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Abstract: Galectins are a family of conserved soluble proteins defined by an affinity for β-galactoside
structures present on various glycoconjugates. Over the past few decades, galectins have been
recognized as important factors for successful implantation and maintenance of pregnancy. An
increasing number of studies have demonstrated their involvement in trophoblast cell function
and placental development. In addition, several lines of evidence suggest their important roles in
feto-maternal immune tolerance regulation and angiogenesis. Changed or dysregulated galectin
expression is also described in pregnancy-related disorders. Although the data regarding galectins’
clinical relevance are still at an early stage, evidence suggests that some galectin family members are
promising candidates for better understanding pregnancy-related pathologies, as well as predicting
biomarkers. In this review, we aim to summarize current knowledge of galectins in early pregnancy
as well as in pregnancy-related pathologies.

Keywords: galectins; trophoblast function; pregnancy; pregnancy-related pathologies

1. Introduction

Pregnancy outcome depends on complex and tightly regulated mechanisms which
occur on both sides of the feto-maternal interface. It is well documented that successful
pregnancy is a result of several steps, including maternal immune adaptation, develop-
ment of implantation competent blastocyst, implantation to a prepared endometrium and
development of functional placenta. In the first trimester of pregnancy, trophoblast cells
in human placenta undergo differentiation in two pathways—villous and extravillous.
By acquiring a migratory and invasive phenotype, extravillous trophoblast cells (EVT)
subsequently invade maternal decidua and transform uterine spiral arteries. Accumulated
data have shown that various molecules influence trophoblast cell migration and inva-
sion [1]. Complex crosstalk between integrin cell receptors and extracellular matrix (ECM)
components is of particular importance for trophoblast function. In addition to classic
ECM molecules, proteins such as galectins have been recognized to be necessary for the
establishment and maintenance of pregnancy [2–4].

Galectins are defined by an affinity for β-galactoside structures present on glyco-
conjugates. This interaction is mediated via carbohydrate recognition domain (CRD),
which possesses significant structural similarity among family members [5]. Thus far,
at least 13 of 19 galectin family members have been identified in humans, displaying
different intra- and extracellular localizations and biological functions [6]. Through
preferential recognition of N-acetyllactosamine residues present in diverse cell surface
and ECM glycans, galectins exert functions dependent on their lectin activity [5]. This
characteristic enables galectins to translate information present in glycocodes to certain
cellular functions. An important feature of galectins is their ability to act inside the
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cells mainly through protein–protein interactions, affecting apoptosis, cell cycle and
pre-mRNA splicing [7]. In line with this multifunctionality, altered expression and/or
function of galectins has often been associated with various pathologies, suggesting their
potential use as biomarkers.

Over the past few decades, galectins have been recognized as contributing factors in
reproductive processes, including blastocyst implantation, feto-maternal immune tolerance,
placental development and angiogenesis. Although the majority of these studies focused
on galectin-1 and -3, involvement of other family members in pregnancy orchestration
elicits great interest. We aim to summarize in this review the current knowledge of galectins
in early pregnancy as well as in pregnancy-related pathologies.

2. Galectin Expression Pattern in Placenta

Analysis of galectin signature in placenta tissue is of great importance for investigating
their role in (pato)physiological processes related to pregnancy. So far, RNA and protein
evidence have shown that galectins -1, -3, -7–-10 and -13–-17 are present in different
trophoblast cell populations [8]. Three of them, galectin-13 (placental protein 13, -14
(placental protein-13-like) and -16) are exclusively expressed by the human placenta [6,9].
Moreover, the expression of some galectins, such as galectins -1, -3, -8, -13 and -14, is
developmentally regulated and dependent on trophoblast differentiation. In the first
trimester, placenta galectin-1 is abundantly expressed in syncytiotrophoblast (STB) and in
EVT differentiating along the invasive pathway, but absent in the villous cytotrophoblast
(VT) [10–12]. Placental anchoring villous and trophoblast subpopulations are presented
schematically in Figure 1. Abundant expression of galectin-1 has also been described in the
decidua of early gestation [12,13]. Jeschke et al. have reported the presence of galectin-2 in
STB and EVT cells of third-trimester normal human placenta [14]. Interestingly, trophoblast
galectin-2 expression was higher in male compared to female placentas [15]. Among
trophoblast cell subpopulation, galectin-3 is detected in cytotrophoblast cells (CTB) of
middle and distal cell columns, and in VT cells, as well [11,13]. This protein is also strongly
expressed by decidual cells [16]. Presence of galectin-7 has been shown in STB and EVT and
immune cells of first-trimester placental villi and decidua, as well as STB and endothelial
cells of term placenta [16]. In addition to trophoblast, galectin-7 is expressed by decidua
and endothelial cells of term placenta [9]. Galectin-8 was detected, like galectin-1 and -3, in
STB, VT and EVT cells of first-trimester placenta [17]. Galectin-9 is mainly expressed in
decidual cells and much less by CTB, while galectin-10 is found in first-trimester STB [18,19].
Galectins in the chromosome 19 gene cluster—galectin-13, -14, -16 and -17 are strongly
expressed by STB cell of the placenta, but not by the underlying CTB [9,20]. Together
with nuclear staining on STB, strong brush border membrane expression of galectin-13
is observed [21].
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Figure 1. The proposed functions of galectins in the placentation process. STB—syncytiotrophoblast; 
CTB—cytotrophoblast; EVT—extravillous trophoblast; EnVT—endovascular trophoblast; PRG—
progesterone; hCG—human chorionic gonadotropin. (Illustrated by Milica Jovanović Krivokuća) 

3. Modulation and Regulation of Galectin Expression in Pregnancy 
The highly complex and versatile role of galectins during development and differen-

tiation in both physiological and pathological pregnancy warrants finely tuned and coor-
dinated modulation of their expression. However, the molecular mechanisms modulating 
galectin expression and activity are still largely underinvestigated. 

Thus far, several factors implicated in the regulation of galectin expression were pro-
posed: fetal sex, sex- and other hormones, redox status, pathogens and inflammatory me-
diators such as cytokines [22–24]. Sexually dimorphic expression of galectin-2, -
13/LGALS13 and -14/LGALS14 in human placenta was shown under physiological condi-
tions [15,24] and in intrauterine growth restriction (IUGR) [15], most likely reflecting ge-
netic and hormonal differences between sexes. In addition, downregulation of galectin -
4, -8 and -9 in male and overexpression of galectin-9 and -12 in female IUGR placentas 
compared to sex-matched placentas of fetuses with normal birth weight was also previ-
ously reported [25].  

Besides genetic factors, epigenetic regulation of the expression of relevant genes 
could also be significant for the expression/function of the galectin family in pregnancy. 
Data on the role of DNA methylation in the control of expression of galectin genes are 
extremely sparse and the identification of coordinate mechanisms governing the activity 
of the different galectin genes is necessary for completing the complex puzzle of the ga-
lectin family. Among the early advances in this field is the recognition of estrogen-respon-
sive elements (ERE) within the LGALS1 gene, e.g., nuclear transcription factor-Y and acti-
vator protein-2, partially explaining the fluctuations of endometrial galectin-1 expression 

Figure 1. The proposed functions of galectins in the placentation process. STB—syncytiotrophoblast;
CTB—cytotrophoblast; EVT—extravillous trophoblast; EnVT—endovascular trophoblast;
PRG—progesterone; hCG—human chorionic gonadotropin. (Illustrated by Milica Jovanović Krivokuća).

