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The complement system plays a double role in pregnancy exerting both protective
and damaging effects at placental level. Complement activation at fetal-maternal
interface participates in protection against infectious agents and helps remove apoptotic
and necrotic cells. Locally synthesized C1q contributes to the physiologic vascular
remodeling of spiral arteries characterized by loss of smooth muscle cells and
transformation into large dilated vessels. Complement activation triggered by the
inflammatory process induced by embryo implantation can damage trophoblast and
other decidual cells that may lead to pregnancy complications if the cells are not
protected by the complement regulators CD55, CD46, and CD59 expressed on cell
surface. However, uncontrolled complement activation induces placental alterations
resulting in adverse pregnancy outcomes. This may occur in pathological conditions
characterized by placental localization of complement fixing antibodies directed
against beta2-glycoprotein 1, as in patients with anti-phospholipid syndrome, or
circulating immune complexes deposited in placenta, as in patients with systemic
lupus erythematosus. In other diseases, such as preeclampsia, the mechanism of
complement activation responsible for complement deposits in placenta is unclear.
Conflicting results have been reported on the relevance of complement assays as
diagnostic and prognostic tools to assess complement involvement in pregnant patients
with these disorders.

Keywords: complement, pregnancy, obstetric complications, anti-phospholipid syndrome, systemic lupus
erythematosus

INTRODUCTION

Motherhood has become a feasible option in recent years even for women with rheumatic diseases,
thanks to the marked improvement in the diagnostic modalities and therapeutic approaches
developed in the field of rheumatology. Clinicians devoted to the management of pregnant
women with systemic autoimmune rheumatic diseases have accumulated a particular experience in
systemic lupus erythematosus (SLE), which disproportionately affects women during childbearing
age (1, 2). A unique scenario in the obstetric/rheumatologic field is provided by anti-phospholipid
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syndrome (APS) that manifests with pregnancy complications
and vascular thrombosis. Anti-phospholipid antibodies (aPL)
interfere directly with pregnancy progression as documented
by the ability of aPL administered to pregnant animals
to reproduce the disease, offering an invaluable tool to
investigate the pathogenic mechanisms implicated in obstetric
complications (3).

Pregnancy has become a relatively frequent condition in SLE
and APS women over the last decade and its incidence in patients
with these diseases does not appear to be different from that of
normal pregnant women. However, despite the progress made in
recent years, pregnancies in these conditions are still burdened
by a high rate of obstetric complications, mainly in terms of pre-
eclampsia, preterm delivery, and intrauterine growth restriction
(IUGR) (4) and a tight control is recommended for a positive
pregnancy outcome (4, 5). Thus, surrogate biomarkers are highly
needed in early gestation to identify women at risk of adverse
pregnancy outcome and to monitor progression thanks to
serial sampling. Similarly, a better elucidation of the pathogenic
steps could lead to the development of more effective targeted
therapeutic strategies. In this regard, the complement (C) system
has attracted much attention as candidate pathogenic effector
of autoimmune and non-autoimmune pregnancy complications
and surrogate biomarker to stratify obstetric risk in the general
population of pregnant women. Earlier notions on C levels refer
to lupus pregnancies, which has become a topic of particular
interest following the observation of an association between
serum C3 and C4 levels and disease flares in non-gravid
patients. In vivo APS models have progressively unraveled the
importance of C in the pathogenesis of obstetric complications.
It is important to emphasize that C is a complex system with
a subtle balance between protective and damaging effects. This
balance undergoes physiologic modifications during gestation,
which may bias the accuracy of results. It is thus timely to review
available evidence on the actual and potential relevance of C as
pathogenic effector of pregnancy complications and biomarker
of obstetric outcome in women with systemic autoimmune
rheumatic conditions.

