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ABSTRACT
The aim: This review was aimed to understand the role of different types of autoantibodies like antiphospholipid, antithyroid, antisperm, antinuclear, anti-ovarian autoantibodies
and heat shock protein HSP 60 in the process of implantation in the normal way of conceiving and IVF and also to estimate that how the presence of these autoantibodies affect
the normal pregnancy outcome.
Materials and methods: This review process performed in the obstetrics and gynaecology postgraduate department, Bogomolets national medical university, Kyiv, Ukraine. It
was a review of already published papers not to need the ethical board committee's approval. By following the literature review guidelines, this paper was written and searched
for relevant studies regarding autoantibodies and implantation, published in medical literature till 2020 were included in this review process. The search is done for studies
published till 2020 in the English language from the Medline database, including Google Scholar, PubMed, Web of Science and Cochrane library database.
Conclusions: Our recent work found that the involvement of APA, ANA and/or ATA in recipients of oocyte donations did not affect their pregnancy outcomes. Some researchers
did not give any clear conclusion about these risks, and some stated that the use of some immunodepressant agents could be useful to reduce the harmful effects of these
autoantibodies associated with implantation failure. Each autoantibody has a different mechanism of action to create the pathological state, some have direct effect, and some
indirectly impact implantation. In future, further high-quality studies need to be performed for better understanding.
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INTRODUCTION

The implantation process involves the interaction of the
human blastocyst and the uterine epithelium [1-4]. Several
autoimmune factors have been implicated in influencing
implantation failure. Recent studies have investigated the contribution of autoimmune factors in implantation in women
undergoing in-vitro fertilization [5-7]. Antiphospholipid antibodies more frequently identified in women planing in-vitro
fertilization; their presence appears to affect the outcome of
live birth rates, miscarriage, or pregnancy [8-10]. Antithyroid
antibodies are commonly found in reproductive age women,
but implantation rates and miscarriage rates are not connected
with normal thyroid function [11, 12]. Antinuclear antibodies
may be a marker for underlying autoimmune disease when
coupled with specific signs and symptoms, but low-titer antibodies do not influence in-vitro fertilization outcome [13,
14]. Fertilization failure is often associated with high titers of
anti-sperm antibodies in seminal plasma, sperm, or women's mucosal immune system [15, 16]. During implantation,
growth factors may interact with adhesion molecules and other matrix-associated proteins [17]. This study mainly focuses
on Implantation representing a critical developmental process
characterized by the interaction of two immunologically and
genetically distinct tissues.

THE AIM

This review was aimed to understand the role of different
types of autoantibodies like antiphospholipid, antithyroid,
antisperm, antinuclear, anti-ovarian autoantibodies and
heat shock protein HSP 60 in the process of implantation
in the normal way of conceiving and IVF and also to estimate that how the presence of these autoantibodies affect
the normal pregnancy outcome.

MATERIALS AND METHODS

This review process performed in the obstetrics and
gynaecology postgraduate department, Bogomolets
national medical university, Kyiv, Ukraine. It was a review of already published papers not to need the ethical
board committee's approval. By following the literature
review guidelines, this paper was written and searched
for relevant studies regarding autoantibodies and implantation, published in medical literature till 2020
were included in this review process. The search is done
for studies published till 2020 in the English language
from the Medline database, including Google Scholar,
PubMed, Web of Science and Cochrane library database.
The following keywords were searched: implantation,
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autoimmunity, miscarriage, infertility, spontaneous
abortion, IVF, autoantibodies. The references of all main
and review articles were checked to ensure the relatedness according to searched terms. The research studies
that were specifically associated with our searched terms
were included in this review. All collected articles were
in the English language, and most females were the
subjects of discussion. The studies associated with an
inadequate description of the analytical method, short
communications, letters and irrelevant to our searched
terms were excluded. We searched the citations online,
and were downloaded in one folder. The high-quality
parameters were taken into account for assessing each
study, i.e. study design, sample size and calculations,
age of subjects, inclusion and exclusion criteria, use of
control, proper utilization of statistical test and proper
explaining of results. The studies which fulfil the criteria
of research were selected for this review.