3. Modulation and Regulation of Galectin Expression in Pregnancy

The highly complex and versatile role of galectins during development and differ-
entiation in both physiological and pathological pregnancy warrants finely tuned and
coordinated modulation of their expression. However, the molecular mechanisms modulat-
ing galectin expression and activity are still largely underinvestigated.

Thus far, several factors implicated in the regulation of galectin expression were
proposed: fetal sex, sex- and other hormones, redox status, pathogens and inflamma-
tory mediators such as cytokines [22–24]. Sexually dimorphic expression of galectin-2,
-13/LGALS13 and -14/LGALS14 in human placenta was shown under physiological con-
ditions [15,24] and in intrauterine growth restriction (IUGR) [15], most likely reflecting
genetic and hormonal differences between sexes. In addition, downregulation of galectin
-4, -8 and -9 in male and overexpression of galectin-9 and -12 in female IUGR placen-
tas compared to sex-matched placentas of fetuses with normal birth weight was also
previously reported [25].

Besides genetic factors, epigenetic regulation of the expression of relevant genes could
also be significant for the expression/function of the galectin family in pregnancy. Data on
the role of DNA methylation in the control of expression of galectin genes are extremely
sparse and the identification of coordinate mechanisms governing the activity of the differ-
ent galectin genes is necessary for completing the complex puzzle of the galectin family.
Among the early advances in this field is the recognition of estrogen-responsive elements
(ERE) within the LGALS1 gene, e.g., nuclear transcription factor-Y and activator protein-2,
partially explaining the fluctuations of endometrial galectin-1 expression during the estrous
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or menstrual cycle and gestation concomitant with sex steroid hormone fluctuations [26–28].
Consistently, progesterone (PRG) and estrogen were shown to upregulate galectin-1 levels,
whereas treatment with estrogen and progesterone receptor antagonists abolished this
effect, suggesting the involvement of these nuclear receptors in LGALS1 expression [28].
There is evidence that sex steroids regulate LGALS1 expression in human endometrium
during the menstrual cycle and also during decidualization in pregnancy [12]. Moreover,
total cellular galectin-1 in HTR-8/SVneo cells was biphasically modulated by synthetic
glucocorticoid dexamethasone, which was accompanied by a reduction of trophoblast cell
invasion [29]. Secretion of galectin-1 was stimulated by PRG in HTR-8/SVneo cells [30].
Prolactin (PRL) stimulated the expression of intracellular galectin-1 in first trimester CTB
and HTR-8/SVneo cells [31]. In vitro treatment of BeWo and RL95-2 cells as a model of
trophoblast and endometrial cells, respectively, with 17β-estradiol (E2), PRG, and human
chorionic gonadotropin (hCG) raised galectin-3 expression by these cells and also promoted
its secretion from BeWo cells [32–34]. The same effect was shown upon stimulation of pri-
mary endometrial cells with E2, PRG [35] and hCG [34], indicating hormonal regulation of
galectin-3 in trophoblast and endometrium and its involvement in endometrial receptivity.

Although it is generally taken that galectins and cytokines are reciprocally regulated
under both physiological and pathological conditions, only the influence of galectins on
cytokine production has been extensively researched [36]. Conversely, little is known
about how cytokines affect galectin expression and function in a pro- or anti-inflammatory
microenvironment, particularly in the context of pregnancy. The study of Ramhorst and
colleagues [37] showed that exposure of JEG-3 choriocarcinoma cell line, commonly used
as a model of human trophoblast, to recombinant human IL-2 and TNF-α led to substantial
increase in the expression of galectin-1, suggesting a putative role for this galectin in the
early stages of implantation when these cytokines play the leading role. On the other
hand, considering the anti-inflammatory properties of galectin-1, its upregulation upon
stimulation with proinflammatory cytokines may represent a compensatory mechanism to
maintain homeostasis and prevent excessive inflammation and tissue damage [37].

It appears that conformational changes in galectin-1 mediated by redox status could
be involved in the regulation of feto-maternal tolerance. Literature data indicate that
fluctuations of redox status may regulate the diversity of biological functions of galectin-1
in physiological as well as in pathological processes. Thus, a high number of cysteine
residues make galectin-1 highly sensitive to oxidation, which causes galectin-1 to lose lectin
activity [38]. It has also been suggested that oxidized galectin-1 functions as a growth factor
during axonal regeneration of peripheral nerves, while its reduced form appears to be
critical for pro-apoptotic and immunoregulatory activity [38,39]. Although redox control
of galectin-1 functions can be postulated for placentation and pregnancy as well, further
functional experiments are needed to support this view. The effect of both oxidized as well
as reduced galectin-1 is discussed in the following section. Moreover, as detailed further
down in the text, endogenous factors such as ischemia/hypoxia and other non-infectious
noxious stimuli may increase placental galectin release into the extracellular space upon
stress, as part of the tissue alarmin system [40].

Suggested modes of regulation of galectins in pregnancy are summarized schemati-
cally in Figure 2.
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Figure 2. Suggested regulators of galectin expression in pregnancy.

4. Galectins and Human Trophoblast Cell Function

A growing body of evidence suggests the involvement of galectin family members
in placentation events beyond implantation, placental angiogenesis and in the establish-
ment and maintenance of immune tolerance at the feto-maternal interface. The most
studied galectins are galectin-1 and -3. Other galectin family members have also been
implicated in some trophoblast cell functions. These findings are summarized in the
following section.

The research from our lab has previously shown that galectin-1 may act as a part of tro-
phoblast invasion machinery [41]. Both oxidized and reduced forms of recombinant human
galectin-1 (rhgal-1) stimulated first-trimester CTB and HTR-8/SVneo cell invasion. This
stimulation was reversed by neutralizing antibodies, as was by treatment with inhibitory
sugar lactose, suggesting a lectin-type interaction-dependent mode of stimulation. These
observations were replicated for the JAR trophoblast cell line, as well [42]. Proliferation of
BeWo cells was inhibited by the treatment with galectin-1 [43]. Another study suggested
that galectin-1 may play a key role in maternal immune regulation by modulating human
leukocyte antigen G (HLA-G) expression on trophoblast cells [44]. Silencing of LGALS1 and
galectin-1 protein by siRNA downregulated the expression of HLA-G, a member of HLA
class I heavy chain paralogues that is expressed by invasive EVT and recognized as essential
for a mother’s immune tolerance towards the fetus [44]. Moreover, galectin-1 stimulates
cell fusion of BeWo choriocarcinoma cells in a carbohydrate-dependent manner [45,46].
These cells are responsive to binding of galectin-1, showing decreased ability to produce
hCG and PRG [47]. Several lines of evidence suggest that galectin-1 could influence EVT
cell invasion through interaction with cell membrane glycoconjugates present on the β1 in-
tegrin subunit and MUC-1 mucin, or with ECM glycoproteins such as oncofetal fibronectin
and laminin [47–51].