THE COMPLEMENT SYSTEM: A
DOUBLE-EDGED SWORD

Complement is a humoral component of the innate immune
system that contributes to host defense neutralizing infectious
agents, removing immune complexes and clearing apoptotic
and necrotic cells. The protective function is accomplished
through the action of biologically active products that are
released as a result of C activation and exert their effects by
enhancing phagocytosis, causing cell cytotoxicity, and promoting
inflammation (6). Furthermore, the C system plays an important
role in bridging innate and adaptive immunity, as its activation
is critical for the development of adaptive immunity (7, 8). C
is a versatile system organized to provide protection from a
variety of targets using different recognition molecules that sense
danger signal coming from foreign agents and altered self and
trigger the classical, lectin and alternative activation pathways

(9) (Figure 1). All pathways converge at the level of C3 and
proceed along a common terminal pathway leading to the release
of the anaphylotoxins C3a and C5a, cell deposition of C3b and
assembly of the terminal C complex. The complex inserts into
the cell membrane as membrane attack complex (MAC) forming
membrane pores that are responsible for cell lysis. Alternatively,
the complex that fails to exert a cytotoxic effect accumulates
in blood and extravascular fluids as soluble SC5b-9, which can
trigger cytokine synthesis, stimulates inflammation, and induces
vascular leakage (10, 11).

Although C is quite selective in focusing the defense activity
on dangerous targets recognized by the initiators of the activation
pathways, the effector molecules released during the activation
process are unable to discriminate between self and non-self
and may easily bind to bystander cells. This may happen in
physiological conditions, as the C system usually operates at
a steady state level of activation, and the split product C3b
continuously formed in the circulation and in the extravascular
fluid is deposited on the cell surface. As a result, normal cells
and tissues are exposed to C attack that may be destructive
under conditions of unrestricted C activation. Fortunately, the
potential danger that may derive from an undesired C attack is
prevented by the protective effect of C regulators and inhibitors
present in the fluid phase and widely expressed also on the
cell surface (12). These molecules act at various steps of the
C sequence and control the function of the system in various
ways preventing the assembly of C complexes, favoring their
disassembly, and neutralizing the activity of the biologically
active products. The membrane−bound regulatory proteins
CD46, CD55, and CD59 play a particularly important role in
cell protection and may be used by microorganisms and cancer
cells to evade C attack. They are often present on the same cells
and combine their efforts to control critical steps of C activation
at the level of C3 convertases (CD55 and CD46) and MAC
assembly (CD59).

The exquisite selectivity of the C system for dangerous
targets can be circumvented by C-fixing autoantibodies that react
with self-antigens expressed on normal cells and tissues and
triggers C activation leading to cell death and tissue damage.
However, it is important to emphasize that C activation does not
necessarily result in tissue injury, but it may also have beneficial
effect contributing for instance to promote angiogenesis and
wound healing (13) and also to eliminate inappropriate synaptic
connections during development (14).

The role played by the C system in several clinical conditions
can now be easily evaluated by functional analysis of the three
pathways of C activation and the measurement of activation
products recognized by antibodies directed against neoepitopes
expressed on cleaved proteins.

THE GROWING IMPORTANCE OF
COMPLEMENT IN HEALTHY
PREGNANCY

Embryo implantation is a real challenge for the maternal
immune system which is confronted with paternal antigens
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FIGURE 1 | Activation of the complement cascade through the classical, lectin, and alternative pathways and its control by regulators and inhibitors.

expressed on the embryo and the fetus and yet does not
mount an immune response leading to its rejection, as it
would happen with incompatible organ transplants. Both the
trophoblasts that cover the villi bathed into maternal blood
and the extravillous trophoblasts invading the maternal decidua
represent the main source of these antigens. Villous trophoblasts
form a physical double-layer barrier between the fetus and the
mother and serve the important function to protect the fetus
from maternal immune attack allowing only selective passage
of nutrients and defense factors from the mother. Conversely,
the extravillous trophoblasts depart from the anchoring villi
attached to maternal decidua and contribute to tissue remodeling
required for successful implantation. Besides the important role
in local defense against infectious agents that may damage the
fetus, C has attracted particular attention in recent years for the
involvement in the physiologic changes that occur in placenta.