REVIEW AND DISCUSSION
PROCESS OF IMPLANTATION

Immunopathological mechanisms in patients with antiphospholipid syndrome resulting from binding of lgG
to both platelet and endothelial membrane phospholipid
may lead to uterine vessels thrombosis and vasoconstriction [18]. This relationship can cause the platelet membrane's instability and hyper aggregation by mechanisms
such as protein C activation inhibitors for endothelial
prostacyclin synthase activity [19]. Also, this may inhibit the activity of prekallikrein and activator release of
endothelial plasminogen. In recent years, different types
of reproductive defects have been referred to as autoimmune components. Immunological effects, including
fertilization, implantation, and placental development,
are significant at several stages of the reproductive cycle.
Severe clinical disorder – antiphospholipid syndrome or,
more simply, anti-cardiolipin syndrome – has been shown
to include the development of elevated serum levels of
cardiolipin autoantibodies [20].
In a relatively healthy population, lgG anti-cardiolipin
autoantibodies are prevalent at 1.75 per cent. In this study,
14.3% were found to have LGG auto anti-cardiolipin compared to none in the corresponding control group. Implant
failure is a chemical pregnancy in the IVF-embryo transfer
(ET) system [21]. Therefore, it is tempting to conclude
that, in light of the evidence previously provided here, an
implantation failure may be associated with high anti-cardiolipin auto-antibodies vitamins found in the serum of
these patients [22].

AUTOIMMUNE FACTORS POTENTIALLY
RELEVANT TO IN-VITRO FERTILIZATION FAILURE

The role of autoimmune factors in the implantation of in
vitro fertilization (IVF) women has been investigated in
recent studies [23].
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ANTIPHOSPHOLIPID ANTIBODIES

Antiphospholipid antibodies [IgG, IgM, IgA] that respond
to negatively charged phospholipids are antibodies that are
acquired [24]. Antiphospholipid antibodies (APAs) associated initially with progressive slow thrombosis and placenta
infarction, some of which were labelled as thrombophilic.
When considering implantation and pregnancy, APAs are
more properly categorized as autoimmune reality because
of its complex nature [25]. HCG released from placenta inhibited in vitro migration of trophoblast, inhibited invasion
and multinucleated cell formation, inhibited trophoblast cell
adhesion molecules, and inhibited complement to the surface of the trophoblast, causing inflammatory reactions [26].
APAs are said to increase living birth levels combined
with chronic pregnancy loss and heparin and low-dose
aspirin therapy [27, 28]. Several public reports show that
the number of positive APAs is more frequent in patients
who have either IVF or IVF failed instead of controls [9,
29]. Positive APAs were not associated with lower rates of
pregnancy in IVF-related women. Recent findings have revealed the lack of follicular fluid APAs that do not adversely
affect women undergoing IVF reproductive outcomes.
Also, clinical studies of IVF-positive women with APAs
show that heparin and aspirin are not improved in women
with implantation or pregnancy [30].