Together with galectin-1, galectin-3 also affects STB and EVT. Galectin-3 immunolo-
calization in EVT suggests its potential role in trophoblast invasion process. Recently, we
investigated the possible involvement of galectin-3 in trophoblast invasion using in vitro
functional assays [52]. Exogenously added recombinant human galectin-3 (rhgal-3) stim-
ulated HTR-8/SVneo cell migration, which was reversed by a specific inhibitor of the
galectin-3 carbohydrate binding domain I47 [53]. A similar effect was observed in a Ma-
trigel invasion assay of both HTR-8/SVneo cells and isolated first-trimester CTB, when
I47 was added. Attenuation of endogenous galectin-3 (by siRNA) led to a significant
decrease in HTR-8/SVneo cell invasion, accompanied by decline in integrin β1 and matrix
metalloproteinases (MMP)-2 and -9 [52]. Freitag and colleagues obtained similar results
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for HIPEC-65 cells, a CTB cell line, whose invasion was stimulated by rhgal-3, as well [54].
Moreover, exogenous galectin-3 enhanced the tube formation capacity of the EVT cell
line SGHPL-4 [54]. In line with the proposed versatile role of galectin-3 in early preg-
nancy is the upregulation of this lectin in BeWo cells by hypoxia, a physiological condition
characteristic for early placentation [55], and by treatment with E2, PRG and hCG [32].
Galectin-3 has been shown to stimulate BeWo cell fusion in vitro, suggesting its role in the
syncytialization process [54].

Exogenous galectin-7 affected the interaction between trophoblast and endome-
trial cells, reducing cell–cell adhesion. When primary first-trimester trophoblast cells
or HTR-8/SVneo cells were pre-treated with galectin-7, their capacity to adhere to
endometrial epithelial cell monolayers was reduced, suggesting its role in embryo
attachment and establishment of pregnancy [56]. Moreover, this galectin inhibited
trophoblast outgrowth from first-trimester placental villous explants [57]. Galectin-9
has recently been shown to have immunomodulatory function at the feto-maternal in-
terface, as it worked in cooperation with IL-27 to induce and promote differentiation of
decidual T-cell immunoglobulin mucin domain-3 (Tim-3)+ CD4+ T cells into regulatory
T cells [58]. Trophoblast cells secreted galectin-9, which induced the transformation
of peripheral natural killer (NK) cells into a decidual NK-like phenotype, through
interaction with Tim-3 [59]. Moreover, galectin-9 from HTR-8/SVneo cells protected
the cells from NK cytotoxicity, acting as a proposed Tim-3 ligand [60]. These findings
point to the possible role of trophoblast-derived galectin-9 in the maintenance of im-
mune tolerance in early pregnancy. Apoptosis of HTR-8/SVneo cells was inhibited
by galectin-9, as was proinflammatory cytokine production, while interaction with
endothelium was increased [61] in a c-Jun N-terminal kinase (JNK)-dependent manner,
adding yet another possible role of this lectin for pregnancy success. Galectin-13 is
another galectin with proposed immunomodulatory functions, as this placenta-derived
lectin induced apoptosis of activated T cells in vitro, and diverted and killed T cells
and macrophages in the maternal decidua, polarized neutrophils towards permissive
phenotype for placental growth [62,63]. Galectin-14 promoted trophoblast cell migra-
tion and invasion by stimulating the expression of MMP-9 and N-cadherin through
Akt phosphorylation, while knockdown of galectin-14 in primary trophoblast had
the opposite effect. On the other side, overexpression of galectin-14 in HTR-8/SVneo
cells promoted cell migration and invasion and upregulated the abovementioned
molecules [64]. Recent research suggests that galectin-13 and -14 at the feto-maternal
interface have immunoregulatory and vascular effects, as was found for galectin-1
and -3 [6]. However, to better understand their role at the feto-maternal interface, more
experiments are of great importance.

Taken together, galectins act to modulate trophoblast cell functions and immune
tolerance at the feto-maternal interface. The proposed involvement of galectins in the
placentation process is presented in Figure 1 and summarized in Table 1. Since galectin
family members bind to various glycoconjugates and have pleiotropic roles, we assume
that there is a whole spectrum of galectin functions in early pregnancy events yet to
be elucidated.
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Table 1. Involvement of galectins in pregnancy-related processes and pathologies.

Process/Pathology Involvement of Galectins Reference

Trophoblast cell
function/placentation

Galectin-1 stimulates first-trimester cytotrophoblast, HTR-8/SVneo and JAR
cell invasion [41,42]

Galectin-1 decreases BeWo cell proliferation [43]

Galectin-1 modulates HLA-G expression on trophoblast cells, suggesting its role in
immune tolerance [44]

Galectin-1 stimulates syncytialization of BeWo cells but decreases human chorionic
gonadotropin and progesterone production [45,47]

Galectin-3 stimulates HTR-8/SVneo cell migration and HTR-8/SVneo cell,
first-trimester CTB and HIPEC-65 cell invasion [52,54]

Galectin-3 increases endothelial-like properties of EVT cell line SGHPL-4 [54]

Galectin-3 stimulates syncytialization of BeWo cells [54]

Galectin-7 decreases first-trimester trophoblast cells’ and HTR-8/SVneo cells’ capacity
to adhere to endometrial epithelial cells and first-trimester EVT outgrowth from

placental explants
[16,57]

Galectin-9 derived from trophoblast cells promotes immune tolerance at the
feto-maternal interface [58–60]

Galectin-9 inhibits the apoptosis and proinflammatory cytokine production of
HTR-8/SVneo cells and increases the interaction with endothelium in a

JNK-dependent manner
[61]

Galectin-13 induces apoptosis of activated T cells in vitro, diverts and kills T cells and
macrophages in the maternal decidua and polarizes neutrophils towards permissive

phenotype for placental growth
[62,63]

Galectin-13 may induce angiogenesis at the feto-maternal interface [6]

Galectin-14 promotes trophoblast cell migration and invasion by stimulating the
expression of MMP-9 and N-cadherin through Akt phosphorylation [64]

Galectin-14 may function in angiogenesis [6]

Pregnancy loss

Galectin-1 is significantly lower in placenta tissue after miscarriage and RPL [65,66]

Galectin-2 is downregulated in VT and EVT after SA and RPL [66]

Maternal deficiency of galectin-3 is associated with structural alterations in placenta,
with reduced trophoblast layers and a corresponding enlarged maternal decidua. The

absence of galectin-3 also results in reduced total vessel length and vessel area,
suggesting placental malperfusion.

[67]

Excessive galectin-3 after 4th week secreted by VT leads to massive apoptosis of
endometrial cells, which affects the normal development of villi in early pregnancy, and
potentially leads to missed abortion.Imbalance between extracellular and intracellular
galectin-3 levels can influence cell apoptosis in placental villi, leading to defects in early

placental development and ultimately result in pregnancy loss.

[68]

Galectin-3 is markedly decreased in serum, decidua and the villi in the group of women
with missed abortions [69]

Expression of galectins-7 and -10 is decreased in VT after SA [66]

Gestational diabetes
mellitus (GDM)

Serum galectin-1 levels are increased during gestation, whereas in GDM, its secretion
pattern seems to be unchanged [44,70]

In GDM patients, there is an inverse association between glucose and galectin-1
compared to normal pregnancies [70]

Possible relation of galectin-2 overexpression to pathophysiology of GDM [71]

Women in the first trimester had higher levels of galectin-3 and were more likely to
develop GDM later in the pregnancy than women found to have low levels of galectin-3 [72]

Circulating galectin-3 levels are higher in subjects with GDM and also correspond to
increased risk of GDM [73]

Galectin-3 mRNA and protein expression are increased in GDM maternal blood
samples and placental tissue, and decreased in cord blood [74]

Cord blood galectin-3 is significantly increased in pregnancies with GDM [75]

Galectin-13 expression is markedly lower in the placenta of GDM pregnancies.
Galectin-13 maternal serum levels at term are significantly lower, while in the early

second trimester, significantly lower than in normal pregnancies.
[76,77]
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Table 1. Cont.