The system is present in the maternal blood that circulates in
the intervillous space and may be activated by cell-debris of
trophoblasts and possibly immune complexes that have been
detected in healthy pregnancy (15). Higher levels of MBL, C4,
and C3 and of the activation products C4d, C3a, and SC5b-9 have
been reported in pregnant women compared to non-pregnant
controls (16), while the circulating levels of C1q do not fluctuate
and remain relatively stable throughout normal pregnancy (17,
18). C activation in maternal blood represents a continuous
risk for villous trophoblasts and may cause cell damage and
impairment of the barrier integrity. This dangerous situation is
kept under control by the expression of C regulatory proteins
on trophoblast surface including CD55, CD46, and CD59, that
act at different steps of the C sequence promoting the decay of
the C3 convertases, favoring the inactivation of C3b and C4b and
preventing the assembly of C5b-9 (19, 20). C components are also
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synthesized by different types of cells present in decidua including
macrophages, trophoblasts and endothelial cells (21) and form
a local system that may operate as a local defense system.
Embryo implantation in maternal uterus is associated with an
inflammatory-like process induced by proteolytic enzymes that
are released by extravillous trophoblast invading the decidua
(21). The extensive tissue remodeling caused by trophoblast
invasion leads to local recruitment of natural killer cells (NK)
and other cells of the innate immune system and activation
of the C system, which has limited damaging effect due to
the widespread distribution of C regulators. Data collected in
recent years have revealed an important role of C1q in the
physiological remodeling of decidual spiral artery characterized
by partial replacement of endothelial cells by endovascular
trophoblasts that migrate upward from the anchoring villi. C1q
is synthesized and expressed on the cell surface of both decidual
endothelial cells lining the inner side of the spiral arteries and
endovascular trophoblasts and serve the important function to
establish a molecular bridge between the two cell types (22)
(Figure 2). The C1q-mediated cellular crosstalk leads to the
formation of mosaic vessels with an inner layer formed by
the mixture of endothelial cells and trophoblasts. C1q is also
synthesized and secreted by the extravillous trophoblasts as
soon as they start moving away from the anchoring villi and
is required for trophoblast invasion of the decidua (Figure 2).
By binding to the extracellular matrix, C1q promotes the
adhesion and the migration of extravillous trophoblasts that
reach the spiral arteries forming cuffs and contribute to the
vascular remodeling (23).

COMPLEMENT AND ADVERSE
PREGNANCY OUTCOME

Evidence collected over the years has revealed that C plays a
dual role during pregnancy. On one hand, the system promotes
the physiologic changes at fetal-maternal interface required
for a successful pregnancy, and on the other hand it may
cause placental damage leading to impairment of the regular
progression of gestation. C abnormalities have been reported
in several obstetric complications including early pregnancy
loss, pre-term birth, and pre-eclampsia. The relevance of C in
recurrent miscarriages is supported by data obtained from animal
models suggesting a key role for C5a. C activation and interaction
of this anaphylatoxin with C5a receptor have been shown
to induce the release of soluble vascular endothelial growth
factor receptor ultimately resulting in impaired angiogenesis
and adverse pregnancy outcomes (24, 25). A role in mediating
abortion has also been advocated for anti-C1q antibodies as
suggested by the findings that these antibodies administered to
pregnant animals induce fetal loss, and that both the prevalence
and the titre of anti-C1q antibodies are significantly higher
in women with unexplained recurrent pregnancy loss than in
healthy parous women (26). Conflicting data have been reported
on the circulating levels of C components and C activity in
women with early pregnancy loss. While increased levels of C3
and C4 were found in one study and proposed as predictor of
fetal loss (27), hypocomplementemia was documented in another
study in women with recurrent miscarriages (28). Interestingly,
a significant decrease in the placental expression of C regulators

FIGURE 2 | Schematic representation of human placenta showing anchoring villi attached to maternal decidua. Extravillous trophoblasts depart from the villi and
invade the decidua surrounding the spiral arteries. Other cells enter the lumen of the arteries as endovasculat trophoblasts and partially replace lining endothelial
cells. C1q produced by trophoblasts is used to promote their migration and interaction with endothelial cells.
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CD46 and CD55 associated with excessive C activation has been
observed after spontaneous abortion, reaffirming the importance
of inhibiting C activation to ensure a successful pregnancy
(29). Local C activation is supported by the finding of C4d
deposits documented by immunohistochemical analysis of the
placentae of women with recurrent miscarriages (25). It has been
estimated that approximately 20% of otherwise unexplained early
pregnancy loss are due to hypocomplementemia (25).