ANTITHYROID ANTIBODIES

Severe disease, postpartum thyroiditis, and autoantibodies
to thyroglobulin and thyroid peroxidase (microsomal antigen) are present in patients with Hashimoto thyroiditis.
Antithyroid (ATAs) may be a marker in other autoimmune
diseases or identify women who do not meet the increased
demand for early pregnancy thyroid hormones [31, 32].
The pathophysiological role of ATA in pregnancy loss is
based on two working hypotheses. Lifted thyroid antibodies can lead directly to pregnancy loss through biological
interaction between hormones and antibodies [33]. Instead
of the actual cause of pregnancy loss, ATAs may also be
secondary to autoimmune diseases. Such ATAs may represent an abnormal immunological response related to
pregnancy [34]. However, the future risk of miscarriage was
not affected by the thyroid antibody's status in a prospective
trial of 870 women with unexplained recurrent pregnancy
loss with ATA and normal thyroid function [35]. Most
studies indicate that 14–18% of women undergoing IVF
are ATA-positive. In our extensive study, ATAs were not
found more frequently in women subject to IVF (144 out
of 873 or 16.4%) than in normal controls (29 out of 200 or
14.5%) [36]. No variance in results was observed in assessing the biochemical loss, clinical loss, delivery or failure
rate of implantation compared to or without ATA among
873 women subject to IVF. Smaller studies have shown that
women with ATA who have been IVF have experienced
an increased rate of miscarriage [37]. However, the rate of
delivery of levothyroxine to these women did not change.
We do not test women with ATA implantation failure, nor
do we think that ATA's presence in women with euthyroid
changes IVF.
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ANTISPERM ANTIBODIES

Antigens that are extraneous to both male and female immune systems are present in sperm cells. In seminal plasma,
male or female serum, or cervical mucus, anti-pulmonary
(AP) antigens (APAs) can be induced with sperm exposure
to the immune system [16, 38]. ASAs have been identified
in 10-15% of men with infertility and in 15-20% of women
with unexplained infertility. The reported prevalence and
suspected value depend on the population, the specimen's
source (serum, cervical mucus, semen) and the test methods[39]. Antibodies are expected to interfere with the
fertilization process through various mechanisms, such as
sperm transport in the female genital tract, altered sperm
training or acrosomal reactions, inhibiting fertilization
disorders or early embryo implantation.
The sperm binding to the pellucid zones (ZP), the sperm
penetration of the pellucid zone, the zoom of the reaction
zone, the gamete's fusion, the embryo cleavage and the
development of the embryo are possible locations where
ASAs interfere with fertilization [40]. Several studies have
documented the effect of sperm-bound SAs on fertilization
levels after IVF [41]. Several of these studies tend to suggest
a decrease in the rate of oocyte implantation or embryo
fertilization with sperm-like ASAs; however, most of these
studies have been retrospective in patients with inadequate
single IVF fertilization [42, 43]. In the study, pairs with low
oocyte fertilization rates and ASAs were compared with
average fertilisation rates without infertility [37]. Due to
the sample's nature, significant differences in oocyte fertilization, implantation and pregnancy rates are expected.
Checking for ASA in pairs with failed IVF fertilization may
be required, but it is unnecessary to check for couples with
IVF implant failure [44].

ANTINUCLEAR ANTIBODIES

Many specific antinuclear antibodies (ANAs) target molecules on the apoptotic cell surface. Both molecules have
an immune function and have been postulated to lead to
the abnormal release of APA or ANA in human and mouse
autoimmune models, along with phospholipids in the
apoptotic cell region [45, 46]. The cause of elevated APA
and ANA rates in individuals with autoimmune disorders
may be a significant cell abnormality, such as increased
apoptosis or decreased clearance of apoptotic cells [47]. The
new analysis has shown that ANA and APA are secondary
to endometriosis-induced autoimmune reactions in women with implant failure. ANAs were present in 27 of 100
endometriosis patients than 18 of 62 endometriosis-free
patients [48]. Most of the studies that tested positive ANA
in IVF patients suggested an increase in ANA incidence
than controls; in fact, many of these results were limited to
small patients and many autoimmune antibodies. The study
showed improved implantation and clinical pregnancy
rates of short-term immunosuppression with Prednisolone
during IVF, while live birth rates differed slightly from
controls [49]. A retrospective randomized clinical review
of females undergoing IVF who had positive ANA shows a

lack of progress in females' implantation or pregnancy with
heparin and aspirin. More studies are needed to determine
ANA's potential role in patients with failed implantation
[50, 51].