Process/Pathology Involvement of Galectins Reference

Inflammation/infection

Galectin-1 expression increases in chorioamniotic membranes, promoting weakening of
the membranes and contributing to their rupture, or as a compensatory response to

counteract inflammation and retain immunological tolerance
[78]

Galectin-3 is overexpressed in chorioamniotic membranes in women with PPROM,
suggesting its role in the pathogenesis [79]

Galectin-3 expression increases in placenta and amniotic fluid upon Porphyromonas
gingivalis placental invasion and development of inflammation, further potentiating

local cytokine production and activation of myometrium
[80,81]

Galectin 3 inhibits CD66a expression by intermediate trophoblast and endometrial
epithelium/endothelium, thus contributing to placental abruption and preterm birth

Tim-3/galectin-9 axis impairment contributes to failure of immunotolerance by a shift
towards the proinflammatory M1 phenotype of decidual macrophages, increased

placental expression of TNF-α, IL-1β and iNOS, and reduced expression of TGF-β, IL-10
and Arginase-1, accompanied by inadequate trophoblast invasion, impaired spiral artery

remodeling and fetal capillary development

[59,82–85]

Anti-galectin-1 Abs are found in increased titers in autoimmune uveitis, and SLE [86–88]

Anti-galectin-2 Abs in SLE (highly associated with secondary
anti-phospholipid syndrome) [89]

Anti-galectin-3 Abs in SLE, polymyositis/dermatomyositis [90–92]

Anti-galectin-4 in SLE and RA [89]

Anti-galectin-7 Abs in SLE [89]

Anti-galectin-8 and -9 in SLE and RA [89,93]

Pre-eclampsia (PE)

Galectin-1 overexpression in PE placentas, compared to placentas in normal pregnancy [78,94]

Downregulation of galectin-1 in early-onset PE placentas [95]

Galectin-1-expressing peripheral blood T and NK cells proportion is decreased in
women who developed PE compared to normal pregnancy [96]

Downregulation of galectin-1 in early-onset PE placentas [95,97]

Low serum galectin-1 levels during the second trimester might be a PE risk [97,98]

Galectin-2 is downregulated at protein and mRNA levels in EVTs in PE placentas
Galectin-2 serum levels are lower in PE patients compared to patients with

uncomplicated pregnancies
[99]

Galectin-3 mRNA and protein levels are increased in PE placental tissue in comparison
to normal pregnancy placentas [100]

Galectin-3 is overexpressed in EVT and STB of PE placentas in comparison to normal
pregnancy placentas [94,100,101]

Galectin-3 serum levels are higher in PE patients compared to patients with
uncomplicated pregnancies [101,102]

Galectin-7 serum levels are higher in women who developed PE in comparison to
uncomplicated pregnancies [16]

Altered expression of galectin-9 is detected on peripheral blood lymphocytes in
early-onset pre-eclamptic women

Galectin-13 mRNA and protein levels are decreased in placenta tissue in early- and
late-onset PE in comparison to healthy pregnancies

[84][103,104]

Galectin-13 is overexpressed in STB microvillous membrane in PE compared to
healthy controls

Low galectin-13 serum protein level during first trimester, with rapid increase starting
with second trimester in women who subsequently develop PE

Galectin-13 in combination with other (bio)markers is a promising tool in PE prediction

[103][62][105]
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Table 1. Cont.

Process/Pathology Involvement of Galectins Reference

Intrauterine growth
restriction (IUGR)

Galectin-1 low expression in the serum and placenta of pregnant women with IUGR [106]

Galectin-2 expression decreased in male IUGR placentas in all compartments when
compared to controls [15]

Galectin-3 expression is significantly higher in cord blood of small-for-gestational-age
infants compared to appropriate-for-gestational-age infants [107]

Galectin-3 is significantly downregulated in the EVT of IUGR placentas [15]

Placental galectin-3 expression is downregulated in human pregnancies complicated
with IUGR [67]

Galectin-1 and galectin-3 expression in the EVT is unchanged in IUGR placentas
compared with normal controls [94]

Significant downregulation of galectin-4, -8 and -9 in the IUGR trophoblast of
male fetuses [25]

In IUGR pregnancies with female fetus, galectin-9 and galectin-12 are upregulated in
the EVT and in endothelial cells in the case of galectin-12; decreased/increased

expression in placenta (gender-specific)
[25]

Galectin-13 levels, lower than normal, are found in IUGR in the first trimester. In the
2nd and 3rd trimesters, higher than normal concentrations are found in IUGR. [108]

Low levels of first-trimester galectin-13 are associated with preterm birth in women
with IUGR [109]

Decreased levels of galectin-13 are not significantly correlated with the studied adverse
pregnancy outcomes of IUGR [110]

Galectin-13 expression is strongly decreased in VT and EVT in IUGR-complicated
pregnancies of male fetal gender [15]

EVT—extravillous trophoblast; CTB—cytotrophoblast; STB—syncytiotrophoblast; VT—villous trophoblast;
SA—spontaneous abortion; RPL—recurrent pregnancy loss; PPROM—preterm pre-labor rupture of the mem-
branes; SLE—systemic lupus erythematosus; RA—rheumatoid arthritis.

5. Galectins in Pregnancy-Related Disorders

There is an increasing number of investigations describing changed or dysregulated
galectin expression in different pregnancy pathologies. Some of the complications are de-
scribed during placenta development, while other are linked with third-trimester pregnancy.
Here, we focus on the galectin family members in pregnancy loss, gestational diabetes mel-
litus (GDM), IUGR and pre-eclampsia (PE). Implication of galectins in pregnancy-related
disorders in summarized in Table 1.

5.1. Galectins in Pregnancy Loss

The majority of adverse pregnancy outcomes that result in pregnancy loss can trace
their origin to early defects in pregnancy establishment. It is known that miscarriage,
stillbirth and recurrent pregnancy loss (RPL) can stem from multiple causes that implicate
increased uterine and placental dysfunction, environmental exposures, advanced maternal
age and presence of maternal comorbidities (systemic inflammatory diseases, endocrine
diseases, etc.), excluding causes driven by chromosome errors (aneuploidy) in the concep-
tus [111]. Although underlying causes for pregnancy loss differ between women, experts
agree that certain pathological mechanisms probably converge to the common pathway
to eventually trigger pregnancy loss. Much progress has been made in the past decade
in understanding the molecular pathways that promote placental insufficiency and the
subsequent progression to pregnancy loss. Important molecular mediators that take critical
roles at different developmental stages are currently being identified and explored [112]. So
far, very few studies recognize galectin family members as factors related to pregnancy loss.
In STB, expression of galectin-1 was significantly lower after miscarriage and RPL [65,66].
In contrast, decidual galectin-1 was upregulated in RPL [113]. The same study showed
that galectin-2 was downregulated in VT and EVT after spontaneous abortion (SA) and
RPL, as well as galectin-7 and -10, but only in VT [66]. On the other hand, the expres-
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sion of galectin-3 was not changed in SA and RPL. However, Gao and Fang showed that
galectin-3 was markedly decreased in serum, decidua and the placental villi in the group
of women with missed abortions (MA) [69]. The association between abnormal expression
of galectin-3 and excessive apoptosis in placental villi was also shown in cases of SA as
well as MA [68]. These authors reported that there are different patterns of galectin-3
expression in SA and MA before and after the fourth week of pregnancy. They specu-
lated that early downregulation of galectin-3 prior to the fourth week of gestation in MA
cases causes a compensatory mechanism in trophoblast cells that start to secrete excessive
galectin-3 in response. After the fourth week, excessive galectin-3 secreted by VT cells
leads to massive apoptosis of endometrial cells, which affects the normal development of
villi in early pregnancy, and potentially leads to MA [66]. Recent study suggests that if
controlled trophoblast invasion and apoptosis and the “inhibition–expression” balance of
galectin-3 is broken, a pathological pregnancy may occur, and the success of pregnancy
may be compromised [68]. Furthermore, it was suggested that imbalance between the
extracellular and intracellular galectin-3 levels can influence cell apoptosis in placental villi,
leading to defects in early placental development and ultimately resulting in pregnancy
loss. Although association studies are uncertain in linking galectin family members to
pregnancy loss, these lectins as molecules associated with placental development may be
involved in mechanisms underlying this pathology [67].