A wealth of data has been collected over several years on the
involvement of C in pre-eclampsia, a disorder of pregnancy that
affects 3 to 5% of women in the late phase of pregnancy and
is characterized by hypertension and proteinuria. Dysregulated
angiogenesis is believed to be implicated in the pathogenesis
of the disease, as documented by elevated circulating levels of
soluble vascular endothelial growth factor receptor 1 (sFlt-1)
(30). Animal models have shown that C1q-deficient pregnant
mice manifest the key features of human disease such as
hypertension, albuminuria, endothelial dysfunction, decreased
placental vascular endothelial growth factor, and elevated levels
of sFlt-1 providing convincing evidence that C1q protects against
pre-eclampsia (31). Consistent with this in vivo observation,
Agostinis, and colleagues (17) published data indicating that the
serum levels of C1q was markedly decreased in both early and
late onset forms of pre-eclampsia. Likewise, women with early
onset pre-eclampsia are twice as likely to carry deficiency in C4A
or C4B suggesting that C4 may also contribute to prevent the
onset of pre-eclampsia (32). The reduced concentration of C1q
observed in patients with overt pre-eclampsia cannot be used as
predictive marker of the disease because the analysis of serum
samples collected at an early phase of pregnancy from women
who later developed preeclampsia failed to show a decrease in
C1q level (17). Mannose binding lectin (MBL) seems to have an
opposite effect to that of C1q since the level is elevated in patients
with severe pre-eclampsia (33, 34). Furthermore, MBL strongly
inhibits the interaction of extravillous trophoblast with C1q and
interferes with the process of cell migration (34), suggesting the
contribution of MBL to the pathogenesis of the disease.

It has been postulated that C activation following placental
ischemia may induce hypertension and impair fetal growth via
the endothelin pathway (35). Analysis of C activation products in
patients with pre-eclampsia has revealed increased serum levels
of C3a, C5a, and SC5b-9 (16, 36, 37) and C activation products
have also been detected in the urine of patients with a severe
form of the disease as a result of C-mediated renal injury (38).
High levels of the activation product of the alternative pathway
Bb have been observed in the early phase of pregnancy in women
who later developed pre-eclampsia and proposed as an early
biomarker of this disease. The finding of high mRNA expression
of the membrane C regulators CD55 and CD59 in placenta
specimens from pre-eclamptic women has been interpreted as a
compensatory attempt to limit local C activation (32). C4d is the
C split product most frequently seen in pre-eclamptic placentae,
particularly on syncytiotrophoblast, with focal or diffuse staining
patterns (39), and the degree of C4d and MAC deposition
in the placental tissue is strongly correlated with sFlt1 levels
in pre-eclamptic patients (40). Available evidence suggests that
activation of the C system is involved in spontaneous preterm

birth. Lynch and coworkers (41) measured the circulating levels
of Bb, a marker of alternative pathway activation, in pregnant
women in the early phase of gestation and found that those with
elevated levels were more likely to experience preterm delivery.
They propose Bb as a predictor of this adverse pregnancy
outcome that develops in late gestation before 34 weeks. An
essentially similar conclusion was reached measuring the levels
of C3a under the same experimental conditions and again higher
levels were associated with preterm birth (42). The increased
levels of C5a observed in women with preterm delivery suggest
that C5a, by reacting with C5aR, plays a role in the pathogenesis
of preterm labor (43).