ANTI-OVARIAN ANTIBODIES

Anti-ovarian antibodies (AOAs) are a heterogeneous anti-ooplasm group that includes ooplasm, pellucid region,
granular membrane, theca folliculi internal cells and lutein
cells [52]. Several research studies related AOA to menstrual diseases such as amenorrhea and oligomenorrhea. Some
authors have suggested the prevalence of AOA in patients
with failed implantation and fertilization, indicating a
critical AOA role in infertility [53]. Most of the studies
reported are small or non-randomized and prospective, so
the role of AOA in reproductive failure is difficult to draw
meaningful conclusions. Increased AOA prevalence in IVF
failure may be associated with more widespread immune
deregulation of implant failure [54]. Cross-reactions with
heat-shocking protein 90-b of positive AOA sera of infertile
women and others with ovarian failure. Several recent small
studies have suggested that AOA may be used as a marker
for assessing the use of corticosteroids in patients with
previous IVF failure. Ovarian hypofunction and ovarian
failure may be associated with AOA, but further studies
are needed if a failed implantation is to be identified [55].

ROLE OF HEAT SHOCK PROTEIN HSP 60
IN IMPLANTATION FAILURE

Heat shock protein 60 (HSP60) is a chaperone protein
involved in proteins transfer and refolding proteins. Importance of HSP60 in sperm capacitation and sperm-oocyte
membrane binding facility was confirmed; therefore, in this
study, the effect of HSP60 on the rate of in vitro fertilization
and the cleavage rate in mouse embryo was investigated
[18]. The present study demonstrated that HSP60 in low
dose positively affected two-cell embryo development;
however, it did not significantly affect the fertilization rate.
Conversely, HSP60 had adverse effects on the fertilization
and cleavage rates at higher doses[18, 56].
Ironically, although HSP60 did not have a low-dose
effect on fertilizer, it positively affected two-cell embryos'
growth. A positive effect from the two-cell stage to the
blastocyst stage was observed at a low dose of cleavage
but was not significant [57]. Preimplantation mouse oocyte and embryo ZP is permeable to macromolecules up
to 170 kD, with reduced permeability at approximately
110kD. As a result, HSP60 is easy for ZP to pass and affect
the newly formed zygote with a 57–69 kD [58]. In the
early stages of embryogenesis in a natural state, HSP 60
is expressed during the final follicle maturation (Graafian follicles), indicating the positive function of HSP 60
during preimplantation [59]. The mouse embryo cleavage
rate, particularly from morula to blastocyst development,
was reduced when antibodies to HSP60 and HSP 70
were added to the IVF media, which strongly supports
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Table I. Implantation failure and auto-antibodies [18].
Autoantibody