5.2. Galectins and GDM

GDM is a condition where there is an abnormal blood glucose level in pregnancy,
but without previous diagnosis of diabetes [114]. GDM develops in about 3–5% of preg-
nancies [115]. Diabetic insult at the beginning of gestation may have long-term effects on
placental development [116]. If the duration or level of the diabetic insult surpasses the pla-
cental capacity to mount adequate responses, then excessive fetal growth may occur [116].
Other perinatal risks also include shoulder dystocia, birth injuries and hypoglycemia [117].
Over the past decade, data regarding altered expression of some galectin family members
in placentas of GDM patients suggest their involvement in GDM pathophysiology.

In normal pregnancy, serum galectin-1 levels are increased during gestation [44],
whereas in GDM, there seems to be an unchanged galectin-1 secretion pattern [70]. One
study demonstrated (ex vivo) that changes in glucose concentrations at the feto-maternal
interface decrease galectin-1 secretion by the placenta [70]. These results agreed in GDM
patients, where there was an inverse association between glucose and galectin-1 [70].
Additionally, it was found that there was an association between the galectin-1 5′ regulatory
LGALS1 SNP rs4820294 (C/T) gene polymorphism and GDM-complicated pregnancy [70].
However, a larger sample size is needed to confirm this association [70].

A very recent study showed increased galectin-2 expression in STB as well as in
decidua of GDM placentas. This study leads to two possible conclusions about the role
of galectin-2 dysregulations in the pathophysiology of GDM [71]—whether the increased
galectin-2 expression is a reaction to the inflammatory state of GDM or if it contributes to
its development [71]. Therefore, further research is needed to clarify its role in GDM and
possible therapeutic implications.

Galectin-3, especially its circulating levels, has also been described in GDM. It was
found that women in the first trimester had higher levels of galectin-3 and were more
likely to develop GDM later in the pregnancy than women found to have low levels of
galectin-3 [72], suggesting potential for galectin-3 to be used as a novel early biomarker
for the development of GDM [72]. However, larger studies are needed to improve risk
stratification models [72].

It has been shown that circulating levels of galectin-3 increased in maternal circula-
tion with progression of normal pregnancy during the second and third trimesters [54].
Furthermore, it was shown that galectin-3 was mostly expressed in endovascular extrav-
illous cytotrophoblast (EnVT) during the first trimester, where it stimulates important
trophoblast functions, such as invasion and tube formation, which affect healthy placental
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development [54]. It was proposed that trophoblast cells could be one of the sources of
the circulating lectin because the increase in galectin-3 in maternal peripheral levels corre-
sponds with the period of placental growth during the second and third trimesters [54].
The same study reported that patients who developed GDM had reduced levels of serum
galectin-3, which was only evident during the third trimester [54]. This could indicate that
galectin-3 is sensitive to the hormonal and metabolic changes that characterize GDM [54].
An additional study also demonstrated that circulating galectin-3 levels are higher in sub-
jects with GDM and also correspond to increased risk of GDM [73]. Moreover, galectin-3
and PRG levels were highly correlated, as well as insulin resistance [73]. The study showed
that the association between galectin-3 and GDM is not mediated by adiposity because
elevated galectin-3 levels were related to the increased risk of GDM when also adjusting
for current body mass index (BMI) [73]. The study showed no independent correlation
between circulating galectin-3 levels and current BMI [73]. It was suggested that there is a
possible contribution of galectin-3 to GDM that mostly involved pathways in insulin resis-
tance and not insulin secretion [73]. There is an underlying association between galectin-3
and insulin resistance in that galectin-3 directly binds the insulin receptor, which inhibits
downstream insulin receptor signaling [118]. It was speculated that this may be associated
with galectin-3 and insulin resistance in GDM, but further research is required to investigate
this observation [73].

In another study, galectin-3 mRNA and protein expression was found to be increased
in GDM maternal blood samples and placental tissue, and decreased in cord blood [74];
however, a different study found that when mothers presented with GDMs, cord blood
galectin-3 was significantly increased [75].

Studies linking galectin-13 and GDM have shown dysregulated expression of this
protein in placental tissue as well as changes in its serum concentrations. Lack of galectin-13
and, therefore, lack of its anti-inflammatory functions may play a part in the inflammation
process of the placenta [76]. This inflammatory process could then be imbalanced, which
may lead to GDM [76]. As mentioned, galectin-13 was found, specifically in STB and
EVT [76]. However, galectin-13 expression was markedly lower in the above-named parts
of GDM placentas [76]. In addition, galectin-13 serum levels were much lower in GDM
pregnancies than in normal term pregnancies [76]. Another study found that women
with GDM in the early second trimester had significantly higher galectin-13 levels in
the serum [77], suggesting that this protein may be of importance in the prediction of
subsequent GDM, and this was consistent with previous studies. However, in a different
study, it was found that macrosomia at birth in pregestational type-1 and type-2 diabetes
(PGDM) pregnancies may be predicted by normal levels of galectin-13 together with plasma
protein A (PAPP-A), A disintegrin and metalloproteinase 12 (ADAM12) and placental
growth factor (PlGF) in the first trimester of pregnancy [119].

Taken together, these findings suggest that galectin-3 and galectin-13 measurements
in GDM might be of value, but additional studies are needed to confirm their potential use
as biomarkers.

5.3. Galectins in Inflammation/Infection in Pregnancy

As molecules ubiquitously expressed in mammalian immune cells and tissues galectins
are engaged in both innate and adaptive immune responses. Acting extra- and intracel-
lularly, due to their cross-linking activity and multifaceted biochemical and biophysical
properties, galectins affect leukocyte adhesion, migration, differentiation, proliferation and
apoptosis; production of cytokines and other mediators; chemoattraction; receptor function;
etc. [36]. Like cytokines, galectins may exhibit both pro- and anti-inflammatory features
depending on the cellular/tissue context, contributing to the activation and/or resolution
of the inflammatory/immune response [120,121].

Galectins are considered indispensable for the immune-endocrine crosstalk at the
feto-maternal interface and the establishment and maintenance of pregnancy and feto-
maternal immune tolerance [8,122]. Although infection and non-infectious inflamma-
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tory/immune insults in pregnancy are well-defined risk factors for various obstetric
complications [123–126], the role of the galectin family in the immune pathways underlying
these complications remains a major knowledge gap.

