglobulin. Fertil
Steril 73:536–540
183. Strom CM, Ginsberg N, Applebaum M, Bogorzi N, White M,
Caﬀarelli M, Verlinsky Y (1992) Analysis of 95 ﬁrst-trimester
spontaneous abortions by chorionic villus sampling and
karyotype. J Assist Reprod Genet 9:458–461
184. Suciu-Foca N, Reed E, Rohowsky C, Kung P, King DW
(1983) Anti-idiotypic antibodies to anti-HLA receptors induced by pregnancy. Proc Natl Acad Sci USA 80:830–834
185. Suciu-Foca N, Rohowsky-Kochan C, Reed E, Haars R,
Bonagura V, King DW, Reemstma K (1985) Idiotypic network regulations of immune responses to HLA. Fed Proc
44(8):2483–2487
186. Sugi T, Katsunuma J, Izumi S, McIntyre JA, Makino T (1999)
Prevalence and heterogeneity of antiphosphatidylethanolamine antibodies in patients with recurrent early pregnancy
losses. Fertil Steril 71:1060–1065
187. Sugiura-Ogasawara M, Furukawa TA, Nakano Y, Hori S,
Aoki K, Kitamura T (2002) Depression as a potential causal
factor in subsequent miscarriage in recurrent spontaneous
aborters. Hum Reprod 17:2580–2584
188. Szekeres-Bartho J, Faust Z, Varga P (1995) The expression of
a progesterone-induced immunomodulatory protein in pregnancy lymphocytes. Am J Reprod Immunol 34:342–348
189. Szekeres-Bartho J, Szekeres G, Debre P, Autran B, Chaouat
G (1990) Reactivity of lymphocytes to a progesterone
receptor-speciﬁc monoclonal antibody. Cell Immunol
125:273–283
190. Szekeres-Bartho J, Wegmann TG (1996) A progesteronedependent immunomodulatory protein alters the Th1/Th2
balance. J Reprod Immunol 31:81–95
191. Takakuwa K, Adachi H, Hataya I, Ishii K, Tamura M, Tanaka K (2003) Molecular genetic studies of HLA-DRB1 alleles in patients with unexplained recurrent abortion in the
Japanese population. Hum Reprod 18:728–733
192. Tamura M, Takakuwa K, Arakawa M, Yasuda M, Kazama
Y, Tanaka K (1998) Relationship between MLR blocking
antibodies and the outcome of the third pregnancy in patients
with two consecutive spontaneous abortions. J Perinat Med
26:49–53
193. Tanaka T, Umesaki N, Nishio J, Maeda K, Kawamura T,
Araki N, Ogita S (2000) Neonatal thrombocytopenia induced
by maternal anti-HLA antibodies: a potential side eﬀect of
allogenic leukocyte immunization for unexplained recurrent
aborters. J Reprod Immunol 46:51–57
194. Thorton Ca, Bellow M (1993) Safety of intravenous immunoglobulin. Arch Neurol 50:135–136
195. Tulppala M, Stenman UH, Cacciatore B, Ylikorkala O (1993)
Polycystic ovaries and levels of gonadotrophins and androgens in recurrent miscarriage: prospective study in 50 women.
Br J Obstet Gynaecol 100:348–352
196. Uehara S, Hashiyada M, Sato K, Sato Y, Fujimori K,
Okamura K (2001) Preferential X-chromosome inactivation in
women with idiopathic recurrent pregnancy loss. Fertil Steril
76:908–914

197. Vinatier D, Dufour P, Cosson M, Houpeau JL (2001)
Antiphospholipid syndrome and recurrent miscarriages.