Frequency in women undergoing in-vitro
fertilization compared with controls

Association with
implantation failure

Other known associations

Antiphosholipid antibodies

Increased

Unproven

Recurrent pregnancy loss

Antithyroid antibodies

No difference

Unproven

Thyroiditis

Antisperm antibodies

No difference

Unproven

Fertilization failure

Antinuclear antibodies

Slightly increased

Unproven

Autoimmune disease

Antiovarian antibodies

No difference

Unproven

Ovarian failure

these chaperones importance in preimplant mice [60].
Also, HSP60 is essential for its antiapoptotic and mitotic
functions in early embryogenesis.
Although researchers realize, high oxygen concentrations in the IVF media may lead to apoptosis during IVF
processes due to oxidation stress [61]. Therefore, it is no
surprise that HSP60 has a positive effect on the growth of
two cells in the embryo [62]. Therefore, unless the zygote
was properly exposed to HSP60, this exogenous chaperone
protein may have had a more significant impact on embryo
production at the blastocyst stage [63]. Besides, HSP60 was
responsive to its antiapoptotic influence, as the proportion
of clogged embryos arrested decreased when 10 ng/mL of
HSP60 was added to the fertilization medium [64]. HSP60
may neutralize the reactive oxygen species (ROS) in mice
produced in vitro embryos, thereby preventing apoptosis
stress [65].
Our primary concern for this review was to analyze the
autoantibodies in relation to gynaecology and reproductive immunology. We reviewed the most common autoantibodies that affect the normal pregnancy outcome.
This article highlighted several critical autoimmune
factors involved in implantation that highlight their potential role in the reproduction process. Autoantibodies
and early embryo mortality have a very critical role in
association with implantation failure. This fact remains
a critical issue facing IVF scientists struggling to implant
the vast majority of embryos. The implantation failure
might result from reduced uterine receptivity, embryonic defects, sperm defects, recurrence of the embryo
or zones of hardening, or multifactorial causes (thin
endometrium, altered expression of adhesive molecules,
and possible immune factors). Our recent work found
that the involvement of APA, ANA and/or ATA in recipients of oocyte donations did not affect their pregnancy
outcomes (see table I).
Previously it has been suggested that APA found more
frequently in individuals undergoing IVF and maybe
the reason for the pregnancy loss [27, 29]. In some other
studies, it was found that APA does not affect individuals
undergoing IVF. Similarly, antithyroid antibodies (ATA)
also responsible for miscarriage in individuals undergoing
IVF. The individuals with normal thyroid function do
not show any pregnancy-related complication [35]. ATA
antibodies have a direct and indirect effect, so that it may
be the secondary to autoimmune diseases. An antigenic
substance in sperm cells triggers the immune response
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and production of antisperm antibodies (ASA) that
cause infertility in both genders. Antinuclear antibodies
(ANA) and APA play a role in implantation failure; the
mechanism behind their action follows hypotheses: be
they increase the process of apoptosis oy decrease the
clearance of apoptotic cells. About anti-ovarian antibodies (AOA), there was a contrast in the conclusion of
different researchers; some states that AOA play a role
in implantation failure and leads to infertility and other
mentioned that its difficult to draw some conclusion about
it. Maybe this uncertainty is because of overlying multiple
coexisting conditions.
The heat shock protein HSP60 in one murine research
study demonstrated that it does not affect the fertilization
at a low dose. In contrast, at high dose, it adversely affects
the fertilization and hence implantation. Measurement of
these autoantibodies clinically can be implicated as essential laboratory screening parameter before implantation in
the expectant individuals to increase the ratio of positive
pregnancy outcome. Increasing the awareness of this
screening among the health care professional and timely
diagnosis and management will develop the possibility of
high implantation success ratio in expectant individual. It
is not clearly understood that the presence of some autoantibodies affects normal pregnancy outcome. Researchers
have different opinions about autoimmune antibodies;
some suggested that they are a risk factor for implantation,
and other states that their presence does not impact the
normal pregnancy outcome. According to this study, the
harmful effects of these autoantibodies on implantation
dominate, but some uncertainties exist. In future, further
studies need to be done to reveal these uncertainties and
for better understanding.

CONCLUSIONS

Normal implantation of the embryo in the absence of any
pathology is crucial for normal pregnancy outcome. The
autoimmune antibodies are a significant risk factor for
implantation failure both in normal conceiving and in
IVF. The prophylactic measurement and management of
these autoantibodies in the expectant individuals before
conceiving may provide the opportunity to reduce the
associated risks and increase the ratio of normal pregnancy outcome. Some scientists strongly suggested that
the presence of autoantibodies like antiphospholipid, antithyroid,antisperm antibodies, antinuclear, anti-ovarian
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autoantibodies and heat shock protein HSP 60 are mostly
associated with adverse outcome in terms of implantation,
some other opposed these conclusions and stated that presence of some of these antibodies does not always lead to
abnormal pregnancy outcome. Our recent work found that
the involvement of APA, ANA and/or ATA in recipients of
oocyte donations did not affect their pregnancy outcomes.
Some researchers did not give any clear conclusion about
these risks, and some stated that the use of some immunodepressant agents could be useful to reduce the harmful
effects of these autoantibodies associated with implantation
failure. Each autoantibody has a different mechanism of
action to create the pathological state, some have direct
effect, and some indirectly impact implantation. In future,
further high-quality studies need to be performed for better
understanding.
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