Irrespective of the etiology, an acute or chronic inflammatory process could cause
a breakdown of the tolerogenic mechanisms at the feto-maternal interface and lead to
immune deregulation with possibly deleterious health outcomes for both the mother
and the fetus [126]. One of the possible targets of the inflammation-associated immune
dysregulation at the feto-maternal interface could be the Tim-3/galectin-9 axis, which was
suggested to regulate immune cells to maintain feto-maternal tolerance [83]. Consistently,
data from animal models indicate that impairment of the Tim-3/galectin-9 pathway in
pregnancy contributes to the failure of immunotolerance.

Another link between systemic infection and placental galectin dysregulation was
seen in an animal model of periodontitis, a common gestational infection caused mainly
by Gram-negative pathogens, which was shown to be associated with a 7.9-fold increased
risk of preterm birth (PTB)/low birth weight in humans [80]. Research on a murine model
of dental infection with Porphyromonas gingivalis (P.g.) has shown feto-placental barrier
invasion by this pathogen and development of placental inflammation and PTB through
mechanisms involving upregulated galectin-3 expression.

Although maternal systemic infections are often associated with PTB and other ad-
verse pregnancy outcomes, intrauterine infections are considered to be a pivotal risk factor
for obstetrical complications [126]. Due to their high-affinity β-galactoside-binding proper-
ties, some galectins are able to detect microorganisms by binding to their glycans acting
as receptors for pathogen-associated molecular patterns (PAMPs), i.e. pattern recognition
receptors (PRRs) [40,127]. Such recognition may initiate immune responses leading to
clearance of microorganism or, conversely, it may facilitate establishment of infection [40].
Results from our laboratory suggest a role for galectin-3 in the inflammatory response in
chorioamniotic infection and preterm premature rupture of membranes (PPROM), con-
sidering its overexpression in chorioamniotic membranes in women with PPROM and
histologically confirmed intraamniotic infection compared to those with PPROM without
chorioamnionitis [79]. The biological implications of the upregulated galectin-3 expression
in chorioamnionitis remain to be elucidated. Significantly increased expression of the
immunoregulatory galectin-1 in the chorioamniotic membranes was also shown in cases of
PPROM with chorioamnionitis compared to PPROM cases without chorioamnionitis. Its
spatial and temporal expression also changed with the evolution of the disease. The over-
abundant expression of galectin-1 was linked with inflammation and tissue remodeling,
leading to weakening of the membranes and contributing to their rupture [78]. On the other
hand, considering its immunoregulatory properties, the overexpression of galectin-1 by the
human chorioamniotic membrane in chorioamnionitis could represent a local protective
response to counteract inflammation and establish immunological tolerance [78]. Similarly,
increased galectin-1 expression in the placenta as a possible response to maternal exagger-
ated systemic inflammation was also seen in severe PE [128]. Given the increased vesicular
release of galectins upon cellular stress and damage or traumatic cell death, a role for some
galectins as classic stress sensors, i.e., damage-associated molecular patterns (DAMPs) or
“alarmins”, was also suggested. Released DAMPs signal tissue damage and trigger effector
responses in immune cells, thereby orchestrating the inflammatory/immune response
in parallel with the PAMP system [40]. In line with this notion are data indicating that
danger signals (either of host or pathogen origin) released at the feto-maternal interface and
recognized by trophoblasts expressing Toll-like receptors (TLRs), classical PRRs activated
by PAMPs and DAMPs, may induce an inflammatory response that creates an aggressive
cytokine microenvironment leading to the development of PE [129,130]. Excessive release
through extracellular vesicles of the placental protein 13 (PP13/galectin-13), a member
of the galectin family exclusively expressed in anthropoid placental tissue, primarily by
STB [21], was shown in preterm PE and Hemolysis, Elevated Liver enzymes and Low
Platelets (HELLP) syndrome, leading to increased PP13 concentrations in maternal circu-
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lation at the clinical onset of the syndromes [131]. Increased expression of PP13 was also
observed when BeWo cells were put under conditions mimicking ischemic stress [131],
which is a major pathophysiologic mechanism of PE [132], suggesting a role for PP13
as a placental “alarmin” to the immune system, whether in PE, ischemia or other stress
conditions that pose danger to the organism [62,131].

Finally, although anti-galectin autoantibodies (aAbs) can be detected in sera from
healthy people, elevated levels of circulating anti-galectin aAbs may be seen in infectious
and autoimmune diseases. Increased titers of anti-galectin-1 aAbs were reported in au-
toimmune and infectious neurological disorders [86] and uveitis [87], Chagas disease [133]
and systemic lupus erythematosus (SLE) [88]. High titers of anti-galectin-3 aAb were
seen in cutaneous vasculitis and nephritis in SLE [90,91], and especially in polymyosi-
tis/dermatomyositis [92]. Anti-galectin-4 and -8 aAbs were found in SLE and rheumatoid
arthritis (RA) [89,93]; anti-galectin-7 aAb in SLE; and anti-galectin-8 and -9 aAbs in SLE
and RA [89]. The implications of the increased titers of anti-galectin aAbs for pregnancy
outcomes are not fully elucidated. However, the study by Sarter and her collaborators
revealed that the occurrence of anti-galectin aAbs in SLE and RA was highly associated
with secondary anti-phospholipid syndrome (APS), clinically characterized by recurrent
miscarriages and other thrombotic events [89]. In this study, anti-galectin-2 aAb levels
in SLE patients particularly highly correlated with the appearance of the obstetric and
thrombotic complications of APS, suggesting that this parameter may also serve as an
additional biomarker for APS [89].

5.4. Galectins in PE

PE is a pregnancy-specific, multisystem disorder, related to elevated morbidity and
mortality risk for both the mother and the newborn. With complex and still not fully
explained pathophysiology, PE is primarily manifested by hypertension and liver and
kidney failure [134]. Depending on the time of onset, PE is marked as early-onset (before the
34th week of gestation) or late-onset PE (after the 34th week of gestation) [135]. The main
pathological feature of PE is impaired placentation due to inadequate trophoblast invasion;
incomplete transformation of uterine spiral arteries, causing impaired placental perfusion;
and enhanced maternal systemic inflammatory response to factors released by stressed STB
into maternal circulation [134]. Of the molecules with deregulated expression in PE, some
galectin family members are recognized as promising candidates for better understanding
of PE pathology.

Histochemical analysis of placental tissue showed overexpression of galectin-1 in
PE placentas compared to placentas in normal pregnancy, with particularly intensive
staining of EVT and decidual cells [94]. Than and co-workers reported similar findings,
reporting increased expression of galectin-1 on both mRNA and protein levels in placental
tissue of women who developed severe PE [78]. As aforementioned, the overexpression
of galectin-1 in PE might be induced by a systemic inflammatory reaction in women
with PE as a local reaction that should silence the maternal immune response. Namely,
pregnancy represents an immune challenge for the maternal organism and galectin-1 plays
an important role in the tight regulation of the immune tolerance towards the fetus. In
women who developed PE, T and NK cells expressed lower galectin-1 positivity than
in women with non-complicated pregnancy [96]. On the other hand, downregulation of
galectin-1 was also seen in placentas with early-onset PE [97].