COMPLEMENT AND OBSTETRIC
ANTI-PHOSPHOLIPID SYNDROME

Anti-phospholipid syndrome is an acquired prothrombotic
condition characterized by vascular occlusive events occurring
in vessels of different size and/or obstetric complications.
Adverse pregnancy outcomes include three or more spontaneous
abortions before 10 weeks of gestation, one or more unexplained
fetal death at or beyond week 10 of gestation, one or more
preterm delivery before 34 weeks due to severe pre-eclampsia,
HELLP syndrome (hemolytic anemia, elevated liver enzymes,
low platelet count) or placental insufficiency. aPL are the serum
biomarkers of APS, routinely detected by a functional assay,
named lupus anticoagulant (LA), and two solid phase assays
identifying IgG and IgM antibodies against cardiolipin (aCL)
and beta2-glycoprotein I (anti-β2GPI). β2GPI, the main antigenic
target of aPL, is a five domain (D) glycoprotein comprising
four C control protein (CCP)-like domains (DI-DIV) and one
domain (44) with a large lysine loop which allows β2GPI to
interact with anionic phospholipids and other molecules on cell
surfaces, coagulation factors, platelets, and complement (45).
Antibodies against β2GPI co-localize with their target antigen
on trophoblasts and decidual endothelial cells in immunized
animals that had received fluorescein-labeled β2GPI (46) and
interfere with pregnancy progression by impairing the function
of the developing placenta. The antibodies exert their effect on
the maternal side, promoting a negative imbalance of angiogenic
factors that inhibits endometrial angiogenesis. Furthermore,
they act on trophoblasts inducing apoptosis and inhibiting
the secretion of β human chorionic gonadotropin and matrix
metalloproteinases (MMP) required for invasion of decidua,
and in complex with β2GPI activate the classical pathway of
the C cascade (47). Several clinical studies have examined the
activation of the C system in pregnant patients with APS and
its contribution to pregnancy complications. Decreased serum
levels of C4 and C3 have been reported in approximately one
third of patients with APS (48) and the follow-up of these
patients throughout pregnancy revealed that the C4 and C3 levels
remained persistently low compared to the values of control
pregnant women when normalized for the trimester of gestation
(49). As shown in Table 1, lower levels of C3 and C4 were found
to correlate with adverse obstetric outcomes in some studies (50,
51), but not in others (49, 52). Data obtained from a prospective
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TABLE 1 | Studies assessing the correlation of C3 and C4 serum levels with obstetric outcome in pregnant women with anti-phospholipid syndrome.

Author, year Number of
APS patients/
pregnancies

Study design Timing of C
testing

Control group Main findings

Ruffatti, 2011 (50) 114/114 All
PAPS

Retrospective Baseline and at the
end of pregnancies

None - Hypocomplementemia was associated with adverse
pregnancy outcome at univariate analysis.

De Carolis, 2012
(51)

47/47
PAPS/SAPS

(No SLE)

Prospective Within 20
gestational weeks

None - Hypocomplementemia was associated with fetal loss and
preterm delivery at univariate analysis. - Women with
hypocomplementemia had lower neonatal birth weight. -
Hypocomplementemia was not associated with PE and IUGR
at univariate analysis.

Reggia, 2012 (49) 45/57 PAPS Retrospective I-II-III trimester 49 women with
UCTD/SjS 175
healthy pregnant
women

- Hypocomplementemia was not associated with adverse
pregnancy outcome in PAPS women. - Women with PAPS had
lower C3 and C4 than healthy women, but similar to UCTD and
SjS.

Deguchi, 2017 (52) 69/81
PAPS/SAPS
(mainly SLE)

Retrospective NS None - Hypocomplementemia was not associated with pregnancy
loss, premature delivery and IUGR. - Hypocomplementemia
was associated with hypertension at multivariate analysis.

PAPS, primary anti-phospholipid syndrome; SAPS, secondary anti-phospholipid syndrome; C, complement; NS, not specified; SLE, systemic lupus erythematosus;
UCTD, undifferentiated connective tissue disease; SjS, Sjögren syndrome; PE, pre-eclampsia; and IUGR, intra-uterine growth restriction.

study of APS pregnant women led De Carolis et al. (51) to
suggest that reduced C3 and C4 levels should be regarded as
predictors of lower neonatal birth weight and preterm delivery.
A multicenter study performed in Japan showed that low levels
of C3 and C4 represent a risk factor for hypertensive disorders
of pregnancy (52). Evaluation of biologically active circulating
products of the C system in APS pregnant patients offers
more direct insights on C activation in this clinical condition.
Blood samples from 161 aPL positive women including 60 with
SLE were analyzed for the presence of Bb and SC5b-9 and
increased levels of both activation products were found in all
patients with adverse obstetric outcome (53). This finding has
been confirmed by a more recent study, reporting higher C5a
and C5b-9 levels in APS pregnant patients with pregnancy
complications compared to healthy pregnant women (54). More
convincing evidence supporting the role of C in inducing aPL-
dependent placental damage and pregnancy failure has been
obtained from the immunohistochemical analysis of placental
tissue for C deposits. The presence of C4d in placentae from APS
women has been documented at the fetal-maternal interface, in
particular on syncytiotrophoblast basement membrane, and to
some extent also on extravillous trophoblasts of the basal plate
by three groups (55–57). C4 deposits were found to be associated
with intrauterine fetal death (55) and placental abnormalities
including decidual vasculopathy, increased syncytial knots, and
villous infarcts (57). Two groups have documented deposits of
C5b-9 mainly localized on extravillous trophoblasts of placentae
from aPL-positive women and observed no difference in the
staining intensity between APS and control groups (56, 57).
These findings are in contrast with the data obtained by Scambi
et al. who reported higher levels of C5b-9 solubilized from APS
placentae compared to controls, in particular in APS patients
who experienced a pregnancy complication (54). Our group
has conducted a prospective study on 13 APS patients with
medium to high titers of anti-β2GPI antibodies and positive
LA who had pregnancies that resulted in one abortion, four
fetal losses, and eight preterm deliveries (58). Histological and

