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Abstract
Pre-eclampsia is a leading cause of maternal and perinatal morbidity and mortality world-

wide. The etiology is not clear, but an immune attack towards components of placenta or

fetus has been indicated. This involves activation of the complement system in the placenta.

We have previously described the presence of the complement-regulating protein salivary

scavenger and agglutinin (SALSA) in amniotic fluid. In this study we investigated the poten-

tial role of SALSA in pregnancy by analyzing its presence in amniotic fluid and placental tis-

sue during healthy and complicated pregnancies. SALSA levels in amniotic fluid increased

during pregnancy. Before 20 weeks of gestation the levels were slightly higher in patients

who later developed pre-eclampsia than in gestation age-matched controls. In the placenta

of pre-eclamptic patients syncytial damage is often followed by the formation of fibrinoid

structures. SALSA was found clustered into these fibrinoid structures in partial co-localiza-

tion with complement C1q and fibronectin.In vitro analysis showed direct protein binding of

SALSA to fibronectin. SALSA binds also to fibrin/fibrinogen but did not interfere with the

blood clotting process in vitro. Thus, in addition to antimicrobial defense and epithelial differ-

entiation, the data presented here suggest that SALSA, together with fibronectin and C1q,

may be involved in the containment of injured placental structures into fibrinoids.
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Introduction
Pregnancy introduces a temporary condition, where two humans co-exist, one inside the other.
During this period, fetus and placenta may express and secrete paternal antigens. Thus, this
symbiosis challenges the maternal immune defense system to develop tolerance to these new
antigens. Pre-eclampsia (PE) is a common pregnancy-related complication affecting 3% of all
pregnancies. It is the leading cause of maternal and perinatal morbidity and mortality world-
wide [1,2]. The etiology of PE is currently unclear. Many observations point towards the possi-
bility that an immune incompatibility between the feto-placental unit and the mother could be
involved. Similar factors could also contribute to other pregnancy complications such as intra-
uterine growth restriction (IUGR) and premature birth.

Specific characteristics of PE include intravascular inflammation with elevated levels of pro-
inflammatory cytokines in the maternal circulation, and endothelial cell activation and/or dys-
function [3–6]. In concert with these findings, PE is often accompanied by platelet and throm-
bin activation, leading to thrombocytopenia and a risk for intravascular coagulation [7]. A
prominent feature of PE is the activation of the coagulation cascade, e.g. through activation of
thrombin [8,9]. As a sign of both injury and activation of the coagulation cascade lesions
known as fibrinoids can be detected in the placenta and occasionally also in various organs of
the maternal body [10]. Fibrinoids are generally divided into two categories, matrix-type and
fibrin-type fibrinoids [11]. Matrix-type fibrinoid is generated by invading extravillous tropho-
blast cells. Fibrin-type fibrinoid resembles blood clots as seen in other tissues, and may be
deposited where blood flow is impaired or where the syncytiotrophoblast layer is injured or
interrupted [11]. Excessive syncytial damage with fibrinoid formation is a common feature of
complicated pregnancies. However, fibrinoids may also be observed in healthy placentas [11].

The complement system is an essential part of the innate immune defense system with well-
established functions in both the protection against invading pathogens as well as in waste dis-
posal of e.g. apoptotic and injured cell material. The complement system is composed of three
pathways initiated by binding of pattern recognition molecules, such as C1q (classical path-
way), mannose binding lectin (MBL) and ficolins (lectin pathway). The third (alternative)
pathway recognizes a wide variety of nonself structures and functions as an amplification loop
for complement activation initiated via other pathways [12,13]. During pregnancy there is a
general suppression of the immune system to protect the fetus. Under healthy conditions, the
immune system, including the complement system, is still able to clear injured and necrotic tis-
sues. However, in some cases malfunction of this process may occur and the deposition of this
material into fibrinoid clusters at the surface of placental villi and other sites could cause
inflammation. In time this may lead to endothelial-vascular disorders and a proinflammatory
state in the maternal circulation [14].

The salivary scavenger and agglutinin (SALSA), also known as gp340, salivary agglutinin
(SAG) and deleted in malignant brain tumor 1 (DMBT1) is a glycoprotein of 340 kDa (Gen-
bank accession no. BAA78577.1) [15–17]. SALSA belongs to an ancient family of scavenger
receptors, the scavenger receptor cysteine-rich (SRCR) protein family, identified by multiple
repeats of the highly conserved SRCR domains [18]. SALSA is produced by mucosal tissues
throughout the body. The protein is found to be associated with the epithelial layers in the
lung, mouth, trachea, gastrointestinal tract, vagina and skin [18–22]. However, studies have
found that SALSA is also expressed sporadically in the endothelial cells of cardiac capillaries
and in capillaries of skeletal muscle, at least in mice [23,24]. Several secreted forms of SALSA
have been found in body fluids lining the mucosal surfaces such as saliva, lacrimal fluid, pan-
creatic juice and as well in bronchoalveolar lavage [15,16,25,26]. We recently observed that
SALSA is very abundant in the infant intestine and amniotic fluid (AF) [27]. However, so far it
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