Inadequate trophoblast invasion and remodeling of uterine spiral arteries during early
stages of placenta development leads to shallow implantation that subsequently might be
related to PE occurrence. In that context, interaction of galectin-1 with α1 and β1 integrins
seems to be related to PE [136]. This could be the consequence of changed galectin-1
expression and modified integrin glycosylation [137]. Similar findings were observed in
placenta from HIV-negative and HIV-positive women, where expression of galectin-1 was
significantly decreased in pre-eclamptic compared to normotensive patients, irrespective of
HIV infection status [95]. These conflicting data regarding overexpression or downregula-
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tion of galectin-1 should not be surprising, given that PE is not a single pathological entity,
but rather a complex syndrome with different etiology and pathogenetic mechanisms.

Besides evaluation in placental tissue, galectin-1 was also measured in maternal
circulation and studied as a potential biomarker in PE. It was found that galectin-1 levels
in maternal circulation increase during non-complicated pregnancy progression [44]. In
addition, in women who developed PE, circulating galectin-1 levels were higher compared
to normotensive pregnancy of the same gestational age. While serum galectin-1 levels
were higher in preeclamptic women, decreased levels of galectin-1 in maternal circulation
between the 18th and 24th gestational week were a prognostic indicator of subsequent
PE development [98]. These findings suggest that measurement of galectin-1 in maternal
blood could be used for noninvasive testing as a predictive marker of PE risk.

Recently, galectin-2 was identified as one of the molecules with decreased expression
in pre-eclamptic EVT at mRNA and protein level, regardless of the time of PE onset [99].
Consistent with this, Charkiewitz and co-workers found significantly lower galectin-2
levels in peripheral blood of women with PE [138]. So far, it is not clear whether decreased
galectin-2 expression is liable for PE development or whether it is a consequence of shallow
trophoblast invasion in the first trimester.

Several studies showed galectin-3 overexpression in PE patients. Increased galectin-3
mRNA and protein levels were detected in PE placental tissue in comparison to normal
pregnancy placentas [100]. Although different cell types of term placenta express galectin-3,
increased expression of this lectin in EVT and STB was connected to PE [94,100,101]. Fur-
thermore, serum galectin-3 levels were significantly higher in PE patients compared to
those with uncomplicated pregnancy [101,102]. Pankiewicz and colleagues found a signifi-
cant correlation between galectin-3 serum levels and its expression in STB in PE patients,
suggesting that increased secretion of galectin-3 from the placenta could be at least partially
contributing to elevated galectin-3 in the circulation [101]. In the same work, galectin-3 ex-
pression in EVT correlated with serum levels of soluble FMS-like tyrosine kinase-1 (sFlt-1),
one of the hallmarks of PE [101]. On the other hand, Nikolov and associates did not detect
differences in serum galectin-3 levels between patients with pre-eclamptic and normoten-
sive pregnancies [139]. This discrepancy could be at least partly due to differences in study
protocols and methods for measuring galectin-3 serum levels. Nevertheless, available data
implicate galectin-3 in PE development and further research is needed to determine its role
in the pathophysiology of this pregnancy disorder and the potential use of galectin-3 as a
biomarker for PE.

Galectin-7 is one of the newly identified potential prospective serum biomarkers
for PE [16]. Menkhorst and colleagues demonstrated elevated galectin-7 serum concen-
trations in the 10–12th and 17–20th week of gestation in women who developed PE in
comparison to healthy pregnancies [16]. Although a larger sample number is needed
to establish galectin-7 as a predictive PE biomarker, it would be of great importance to
combine galectin-7 serum levels with other proteins altered in PE, since so far, there is no
available predictive biomarker(s) for this pregnancy-related pathology.

Galectin-9 is another family member with a possible role in PE pathogenesis [84]. Its
altered expression, together with cell surface receptor Tim-3, is detected on peripheral blood
lymphocytes in early-onset pre-eclamptic women and could result in an increased inflam-
matory response in PE. However, so far, it is not clear whether Tim-3/galectin-9 interactions
display different immunological responses in PE compared to healthy pregnancy.

To date, the most studied galectin family member in the PE context is galectin-13
because of its potential as a useful biomarker for this pregnancy disorder. Its decreased
expression at mRNA and protein levels was described in both early- and late-onset PE in
comparison to healthy controls [103,104]. Of great importance is the study that showed
reduced mRNA galectin-13 expression from chorionic villi samples at the 11th week of
gestation in women who subsequently developed PE, which could be the earliest PE patho-
logical indication [140]. Interestingly, while downregulation of galectin-13 was described
in STB of PE placentas, STB microvillous membranes expressed increased galectin-13 level
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in PE compared to healthy controls [103]. As a consequence, concentrations of circulating
galectin-13 are elevated in PE during the third trimester. Evidence also supports galectin-13
subcellular redistribution to the juxta-membrane region of the STB in PE in comparison
to healthy controls [131]. As discussed above, galectin-13 may have various functions,
especially in early pregnancy, and its importance for placentation may be reflected by the
observed decreased placental expression and maternal serum concentrations in the first
trimester in PE. The only source of galectin-13 at mRNA and protein level in maternal
circulation is the placenta, which makes this molecule a suitable candidate as biomarker
related to pregnancy pathologies, including PE. Although low galectin-13 mRNA in ma-
ternal circulation indicated that alterations of its expression connected to PE appear very
early in pregnancy, the predictive value of galectin-13 mRNA is currently limited because
of the low amounts of trophoblast mRNA [140,141]. At the protein level, after the detected
low levels in the first trimester, galectin-13 serum concentration rapidly increases in PE
compared to healthy pregnancy starting from the second trimester. In search of a sensitive
and reliable predictive PE biomarker, galectin-13 was evaluated by a meta-analysis of
data based on studies that used immunoassay platforms [142]. This review confirmed
lower circulating galectin-13 levels in women who subsequently developed PE and showed
that its combination with other biochemical markers, Doppler pulsatility index and mean
arterial pressure, increase galectin-13’s predictive value as a PE biomarker [143–145]. So
far, measurement of galectin-13 levels, Doppler pulsatility index and pulse wave analysis
is a promising predictive combination of PE in women with a priori high risk for the
condition [105]. These results and use of a wide biomarker panel could represent a viable
strategy for PE prevention and management.

5.5. Galectins and IUGR

IUGR is defined as the pathologic inhibition of intrauterine fetal growth and the failure
of the fetus to achieve its growth potential [146]. It has been associated with different eti-
ologies encompassing fetal (genetic abnormalities), maternal (vascular diseases, persistent
hypoxia, poor nutrition, smoking, alcohol consumption, etc.) and placental factors [147].
IUGR is an important public health problem worldwide. It is well known that perinatal
mortality and morbidity is markedly increased in IUGR fetuses [148]. The prevalence is
about 8% in the general population [146]. It has been shown that 52% of stillbirths are
associated with IUGR and that 10% of perinatal mortality is a consequence of IUGR. Be-
sides fetal distress, stillbirth and other adverse perinatal outcomes, IUGR is correlated
with long-term consequences in adult age, such as cardiovascular disease and metabolic
syndrome [149]. Bearing in mind that adequate fetal growth is essential for later develop-
ment and health, and that there is a lack of markers for early detection and appropriate
management, in-depth research into this pregnancy complication and predictive factors
is necessary [150].

Although several analytes/metabolites have been studied with the aim of finding a
relevant marker linked to abnormal fetal growth screening, none are generally applied in
clinical practice as a single predictive marker [151]. Summarizing knowledge about IUGR
pathology and the role of galectins in PE, which are closely linked to the development of
IUGR, it appears conclusive to look for galectin expression in cases of IUGR as the first step
in identifying possible correlations [15].