Eur J Obstet Gynecol Reprod Biol 96:37–50
198. Wang H, Zhang M, Soda K, Sama A, Tracey KJ (1997)
Fetuin protects the fetus from TNF. Lancet 350:861–862
199. Watson H, Kiddy DS, Hamilton-Fairley D, Scanlon MJ, Barnard C, Collins WP, Bonney RC, Franks S (1993) Hypersecretion of luteinizing hormone andovarian steroids in women
with recurrent early miscarriage. Hum Reprod 8:829–833
200. Wegmann TG, Lin H, Guilbert L, Mosmann TR (1993)
Bidirectional cytokine interactions in the maternal-fetal relationship: is successful pregnancy a TH2 phenomenon?
Immunol Today 14:353–356
201. Weltz JI (1997) Low molecular weight heparins. N Eng J Med
337:688–697
202. Witkin SS, Sultan KM, Neal GS, Jeremias J, Grifo JA, Rosenwaks Z (1994) Unsuspected Chlamydia trachomatis
infection and in vitro fertilization outcome. Am J Obstet
Gynecol 171:1208–1214
203. Wramsby ML, Stien Linder M, Bremme K (2000) Primary
habitual abortions are associated with high frequency of factor V Leiden mutation. Fertil Sterl 4:987–991
204. Yamada H, Atsumi T, Kato EH, Shimada S, Morikawa M,
Minakami H (2003) Prevalence of diverse antiphospholipid
antibodies in women with recurrent spontaneous abortion.
Fertil Steril 80:1276–1278
205. Yamada H, Kato EH, Kobashi G, Ebina Y, Shimada S,
Morikawa M, Sakuragi N, Fujimoto S (2001) High NK cell
activity in early pregnancy correlates with subsequent abortion with normal chromosomes in women with recurrent
abortion. Am J Reprod Immunol 46:132–136
206. Yamada H, Kishida T, Kobayashi N, Kato H, Hoshi N,
Fujimoto S (1998) Masive immunoglobulin treatment in women with four or more recurrent spontaneous primary abortions of unexplained etiology. Hum Reprod 13:2620–2623
207. Younis JS, Brenner B, Ohel G, Tal J, Lanir N, Ben-Ami M
(2000) Activated protein C resistance and factor V Leiden
mutation can be associated with ﬁrst- as well as second-trimester recurrent pregnancy loss. Am J Reprod Immunol
43:31–35
208. Younis JS, Ohel G, Brenner B, Ben-Ami M (1997) Familial
thrombophilia the scientiﬁc rationale for thrombophylaxis in
recurrent pregnancy loss. Hum Reprod 12:1389–1390
209. Zenclussen AC, Fest S, Busse P, Joachim R, Klapp BF, Arck
PC (2002) Questioning the Th1/Th2 paradigm in reproduction: peripheral levels of IL-12 are down-regulated in miscarriage patients. Am J Reprod Immunol 48:245–251
210. Zenclussen AC, Gentile T, Kortebani G, Mazzolli A, Margni
R (2001) Asymmetric antibodies and pregnancy. Am J Reprod Immunol 45:289–294
211. Zhang JZ, Maruyama K, Ono I, Iwatsuki K, Kaneko F (1994)
Regulatory eﬀects of 1,25-dihydroxyvitamin D3 and a novel
vitamin D3 analogue MC903 on secretion of interleukin-1
alpha (IL-1a) and IL-8 by normal human keratinocytes and a
human squamous cell carcinoma cell line (HSC-1). J Dermatol
Sci 7:24–31
212. Zhang M, Caragine T, Wang H, Cohen PS, Botchkina G,
Soda K, Bianchi M, Ulrich P, Cerami A, Sherry B, Tracey KJ
(1997) Spermine inhibits proinﬂammatory cytokine synthesis
in human mononuclear cells: a counterregulatory mechanism
that restrains the immune response. J Exp Med 185:1759–1768
213. Zhou HM, Ramachandran S, Kim JG, Raynor DB, Rock JA,
Parthasarathy S (2000) Implications in the management of
pregnancy: II. Low levels of gene expression but enhanced
uptake and accumulation of umbilical cord glycodelin. Fertil
Steril 73:843–847