immunohistochemical analysis revealed placental abnormalities
characterized by decidual vasculopathy and intervillous thrombi
and deposition of IgG, IgM, C1q, C4, and C3 suggesting C
activation through the classical pathway. Interestingly, C5b-9
was detected in all placentae and was localized on the surface
of syncytiotrophoblasts, intervillous fibrin and decidual vessels
supporting its contribution to tissue damage. Taken together,
these findings suggest that complement activation is involved in
placental pathology acting both on villous trophoblast and on
endothelial cells of decidual vessels (Figure 3). Animal models
of APS developed by infusing patient’s IgG have provided key
information on the role played by the C system in eliciting
placental abnormalities and adverse pregnancy outcomes. Mice
deficient in C3, C4, C5, and factor B were found to be resistant to
aPL-induced fetal loss (59–61) and similar results were obtained
using a C3 convertase inhibitor, a C5a receptor antagonist or
anti-C5 antibodies (60). C5a has been identified as the main
mediator of fetal injury by interacting with C5aR expressed on
polymorphonuclear leukocytes and by stimulating the release
of tissue factor and tumour necrosis factor (TNF)-α, which
in turn promotes inflammation (62, 63). Given the growing
evidence implicating C activation as key contributor to the
pathogenesis of the clinical manifestations of APS, C inhibitors
have been considered good candidates for the therapy of APS.
Although the neutralizing anti-C5 antibody eculizumab has been
used successfully in treating patients with catastrophic APS
and in preventing re-thrombosis in patients undergoing surgical
intervention (58, 64), very few information is available on its
use in APS pregnant patients except for an anecdotal report of
a patient who received eculizumab to prevent severe pregnancy
complications (65). A non-C fixing anti-β2GPI monoclonal
antibody that was shown to prevent fetal loss in aPL-treated
pregnant mice offers an alternative therapeutic approach (66).
The advantage of this antibody is to target the β2GPI protein
constitutively expressed on villous and extravillous trophoblasts
as well as on the endothelium of decidual vessels with relatively
high affinity and to compete with antibodies from APS patients.
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FIGURE 3 | Complement-mediated biological effects at placental level in anti-phospholipid syndrome. Complement activated by antibodies interacting with β2GPI
bound to trophoblasts and vascular endothelium of decidual vessels leads to cell damage and promotion of thrombus formation.

COMPLEMENT AND SYSTEMIC LUPUS
ERYTHEMATOSUS IN PREGNANCY

Systemic lupus erythematosus is a complex multisystem
autoimmune disease with a highly heterogeneous presentation
ranging from laboratory abnormalities to multi-organ
inflammation and failure and characterized by the production
of autoantibodies directed against double stranded DNA and
several other autoantigens. The clinical manifestations of SLE
are underpinned by several etiopathogenic mechanisms, such
as deregulated production of autoantibodies against cellular
constituents, abnormal cytokine release, innate, and adaptive
immune alterations. Impaired clearance of apoptotic debris is
believed to mediate sustained antigen presentation to B cells,
ultimately resulting in exaggerated autoantibody production
(67). C activated by immune complexes formed in the circulation
and at tissue level following interaction of autoantibodies with
their target antigen is involved in the pathogenesis of the clinical
manifestations of SLE. Some of these autoantibodies are directed
against C components, as is the case of anti-C1q antibodies
detected in nearly one third of patients with lupus nephritis and
thought to have important pathogenic effects in the development
of the disease (68). Immune complexes containing anti-C1q
antibodies were found to be more potent C activators than
classical immune complexes (69). Deposits of C components
and C activation products including the terminal complex have
been documented in the kidney of SLE patients co-localized
with immune complexes suggesting the involvement of C in
tissue damage (70). Data accumulated over several years have