Various galectin dysregulations are found in this pregnancy complication [15].
The expression of galectins in placenta appears to be downregulated in cases of IUGR.
Galectin-2 and galectin-13 seem to be highly correlated in their placental expression in
all placental compartments. The expression scheme of galectin-3, the only chimera-type
galectin, seems to be independent of the prototype galectins-1, -2 and -13 [15].

Pregnant women with single birth IUGR with or without comorbidities (PE, GDM) and
pregnant women with normal singleton pregnancy without complications or comorbidities
were enrolled in a recent study [106] in which galectin-1 expression in the serum and
placenta was investigated. The obtained results revealed that the galectin-1 serum level
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significantly decreased in the IUGR group compared with the control. Furthermore, the
serum galectin-1 level positively correlated with birth weight. In the placenta, the galectin-1
expression level also decreased significantly in the IUGR group compared with the control
group [1]. These results suggest that galectin-1 exhibits low expression in the serum
and placenta of pregnant women with IUGR and that this lectin may be involved in the
pathogenesis of IUGR and could represent a new diagnostic marker of this disease.

It was found earlier that the difference in galectin-1 expression in the placenta between
the IUGR group and the control group was not statistically significant; there was no change
in expression in female placentas compared to controls. However, expression of galectin-2
in male IUGR placentas showed a six-fold decrease compared to controls [15]. These studies
may serve to caution investigators to factor fetus sex as an important variable when design-
ing, analyzing and reporting research on possible changes in galectin expression/function
in normal and pathological pregnancies.

It is worth noting that galectin-3 also plays a role in human IUGR pathology. Placental
galectin-3 expression is downregulated in human pregnancies complicated with IUGR.
Namely, Freitag and colleagues showed that galectin-3 within the maternal compartment is
required for proper placental development and fetal growth [67]. Their findings identify
galectin-3 as a key component of the molecular program of decidual/placental development
and offspring health, as well as a potential target for future strategies aimed at minimizing
adverse outcomes in pregnancies at high risk of IUGR.

In experimental animals, galectin-3 loss of function during gestation altered the de-
cidual compartment, favoring a pro-inflammatory milieu. In the placental compartment,
lack of galectin-3 compromised placental vascularization and perfusion, resulting in pla-
cental insufficiency (reduced placental weight, reduced trophoblast layers, increased pro-
inflammatory cytokines expression, reduced placental labyrinth total vessel length and
vessel area) and the subsequent development of asymmetric IUGR in mice (as denoted by
an increased brain-to-liver weight ratio). The reduced fetal weight in galectin-3 deficient
fetuses was accompanied by a delay in fetal development [67].

It was also shown that galectin-3 expression was associated with being small for gesta-
tional age, given that cord blood of infants with a birth weight below the 10th percentile
for their gestational age had higher galectin-3 levels than appropriate-for-gestational-age
infants. Considering the proinflammatory role of galectin-3, the higher expression of this
lectin in small-for-gestational-age infants might be a reflection of inflammation due to
chronic hypoxia of the fetus [107].

The study by Boutsikou et al. was conducted with the aim to determine levels of
galectins-1 and -3 in IUGR, large- (LGA) and appropriate-for-gestational-age (AGA) preg-
nancies [75]. The authors concluded that IUGR, LGA and AGA groups did not differ in
galectin-1 and -3 concentrations in umbilical cord blood and that the lower galectin-1 levels
in older mothers, and increased galectin-3 levels in GDM, possibly reflect their angiogenic
activity. However, in EVT, the expression of galectin-1 and galectin-3 was unchanged in
IUGR placentas compared with normal controls [94].

Altered expression of galectin-13 is also described in PE and early fetal growth restric-
tion [143,152]. According to the study conducted by Burger and co-workers, a bi-modal
effect of an abnormal PP13 level in placental insufficiencies was found [108]. Namely, in
the first trimester, PP13 is present in lower than normal levels in the maternal blood serum
of women suffering from PE and IUGR. At the second and third trimesters, PP13 was
shown to be significantly higher in PE, IUGR and pre-term delivery compared to normal
serum samples. While Chaftez et al. showed that low levels of first-trimester PP13 were
associated with preterm birth in women with IUGR [109], Cowans and colleagues found
that decreased serum levels of galectin-13 were not significantly correlated with the studied
adverse pregnancy outcomes of IUGR, preterm low birth weight and intrauterine fetal
demise [110]. As for placenta tissue, galectin-13 expression was strongly decreased in VT
and EVT in IUGR-complicated pregnancies of male fetal gender [15].
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Knowing that delivery of a sub-optimally grown and often preterm baby, with a
guarded short-term and long-term prognosis, is the end result of IUGR, identification of
the mechanisms behind this disorder is of major scientific and therapeutic interest [153].
Further studies are required to evaluate if galectin measurement has any value in the early
assessment of pregnancies.

6. Conclusions

The data presented here were selected with the aim of contributing to our understand-
ing of the roles of galectin family members in processes leading to the establishment and
maintenance of pregnancy. This has been particularly well described for trophoblast cell
function, while data regarding clinical relevance of galectins have only just started to accu-
mulate. Since their altered expression is linked to different pregnancy-related pathologies,
much remains to be learned about the possibility that galectins can be suitable diagnostic
and predictive biomarkers, but also exploited as therapeutic tools.
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cells: Galectin-1 as a modulator of invasiveness in vitro. Mol. Reprod. Dev. 2015, 82, 765–773. [CrossRef] [PubMed]

43. Jeschke, U.; Karsten, U.; Wiest, I.; Schulze, S.; Kuhn, C.; Friese, K.; Walzel, H. Binding of galectin-1 (gal-1) to the Thomsen-
Friedenreich (TF) antigen on trophoblast cells and inhibition of proliferation of trophoblast tumor cells in vitro by gal-1 or an
anti-TF antibody. Histochem. Cell Biol. 2006, 126, 437–444. [CrossRef] [PubMed]

44. Tirado-Gonzalez, I.; Freitag, N.; Barrientos, G.; Shaikly, V.; Nagaeva, O.; Strand, M.; Kjellberg, L.; Klapp, B.F.; Mincheva-Nilsson,
L.; Cohen, M.; et al. Galectin-1 influences trophoblast immune evasion and emerges as a predictive factor for the outcome of
pregnancy. Mol. Hum. Reprod. 2013, 19, 43–53. [CrossRef] [PubMed]

45. Fischer, I.; Redel, S.; Hofmann, S.; Kuhn, C.; Friese, K.; Walzel, H.; Jeschke, U. Stimulation of syncytium formation in vitro in
human trophoblast cells by galectin-1. Placenta 2010, 31, 825–832. [CrossRef] [PubMed]

46. Hutter, S.; Morales-Prieto, D.M.; Andergassen, U.; Tschakert, L.; Kuhn, C.; Hofmann, S.; Markert, U.R.; Jeschke, U. Gal-1 silenced
trophoblast tumor cells (BeWo) show decreased syncytium formation and different miRNA production compared to non-target
silenced BeWo cells. Cell Adh. Migr. 2016, 10, 28–38. [CrossRef] [PubMed]

47. Jeschke, U.; Reimer, T.; Bergemann, C.; Wiest, I.; Schulze, S.; Friese, K.; Walzel, H. Binding of galectin-1 (gal-1) on trophoblast
cells and inhibition of hormone production of trophoblast tumor cells in vitro by gal-1. Histochem. Cell Biol. 2004, 121, 501–508.
[CrossRef]
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