shown that C plays a paradoxical role in SLE. On the one hand,
C activated by immune complexes stimulates inflammation,
and causes tissue lesions. The important role played by C is
suggested by the beneficial effect of eculizumab in patients with
severe lupus nephritis resistant to conventional therapy (71, 72).
Further evidence supporting the contribution of C activation
to SLE pathogenesis is provided by lupus-prone mouse models,
such as NZB/W and MRL/lpr mice, that share with the human
disease similar features including autoantibodies production,
hypocomplementemia, circulating and glomerular-bound
immune complexes, and severe nephritis (73). Treatment of
these mice with anti-C5 monoclonal antibodies resulted in
improvement of nephritis, reduced proteinuria and prolonged
survival (74). On the other hand, C deficiency is now recognized
to be a risk factor for SLE development, based on the finding
that genetic deficiencies of the early components of the classical
pathway from C1q to C4 are associated with the onset of SLE
(75). C1q-deficient individuals have the highest susceptibility to
SLE due to the role of C1q in the removal of apoptotic cells. The
disease occurs in up to 55–75% of individuals with this genetic
defect and presents with characteristic clinical features including
early age of onset, no gender predilection, low frequency
of anti-dsDNA antibodies, prominent photosensitivity, and
fewer renal symptoms (76). Given this background, it is not
surprising that the C system has attracted particular attention
as an important marker of disease activity in SLE patients. It’s
long been known that C activation in SLE is accompanied by a
secondary reduction in circulating C levels and increase in C split
products. Importantly, the decrease in C1q, C3, and C4 levels
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correlates with disease activity and precedes clinically evident
flare (77), even though the decrease in C levels are not invariably
associated with disease flares (78). Despite the technical and
biological limitations, measurements of C3 and C4 have been
included not only in the recent classification criteria for SLE,
but also in the disease activity indexes such as SLEDAI (79).
Recently, C deposition on immune cells was proposed as a more
robust method to diagnose and monitor SLE and a panel of
parameters including C4d-deposition on B cells and erythrocytes
was suggested (80, 81).

Pregnancies in patients with SLE have always been regarded
to be at risk, even though the rates of fetal loss and maternal
mortality have steadily decreased over the years (82). However,
pregnant women with SLE still display an increased hazard of
premature delivery and IUGR irrespectively of disease activity,
while the odds for pre-eclampsia is elevated in women with
active disease only (83). Hypocomplementemia during gestation
has been identified as one of the multiple predictors of poor
pregnancy outcome in SLE pregnancies including high disease
activity in the 6 months before conception, use of anti-
hypertensive medications, non-white ethnicity, aPL positivity,
and a history of nephritis or active nephritis at conception.
Data on C levels in SLE pregnant women vary considerably
in different studies, depending on the composition of the
study cohort. Thus, hypocomplementemia is prevalent in certain
disease manifestations, such as lupus nephritis. C4 level is a more
reliable marker of renal involvement in SLE since low C4 at
baseline and a history of previous kidney disease have been found
to be independently associated with a higher risk of developing
active nephritis in pregnancy (84). Pregnant women with lupus
nephritis display significantly lower levels of C3 and C4 more
often than other SLE subjects (85). Data on the association of
C levels with poor pregnancy outcome can be obtained from
studies that assess several clinical and laboratory variables of
SLE as predictors of adverse obstetric outcomes, but there is no
universal agreement on the clinical significance of complement
levels as biomarkers in lupus pregnancies. Indeed, few authors
deny a predictive role for C3 and C4 whereas in other studies
low C3 and/or C4 levels have been associated with adverse
pregnancy outcomes such as spontaneous abortion, premature
birth and stillbirth (86–88). Unfortunately, a control group of
healthy pregnant women was not included in these studies,
and the C levels were not normalized for the gestational age,
thus limiting the conclusions on the relationship between C3
and C4 levels and pregnancy outcomes. Changes in C levels
were evaluated in 386 SLE patients throughout gestation in
the PROMISSE study, and a smaller increase in C3 levels in
the second and third trimesters was observed in women with
adverse obstetric outcome compared to women with uneventful
pregnancy, though the difference was not significant (87).
Because of the well-known fluctuation of C levels throughout
pregnancy, it is not surprising that low C values may not correlate
with disease activity in pregnant patients with SLE except when
they are lower than those expected in normal pregnant women
at the same gestational age (89, 90). The C activation products
Ba, Bb and SC5b-9 represent more sensitive indicators of C
activation and may be useful to predict and diagnose flares in

pregnant SLE patients (89). In the PROMISSE cohort, these
markers of C activation (Bb and SC5b-9) were detected in the
circulation in early gestation among those SLE/aPL + women
who later developed pregnancy complications (53). Analysis
of placentae from aPL-negative SLE patients by Matrai and
colleagues revealed signs of tissue malperfusion, infarction and
intervillous thrombi and increased deposits of C4d and C5b-9
on syncytiotrophoblasts and extravillous trophoblasts compared
to controls (56). The extent of C4d deposition was found to be
inversely correlated with low placental and birth weight (91).

CONCLUSION

Complement is a versatile system that shows exquisite adaptation
to environmental changes and is able to recognize dangerous
exogenous and endogenous agents and structures. Besides
exerting protective functions, C is now recognized to promote
functions unrelated to host defense including tissue repair and
remodeling. Data collected in recent years have shown that
C plays an important role in the structural organization of
placenta at fetal-maternal interface contributing to vascular
remodeling of spiral arteries in maternal decidua, a critical
process required for the regular progression of pregnancy.
However, placenta is not exempt from potential damage that may
derive from activation products released as a result of general
or local C activation leading to adverse pregnancy outcomes.
C exerts a direct damaging effect in clinical situation such
as APS as suggested by the failure of antibodies to induce
fetal loss in C-deficient animals or treated with neutralizing
antibodies to C components. The finding of C components
at placental level both in APS patients and in animal models
further supports the involvement of C in the onset of
placental alterations and has both diagnostic and therapeutic
implications. Measurement of C levels is routinely performed
in many obstetrics/rheumatology joint clinics to monitor APS
pregnancies, but hypocomplementemia does not seem to be
a reliable marker to predict pregnancy loss in these patients.
More sophisticated and sensitive methods have been proposed
to monitor C activation, as is the case of cell-bound C split
products. The recent report of a higher percentage of C4-positive
B lymphocytes, erythrocytes, and platelets in patients with
obstetric and thrombotic manifestations compared to controls
(92) suggests that this assay may be an interesting tool to explore
C activation in pregnant women with APS or SLE. Preventive
treatment with neutralizing antibodies or other reagents aimed
at controlling C activation is a promising therapeutic approach
in APS. Indeed, heparin currently used as treatment of choice
for pregnant APS women together with low dose aspirin was
shown to inhibit C activation and to prevent cell binding of
β2GPI as a result of interaction with the heparin-binding site
located on DV (93). C is most likely involved in the adverse
pregnancy outcome observed in patients with SLE, a prototypical
C-mediated disease. Currently, measurement of C levels is
requested by the obstetricians to differentiate between nephritis
and pre-eclampsia in SLE patient with proteinuria. C3 and C4
levels normally rise in patients with pre-eclampsia, while drops
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in C3 and C4 levels, coupled with a rising anti-dsDNA titre,
are more likely associated with disease flares (94). However,
despite many studies conducted to identify predictors of adverse
outcome in lupus pregnancies, there are no clear data supporting
the association between fluctuation of C levels and disease flare
during gestation. Conclusive data on C-mediated tissue damage
associated with adverse pregnancy outcomes can be provided by
the histological analysis of placenta samples from patients. To
be informative, the results should be compared with those of
healthy controls of the same gestational age as the phenotype
changes with the progression of gestation. To date, C4d has
emerged as the most interesting biomarker of C activation in
placenta specimens. This is not surprising since C4d, like C3d,
binds covalently to the target cell surface and, being highly stable,
acts as a fingerprint of C-mediated activation leading to tissue
injury. In conclusion, there are indications to suggest that C
is involved in complicated pregnancies, although the precise

mechanism by which C is activated is not always clear and
remains to be determined.
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